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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party'srights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or al of theinformation contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as atota system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for usein adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’'s or any third party'$
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that
have received the latest product standards or specifications before final design, purchase ol
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’'s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directl
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment fo
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristi
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation o
the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this docume
without written approval from Hitachi.

7. Contact Hitachi's sales office for any questions regarding this document or Hitachi
semiconductor products.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins
Note: Fix all unused input pins to high or low level.

or

Generally, the input pins of CMOS products are high-impedance input pins. If unused |
are in their open states, intermediate levels are induced by noise in the vicinity, a pass

through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note: When power is first supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout th
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined.
your system so that it does not malfunction because of processing while it is in this

e

De

undefined state. For those products which have a reset function, reset the LSI immedic

after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses
Note: Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registe

may have been be allocated to these addresses. Do not access these registers; the
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

¢ On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

i) Input/Output Pin

iii) Register Description
iv) Operation

v) Usage Note

2 o

When designing an application system that includes this LSI, take notes into account. Each sec
includes notes in relation to the descriptions given, and usage notes are given, as required, as
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

The H8S/2140B Series are microcomputers (MCUs) made up of the H8S/2000 CPU employin
Hitachi’s original architecture as their cores, and the peripheral functions required to configure
system.

The H8S/2000 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and :
simple and optimized instruction set for high-speed operation. The H8S/2000 CPU can handle
16-Mbyte linear address space.

This LSl is equipped with a data transfer controller (DTC) as a bus master, ROM, RAM, an 8-t
PWM timer (PWM), a 14-bit PWM timer (PWMX), a 16-bit free-running timer (FRT), an 8-bit
timer (TMR), timer connection, a watchdog timer (WDT), a serial communication interface (SC
a keyboard buffer controller, a host interface X-bus interface (XBS), a host interface LPC inter
(LPC), an 8-bit D/A converter, a 10-bit A/D converter, and 1/O ports as on-chip peripheral
modules required for system configuration. AB bus interface (IIC) can also be included as an
optional interface.

A high-functionality bus controller is also provided, enabling fast and easy connection of DRAI
and other kinds of memory.

A flash memory (F-ZTAT"*) version is available for this LSI's ROM. This provides flexibility as
it can be reprogrammed in no time to cope with all situations from the early stages of mass
production to full-scale mass production. This is particularly applicable to application devices
specifications that will most probably change.

Note: * F-ZTAT" is a trademark of Hitachi, Ltd.

Target Users: This manual was written for users who will be using the H8S/2140B Series in
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2140B Series to the target users.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a
detailed description of the instruction set.

Notes on reading this manual:

« In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into
on the CPU, system control functions, peripheral functions and electrical characteristics.

* In order to understand the details of the CPU's functions

Rev. 2.0, 08/02, page v of xxxviii
RENESAS



Read the H8S/2600 Series, H8S/2000 Series Programming Manual.

« In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on th

register. The addresses, bits, and initial values of the registers are summarized in section 2

List of Registers.

Rules: Register name: The following notation is used for cases when the same ¢
similar function, e.g. serial communication interface, is
implemented on more than one channel:

XXX_N (XXX is the register name and N is the channel

number)
Bit order: The MSB is on the left and the LSB is on the right.
Number notation:  Binary is B'’xxxx, hexadecimal is H’xxxx, decimal is Xxxx.
Signal notation: An overbar is added to a low-active signalx

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.hitachisemiconductor.com/

H8S/2140B Series manuals:

Manual Title ADE No.
H8S/2140B Series Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083

User's manuals for development tools:

Manual Title ADE No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor =~ ADE-702-247
User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual ADE-702-282
H8S, H8/300 Series Hitachi Embedded Workshop, Hitachi Debugging ADE-702-231
Interface Tutorial

Hitachi Embedded Workshop User's Manual ADE-702-201
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Section 1 Overview

1.1 Features

» High-speed H8S/2000 central processing unit with an internal 16-bit architecture
Upward-compatible with H8/300 and H8/300H CPUs on an object level
Sixteen 16-bit general registers
65 basic instructions
« Various peripheral functions
Data transfer controller (DTC)
8-bit PWM timer (PWM)
14-bit PWM timer (PWMX)
16-bit free-running timer (FRT)
8-bit timer (TMR)
Timer connection
Watchdog timer (WDT)
Asynchronous or clocked synchronous serial communication interface (SCI,IrDA)
I°C bus interface (IIC)
Keyboard buffer controller
Host interface X-BUS interface (XBS)
Host interface LPC interface (LPC)
8-bit D/A converter
10-bit A/D converter
Clock pulse generator
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¢ On-chip memory

ROM Model ROM RAM Remarks
F-ZTAT Version HD64F2161BV* 128 kbytes 4 kbytes
HD64F2160BV* 64 kbytes 4 kbytes
HD64F2141BV* 128 kbytes 4 kbytes
HD64F2140BV* 64 kbytes 4 kbytes
HD64F2145BV* 256 kbytes 8 kbytes Under
development
HD64F2148BV* 128 kbytes 4 kbytes
HD64F2148B 128 kbytes 4 kbytes
Masked ROM HD6432161BV* 128 kbytes 4 kbytes Under
Version HD6432160BV* 64 kbytes 4 kbytes development
HD6432161BVW* 128 kbytes 4 kbytes
HD6432160BVW* 64 kbytes 4 kbytes

Note:* 3-V version product

e General I/O ports

I/O pins: 74 (H8S/2140B, H8S/2141B, H8S/2145B, and H8S/2148B)
I/0O pins: 114 (H8S/2160B and H8S/2161B)

Input-only pins: 8

e Supports various power-down states

« Compact package

Product Package Code Body Size Pin Pitch
H8S/2161B, H8S/2160B TQFP-144 TFP-144 18.0 x 18.0 mm 0.4 mm
H8S/2141B, H8S/2140B QFP-100B FP-100B 16.0 x 16.0 mm 0.5 mm
H8S/2145B, H8S/2148B TQFP-100B TFP-100B
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1.2

Block Diagram

P97/WAIT/SDAO
POB/G/EXCL
P95/AS/IOS/CST
P94/HWRIOW

P93/RD/IOR

P92/IRQ0

POLIRQT
P90/LWR/IRQ2/ADTRG/ECS2

P67/TMOX/CIN7/KIN7IRQ7
P66/FTOB/CING/KING/IRQ6
P65/FTID/CINS/KING
P64/FTIC/CIN4/KINZ/CLAMPO
P63/FTIB/CIN3/KIN3/VFBACKI
P62/FTIA/ICIN2/KINZ/VSYNCITMIY
P61/FTOA/CINI/KINTVSYNCO
P6O/FTCI/CINO/KINO/HFBACKITMIX

P47/PWX1

P46/PWX0
P45/TMRI1/HIRQ12/CSYNCI
P44/TMO1/HIRQI/HSYNCO
P43/TMCIT/HIRQ11/HSYNCI
P42/TMRIO/SCK2/SDA1
P41/TMOO/RxD2/IrRxD
P40/TMCIO/TXD2/IrTXD

P52/SCKO0/SCLO
P51/RxDO
P50/TxDO

Port9

Port 6

1 MTEEET T

Port4
T

Port5

vcc

~— vcL

VSs
VSs
Vss
Vss

T

H8S/2000 CPU

Clock pulse generator

(@]
Internal data bus.

i

Tnternal address bus

Interrup
controller

Bus controller

Port A

1]

Port 2

ROM
(Flash memory)

0 U 0 UN U

WDTx 2 channels

Keyboard buffer
controller x 3 channels

T [

16-bit FRT

[ININILV

(IR [

8-bit timer x 4 channels
Timer connection

Host interfaces
(LPC*, XBS)

10-bit A/D converter

=== U |
HTTHETT T

I

Port3

SCI x 3 channels
(DA x 1 channel)

8-bit D/A converter

IIC x 2 channels

C HJ LU
PITTTTT T

T AT IT

Ly 7 I Ty T T

]

P83/LPCPD*

P86/IRQ5/SCK1/SCL1

P85/IRQ4/RxD1
P84/IRQ3/TxD1
P81/CS2/GA20

P82/HIFSD/CLKRUN*
P80/HAO/PME*

Note:* The LPC function and the WUE pin function are not supported by the H8S/2148B.

P70/ANO

PA7/A23/KINT5/CIN15/PS2CD
PAB/A22/KINTA/CIN14/PS2CC
PAS5/A21/KINT3/CIN13/PS2BD
PA4/A20/KINT2/CIN12/PS2BC
PA3/A19/KINTT/CIN11/PS2AD
PA2/A18/KINTO/CIN10/PS2AC
PA1/A17/KIN9/CING

PAO/A16/KINB/CINS

P27/A15/PW15/CBLANK
P26/A14/PW14
P25/A13/PW13
P24/A12/PW12
P23/A11/PW11
P22/A10/PW10
P21/A9/PW9
P20/A8/PW8

P17/IA7IPWT7
P16/A6/PW6
P15/A5/PW5
P14/A4/PW4
P13/A3/PW3
P12/A2/PW2
P11/A1/PW1
P10/A0/PWO

P37/D15/HDB7/SERIRQ*
P36/D14/HDB6/LCLK*
P35/D13/HDBS/LRESET*
P34/D12/HDB4/LFRAME*
P33/D11/HDB3/LAD3*
P32/D10/HDB2/LAD2*
P31/D9/HDB1/LAD1*
P30/D8/HDBO/LADO*

PB7/D7/WUE7*
PB6/D6/WUEG*
PBS5/DS/WUES*
PB4/D4/WUEZ
PB3/D3/WUE3*/CS4
PB2/D2/WUE2*/CS3
PB1/DI/WUET*/HIRQ4/LSCI*
PBO/DO/WUEQ* /HIRQ3/LSMI*

Figure 1.1
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Figure 1.2

Internal Block Diagram of H8S/2160B and H8S/2161B
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1.3 Pin Arrangement and Functions

13.1 Pin Arrangement
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Figure 1.3 Pin Arrangement of H8S/2140B, H8S/2141B, H8S/2145B, and H8S/2148B

RENESAS

Rev. 2.0, 08/02, page 5 of 788




P12/A2/PW2
PLI/ALPW1

vss

P10/AO/PWO
PB7/D7/WUE7
PB6/D6/WUE6
PB5/DS/WUE5
PB4/D4/WUEZ
PB3/D3/WUEB/CS4
PB2/D2/WUE2/CS3
PB1/D1/HIRQ4/WUET/LSCI
PBO/DO/HIRQ3/WUEO/LSMI
P30/D8/HDBO/LADO
P31/D9/HDB1/LADL
P32/D10/HDB2/LAD2
P33/D11/HDB3/LAD3
P34/D12/HDB4/LFRAME
P35/D13/HDB5/LRESET
P36/D14/HDB6/LCLK
P37/D15/HDB7/SERIRQ
P80/HAO/PME
P81/CS2/GA20
P82/HIFSD/CLKRUN
P83/LPCPD
P84/TRQ3/TXD1
P85/TRQ4/RXD1
P86/TRQ5/SCK1/SCL1
P40/TMCIO/TXD2/IrTXD
P41/TMOO/RXD2/IrRxD
P42/TMRIO/SCK2/SDAL
vss

X1

x2

RESO

XTAL

EXTAL

[1 P13/A3/PW3
[1 P14/A4/PWA
[ 1 P15/A5/PW5
[ 1 P16/A6/PW6
[1 P17/A7/PWT7
[1 P20/A8/PWS
[ ] P21/A9/PW9

5]
5
8
5
&
i
5
2
=2
5
3

P46/Pwxo L]o
P47/PWX1 Lo

P43/TMCI1/HIRQ11/HSYNCI [~
P44/TMO1/HIRQ1/HSYNCO []e
P45/TMRI1/HIRQ12/CSYNCI []*

pad
5
8

vss O~

[ 1 P22/A10/PW10
[ 1 P23/A11/PW11
[1 P24/A12/PW12
[1 P25/A13/PW13
[1 P26/A14/PW14

5

5
8

<o
8
<o
8

<

[ 1 P27/A15/PW15/CBLANK

8

I

P52/scKo/scLo [

[ 1 PC6
[1PC7

3

TFP-144
(Top view)

=]
5
I~
N
I3
13
I
N

Pos/¢/ EXCL [

P95/AS/I0S/CS1

P91/IRQT [

P92/IRQO []
P90/LWR/ECS2/IRQ2/ADTRG []

P50/TxD0 [

P51/ RxDO L[]
P97/WAIT/SDAO

[1 P67/TMOX/CIN7/KIN7/IRQ7

&

N

[ 1 P66/FTOB/CING/KING/IRQ6E

®
4

[ ] P65/FTID/CINS/KINS

@
8

o
a
=
<
3
o
53
<
3
z
Q
Qo
=
<
3
3
[
O

@
8

PES5 []

[ P63/FTIB/CIN3/KIN3/VFBACKI

2

PE4 []

[] P62/FTIA/CIN2/KIN2/VSYNCI/TMIY

=
8

[1 P61/FTOA/CIN1/KINT/VSYNCO

~
3

[] P60/FTCI/CINO/KINO/HFBACKI/TMIX

~
3

PA7/A23/CIN15/KIN15/PS2CD []

«
t}

PA6/A22/CIN14/KIN14/PS2CC []

~
3

©
®

[] P77/AN7/DA1
[] P76/AN6/DAO

[ P75/ANS

PAS5/A21/CIN13/KIN13/PS2BD []

~
®

8

[ P74/AN4

[ P73/AN3

[ P72/AN2

[ P71/ANL

[ P70/ANO

[ Avss

[ PDO

[ PD1

[ PD2

[ PD3

[ PD4

[] PD5

[] PD6

[ PD7

[ PGO

[ PGL

N PG2

K PG3

N PG4

K PGS

K PGe

K PG7

K PFO

N PF1

N PF2

m} PF3

m} PF4

m} PF5

m} PF6

m} PF7

m} VSS

m} PAO/A16/CINS/KIN8
[ PAL/AL7/CING/KING
1 PA2/A18/CIN10/KINTO/PS2AC
[ PA3/A19/CIN11/KINTT/PS2AD
7 PA4/A20/CIN12/KINT2/PS2BC

Rev. 2.0, 08/02, page 6 of 788

Figure 1.4

Pin Arrangement of H8S/2160B and H8S/2161B
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1.3.2 Pin Functions in Each Operating Mode
Table 1.1  Pin Functions of H8S/2141B, H8S/2140B, H8S/2145B, and H8S/2148B in Each
Operating Mode
Pin Name
Pin No. Extended Modes Single-Chip Modes  Flash Memory
FP-100B Mode 2, Mode 3 Mode 2, Mode 3 Programmer
TFP-100B Mode 1 (EXPE = 1) (EXPE = 0) Mode
1 RES RES RES RES
2 XTAL XTAL XTAL XTAL
3 EXTAL EXTAL EXTAL EXTAL
4 VCCB VCCB VCCB vCC
5 MD1 MD1 MD1 VSS
6 MDO MDO MDO VSS
7 NMI NMI NMI FA9
8 STBY STBY STBY \Y/ele;
9 VCL VCL VCL \Y/ele;
10 (B) PA7/CIN15/KINT5/ PA7/A23/CIN15/ PA7/CIN15/KIN15/  NC
PS2CD KIN15/PS2CD PS2CD
11 (B) PAG/CIN14/KIN14/ PA6/A22/CIN14/ PAB/CIN14/KIN14/  NC
PS2CC KIN14/PS2CC PS2cC
12 (N) P52/SCKO/SCLO  P52/SCKO0/SCLO P52/SCKO0/SCLO NC
13 P51/RxD0 P51/RxD0 P51/RxDO0 FA17
14 P50/TxD0 P50/TxDO P50/TxDO NC
15 VSS VSS VSS VSS
16 (N) P97/WAIT/SDA0  P97/WAIT/SDAO P97/SDAO VCC
17 P96/a/EXCL P96/a/EXCL P96/a/EXCL NC
18 AS/I0S AS/I0S P95/CST FA16
19 HWR HWR P94/I0W FA15
20 (B) PA5/CIN13/KIN13/ PA5/A21/CIN13/ PA5/CIN13/KIN13/  NC
PS2BD KIN13/PS2BD PS2BD
21 (B) PA4/CIN12/KINT2/ PA4/A20/CIN12/ PA4/CIN12/KIN12/  NC

PS2BC

KIN12/PS2BC

PS2BC
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Pin Name

Pin No. Extended Modes Single-Chip Modes  Flash Memory

FP-100B Mode 2, Mode 3 Mode 2, Mode 3 Programmer

TFP-100B Mode 1 (EXPE = 1) (EXPE = 0) Mode

22 RD RD P93/IOR WE

23 P92/IRQO P92/IRQO P92/IRQO VSS

24 P91/IRQ1 P91/IRQ1 P91/IRQ1 VCC

25 PO0O/LWR/IRQ2/ P90/LWR/IRQ2/ P90/ECS2/IRQ2/ VCC
ADTRG ADTRG ADTRG

26 P60/FTCI/CINO/ P60/FTCI/CINO/ P60/FTCI/CINO/ NC
KINO/HFBACKI/ KINO/HFBACKI/ KINO/HFBACKI/
TMIX TMIX TMIX

27 P61/FTOA/CIN1/ P61/FTOA/CIN1/ P61/FTOA/CIN1/ NC
KIN1/VSYNCO KIN1/VSYNCO KIN1/VSYNCO

28 P62/FTIA/CIN2/ P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
KIN2/VSYNCI/TMIY KIN2/VSYNCI/TMIY  KIN2/VSYNCI/TMIY

29 P63/FTIB/CIN3/ P63/FTIB/CIN3/ P63/FTIB/CIN3/ NC
KIN3/VFBACKI KIN3/VFBACKI KIN3/VFBACKI

30 (B) PA3/CIN11/KIN11/ PA3/A19/CIN11/ PA3/CIN11/KIN11/ NC
PS2AD KIN11/PS2AD PS2AD

31 (B) PA2/CIN10/KIN10/ PA2/A18/CIN10/ PA2/CIN10/KIN10/ NC
PS2AC KIN10/PS2AC PS2AC

32 P64/FTIC/CIN4/ P64/FTIC/CIN4/ P64/FTIC/CIN4/ NC
KIN4/CLAMPO KIN4/CLAMPO KIN4/CLAMPO

33 P65/FTID/CIN5/ P65/FTID/CIN5/ P65/FTID/CIN5S/ NC
KIN5 KIN5 KIN5

34 P66/FTOB/CING/ P66/FTOB/CING/ P66/FTOB/CING/ NC
KIN6/IRQ6 KIN6/IRQ6 KING/IRQ6

35 P67/TMOX/CIN7/ P67/TMOX/CIN7/ P67/TMOX/CIN7/ VSS
KIN7/IRQ7 KIN7/IRQ7 KIN7/IRQ7

36 AVref AVref AVref VCC

37 AVCC AVCC AVCC VCC

38 P70/ANO P70/ANO P70/ANO NC

39 P71/AN1 P71/AN1 P71/AN1 NC

40 P72/AN2 P72/AN2 P72/AN2 NC

41 P73/AN3 P73/AN3 P73/AN3 NC
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Pin Name

Pin No. Extended Modes Single-Chip Modes  Flash Memory
FP-100B Mode 2, Mode 3 Mode 2, Mode 3 Programmer
TFP-100B Mode 1 (EXPE = 1) (EXPE = 0) Mode
42 P74/AN4 P74/AN4 P74/AN4 NC
43 P75/AN5 P75/AN5 P75/AN5 NC
44 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAQ NC
45 P77/AN7/DA1 P77/AN7/DA1 P77/AN7/DAL NC
46 AVSS AVSS AVSS VSS
47 (B) PA1/CIN9/KIN9 PA1/A17/CIN9/KING  PA1/CIN9/KIN9 NC
48 (B) PAO/CINS/KINS PAO/A16/CINS/KINS  PAO/CINS/KINS NC
49 P40/TMCIO/TxD2/  P40/TMCIO/TXD2/ P40/TMCIO/TxD2/ NC
IrTxD IrTxD IrTxD
50 P41/TMOO/RxD2/  P41/TMOO/RxD2/ P41/TMOO/RxD2/ NC
IrRxD IrRxD IrRxD
51 (N) P42/TMRIO/SCK2/ P42/TMRIO/SCK2/  P42/TMRIO/SCK2/  NC
SDA1 SDA1 SDA1
52 P43/TMCI1/ P43/TMCI1/ P43/TMCI1/HIRQ11/ NC
HSYNCI HSYNCI HSYNCI
53 P44/TMO1/ P44/TMO1/ P44/TMO1/HIRQ1/  NC
HSYNCO HSYNCO HSYNCO
54 P45/TMRI1/ P45/TMRI1/ P45/TMRIL/HIRQ12/ NC
CSYNCI CSYNCI CSYNCI
55 P46/PWX0 P46/PWX0 P46/PWX0 NC
56 PA7/PWX1 P47/PWX1 PA7/PWX1 NC
57 PB7/D7/WUE7* PB7/D7/WUE7* PB7/WUE7* NC
58 PB6/D6/WUEB* PB6/D6/WUEB* PB6/WUEB* NC
59 vCC vCC VCC \Y/elo;
60 A15 P27/A15/PW15/ P27/PW15/ CE
CBLANK CBLANK
61 Al4 P26/A14/PW14 P26/PW14 FA14
62 A13 P25/A13/PW13 P25/PW13 FA13
63 Al12 P24/A12/PW12 P24/PW12 FA12
64 All P23/A11/PW11 P23/PW11 FA11
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Pin Name

Pin No. Extended Modes Single-Chip Modes  Flash Memory
FP-100B Mode 2, Mode 3 Mode 2, Mode 3 Programmer
TFP-100B Mode 1 (EXPE = 1) (EXPE = 0) Mode
65 A10 P22/A10/PW10 P22/PW10 FA10
66 A9 P21/A9/PW9 P21/PW9 OE
67 A8 P20/A8/PW8 P20/PW8 FA8
68 PB5/D5/WUE5* PB5/D5/WUE5S* PB5/WUE5* NC
69 PB4/D4/WUE4* PB4/D4/WUE4* PB4/WUE4* NC
70 VSS VSS VSS VSS
71 VSS VSS VSS VSS
72 A7 P17/ATIPWT P17/PW7 FA7
73 A6 P16/A6/PW6 P16/PW6 FA6
74 A5 P15/A5/PW5 P15/PW5 FA5
75 A4 P14/A4/PWA4 P14/PW4 FA4
76 A3 P13/A3/PW3 P13/PW3 FA3
77 A2 P12/A2/PW2 P12/PW2 FA2
78 Al P11/A1/PW1 P11/PW1 FA1
79 A0 P10/A0/PWO P10/PWO FAO
80 PB3/D3/WUE3* PB3/D3/WUES3* PB3/WUE3*/CS4 NC
81 PB2/D2/WUE2* PB2/D2/WUE2* PB2/WUE2*/CS3 NC
82 D8 D8 P30/HDBO/LADO* FOO
83 D9 D9 P31/HDB1/LAD1* FO1
84 D10 D10 P32/HDB2/LAD2* FO2
85 D11 D11 P33/HDB3/LAD3* FO3
86 D12 D12 P34/HDB4/ FO4
LFRAME*
87 D13 D13 P35/HDB5/ FO5
LRESET*
88 D14 D14 P36/HDB6/LCLK* FO6
89 D15 D15 P37/HDB7/SERIRQ* FO7
90 PB1/D1/WUET* PB1/D1/WUET* PBL/HIRQ4/WUET*/ NC
LSCI*
91 PB0/DO/WUEQ* PB0/DO/WUEQ* PBO/HIRQ3/WUEOD*/ NC

LSMI*
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Pin Name

Pin No. Extended Modes Single-Chip Modes  Flash Memory
FP-100B Mode 2, Mode 3 Mode 2, Mode 3 Programmer
TFP-100B Mode 1 (EXPE = 1) (EXPE = 0) Mode
92 VSS VSS VSS VSS
93 P80 P80 P80/HAO/PME* NC
94 P81 P81 P81/CS2/GA20 NC
95 P82 P82 P82/HIFSD/ NC
CLKRUN*
96 P83 P83 P83/LPCPD* NC
97 P84/IRQ3/TxD1 P84/IRQ3/TxD1 P84/IRQ3/TxD1 NC
98 P85/IRQ4/RxD1 P85/IRQ4/RxD1 P85/IRQ4/RxD1 NC
99 (N) P86/IRQ5/SCK1/  P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ NC
scL1 scL1 scL1
100 RESO RESO RESO NC

Note:* The (B) in Pin No. means the VCCB drive and the (N) in Pin No. means the NMOS push-
pull/open-drain drive.
*: The LPC function and the WUE pin function are not supported by the H8S/2148B.
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Table 1.2  Pin Functions of H8S/2160B and H8S/2161B in Each Operating Mode
Pin Name
Pin No. Extended modes Single-Chip Modes  Flash Memory
Mode 2, Mode 3 Mode 2, Mode 3 Programmer
TFP-144 Mode 1 (EXPE = 1) (EXPE = 0)) Mode
1 vCcC vCC vCC vCC
2 P43/TMCI1/ P43/TMCI1/ P43/TMCI1/HIRQ11/ NC
HSYNCI HSYNCI HSYNCI
3 P44/TMO1/ P44/TMO1/ P44/TMO1/HIRQ1/  NC
HSYNCO HSYNCO HSYNCO
4 P45/TMRI1/ P45/TMRI1/ P45/TMRIZ/HIRQ12/ NC
CSYNCI CSYNCI CSYNCI
5 P46/PWX0 P46/PWX0 P46/PWX0 NC
6 P47/PWX1 PA7/PWX1 PA7/PWX1 NC
7 VSS VSS VSS VSS
8 RES RES RES RES
9 MD1 MD1 MD1 VSS
10 MDO MDO MDO VSS
11 NMI NMI NMI FA9
12 STBY STBY STBY vCC
13 VCL VCL VCL vCC
14 (N) P52/SCKO/SCLO  P52/SCKO/SCLO P52/SCK0/SCLO FA18
15 P51/RxD0 P51/RxD0 P51/RxD0 FA17
16 P50/TxDO P50/TxDO P50/TxDO NC
17 (N) PO7/WAIT/SDA0  P97/WAIT/SDAO P97/SDAO VCC
18 P96/a/EXCL P96/a/EXCL P96/a/EXCL NC
19 AS/IOS AS/1I0S P95/CST FA16
20 HWR HWR P94/IOW FA15
21 RD RD P93/IOR WE
22 P92/IRQ0O P92/IRQ0 P92/IRQ0 VSS
23 P91/IRQT P91/IRQT P91/IRQT vCC
24 P9O/LWR/IRQ2/  P9O/LWR/IRQ2/ P90/IRQ2/ADTRG/ ~ VCC
ADTRG ADTRG ECS2
25 PE7 PE7 PE7 NC
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Pin Name

Pin No. Extended modes Single-Chip Modes  Flash Memory
Mode 2, Mode 3 Mode 2, Mode 3 Programmer
TFP-144 Mode 1 (EXPE = 1) (EXPE = 0) Mode
26 PE6 PE6 PE6 NC
27 PE5 PE5 PE5 NC
28 PE4 PE4 PE4 NC
29 PE3 PE3 PE3 NC
30 PE2 PE2 PE2 NC
31 PE1 PE1 PE1 NC
32 PEO PEO PEO NC
33 (B) PA7/CIN15/KIN15/  PA7/A23/CIN15/ PA7/CIN15/KINT5/  NC
PS2CD KIN15/PS2CD PS2CD
34 (B) PAG/CIN14/KIN14/ PA6/A22/CIN14/ PAB/CIN14/KIN14/  NC
PS2CC KINT4/PS2CC PS2CC
35 (B) PA5/CIN13/KIN13/ PA5/A21/CIN13/ PA5/CIN13/KIN13/  NC
PS2BD KINT3/PS2BD PS2BD
36 VCCB VCCB VCCB vCC
37 (B) PA4/CIN12/KINT2/  PA4/A20/CIN12/ PA4/CIN12/KIN12/  NC
PS2BC KINT2/PS2BC PS2BC
38 (B) PA3/CIN11/KINT1/ PA3/A19/CIN11/ PA3/CIN11/KINT1/  NC
PS2AD KINT1/PS2AD PS2AD
39 (B) PA2/CIN10/KIN10/  PA2/A18/CIN10/ PA2/CIN10/KINT0/  NC
PS2AC KINT0/PS2AC PS2AC
40 (B) PAL/CIN9/KIN9 PAL/AL7/CIN9/KING PA1/CIN9/KINS NC
41 (B) PAO/CINS/KINS PAO/A16/CINS/KINS PAOQ/CINS/KINS NC
42 VSS VSS VSS VSS
43 PF7 PF7 PF7 NC
44 PF6 PF6 PF6 NC
45 PF5 PF5 PF5 NC
46 PF4 PF4 PF4 NC
47 PF3 PF3 PF3 NC
48 PF2 PF2 PF2 NC
49 PF1 PF1 PF1 NC
50 PFO PFO PFO NC
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Pin Name

Pin No. Extended modes Single-Chip Modes  Flash Memory
Mode 2, Mode 3 Mode 2, Mode 3 Programmer

TFP-144 Mode 1 (EXPE = 1) (EXPE = 0) Mode
51 (N) PG7 PG7 PG7 NC
52 (N) PG6 PG6 PG6 NC
53 (N) PG5 PG5 PG5 NC
54 (N) PG4 PG4 PG4 NC
55 (N) PG3 PG3 PG3 NC
56 (N) PG2 PG2 PG2 NC
57 (N) PG1 PG1 PG1 NC
58 (N) PGO PGO PGO NC
59 PD7 PD7 PD7 NC
60 PD6 PD6 PD6 NC
61 PD5 PD5 PD5 NC
62 PD4 PD4 PD4 NC
63 PD3 PD3 PD3 NC
64 PD2 PD2 PD2 NC
65 PD1 PD1 PD1 NC
66 PDO PDO PDO NC
67 AVSS AVSS AVSS VSS
68 P70/ANO P70/ANO P70/ANO NC
69 P71/AN1 P71/AN1 P71/AN1 NC
70 P72/AN2 P72/AN2 P72/AN2 NC
71 P73/AN3 P73/AN3 P73/AN3 NC
72 P74/AN4 P74/AN4 P74/AN4 NC
73 P75/AN5 P75/AN5 P75/AN5 NC
74 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAO NC
75 P77/AN7/DA1 P77/AN7/DA1 P77/AN7/DA1 NC
76 AVCC AVCC AVCC VCC
77 AVref AVref AVref VCC
78 P60/FTCI/CINO/ P60/FTCI/CINO/ P60/FTCI/CINO/ NC

KINO/HFBACKI/ KINO/HFBACKI/ KINO/HFBACKI/

TMIX TMIX TMIX
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Pin Name

Pin No. Extended modes Single-Chip Modes  Flash Memory
Mode 2, Mode 3 Mode 2, Mode 3 Programmer

TFP-144 Mode 1 (EXPE = 1) (EXPE = 0) Mode

79 P61/FTOA/CIN1/  P61/FTOA/CIN1/ P61/FTOA/CIN1/ NC
KIN1/VSYNCO KIN1/VSYNCO KIN1/VSYNCO

80 P62/FTIA/CIN2/ P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
KIN2/VSYNCI/TMIY KIN2/VSYNCI/TMIY — KIN2/VSYNCI/TMIY

81 P63/FTIB/CIN3/ P63/FTIB/CIN3/ P63/FTIB/CIN3/ NC
KIN3/VFBACKI KIN3/VFBACKI KIN3/VFBACKI

82 P64/FTIC/CIN4/ P64/FTIC/CIN4/ P64/FTIC/CIN4/ NC
KIN4/CLAMPO KIN4/CLAMPO KIN4/CLAMPO

83 P65/FTID/CINS/KIN5 P65/FTID/CINS/KINS  P65/FTID/CINS/KINS  NC

84 P66/FTOB/CIN6/  P66/FTOB/CING/ P66/FTOB/CING/ NC
KIN6/IRQ6 KIN6/IRQ6 KIN6/IRQ6

85 P67/TMOXICIN7/  P67/TMOX/CIN7/ P67/TMOX/CIN7/ VSS
KIN7/IRQ7 KIN7/IRQ7 KIN7/IRQ7

86 vCC VCC VCC vCC

87 PC7 PC7 PC7 NC

88 PC6 PC6 PC6 NC

89 PC5 PC5 PC5 NC

90 PC4 PC4 PC4 NC

91 PC3 PC3 PC3 NC

92 PC2 PC2 PC2 NC

93 PC1 PC1 PC1 NC

94 PCO PCO PCO NC

95 VSS VSS VSS VSS

96 A15 P27/A15/PW15/ P27/PW15/CBLANK CE

CBLANK

97 Al4 P26/A14/PW14 P26/PW14 FA14

98 Al13 P25/A13/PW13 P25/PW13 FA13

99 Al2 P24/A12/PW12 P24/PW12 FA12

100 All P23/A11/PW11 P23/PW11 FA11

101 A10 P22/A10/PW10 P22/PW10 FA10
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Pin Name

Pin No. Extended modes Single-Chip Modes  Flash Memory
Mode 2, Mode 3 Mode 2, Mode 3 Programmer
TFP-144 Mode 1 (EXPE = 1) (EXPE = 0) Mode
102 A9 P21/A9/PW9 P21/PW9 OE
103 A8 P20/A8/PWS8 P20/PW8 FA8
104 A7 P17/A7/PW7 P17/PW7 FA7
105 A6 P16/A6/PW6 P16/PW6 FAB
106 A5 P15/A5/PW5 P15/PW5 FA5
107 A4 P14/A4/PWA4 P14/PW4 FA4
108 A3 P13/A3/PW3 P13/PW3 FA3
109 A2 P12/A2/PW2 P12/PW2 FA2
110 Al P11/A1/PW1 P11/PW1 FA1
111 VSS VSS VSS VSS
112 A0 P10/A0/PWO P10/PWO FAQ
113 PB7/D7/WUE7 PB7/D7/WUE7 PB7/WUE7 NC
114 PB6/D6/WUE6 PB6/D6/WUE6G PB6/WUE6 NC
115 PB5/D5/WUE5 PB5/D5/WUE5 PB5/WUE5S NC
116 PB4/D4/WUE4 PB4/D4/WUE4 PB4/WUE4 NC
117 PB3/D3/WUE3 PB3/D3/WUE3 PB3/WUE3/CS4 NC
118 PB2/D2/WUE2 PB2/D2/WUE2 PB2/WUE2/CS3 NC
119 PB1/D1/WUET PB1/D1/WUET PB1/HIRQ4/WUE1/ NC
LScCI
120 PBO/DO/WUEO PBO/DO/WUEO PBO/HIRQ3/WUEO/  NC
LSMI

121 D8 D8 P30/HDBO/LADO FOO
122 D9 D9 P31/HDB1/LAD1 FO1
123 D10 D10 P32/HDB2/LAD2 FO2
124 D11 D11 P33/HDB3/LAD3 FO3
125 D12 D12 P34/HDB4/LFRAME FO4
126 D13 D13 P35/HDB5/LRESET FO5
127 D14 D14 P36/HDB6/LCLK FO6
128 D15 D15 P37/HDB7/SERIRQ FO7
129 P80 P80 P80/HAO/PME NC
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Pin Name

Pin No. Extended modes Single-Chip Modes  Flash Memory
Mode 2, Mode 3 Mode 2, Mode 3 Programmer

TFP-144 Mode 1 (EXPE = 1) (EXPE = 0) Mode

130 P81 P81 P81/CS2/GA20 NC

131 P82 P82 P82/HIFSD/ NC

CLKRUN

132 P83 P83 P83/LPCPD NC

133 P84/IRQ3/TxD1 P84/IRQ3/TxD1 P84/IRQ3/TxD1 NC

134 P85/IRQ4/RxD1 P85/IRQ4/RxD1 P85/IRQ4/RxD1 NC

135 (N) P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ NC
SCL1 SCL1 SCL1

136 P40/TMCI0/TxD2/ P40/TMCI0/TxD2/ P40/TMCI0/TxD2/ NC
IrTxD IrTxD IrTxD

137 P41/TMOO0O/RxD2/ P41/TMOO0/RxD2/ P41/TMOO0/RxD2/ NC
IrRxD IrRxD IrRxD

138 (N) P42/TMRIO/SCK2/ P42/TMRIO/SCK2/ P42/TMRIO/SCK2/ NC
SDA1 SDA1 SDA1

139 VSS VSS VSS VSS

140 X1 X1 X1 NC

141 X2 X2 X2 NC

142 RESO RESO RESO NC

143 XTAL XTAL XTAL XTAL

144 EXTAL EXTAL EXTAL EXTAL

Note:* The (B) in Pin No. means the VCCB drive and the (N) in Pin No. means the NMOS push-
pull/open-drain drive.
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1.3.3 Pin Functions

Table 1.3  Pin Functions

Type Symbol

Pin No.

FP-100B,

TFP-100B TFP-144 1/O

Name and Function

Power VCC 59 1, 86 Input  Power supply pin. Connect the pin to the
system power supply.
VCL 13 Input  Power supply pin. Connect the pin to VCC.
VCCB 36 Input  The power supply for the port A
input/output buffer.
VSS 15,70, 71, 7,42,95, Input Ground pin. Connect to the system power
92 111, 139 supply (0 V).
Clock XTAL 2 143 Input Pins for connection to crystal resonators.
EXTAL 3 144 Input The EXTAL pin can also input an external
clock.
See section 25, Clock Pulse Generator, for
typical connection diagrams.
[ 17 18 Output Supplies the system clock to external
devices.
EXCL 17 18 Input  Input a 32.768 kHz external subclock.
X1 — 140 Input  Leave open.
X2 — 141 Input  Leave open.
Operating MD1 5 9 Input  These pins set the operating mode. These
mode MDO 6 10 pins should not be changed while the MCU
control is operating.
System  RES 1 8 Input  Reset pin.
control When this pin becomes low, the chip is
reset.
RESO 100 142 Output Outputs reset signal to external device.
STBY 8 12 Input  When this pin is driven low, a transition is

made to hardware standby mode.

Rev. 2.0, 08/02, page 18 of 788

RENESAS



Pin No.

FP-100B,
Type Symbol TFP-100B TFP-144 1/O0 Name and Function
Address A23to Al6 10, 11, 20, 33, 34, Output Address output pins when 16-Mbyte space
bus 21, 30, 31, 35, 37, is used.
47, 48 38, 39,
40, 41
Al5to AO 60to 67, 96to Output Address output pins
721079 110, 112
Data bus D15to D8 89to 82 128 to Input/  Bidirectional data bus for upper byte of 16-
121 output  bit data.
D7to DO 57,58, 68, 113to Input/  Bidirectional data bus for lower byte of 16-
69, 80, 81, 120 output  bit data.
90, 91
Bus WAIT 16 17 Input  Requests insertion of a wait state in the
control bus cycle when accessing external 3-state
address space.
RD 22 21 Output When this pin is low, it indicates that the
external address space is being read.
HWR 19 20 Output When this pin is low, it indicates that the
external address space is being written to.
The upper half of the data bus is valid.
LWR 25 24 Output When this pin is low, it indicates that the
external address space is being written to.
The lower half of the data bus is valid.
AS/I0S 18 19 Output When this pin is low, it indicates that
address output on the address bus is valid.
Interrupt  NMI 7 11 Input  Input pin for a nonmaskable interrupt
signals request.
IRQO to 23t025, 22to24, Input These pins request a maskable interrupt.
IRQ7 971099, 133to
34,35 135, 84,
85
16-bit FTCI 26 78 Input  The counter clock input pin.
];Lener;ing FTOA 27 79 Output The output compare A output pin.
timer FTOB 34 84 Output The output compare B output pin.
(FRT) FTIA 28 80 Input  The input capture A input pin.
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Pin No.

FP-100B,
Type Symbol TFP-100B TFP-144 1/O0 Name and Function
16-bit FTIB 29 81 Input  The input capture B input pin.
free- - - -
FTIC 32 82 Input  The input capture C input pin.
running P P P PP
timer FTID 33 83 Input  The input capture D input pin.
(FRT)
8-bit timer TMOO 50 137 Output The waveform output pins for the output
(TMR_0, TMO1 53 3 compare function.
TMR_1, TMOX 35 85
TMR_X) - -
— TMCIO 49 136 Input  Input pins for the external clock input to
TMCI1 52 2 counters.
TMRIO 51 138 Input  The counter reset input pins.
TMRI1 54 4
8-bit timer TMIX 26 78 Input  The counter event input and counter reset
(TMR_X, TMIY 28 80 input pins.
TMR_Y)
8-bit PWi15to 60to67, 96to Output PWM timer pulse output pins.
PWM PWO 72t0 79 110, 112
timer
(PWM)
14-bit PWXO0 55 5 Output PWM D/A pulse output pins.
PWM PWX1 56 6
timer
(PWMX)
Serial TxDO 14 16 Output Transmit data output pins.
communi- TxD1 97 133
cation TxD2 49 136
wgt(e:rfa(;:e RxDO 13 15 Input  Receive data input pins.
fSCIl_l ' RxD1 08 134
- RxD2 50 137
SCI_2)
SCKO 12 14 Input/  Clock input/output pins.
SCK1 99 135 Output  the output type is NMOS push-pull.
SCK2 51 138
SClwith  IrTxD 49 136 Output Input and output pins for data encoded for
IrDA IrDA use.
IrRxD 50 137 Input
(SCI_2) P
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Pin No.

FP-100B,
Type Symbol TFP-100B TFP-144 1/O0 Name and Function
Keyboard PS2AC 31 39 Input/  Keyboard buffer controller synchronization
buffer PS2BC 21 37 Output clock input/output pins.
controller PS2CC 11 34
PS2AD 30 38 Input/  Keyboard buffer controller data input/output
PS2BD 20 35 Output pins.
PS2CD 10 33
Host HDB7to  89to 82 128 to Input/  Bidirectional 8-bit bus for accessing XBS.
interface HDBO 121 Output
(XBS) CSi1, 18, 94, 19, 130, Input Input pins for selecting XBS channels 1 to
CS2/ 25,81,80 24,118, 4. The CS2 or ECS2 input pin is selected
ECS2, 117 with the system control register.
CS3, CS4
IOR 22 21 Input  Input pin that enables reading from XBS.
oW 19 20 Input  Input pin that enables writing to XBS.
HAO 93 129 Input  Input pin that indicates whether an access
is a data access or command access.
GA20 94 130 Output A20 gate control signal output pin.
HIRQ11 52 2 Output Output pins for interrupt requests to the
HIRQ1 53 3 host.
HIRQ12 54 4
HIRQ3 91 120
HIRQ4 90 119
HIFSD 95 131 Input  Control input pin used to place XBS
input/output pins in the high-impedance/
cutoff state.
Host LAD3 to 851082 124 to Input/  LPC command, address, and data
interface LADO 121 Output input/output pins.
(LPC) LFRAME 86 125 Input  Input pin that indicates the start of an LPC
cycle or forced termination of an abnormal
LPC cycle.
LRESET 87 126 Input  Input pin that indicates an LPC reset.
LCLK 88 127 Input  The LPC clock input pin.
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Pin No.

FP-100B,
Type Symbol TFP-100B TFP-144 1/O0 Name and Function
Host SERIRQ 89 128 Input/  Input/output pin for LPC serialized host
interface Output interrupts (HIRQ1, SMI, HIRQ6, HIRQ9 to
(LPC) HIRQ12).
LSCI, 90, 91, 93 119, 120, Input/ LPC auxiliary output pins. Functionally,
LSMI, PME 129 Output they are general 1/O ports.
GA20 94 130 Input/  A20 gate control signal output pin. Output
Output state monitoring input is possible.
CLKRUN 95 131 Input/  Input/output pin that requests the start of
Output LCLK operation when LCLK is stopped.
LPCPD 96 132 Input  Input pin that controls LPC module
shutdown.
Keyboard KINO to 26t029, 78t085, Input Matrix keyboard input pins. KINO to KIN15
buffer KIN15 32t0 35, 41to37, are used as key-scan inputs, and P10 to
controller 48, 47,31, 35to 33 P17 and P20 to P27 are used as key-scan
30, 21, 20, outputs. This allows a maximum 16-output
11, 10 x 16-input, 256-key matrix to be configured.
WUEOto 91,90, 81, 120to Input  Wakeup event input pins. These pins allow
WUE7 80, 69, 68, 113 the same kind of wakeup as key-wakeup
58, 57 from various sources.
A/D AN7 to 45 to 38 68to 75 Input  Analog input pins.
converter ANO
CINO to 26t029, 78t085, Input A/D conversion input pins, but since they
CIN15 32t0 35, 41to37, are also used as digital input/output pins,
48, 47,31, 35t033 accuracy will fall.
30, 21, 20,
11,10
ADTRG 25 24 Input  Pin for input of an external trigger to start
A/D conversion.
D/A DAO 44 74 Output Analog output pins.
converter DAl 45 75
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Pin No.

FP-100B,
Type Symbol TFP-100B TFP-144 1/O0 Name and Function
A/D AVCC 37 76 Input  The analog power supply pin for the A/D
converter converter and D/A converter.
D/A When the A/D and D/A converters are not
converter used, this pin should be connected to the
system power supply (+3 V).
AVref 36 77 Input  The reference power supply pin for the A/D
converter and D/A converter.
When the A/D and D/A converters are not
used, this pin should be connected to the
system power supply (+3 V).
AVSS 46 67 Input  The ground pin for the A/D converter and
D/A converter. This pin should be
connected to the system power supply
0 V).
Timer VSYNCI 28 80 Input  Timer connection synchronous signal input
connec- HSYNCI 52 2 pins.
tion CSYNCI 54 4
VFBACKI 29 81
HFBACKI 26 78
VSYNCO 27 79 Output Timer connection synchronous signal
HSYNCO 53 3 output pins.
CLAMPO 32 82
CBLANK 60 96
’Cbus SCLO 12 14 Input/  I’C clock I/O pins. The output type is
interface  SCL1 99 135 Output NMOS open-drain output.
(%) SDAO 16 17 Input/  I°C data I/O pins. The output type is NMOS
SDA1 51 138 Output open-drain output.
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Pin No.

FP-100B,
Type Symbol TFP-100B TFP-144 1/O0 Name and Function
I/O ports P17 to P10 72to 79 104 to Input/  Eight input/output pins.
110, 112 Output
P27 to P20 60 to 67 96 to 103 Input/  Eight input/output pins.
Output
P37 to P30 89 to 82 128 to Input/  Eight input/output pins.
121 Output
P47 to P40 56 to 49 610 2, Input/  Eight input/output pins.
13810 Output (The gutput type of P42 is NMOS push-
136 pull.)
P52 to P50 12 to 14 14t0 16 Input/  Three input/output pins.
Output  (The output type of P52 is NMOS push-
pull.)
P67 to P60 35 to 32 85t0 78 Input/ Eight input/output pins.
29 t0 26 Output
P77 to P70 45to 38 75t0 68 Input  Eightinput pins.
P86 to P80 99 to 93 135to Input/  Seven input/output pins.
129 Output  (The output type of P86 is NMOS push-
pull.)
P97 to P90 16 to 19 17to 24 Input/ Eight input/output pins.
221025 Output  (The output type of P97 is NMOS push-
pull.)
PA7 to 10, 11, 20, 33to 35, Input/ Eight input/output pins.
PAO 21, 30, 31, 37to41l Output
47, 48
PB7 to 57,58, 68, 113to Input/  Eight input/output pins.
PBO 69, 80, 81, 120 Output
90, 91
PC7 to — 87t094 Input/ Eight input/output pins.
PCO Output
PD7 to — 59to 66 Input/ Eight input/output pins.
PDO Output
PE7 to — 25t032 Input/  Eight input/output pins.
PEO Output
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Pin No.

FP-100B,
Type Symbol TFP-100B TFP-144 1/O0 Name and Function
I/O ports PF7to PFO — 43t0 50 Input/  Eight input/output pins.
Output
PG7 to — 51to 58 Input/  Eight input/output pins.
PGO Output

(The output type of PG7 to PGO in the
H8S/2160B and the H8S/2161B is NMOS
push-pull.)

RENESAS
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Section 2 CPU

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 1
general registers, can address a 16-Mbyte linear address space, and is ideal for realtime cont

This section describes the H8S/2000 CPU. The usable modes and address spaces differ depe
on the product. For details on each product, refer to section 3, MCU Operating Modes.

2.1 Features

* Upward-compatibility with H8/300 and H8/300H CPUs
Can execute H8/300 CPU and H8/300H CPU object programs
« General-register architecture
Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registe
» Sixty-five basic instructions
8/16/32-bit arithmetic and logic instructions
Multiply and divide instructions
Powerful bit-manipulation instructions
« Eight addressing modes
Register direct [Rn]
Register indirect [@ERN]
Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
Register indirect with post-increment or pre-decrement [@ERNn+ or @—ERnN]
Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8,PC) or @(d:16,PC)]
Memory indirect [@ @aa:8]
« 16-Mbyte address space
Program: 16 Mbytes
Data: 16 Mbytes
» High-speed operation
All frequently-used instructions are executed in one or two states
8/16/32-bit register-register add/subtract: 1 state
8 x 8-bit register-register multiply: 12 states (MULXU.B), 13 states (MULXS.B)
16+ 8-bit register-register divide: 12 states (DIVXU.B)
16 x 16-bit register-register multiply: 20 states (MULXU.W), 21 states (MULXS.W)
32+ 16-bit register-register divide: 20 states (DIVXU.W)
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« Two CPU operating modes
Normal mode
Advanced mode
« Power-down state
Transition to power-down state by SLEEP instruction
Selectable CPU clock speed

2.11 Differences between H8S/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

» Register configuration
The MAC register is supported only by the H8S/2600 CPU.
« Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

* The number of execution states of the MULXU and MULXS instructions

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

In addition, there are differences in address space, CCR and EXR register functions, power-do
modes, etc., depending on the model.

2.1.2 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

« More general registers and control registers
Eight 16-bit extended registers and one 8-bit control register have been added.
« Expanded address space
Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-Mbyte address space.
« Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte addres:s
space.
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« Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

» Higher speed
Basic instructions are executed twice as fast.

2.1.3 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

« Additional control register
One 8-bit control register has been added.

« Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

« Higher speed
Basic instructions are executed twice as fast.
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2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes: normal and advanced. Normal mode supports &
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte address s
The mode is selected by the LSI's mode pins.

22.1 Normal Mode

The exception vector table and stack have the same structure as in the H8/300 CPU in normal
mode.

« Address space
Linear access to a maximum address space of 64 kbytes is possible.
« Extended registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers.

When extended register En is used as a 16-bit register it can contain any value, even when
corresponding general register (Rn) is used as an address register. (If general register Rn i
referenced in the register indirect addressing mode with pre-decrement (@—Rn) or post-
increment (@Rn+) and a carry or borrow occurs, the value in the corresponding extended
register (En) will be affected.)

e Instruction set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.

« Exception vector table and memory indirect branch addresses

In normal mode, the top area starting at H'0000 is allocated to the exception vector table. O
branch address is stored per 16 bits. The exception vector table in normal mode is shown ir
figure 2.1. For details on the exception vector table, see section 4, Exception Handling.

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instruction
uses an 8-bit absolute address included in the instruction code to specify a memory operant
that contains a branch address. In normal mode, the operand is a 16-bit (word) operand,
providing a 16-bit branch address. Branch addresses can be stored in the top area from H'C
to H'OOFF. Note that this area is also used for the exception vector table.
e Stack structure

In normal mode, when the program counter (PC) is pushed onto the stack in a subroutine c:
in normal mode, and the PC and condition-code register (CCR) are pushed onto the stack il

exception handling, they are stored as shown in figure 2.2. The extended control register
(EXR) is not pushed onto the stack. For details, see section 4, Exception Handling.
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H'0000 | _
H'0001

Reset exception vector

H0002 | _
H'0003

(Reserved for system use)

H0004 |
H'0005 | _
H'0006 | _
H'0007

(Reserved for system use)

--1 > Exception
vector table

H0008 | _
H'0009

Exception vector 1

H'000A [
H'000B

Exception vector 2

N

Figure 2.1 Exception Vector Table (Normal Mode)

SP~|

Note:

\/\

PC
(16 bits)

\_/_\

(a) Subroutine Branch

* Ignored when returning.

SP—~

\/\

CCR

CCR*

PC
(16 bits)

\/\

(b) Exception Handling

2.2.2

Figure 2.2 Stack Structure in Normal Mode

Advanced Mode

Address space
Linear access to a maximum address space of 16 Mbytes is possible.
Extended registers (En)

The extended registers (EO to E7) can be used as 16-bit registers. They can also be used
upper 16-bit segments of 32-bit registers or address registers.

Instruction set
All instructions and addressing modes can be used.
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« Exception vector table and memory indirect branch addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception vector
table in 32-bit units. In each 32 bits, the upper 8 bits are ignored and a branch address is st
in the lower 24 bits (see figure 2.3). For details on the exception vector table, see section 4,
Exception Handling.

H'00000000 Reserved
Reset exception vector )
H'00000003
H'00000004 | B_e_Sfl_I'\fe_q _____________
(Reserved for system use) B
H'00000007 | )
H'00000008
[~ - > Exception vector table
H'00000008 | i
F-- (Reserved for system use) -
H'0000000C | B
H'00000010 Reserved
Exception vector 1 }

~___—

Figure 2.3 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructior
uses an 8-bit absolute address included in the instruction code to specify a memory operan
that contains a branch address. In advanced mode, the operand is a 32-bit longword operat
providing a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area tha
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'0000C
Note that the top area of this range is also used for the exception vector table.

e Stack structure

In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC and condition-code register (CCR) are pushed onto the stack in exception
handling, they are stored as shown in figure 2.4. The extended control register (EXR) is not
pushed onto the stack. For details, see section 4, Exception Handling.
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\/—\

Sp— Reserved

R PC R
(24 bits)

\/—\

(a) Subroutine Branch

\/\

SP— CCR

- PC O
(24 bits) O

\/\

(b) Exception Handling

Figure 2.4 Stack Structure in Advanced Mode

2.3 Address Space

Figure 2.5 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear

access to a maximum 64-kbyte address space in

(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address s
differ depending on the product. For details on each product, refer to section 3, MCU Operatin

normal mode, and a maximum 16-Mbyte

Modes.
H'0000 H'00000000
64 kbytes
H'FFFF
H'00FFFFFF
H'FFFFFFFF

16 Mbytes Program area

---------------- Data area

Not available
in this LSI

(a) Normal Mode

(b) Advanced Mode

Figure 2.5 Memory Map
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2.4 Register Configuration

The H8S/2000 CPU has the internal registers shown in figure 2.6. There are two types of regis
general registers and control registers. Control registers are a 24-bit program counter (PC), an
extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ERG6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers
23 0
PC [

76543210

Exre{T]-[-]-]-i2]u]o]

76543210

cer [ 1 Jur]uln]z]v]c|

Legend
SP : Stack pointer H : Half-carry flag
PC : Program counter U : User bit
EXR :Extended control register N : Negative flag
T : Trace bit z : Zero flag
12 to 10 : Interrupt mask bits \% : Overflow flag
CCR : Condition-code register C : Carry flag

| : Interrupt mask bit
Ul : User bit or interrupt mask bit

Note: * Does not affect operation in this LSI.

Figure 2.6 CPU Internal Registers
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24.1 General Registers

The H8S/2000 CPU has eight 32-bit general registers. These general registers are all functior
alike and can be used as both address registers and data registers. When a general register i
as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.7 illustrates
usage of the general registers.

When the general registers are used as 32-bit registers or address registers, they are designe
the letters ER (ERO to ERY).

When the general registers are used as 16-bit registers, the ER registers are divided into 16-k
general registers designated by the letters E (EO to E7) and R (RO to R7). These registers are
functionally equivalent, providing a maximum sixteen 16-bit registers. The E registers (EO to E
are also referred to as extended registers.

When the general registers are used as 8-bit registers, the R registers are divided into 8-bit ge
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). These registers ar
functionally equivalent, providing a maximum sixteen 8-bit registers.

The usage of each register can be selected independently.

General register ER7 has the function of the stack pointer (SP) in addition to its general-regist
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows th
stack.

« Address registers * 16-bit registers « 8-bit registers
« 32-bit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure 2.7 Usage of General Registers
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Free area

SP (ER7) —»]

Stack area

/\/

Figure 2.8 Stack

2.4.2 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The leng
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When a
instruction is fetched for read, the least significant PC bit is regarded as 0.)

2.4.3 Extended Control Register (EXR)

EXR does not affect operation in this LSI.

Bit Bit Name Initial Value R/W  Description
7 T 0 R/W  Trace Bit
Does not affect operation in this LSI.
6to3 — All 1 R Reserved
These bits are always read as 1.
2to0 12 All 1 R/W  Interrupt Mask Bits 2 to O
11 Do not affect operation in this LSI.
10

24.4 Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (1) al
half-carry (H), negative (N), zero (2), overflow (V), and carry (C) flags. Operations can be
performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC instructions. The N, Z,
and C flags are used as branching conditions for conditional branch (Bcc) instructions.
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Bit

Bit Name Initial Value

R/W Description

| 1

R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMI is
accepted regardless of the | bit setting. The | bitis setto 1
at the start of an exception-handling sequence. For details,
refer to section 5, Interrupt Controller.

ul Undefined

R/W

User Bit or Interrupt Mask Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

H Undefined

R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B or
NEG.B instruction is executed, this flag is set to 1 if there is
a carry or borrow at bit 3, and cleared to 0 otherwise. When
the ADD.W, SUB.W, CMP.W, or NEG.W instruction is
executed, the H flag is set to 1 if there is a carry or borrow
at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag
is set to 1 if there is a carry or borrow at bit 27, and cleared
to 0 otherwise.

U Undefined

R/W

User Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

N Undefined

R/W

Negative Flag

Stores the value of the most significant bit of data as a sign
bit.

Z Undefined

R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to O to indicate
non-zero data.

\% Undefined

R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and cleared to
0 otherwise.

C Undefined

R/W

Carry Flag

Set to 1 when a carry occurs, and cleared to 0 otherwise.
Used by

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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2.4.5 Initial Register Values

The program counter (PC) among CPU internal registers is initialized when reset exception
handling loads a start address from a vector table. The trace (T) bit in EXR is cleared to 0, and
interrupt mask (1) bits in CCR and EXR are set to 1. The other CCR bits and the general registe
are not initialized. Note that the stack pointer (ER7) is undefined. The stack pointer should
therefore be initialized by an MOV.L instruction executed immediately after a reset.

2.5 Data Formats

The H8S/2000 CPU can process 1-bit, 4-bit BCD, 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n =0, 1.
..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as tv
digits of 4-bit BCD data.

25.1 General Register Data Formats

Figure 2.9 shows the data formats of general registers.

Data Type Register Number Data Image
7 0
L-bi data o 7ieisiaisiziaio|  pomteae |
___________________ 7 0
1-bit data Rl Don't care | 716151413121 110
7 43 o ]
4-bit BCD data RnH | Upper | Lower | Don't care 1
.................. J
___________________ 7 4 3 0
4-bit BCD data RNL Don't care | Upper | Lower |
7 o
Byte data RnH e | Don't care E
MSB s T
___________________ 7 0
e deta | Domcae | PGl
MSB LSB

Figure 2.9 General Register Data Formats (1)
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Data Type Register Number Data Image
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERnN
31 16 15 0
MSB En RN LSB
Legend
ERn : General register ER
En : General register E
Rn : General register R
RnH : General register RH
RnL : General register RL
MSB : Most significant bit
LSB : Least significant bit

Figure 2.9 General Register Data Formats (2)

RENESAS
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2.5.2 Memory Data Formats

Figure 2.10 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword data in memory, but word or longword data must begin at an even address. If an atte
is made to access word or longword data at an odd address, no address error occurs but the le
significant bit of the address is regarded as 0, so the access starts at the preceding address. T
also applies to instruction fetches.

When SP (ER?7) is used as an address register to access the stack, the operand size should be

size or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M

Address 2M + 1

Address 2N
Address 2N + 1
Address 2N + 2

Address 2N + 3

Data Image

/\/

7 0

706 [s5][4a]3][2]1]0

MSB ¢ 1 1 . . iLSB

MSB,

RN

\LSB

Figure 2.10 Memory Data Formats
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2.6

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function as

Instruction Set

shown in table 2.1.

Table 2.1  Instruction Classification
Function Instructions Size Types
Data transfer MOV B/W/IL 5
POP*!, PUSH** Wi/L
LDM*®, STM*® L
MOVFPE*®, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS W/L
TAS** B
Logic operations AND, OR, XOR, NOT B/W/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/WI/L
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch B..**, JMP, BSR, JSR, RTS —
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, —
NOP
Block data transfer EEPMOV — 1
Total: 65

Notes: B: Byte size; W: Word size; L: Longword size.

1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn, @-
SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,

@-SP.

B.. is the general name for conditional branch instructions.
Cannot be used in this LSI.

When using the TAS instruction, use registers ERO, ER1, ER4, and ERS.
ERY7 is not used as the register that can be saved (STM)/restored (LDM) when using

a ke

STM/LDM instruction, because ER7 is the stack pointer.
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2.6.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used ir
tables 2.3 to 2.10 is defined below.

Table 2.2  Operation Notation

Symbol Description

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERn General register (32-bit register)
(EAd) Destination operand

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

ad Logical AND

ad Logical OR

ad Logical exclusive OR

o Move

ad NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-hit length

Note:* General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table 2.3

Data Transfer Instructions

Instruction Size **  Function
MOV B/W/L  (EAs) — Rd, Rs - (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP WI/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn
PUSH WI/L Rn - @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
LDM*? L @SP+ - Rn (register list)
Pops two or more general registers from the stack.
STM*? L Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.
Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

ER7 is not used as the register that can be saved (STM)/restored (LDM) when using
STM/LDM instruction, because ER7 is the stack pointer.
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Table 2.4 Arithmetic Operations Instructions (1)

Instruction Size *

Function

ADD B/WIL Rd +Rs - Rd, Rd £ #IMM - Rd

SuB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Subtraction on
immediate data and data in a general register cannot be performed in
bytes. Use the SUBX or ADD instruction.)

ADDX B Rd+Rs+C - Rd,Rd+#IMM+C - Rd

SUBX Performs addition or subtraction with carry on data in two general
registers, or on immediate data and data in a general register.

INC B/WI/L Rd+1 - Rd,Rd+2 - Rd

DEC Adds or subtracts the value 1 or 2 to or from data in a general register.
(Only the value 1 can be added to or subtracted from byte operands.)

ADDS L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA B Rd (decimal adjust) —» Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by

referring to CCR to produce 4-bit BCD data.

MULXU B/W

Rd xRs - Rd

Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bits.

MULXS B/W

Rd xRs - Rd

Performs signed multiplication on data in two general registers: either 8
bits x 8 bits - 16 bits or 16 bits x 16 bits - 32 bits.

DIVXU B/W

Rd +Rs - Rd

Performs unsigned division on data in two general registers: either 16
bits + 8 bits - 8-bit quotient and 8-bit remainder or 32 bits + 16 bits -
16-bit quotient and 16-bit remainder.

Note:* Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.4 Arithmetic Operations Instructions (2)

Instruction Size ** Function

DIVXS B/W Rd+Rs - Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits - 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
guotient and 16-bit remainder.

CMP B/W/L Rd — Rs, Rd — #IMM
Compares data in a general register with data in another general register
or with immediate data, and sets the CCR bits according to the result.

NEG B/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU W/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS W/L Rd (sign extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

TAS*? B @ERd -0, 1 - (<bit 7> of @ERd)

Tests memory contents, and sets the most significant bit (bit 7) to 1.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word

L: Longword

2. When using the TAS instruction, use registers ERO, ER1, ER4 and ERS5.
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Table 2.5 Logic Operations Instructions

Instruction Size *

Function

AND B/WI/L

Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WI/L

Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/WI/L

Rd O Rs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WI/L

URd - Rd

Takes the one's complement (logical complement) of data in a general
register.

Note:* Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table 2.6  Shift Instructions

Instruction Size *

Function

SHAL B/W/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on data in a general register. 1-bit or 2 bit
shift is possible.

SHLL B/W/L Rd (shift) - Rd

SHLR Performs a logical shift on data in a general register. 1-bit or 2 bit shift is
possible.

ROTL B/WI/L Rd (rotate) — Rd

ROTR Rotates data in a general register. 1-bit or 2 bit rotation is possible.

ROTXL B/WI/L Rd (rotate) — Rd

ROTXR Rotates data including the carry flag in a general register. 1-bit or 2 bit

rotation is possible.

Note:* Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.7  Bit Manipulation Instructions (1)

Instruction Size * Function

BSET B 1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B 0 (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B 0(<bit-No.> of <EAd>) — Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C 0 (<bit-No.> of <EAd>) — C

Logically ANDs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIAND B C O (<bit-No.> of <EAd>) — C

Logically ANDs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.

The bit number is specified by 3-bit immediate data.

BOR B C O(<bit-No.> of <EAd>) - C

Logically ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIOR B C O(O<bit-No.> of <EAd>) — C

Logically ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.

The bit number is specified by 3-bit immediate data.

Note:* Size refers to the operand size.
B: Byte

Rev. 2.0, 08/02, page 47 of 788
RENESAS



Table 2.7  Bit Manipulation Instructions (2)

Instruction  Size *

Function

BXOR B C O (<bit-No.> of <EAd>) - C
Logically exclusive-ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the carry flag.
BIXOR B C O O(<bit-No.> of <EAd>) - C
Logically exclusive-ORs the carry flag with the inverse of a specified bit
in a general register or memory operand and stores the result in the
carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to the
carry flag.
BILD B 0(<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<hit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.
BIST B OC - (<bit-No.>. of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.

The bit number is specified by 3-bit immediate data.

Note:* Size refers to the operand size.

B: Byte
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Table 2.8  Branch Instructions

Instruction  Size Function

Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.

Mnemonic Description Condition

BRA (BT) Always (true) Always

BRN (BF) Never (false) Never

BHI High coz=o0

BLS Low or same cuz=1

BCC (BHS) Carry clear Cc=0

(high or same)

BCS (BLO) Carry set (low) c=1

BNE Not equal Z=0

BEQ Equal Z=1

BVC Overflow clear V=0

BVS Overflow set V=1

BPL Plus N=0

BMI Minus N=1

BGE Greaterorequal NOV=0

BLT Less than NOV=1

BGT Greater than ZONOV)=0

BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

Rev. 2.0, 08/02, page 49 of 788
RENESAS



Table 2.9  System Control Instructions

Instruction  Size * Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) - CCR, (EAs) —» EXR

Moves the memory operand contents or immediate data to CCR or
EXR. Although CCR and EXR are 8-bit registers, word-size transfers
are performed between them and memory. The upper 8 bits are valid.

STC B/W CCR - (EAd), EXR — (EAd)

Transfers CCR or EXR contents to a general register or memory
operand. Although CCR and EXR are 8-bit registers, word-size
transfers are performed between them and memory. The upper 8 bits

are valid.
ANDC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2 - PC

Only increments the program counter.

Note:* Size refers to the operand size.
B: Byte
W: Word

Rev. 2.0, 08/02, page 50 of 788
RENESAS



Table 2.10 Block Data Transfer Instructions

Instruction  Size

Function

EEPMOV.B —

if R4L # 0 then
Repeat @ER5 + - @ER6+
R4L-1 - RA4L
Until R4L =0
else next;

EEPMOV.W —

if R4 # 0 then
Repeat @ER5 + - @ER6+
R4-1 - R4
UntilR4=0
else next;
Transfers a data block. Starting from the address set in ERS5, transfers

data for the number of bytes set in R4L or R4 to the address location
set in ER6.

Execution of the next instruction begins as soon as the transfer is
completed.

2.6.2 Basic Instruction Formats

The H8S/2000 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), a register field (r), an effective address extension (EA), and a condition fie

(co).

Figure 2.11 shows examples of instruction formats.

e Operation field

Indicates the function of the instruction, the addressing mode, and the operation to be carr
out on the operand. The operation field always includes the first four bits of the instruction.
Some instructions have two operation fields.

* Register field

Specifies a general register. Address registers are specified by 3 bits, and data registers b
bits or 4 bits. Some instructions have two register fields, and some have no register field.

« Effective address extension
8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.

+ Condition field

Specifies the branching condition of Bcc instructions.
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(1) Operation field only

op NOP, RTS

(2) Operation field and register fields

op n rm ADD.B Rn, Rm

(3) Operation field, register fields, and effective address extension

op rn rm

MOV.B @(d:16, Rn), Rm
EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16

Figure 2.11 Instruction Formats (Examples)

2.7 Addressing Modes and Effective Address Calculation

The H8S/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction
a subset of these addressing modes.

Arithmetic and logic operations instructions can use the register direct and immediate addressil
modes. Data transfer instructions can use all addressing modes except program-counter relatiy
and memory indirect. Bit manipulation instructions can use register direct, register indirect, or

absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, anc
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operant

Table 2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2  Register indirect @ERnN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERn)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERnN
5  Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xX:8/#xX:16/#xx:32
7  Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8
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2.7.1 Register Direct—Rn

The register field of the instruction code specifies an 8-, 16-, or 32-bit general register which
contains the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to F
and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit regis

2.7.2 Register Indirect—@ERnN

The register field of the instruction code specifies an address register (ERn) which contains tr
address of a memory operand. If the address is a program instruction address, the lower 24 b
valid and the upper 8 bits are all assumed to be 0 (H'00).

2.7.3 Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction code is added to an address regist
(ERnN) specified by the register field of the instruction, and the sum gives the address of a mer
operand. A 16-bit displacement is sign-extended when added.

2.7.4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERN

Register Indirect with Post-Increment—@ERN+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After tf
operand is accessed, 1, 2, or 4 is added to the address register contents and the sum is store
address register. The value added is 1 for byte access, 2 for word access, and 4 for longword
access. For word or longword transfer instructions, the register value should be even.

Register Indirect with Pre-Decrement—@-ERn:The value 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result
becomes the address of a memory operand. The result is also stored in the address register.
value subtracted is 1 for byte access, 2 for word access, and 4 for longword access. For word
longword transfer instructions, the register value should be even.

2.7.5 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute addre
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FF
For a 16-bit absolute address, the upper 16 bits are a sign extension. For a 32-bit absolute ad
the entire address space is accessed.
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A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper:
bits are all assumed to be 0 (H'00).

Table 2.12 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FF00 to H'FFFF H'FFFF00 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction 24 bits (@aa:24)
address

2.7.6 Immediate—#xx:8, #xx:16, or #xx:32

The 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data contained in an instruction
code can be used directly as an operand.

The ADDS, SUBS, INC, and DEC instructions implicitly contain immediate data in their
instruction codes. Some bit manipulation instructions contain 3-bit immediate data in the
instruction code, specifying a bit number. The TRAPA instruction contains 2-bit immediate data
in its instruction code, specifying a vector address.

2.7.7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

This mode can be used by the Bcc and BSR instructions. An 8-bit or 16-bit displacement
contained in the instruction code is sign-extended to 24 bits and added to the 24-bit address
indicated by the PC value to generate a 24-bit branch address. Only the lower 24 bits of this
branch address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to whic
the displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes (-16383
+16384 words) from the branch instruction. The resulting value should be an even number.
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2.7.8 Memory Indirect—@ @aa:8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-
absolute address specifying a memory operand which contains a branch address. The upper |
the 8-bit absolute address are all assumed to be 0, so the address range is 0 to 255 (H'0000 t
H'00FF in normal mode, H'000000 to H'0000FF in advanced mode).

In normal mode, the memory operand is a word operand and the branch address is 16 bits lor
advanced mode, the memory operand is a longword operand, the first byte of which is assume
be 0 (H'00). Note that the top area of the address range in which the branch address is stored
also used for the exception vector area. For further details, refer to section 4, Exception Handl

If an odd address is specified in word or longword memory access, or as a branch address, th
least significant bit is regarded as 0, causing data to be accessed or the instruction code to be
fetched at the address preceding the specified address. (For further information, see section Z
Memory Data Formats.)

\/\\/\

Specified — Specified ~| Reserved
by @aa8 [~°" Branch address - --- by @aa:8

\_/\

Branch address

\/\

(a) Normal Mode (b) Advanced Mode

Figure 2.12 Branch Address Specification in Memory Indirect Addressing Mode
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2.7.9 Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode. In horm
mode, the upper 8 bits of the effective address are ignored in order to generate a 16-bit addres

Table 2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct (Rn)

“-- Operand is general register contents.
rm m

2 Register indirect (@ERN) 31 0 31 2423 0

| General register contents |—_—|Don't Carel

3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERn) 31 0

[ I General register contents

31
| Sign extension | disp

o

4 Register indirect with post-increment or

pre-decrement 31 0
« Register indirect with post-increment @ERn+ I

L
« Register indirect with pre-decrement @-ERn 31

[

| 0

[ oo [ ] |

Operand Size Offset
Byte 1
Word 2
Longword 4
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Table 2.13 Effective Address Calculation (2)

No

Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Absolute address

@aa:8

31 2423 87 0
HFFFF | |

|Don't carel

Memory contents

@aa:16 31 24 23 16 15 0
| op | abs | |Don't carel Sign extensionl |
@aa:24 31 2423 0
| op | abs | |D0n't carel |
I 4
@aa:32
op 31 2423 0
abs |Don't carel
I 4
6 | Immediate
#XCBIAXX:16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 0
@(d:8,PC)/@(d:16,PC) | PC contents I—‘
op disp 23 01
s 202 0
|Don't carel
8 Memory indirect @@aa:8
EREE : et
EENECE H'000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |D0n't carel H'00 | |
I !
31 8 7 I 0
“ abs H'000000 | abs | 31 2423 0
31 0 |D0n't carel

RENESAS
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2.8 Processing States

The H8S/2000 CPU has five main processing states: the reset state, exception handling state,
program execution state, bus-released state, and program stop state. Figure 2.13 indicates the
transitions.

* Reset state
In this state the CPU and on-chip peripheral modules are all initialized and stopped. When t
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts viRiEh stgmal
changes from low to high. For details, refer to section 4, Exception Handling.
The reset state can also be entered by a watchdog timer overflow.

« Exception-handling state
The exception-handling state is a transient state that occurs when the CPU alters the norme
processing flow due to an exception source, such as, a reset, trace, interrupt, or trap instruc
The CPU fetches a start address (vector) from the exception vector table and branches to tt
address. For further details, refer to section 4, Exception Handling.

« Program execution state
In this state the CPU executes program instructions in sequence.

e Bus-released state
In a product which has a bus master other than the CPU, such as a data transfer controller
(DTC), the bus-released state occurs when the bus has been released in response to a bus
request from a bus master other than the CPU. While the bus is released, the CPU halts
operations. For details, see section 6, Bus Controller (BSC).

e Program stop state
This is a power-down state in which the CPU stops operating. The program stop state occu
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For deta
refer to section 26, Power-Down Modes.
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End of bus request

Bus request
Program execution
state SLEEP
End of bus instruction
request Bus SLEEP with
request instruction \ LSON =0,
with SSBY =0
y LSON =0,
PSS =0,
Bus-released state SSBY =1
Request for \ h
Eggegiion exception | —
handling handling Sleep mode
Interrupt
request
Exception-handling state
A External interrupt Software standby mode
request

RES = high

STBY = high, RES = low

—m
Reset state

Hardware standby mode*2

Power-down state*

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. The power-down state also includes watch mode, subactive mode, subsleep mode, etc. For details,
refer to section 26, Power-Down Modes.

Figure 2.13 State Transitions
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2.9 Usage Notes

29.1 Note on TAS Instruction Usage
When using the TAS instruction, use registers ERO, ER1, ER4 and ER5.

The TAS instruction is not generated by the Hitachi H8S and H8/300 series C/C++ compilers.
When the TAS instruction is used as a user-defined intrinsic function, use registers ERO, ER1,
ER4 and ERS.

29.2 Note on STM/LDM Instruction Usage

ER7 is not used as the register that can be saved (STM)/restored (LDM) when using STM/LDN
instruction, because ER7 is the stack pointer. Two, three, or four registers can be saved/restor
by one STM/LDM instruction. The following ranges can be specified in the register list.

Two registers: ERO—ER1, ER2—ERS3, or ER4—ER5
Three registers: ERO—ER2 or ER4—ERG6
Four registers: ERO—ERS3

The STM/LDM instruction including ER7 is not generated by the Hitachi H8S and H8/300 serie:
C/C++ compilers.

2.9.3 Note on Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read data from the specified address in
byte units, manipulate the data of the target bit, and write data to the same address again in by
units. Special care is required when using these instructions in cases where a register containil
write-only bit is used or a bit is directly manipulated for a port, because this may rewrite data of
bit other than the bit to be manipulated.

Example: The BCLR instruction is executed for DDR in port 4.

P47 and P46 are input pins, with a low-level signal input at P47 and a high-level signal input at
P46. P45 to P40 are output pins and output low-level signals. The following shows an example
which P40 is set to be an input pin with the BCLR instruction.
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Prior to executing BCLR:

P47 P46 P45 P44 P43 P42 P41 P40
Input/output Input Input Output  Output  Output Output Output Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
DDR 0 0 1 1 1 1 1 1
DR 1 0 0 0 0 0 0 0

BCLR instruction executed:

BCLR #0, @P4DDR The BCLR instruction is executed for DDR in port 4.

After executing BCLR:

P47 P46 P45 P44 P43 P42 P41 P40
Input/output Output  Output Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High
level level level level level level level level
DDR 1 1 1 1 1 1 1 0
DR 1 0 0 0 0 0 0 0
Operation:

1. When the BCLR instruction is executed, first the CPU reads P4DDR.

Since P4DDR is a write-only register, so the CPU reads H'FF. In this example PADDR has
value of H'3F, but the value read by the CPU is H'FF.

2. The CPU clears bit 0 of the read data to 0, changing data to H'FE.
3. The CPU writes H'FE to DDR, completing execution of BCLR.

As a result of the BCLR instruction, bit 0 in DDR is set to 0, and P40 becomes an input pin.
However, bits 7 and 6 of DDR are modified to 1, therefore P47 and P46 become output pins.
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294 EEPMOV Instruction

1. EEPMOV is a block-transfer instruction and transfers the byte size of data indicated by R4L
which starts from the address indicated by R5, to the address indicated by R6.

R5 —»

R5 + R4L —»

\ ~— R6+RAL

2. Set R4L and R6 so that the end address of the destination address (valueR¥flR@loes
not exceed H'FFFF (the value of R6 must not change from H'FFFF to H'0000 during
execution).

R5 —a

R5 + R4L —»
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Section 3 MCU Operating Modes

3.1 MCU Operating Mode Selection

This LSI has three operating modes (modes 1 to 3). The operating mode is determined by the
setting of the mode pins (MD1 and MDO). Table 3.1 shows the MCU operating mode selectior

Table 3.1 lists the MCU operating modes.

Table 3.1 MCU Operating Mode Selection

MCU CPU

Operating Operating On-Chip

Mode MD1 MDO Mode Description ROM

0 0 0 — — —

1 1 Normal Expanded mode with on-chip ROM disabled Disabled

2 1 0 Advanced Expanded mode with on-chip ROM enabled Enabled
Single-chip mode

3 1 Normal Expanded mode with on-chip ROM enabled

Single-chip mode

Mode 1 is an expanded mode that allows access to external memory and peripheral devices.
modes 2 and 3, operation begins in single-chip mode after reset release, but a transition can |
made to external expansion mode by setting the EXPE bit in MDCR to 1.

Mode 0 cannot be used in this LSI. Thus, mode pins should be set to enable mode 1, 2 or 3 in
normal program execution state. Mode pins should not be changed during operation.

3.2 Register Descriptions

The following registers are related to the operating mode. For details on the bus control regist
(BCR), refer to section 6.3.1, Bus Control Register (BCR).

* Mode control register (MDCR)
» System control register (SYSCR)
« Serial timer control register (STCR)
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3.2.1 Mode Control Register (MDCR)

MDCR is used to set an operating mode and to monitor the current operating mode.

Bit BitName Initial Value R/W  Description

7 EXPE —* R/wW*  Extended Mode Enable
Specifies extended mode. Fixed to 1 and cannot be
modified in mode 1. Readable/writable and the initial
value is 0 in mode 2 or 3.
0: Single-chip mode
1: Extended mode

6 — All 0 R Reserved

to These bits are always read as 0. These bits cannot be

2 modified.

MDS1 —* R Mode Select 1 and 0
0 MDS0 —* R These bits indicate the input levels at mode pins (MD1

and MDO) (the current operating mode). Bits MDS1
and MDSO correspond to MD1 and MDO, respectively.
These bits are read-only bits and they cannot be
written to. The mode pin (MD1 and MDO) input levels
are latched into these bits when MDCR is read. These
latches are canceled by a reset.

Note:* The initial values are determined by the settings of the MD1 and MDO pins.
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3.2.2 System Control Register (SYSCR)

SYSCR selects a system pin function, monitors a reset source, selects the interrupt control m
and the detection edge for NMI, pin location selection, enables or disables register access to t
on-chip peripheral modules, and enables or disables on-chip RAM address space.

Bit BitName Initial Value R/W  Description

7 CS2E 0 R/W  Chip Select 2 Enable

Specifies the location of the control pin (CS2) of the
host interface together with the FGA20E bit in HICR.
See section 18, Host Interface X-Bus Interface (XBS),
for details.

6 IOSE 0 R/W  10S Enable

Enables or disables AS/IOS pin function in extended
mode.

0: AS pin

Outputs low when an external area is accessed.

1: 10S pin

Outputs low when a specified address of addresses
H’(FF)F000 to H'(FF)F7FF is accessed.

5 INTM1 0 R These bits select the control mode of the interrupt

4 INTMO 0 r/w  controller. For details on the interrupt control modes
and interrupt control select modes 1 and O, see section
5.6, Interrupt Control Modes and Interrupt Operation.

00: Interrupt control mode 0
01: Interrupt control mode 1
10: Setting prohibited
11: Setting prohibited

3 XRST 1 R External Reset

This bit indicates the reset source. A reset is caused by
an external reset input, or when the watchdog timer
overflows.

0: A reset is caused when the watchdog timer
overflows.

1: Areset is caused by an external reset.
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Bit Bit Name Initial Value

R/W

Description

2 NMIEG 0

R/W

NMI Edge Select
Selects the valid edge of the NMI interrupt input.

0: An interrupt is requested at the falling edge of NMI
input

1: An interrupt is requested at the rising edge of NMI
input

1 HIE 0

R/W

Host Interface Enable

Controls CPU access to the host interface registers
(HICR, IDR1, ODR1, STR1, IDR2, ODR2, and STR2),
the keyboard matrix interrupt and MOS input pull-up
control registers (KMIMR, KMPCR, and KMIMRA), the
8-bit timer (TMR_X and TMR_Y) registers
(TCR_XI/TCR_Y, TCSR_X/TCSR_Y,
TICRR/TCORA_Y, TICRF/TCORB_Y,
TCNT_X/TCNT_Y, TCORC/TISR, TCORA_X, and
TCORB_X), and the timer connection registers
(TCONRI, TCONRO, TCONRS, and SEDGR).

0: In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC
to H'(FF)FFFF, CPU access to 8-bit timer (TMR_X and
TMR_Y) registers and timer connection registers is
permitted

1: In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC
to H'(FF)FFFF, CPU access to host interface registers
and keyboard matrix interrupt and MOS input pull-up
control registers is permitted

0 RAME 1

R/W

RAM Enable

Enables or disables on-chip RAM. The RAME bit is
initialized when the reset state is released.

0: On-chip RAM is disabled
1: On-chip RAM is enabled
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3.2.3 Serial Timer Control Register (STCR)

STCR enables or disables register access, 1IC operating mode, and on-chip flash memory, an
selects the input clock of the timer counter.

Bit BitName Initial Value R/W Description

7 IICS 0 R/IW I°C Extra Buffer Select

Specifies bits 7 to 4 of port A as output buffers similar
to SLC and SDA. These pins are used to implement
an I°C interface only by software.

0: PA7 to PA4 are normal input/output pins.
1: PA7 to PA4 are input/output pins enabling bus

driving.
6 IICX1 0 R/W I’C Transfer Rate Select 1 and 0
5 1ICX0 0 R/W These bits control the 1IC operation. These bits select

a transfer rate in master mode together with bits
CKS2 to CKSO0 in the I’C bus mode register (ICMR).
For details on the transfer rate, refer to table 16.3.

4 IICE 0 R/W I°C Master Enable

Enables or disables CPU access for IIC registers
(ICCR, ICSR, ICDR/SARX, ICMR/SAR), PWMX
registers (DADRAH/DACR, DADRAL,
DADRBH/DACNTH, DADRBL/DACNTL), and SCI
registers (SMR, BRR, SCMR).

0: SCI_1 registers are accessed in an area from
H'(FF)FF88 to H'(FF)FF89 and from H'(FF)FF8E to
H’(FF)FF8F.

SCI_2 registers are accessed in an area from
H'(FF)FFAO to H'(FF)FFA1 and from H'(FF)FFAG6 to
H'(FF)FFAT.

SCI_0 registers are accessed in an area from
H'(FF)FFD8 to H'(FF)FFD9 and from H'(FF)FFDE to
H’'(FF)FFDF.

1: [IC_1 registers are accessed in an area from
H'(FF)FF88 to H'(FF)FF89 and from H'(FF)FFSE to
H’'(FF)FF8F.

PWMX registers are accessed in an area from
H'(FF)FFAO to H'(FF)FFAL and from H'(FF)FFA6 to
H'(FF)FFAT.

IIC_O registers are accessed in an area from
H'(FF)FFDS8 to H'(FF)FFD9 and from H'(FF)FFDE to
H’(FF)FFDF.
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Bit Bit Name Initial Value

R/W

Description

3 FLSHE 0

R/W

Flash Memory Control Register Enable

Enables or disables CPU access for flash memory
registers (FLMCR1, FLMCR2, EBR1, EBR2), control
registers in power-down state (SBYCR, LPWRCR,
MSTPCRH, MSTPCRL), and control registers of on-
chip peripheral modules (PCSR, SYSCR2).

0: Registers in power-down state and control
registers of on-chip peripheral modules are accessed
in an area from H'(FF)FF80 to H'(FF)FF87.

1: Control registers of flash memory are accessed in
an area from H'(FF)FF80 to H'(FF)FF87.

RI(W)

Reserved
The initial value should not be changed.

ICKS1
0 ICKSO

R/W
R/W

Internal Clock Source Select 1, 0

These bits select a clock to be input to the timer
counter (TCNT) and a count condition together with
bits CKS2 to CKSO0 in the timer control register
(TCR). For details, refer to section 12.3.4, Timer
Control Register (TCR).
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3.3 Operating Mode Descriptions

3.3.1 Mode 1
The CPU can access a 64-kbyte address space in hormal mode. The on-chip ROM is disable

Ports 1 and 2 function as an address bus, port 3 functions as a data bus, and part of port 9 ca
bus control signals. Clearing the ABW bit to 0 in the WSCR register makes port B a data bus.

3.3.2 Mode 2
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is ena

After a reset, the LSl is set to single-chip mode. To access an external address space, bit EX
MDCR should be set to 1.

When the EXPE bit in MDCR is set to 1, ports 1, 2 and A function as input ports after a reset.
Ports 1, 2 and A output an address by setting 1 to the corresponding port data direction regist
(DDR). Port 3 functions as a data bus, and parts of port 9 carry bus control signals. Port B
functions as a data bus when the ABW bit in WSCR is cleared to 0.

3.3.3 Mode 3

The CPU can access a 64-kbyte address space in hormal mode. The on-chip ROM is enablec
CPU can access a 56-kbyte address space in mode 3.

After a reset, the LSl is set to single-chip mode. To access an external address space, bit EXI
MDCR should be setto 1.

When the EXPE bit in MDCR is set to 1, ports 1 and 2 function as input ports after a reset. Po
and 2 function as an address bus by setting 1 to the corresponding port data direction register
(DDR). Port 3 functions as a data bus, and parts of port 9 carry bus control signals. Port B
functions as a data bus when the ABW bit in WSCR is cleared to O.

3.34 Pin Functions in Each Operating Mode

Pin functions of ports 1 to 3, 9, A, and B depend on the operating mode. Table 3.2 shows pin
functions in each operating mode.
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Table 3.2  Pin Functions in Each Mode

Port Mode 1 Mode 2 Mode 3

Port 1 A P*/A P*/A

Port 2 A P*/A P*/A

Port A P P*/A P

Port 3 D P*/D P*/D

Port B P*/D P*/D P*/D

Port 9 P97 P*/C P*/C P*/C
P96 Cc*/P P*/C P*/C
P95 to P93 C P*/C P*/C
P92 to P91 P P P
P90 P*/IC P*/C P*/C

Port C to Port G P P P

Legend

P: I/O port

A: Address bus output

D: Data bus I/O

C: Control signals, clock 1/0

*e

Immediately after reset
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3.4 Address Map in Each Operating Mode

Figures 3.1 to 3.10 show the address map in each operating mode.

Mode 1 Mode 2 (EXPE = 1) B
Normal mode Advanced mode Mode 2 (EXPE = 0)
Extended mode with Extended mode with Advanced mode
on-chip ROM disabled on-chip ROM enabled Single-chip mode
H'0000 H'000000 H'000000
On-chip ROM On-chip ROM

External address

space H'00FFFF H'00FFFF
Reserved area Reserved area
H'O1FFFF H'O1FFFF
H'020000 External address
space
H'E080 H'FFE080 H'FFE080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'FFEFFF H'FFEFFF
H'FO00 | External address H'FFF000 | External address
HEaon s NS Rkhs H'FFF800 Internal 110
H'F800 Internal /0 H'FFF800 Internal I/0 : nternal
H'FE4F registers 3 H'FFFE4F registers 3 HFFFE4F registers 3
H'FESO internal /O HFFFESO internal 70 HFFFESO Internal I/Q
H'FEFF registers 2 H'FFFEFF registers 2 H'FFFEFF registers 2
HEFO0 [ On-ehip RAM— HEFFFO0 [ Oreehip RAV ] HEFFFO0 [ On-chip RAW
H'FF7F (128 bytes)* H'FFFF7F (128 bytes)* HIFFFF7F (128 bytes)
H'FF80 Internal /0 H'FFFF80 Internal /0 H'FFFF80 Internal I/?
H'FFFF registers 1 H'EFFFFE registers 1 H'FFFFFF registers

Note: These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure 3.1 Address Map for H8S/2140B and H8S/2160B (1)
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Mode 3 (EXPE = 1)
Normal mode
Extended mode with

Mode 3 (EXPE = 0)
Normal mode

on-chip ROM enabled Single-chip mode

H'0000 H'0000

On-chip ROM On-chip ROM
H'DFFF H'DFFF

External address
space

H'E080 H'E080

On-chip RAM* On-chip RAM
H'EFFF H'EFFF
H'FO00 | External address
H'F7FF space )
H'F800 nternal 170 H'F800 Internal /0
H'FE4F registers 3 HFE4F registers 3
H'FES0 Tnternal 170 H'FES0 Internal 1/0
H'FEFF reqisters 2 H'FEFF registers 2
H'FFO0 On-chip RAM__| H'FFO0 On-chip RAM
HFF7F (128 bytes)* HFF7F 128 bytes
H'FF80 Internal /0 H'FF80 Internal I/O
H'FFFF registers 1 H'FFFF registers 1

Note: These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure 3.2 Address Map for H8S/2140B and H8S/2160B (2)
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H'0000

H'E080

HEFFF
H'FO00
HF7FF
H'F800
H'FE4F
H'FE50
H'FEFF
H'FF00
HFF7F
H'FF80
H'FFFF

Note

Mode 1

Normal mode
Extended mode with
on-chip ROM disabled

External address
space

On-chip RAM*

External address
space

Internal 1/0
registers 3
Internal 1/0
registers 2
n-chip
(128 bytes)*
Internal /0
registers 1

Mode 2 (EXPE = 1)
Advanced mode
Extended mode with
on-chip ROM enabled

H'000000

On-chip ROM
H'O1FFFF
H1020000 External address

space

H'FFEO080

On-chip RAM*
H'FFEFFF
H'FFFO00 | External address
H'FFF7FF space
H'FFF800 Internal 1/0
H'FFFE4F registers 3
H'FFFESO internal /0
H'FFFEFF registers 2
H'FFFF00 n-chip
H'FFFF7F (128 bytes)*
H'FFFF80 Internal 1/0
H'FFFFFF registers 1

Mode 2 (EXPE = 0)
Advanced mode
Single-chip mode

H'000000

On-chip ROM
H'O1FFFF
H'FFE080

On-chip RAM
H'FFEFFF
H'FFF800 Internal 1/0
H'FFFE4F registers 3
H'FFFE50 Internal 170
H'FFFEFF registers 2
H'FFFFO0 On-chip RAM
H'FFFF7F 128 bytes)
H'FFFF80 Internal 1/0
H'EFFFFF registers 1

: These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure 3.3 Address Map for H8S/2141B and H8S/2161B (1)

RENESAS
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Mode 3 (EXPE = 1)
Normal mode
Extended mode with

Mode 3 (EXPE = 0)
Normal mode

on-chip ROM enabled Single-chip mode

H'0000 H'0000

On-chip ROM On-chip ROM
H'DFFF H'DFFF

External address
space

H'EO80 H'EO80

On-chip RAM* On-chip RAM
H'EFFF H'EFFF
H'FO00 | External address
H'F7FF space )
H'F800 Internal /O HF800 Internal I/Q
H'FE4F registers 3 H'FE4F registers 3
H'FES0 Tnternal 170 H'FES0 Internal 1/0
H'FEFF reqisters 2 H'FEFF registers 2
H'FFO0 On-chip RAM__| H'FFO0 On-chip RAM
HFF7F (128 bytes)* HFF7F 128 bytes
H'FF80 Internal /0 H'FF80 Internal I/O
H'EEFF registers 1 H'FFFF registers 1

Note: These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure 3.4 Address Map for H8S/2141B and H8S/2161B (2)
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H'0000

H'E080

HEFFF
H'FO00
HF7FF
H'F800
H'FE4F
H'FE50
H'FEFF
H'FF00
HFF7F
H'FF80
H'FFFF

Note

Mode 1

Normal mode
Extended mode with
on-chip ROM disabled

External address
space

On-chip RAM*

External address
space

Internal 1/0
registers 3
Internal 1/0
registers 2
n-chip
(128 bytes)*
Internal /0
registers 1

Mode 2 (EXPE = 1)
Advanced mode
Extended mode with
on-chip ROM enabled

H'000000

On-chip ROM
H'03FFFF
H'040000 External address

space

H'FFD080

On-chip RAM*
H'FFEFFF
H'FFFO00 | External address
H'FFF7FF space
H'FFF800 Internal 1/0
H'FFFE4F registers 3
H'FFFESO internal /0
H'FFFEFF registers 2
H'FFFF00 n-chip
H'FFFF7F (128 bytes)*
H'FFFF80 Internal 1/0
H'FFFFFF registers 1

Mode 2 (EXPE = 0)
Advanced mode
Single-chip mode

H'000000

On-chip ROM
H'03FFFF
H'FFD080

On-chip RAM
H'FFEFFF
H'FFF800 Internal 1/0
H'FFFE4F registers 3
H'FFFE50 Internal 170
H'FFFEFF registers 2
H'FFFFO0 On-chip RAM
H'FFFF7F 128 bytes)
H'FFFF80 Internal 1/0
H'EFFFFF registers 1

: These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure 3.5 Address Map for H8S/2145BV (1)

RENESAS
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Mode 3 (EXPE = 1)
Normal mode
Extended mode with

Mode 3 (EXPE = 0)
Normal mode

on-chip ROM enabled Single-chip mode

H'0000 H'0000

On-chip ROM On-chip ROM
H'DFFF H'DFFF

External address
space

H'E080 H'E080

On-chip RAM* On-chip RAM
HEFFF HEFFF
H'FO00 | External address
HF7FF space ,
H'F800 nternal 170 H'F800 Internal /0
H'FE4F registers 3 H'FE4F registers 3
H'FES0 Tnternal 170 H'FES0 Internal 1/0
H'FEFF reqisters 2 H'FEFF registers 2
H'FFO0 On-chip RAM__| H'FFO0 On-chip RAM
HFF7F (128 bytes)* HFF7F 128 bytes
H'FF80 Internal /0 H'FF80 Internal I/O
H'FFEF registers 1 H'FFFF registers 1

Note: These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure 3.6 Address Map for H8S/2145BV (2)
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Mode 1 Mode 2 (EXPE = 1)
Mode 2 (EXPE = 0)

Normal mode Advanced mode
Extended mode with Extended mode with Advanced mode
on-chip ROM disabled on-chip ROM enabled Single-chip mode
H'0000 H'000000 H'000000
On-chip ROM
Exterr;glaigdress On-chip ROM p
H'O3FFFF H'03FFFF
H040000 External address
space
H'E080 H'FFD080 H'FFD080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'FFEFFF H'FFEFFF
H'FO00 External address H'FFFO00 | External address
H'F7FF space H'FFF7FF space
H'F800 H'FFF800
H'FE4F Reserved area H'EFFE4F Reserved area EEEESO - -
H'FE50 Tnternal 170 H'FFFES0 Internal 170 : nterna
H'FEFF registers 2 H'FFFEFF registers 2 HFFFEFF| ___registers2___|
H'FFO0 ﬁﬁ?ﬁm— H'FFFF00 n-chip H'FFFFO0[  On-chip RAM
HFF7F (128 bytes)* HFFFF7F|___ (128 bytes)* HFFFF7F| (128 bytes)
H'FF80 Internal I/0 H'FFFF80 Internal 10 H'FFFF80 Internal 1/0
H'EEFE registers 1 H'FEFFFF registers 1 H'FFFFFF registers 1

Note: These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure 3.7 Address Map for H8S/2148B (1)
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Mode 3 (EXPE = 1)
Normal mode
Extended mode with

Mode 3 (EXPE = 0)
Normal mode

on-chip ROM enabled Single-chip mode

H'0000 H'0000
On-chip ROM On-chip ROM
H'DFFF H'DFFF
External address
space
H'E080 H'E080
On-chip RAM* On-chip RAM
HEFFF HEFFF
H'FO00 | External address
H'F7FF space
H'F800
H'FE4F Reserved area
H'FES0 Tnternal 170 H'FES0 Internal 1/0
H'FEFF reqisters 2 H'FEFF registers 2
H'FFO0 On-chip RAM__| H'FFO0 On-chip RAM
HFF7F (128 bytes)* HFF7F 128 bytes
H'FF80 Internal 1/0 H'FF80 Internal 1/0
H'FEFE registers 1 H'FFFF registers 1

Note: These areas can be used as an external address space by clearing bit RAME in SYSCR to 0.

Figure 3.8 Address Map for H8S/2148B (2)
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Section 4 Exception Handling

4.1 Exception Handling Types and Priority

As table 4.1 indicates, exception handling may be caused by a reset, interrupt, direct transitiot
trap instruction. Exception handling is prioritized as shown in table 4.1. If two or more exceptic
occur simultaneously, they are accepted and processed in order of priority.

Table 4.1  Exception Types and Priority

Priority  Exception Type

Start of Exception Handling

High Reset

A

Starts immediately after a low-to-high transition of the RES
pin, or when the watchdog timer overflows.

Interrupt

Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.
Interrupt detection is not performed on completion of ANDC,
ORC, XORC, or LDC instruction execution, or on
completion of reset exception handling.

Direct transition

Starts when a direction transition occurs as the result of
SLEEP instruction execution.

Trap instruction

Low

Started by execution of a trap (TRAPA) instruction. Trap
instruction exception handling requests are accepted at all
times in program execution state.
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4.2 Exception Sources and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exce
sources and their vector addresses.

Table 4.2  Exception Handling Vector Table

Vector Address
Advanced Mode

Exception Source Vector Number Normal Mode

Reset 0 H'0000 to H'0001 H'000000 to H'000003
Reserved for system use 1 H'0002 to H'0003 H'000004 to H'000007
5D H'000A to Il-l'OOOB H'000014 tlo H'000017

Direct transition 6 H'000C to H'000D H'000018 to H'00001B
External interrupt (NMI) 7 H'0O00E to H'000F H'00001C to H'00001F
Trap instruction (four 8 H'0010 to H'0011 H'000020 to H'000023
sources) 9 H'0012 to H0013 ~ H'000024 to H'000027
10 H'0014 to H'0015 H'000028 to H'00002B

11 H'0016 to H'0017 H'00002C to H'00002F

Reserved for system use 12 H'0018 to H'0019 H'000030 to H'000033
1? H'001E to Il-l'OOlF H'00003C 10 H'00003F

External interrupt IRQO 16 H'0020 to H'0021 H'000040 to H'000043
IRQ1 17 H'0022 to H'0023 H'000044 to H'000047

IRQ2 18 H'0024 to H'0025 H'000048 to H'00004B

IRQ3 19 H'0026 to H'0027 H'00004C to H'00004F

IRQ4 20 H'0028 to H'0029 H'000050 to H'000053

IRQ5 21 H'002A to H'002B H'000054 to H'000057

IRQ6 22 H'002C to H'002D H'000058 to H'00005B

IRQ7 23 H'002E to H'002F H'00005C to H'00005F

Internal interrupt* 24 H'0030 to H'0031 H'000060 to H'000063
1(?7 H'00DE to E'OODF H'0001BC E) H'0001BF

Note:* For details on the internal interrupt vector table, see section 5.5, Interrupt Exception

Handling Vector Table.
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4.3 Reset

A reset has the highest exception priority. WherRiB8 pin goes low, all processing halts and
this LSI enters the reset. To ensure that this LSl is reset, hakEpin low for at least 20 ms at
power-on. To reset the chip during operation, holdRBS pin low for at least 20 states. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules. The ct
can also be reset by overflow of the watchdog timer. For details, see section 14, Watchdog Ti
(WDT).

4.3.1 Reset Exception Handling

When theRES pin goes high after being held low for the necessary time, this LSI starts reset
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are initia
and the | bitis setto 1 in CCR.

2. The reset exception handling vector address is read and transferred to the PC, and progra
execution starts from the address indicated by the PC.

Figure 4.1 shows an example of the reset sequence.

Vector Internal  Prefetch of first program
fetch  processing instruction

. ||_||_jl_||_l_ll_!

h h h h
| : , , |
T T T T
RES / , , i i H
h h h h h
, , , , ,
| | | | |
Internal address bus X @ X (3) X :x
1 1 1 1 1
H . . , ,
h h
Internal read signal \ |
- T
, , , , h
| | | | |
Internal write signal i \ High 1 |
, , , , h
h h h h h
Internal data bus E { ) :‘ E @_D_
I .
|

(1) Reset exception handling vector address ((1) = H'0000)

(2) Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) First program instruction

Figure 4.1 Reset Sequence (Mode 3)
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4.3.2 Interrupts after Reset

If an interrupt is accepted after a reset and before the stack pointer (SP) is initialized, the PC at
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt reque
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initialize
the stack pointer (example: MOV.L #xx: 32, SP).

4.3.3 On-Chip Peripheral Modules after Reset is Cancelled

After a reset is cancelled, the module stop control registers (MSTPCR) are initialized, and all
modules except the DTC operate in module stop mode. Therefore, the registers of on-chip
peripheral modules cannot be read from or written to. To read from and write to these registers
clear module stop mode.

4.4 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The sources to start interrupt exception
handling are external interrupt sources (NMI, IRQ7 to IRQO, KIN15 to KINO, and WUE? to
WUEDQ) and internal interrupt sources from the on-chip peripheral modules. NMI is an interrupt
with the highest priority. For details, refer to section 5, Interrupt Controller.

Interrupt exception handling is conducted as follows:

1. The values in the program counter (PC) and condition code register (CCR) are saved to the
stack.

2. A vector address corresponding to the interrupt source is generated, the start address is loc
from the vector table to the PC, and program execution begins from that address.

4.5 Trap Instruction Exception Handling

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruct
exception handling can be executed at all times in the program execution state.

Trap instruction exception handling is conducted as follows:

1. The values in the program counter (PC) and condition code register (CCR) are saved to the
stack.

2. A vector address corresponding to the interrupt source is generated, the start address is loe
from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vec
number from 0 to 3, as specified in the instruction code.

Rev. 2.0, 08/02, page 82 of 788
RENESAS



Table 4.3 shows the status of CCR after execution of trap instruction exception handling.

Table 4.3  Status of CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode | ul
0 1 —
1 1 1
Legend
1: Setto 1

— Retains value prior to execution

4.6 Stack Status after Exception Handling

Figure 4.2 shows the stack after completion of trap instruction exception handling and interrup
exception handling.

Normal mode Advanced mode
m m
SP— CCR SP—)| CCR

CCR*

R pc  ----1

... PC ] ... (24bits) .___]
(16 bits)

m \_/—\
Note: Ignored on return.

Figure 4.2 Stack Status after Exception Handling
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4.7 Usage Note

When accessing word data or longword data, this LSI assumes that the lowest address bit is O.
stack should always be accessed in words or longwords, and the value of the stack pointer (SP
ER7) should always be kept even.

Use the following instructions to save registers:

PUSHW Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn )

Setting SP to an odd value may lead to a malfunction. Figure 4.3 shows an example of what
happens when the SP value is odd.

Address

CCR SP— R1L HFFEFFA
SP—~ HFFEFFB
PC PC H'FFEFFC
H'FFEFFD

SP— H'FFEFFF

TRAPA instruction executed MOV.B R1L, @-ER7 executed

—_

SP set to H'FFFEFF Data saved above SP Contents of CCR lost

Legend

CCR : Condition code register
PC : Program counter

R1L : General register R1L
SP : Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0 in advanced mode.

Figure 4.3 Operation when SP Value is Odd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

Any of two interrupt control modes can be set by means of the INTM1 and INTMO bits in th
system control register (SYSCR).

Priorities settable with ICR

An interrupt control register (ICR) is provided for setting interrupt priorities. Three priority
levels can be set for each module for all interrupts except NMI and address break.
Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary fc
source to be identified in the interrupt handling routine.

Thirty-one external interrupts

NMlI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edg
detection can be selected for NMI. Falling-edge, rising-edge, or both-edge detection, or lev
sensing, can be selected fBQ7 to IRQO. The IRQ6interrupt is shared by the interrupt from
theIRQ6 pin and eight external interrupt inpul€IN7 to KINO), and the IRQ7nterrupt is

shared by the interrupt from thRQ7 pin and sixteen external interrupt inpukdl{15 to

KIN8 andWUE7 to WUEO). KIN15 to KINO andWUE7 to WUEO can be masked

individually by the user program.

DTC control

The DTC can be activated by an interrupt request.
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INTM1, INTMO CPU

SYSCR}
NMIEG ‘
NMI input NMI input
P P Interrupt
request
IRQ input = IRQ input [
ISR
Vector number

Priority check
v, v

KIN input 1, Ul
o KIN and WUE : [cer
WUE input input
Internal interrupt request

SWDTEND to IBF13

Interrupt controller

Legend:
ICR : Interrupt control register
ISCR :IRQ sense control register
IER 1 IRQ enable register
ISR : IRQ status register

KMIMR : Keyboard matrix interrupt mask register
WUEMR: Wake-up event interrupt mask register
SYSCR : System control register

Figure 5.1 Block Diagram of Interrupt Controller
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5.2 Input/Output Pins
Table 5.1 summarizes the pins of the interrupt controller.

Table 5.1  Pin Configuration

Symbol 110 Function

NMI Input Nonmaskable external interrupt
Rising edge or falling edge can be selected
IRQ7 to IRQO Input Maskable external interrupts

Rising edge, falling edge, or both edges, or level sensing, can
be selected individually for each pin.

KINT5 to KINO Input Maskable external interrupts

Falling edge or level sensing can be selected.
WUE7 to WUEO* Input Maskable external interrupts

Falling edge or level sensing can be selected.
Note:* Not supported by the H8S/2148B.

5.3 Register Descriptions

The interrupt controller has the following registers. For details on the system control register
(SYSCR), refer to section 3.2.2, System Control Register (SYSCR).

« Interrupt control registers A to C (ICRA to ICRC)

« Address break control register (ABRKCR)

« Break address registers A to C (BARA to BARC)

* IRQ sense control registers (ISCRH, ISCRL)

* IRQ enable register (IER)

* |IRQ status register (ISR)

» Keyboard matrix interrupt mask registers (KMIMRA, KMIMR)
« Wake-up event interrupt mask register (WUEMRB)
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531 Interrupt Control Registers A to C (ICRA to ICRC)
The ICR registers set interrupt control levels for interrupts other than NMI and address breaks.

The correspondence between interrupt sources and ICRA to ICRC settings is shown in table 5.

Bit Bit Name Initial Value R/W Description

7 ICRNn7 AllO R/W Interrupt Control Level

to to 0: Corresponding interrupt source is interrupt
0 IRCNO

control level O (no priority)

1: Corresponding interrupt source is interrupt
control level 1 (priority)

n: AtoC

Table 5.2  Correspondence between Interrupt Source and ICR

Register

Bit Bit Name ICRA ICRB ICRC
7 ICRN7 IRQO A/D converter SCI_0
6 ICRn6 IRQ1 FRT SCl_1
5 ICRN5 IRQ2, IRQ3 — SCI_2
4 ICRn4 IRQ4, IRQ5 — lc o
3 ICRN3 IRQ6, IRQ7 TMR_O IIC_1
2 ICRN2 DTC TMR_1 —
1 ICRn1 WDT_0 TMR_X, TMR_Y LPC*
0 ICRNO WDT_1 XBS, —

Keyboard buffer controller
n: AtoC
O: Reserved. The write value should always be 0.

Note:* On products not including LPC, this bit is reserved. The write value should always be 0.
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5.3.2 Address Break Control Register (ABRKCR)

ABRKCR controls the address breaks. When both the CMF flag and BIE flag are setto 1, an
address break is requested.

Bit Bit Name Initial Value R/W Description

7 CMF 0 R Condition Match Flag

Address break source flag. Indicates that an
address specified by BARA to BARC is
prefetched.

[Setting condition]

When an address specified by BARA to BARC
is prefetched while the BIE flag is set to 1.

[Clearing condition]

When an exception handling is executed for an
address break interrupt.

6 — AllO R Reserved
to These bits are always read as 0 and cannot be
1 modified.
0 BIE 0 R/W Break Interrupt Enable
Enables or disables address break.
0: Disabled
1: Enabled

5.3.3 Break Address Registers A to C (BARA to BARC)

The BAR registers specify an address that is to be a break address. An address in which the f
byte of an instruction exists should be set as a break address. In normal mode, addresses A2
A16 are not compared.

e BARA

Bit Bit Name Initial Value R/W Description

7 A23 All O R/W Addresses 23 to 16

E)O ;-(\)16 The A23 to A16 bits are compared with A23 to

A16 in the internal address bus.
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« BARB

Bit Bit Name Initial Value R/W Description

7 A15 All O R/W Addresses 15t0 8

E)O E—(\)S The_ A15 t_o A8 bits are compared with A15 to
A8 in the internal address bus.

« BARC

Bit Bit Name Initial Value R/W Description

7 A7 All O R/W Addresses 7to 1

tlo f’-(\)l The_A7 to Al bits are compared with A7 to Al in
the internal address bus.

0 — 0 R Reserved

This bit is always read as 0 and cannot be
modified.

5.34 IRQ Sense Control Registers (ISCRH, ISCRL)

The ISCR registers select the source that generates an interrupt requediRa piadRQO.

e |ISCRH

Bit Bit Name Initial Value R/W Description

7 IRQ7SCB 0 R/W IRQn Sense Control B

6 IRQ7SCA 0 R/W IRQn Sense Control A

5 IRQ6SCB 0 R/W 00: Interrupt request generated at low level of

4 IRQ6SCA 0 rw  IRQninput |

3 IRQ5SCB 0 RIW gfli';rgirirzgltjtrequest generated at falling edge

2 IRQSSCA 0 RIW 10: Interrupt request generated at rising edge of
1 IRQ4SCB 0 RIW TRQn input

0 IRQ4SCA 0 RIW 11: Interrupt request generated at both falling

and rising edges of IRQn input
(n=7to4)

Rev. 2.0, 08/02, page 90 of 788

RENESAS



* [ISCRL

Bit Bit Name Initial Value R/W Description

7 IRQ3SCB 0 R/W IRQn Sense Control B

6 IRQ3SCA 0 R/W IRQn Sense Control A

5 IRQ2SCB 0 R/W 00: Interrupt request generated at low level of

4 IRQ2SCA 0 rw  IRQninput

3 IRQ1SCB 0 RIW gfli';rgirirzgltjtrequest generated at falling edge

2 IRQLSCA 0 RIW 10: Interrupt request generated at rising edge of
1 IRQOSCB 0 RIW TRQn input

0 IRQOSCA 0 RIW 11: Interrupt request generated at both falling

and rising edges of IRQn input
(n=31t00)

5.35 IRQ Enable Register (IER)

IER controls the enabling and disabling of interrupt requests IRQ7 to IRQO.

Bit Bit Name Initial Value R/W Description

7 IRQ7E 0 RIW IRQn Enable (n =7 to 0)

6 IRQ6E 0 R/W The IRQn interrupt request is enabled when this
5 IRQ5E 0 RIW bitis 1.

4 IRQ4E 0 R/W

3 IRQ3E 0 R/W

2 IRQ2E 0 RIW

1 IRQ1E 0 R/W

0 IRQOE 0 RIW
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5.3.6 IRQ Status Register (ISR)

The ISR register is a flag register that indicates the status of IRQ7 to IRQO interrupt requests.

Bit Bit Name Initial Value R/W Description

7 IRQ7F 0 R/(W)**  [Setting condition]

6 IRQ6F 0 R/(W)**  When the interrupt source selected by the ISCR

5 IRQSF 0 RI(W)* 2 registers occurs

4 IRQ4F 0 RI(W)* 2 [Clearing conditions]

3 IRQ3F 0 RI(W) 2 ° When reading IRQnF flag when IRQnF =1,

> IRQ2F 0 RIW)** then writing O to IRQNF flag

1 IRQ1F 0 RIW)** ¢ When interrupt exception handll_ng |.s
executed when low-level detection is set

0 IRQOF 0 R/(W)* ?

and IRQn input is high (n=7to 0)**

¢ When IRQn interrupt exception handling is
executed when falling-edge, rising-edge, or
both-edge detection is set**

Notes: 1. When a product, in which a DTC is incorporated, is used, the corresponding flag bit is
not automatically cleared even when exception handing is executed. For details, refer to
section 5.8.4, Setting on a Product Incorporating DTC.

2. Only 0 can be written, for flag clearing.

5.3.7 Keyboard Matrix Interrupt Mask Registers (KMIMRA, KMIMR)
Wake-Up Event Interrupt Mask Register (WUEMRB)

The KMIMRA, KMIMR, and WUEMRSB registers enable or disable key-sensing interrupt inputs
(KIN15 to KINO), and wake-up event interrupt inpu®(E7 to WUEO).

¢« KMIMRA

Bit Bit Name Initial Value R/W Description

7 KMIMR15 1 R/W Keyboard Matrix Interrupt Mask 15 to 8

6 KMIMR14 1 R/W These bits enable or disable a key-sensing

5 KMIMR13 1 RIW input interrupt request (KIN15 to KIN8).

4 KMIMR12 1 RIW 0: Enables a key-sensing input interrupt request

3 KMIMR11 1 RIW 1: Disables a key-sensing input interrupt
request

2 KMIMR10 1 R/W

1 KMIMR9 1 R/W

0 KMIMRS8 1 R/W
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« KMIMR

Bit Bit Name Initial Value R/W Description
7 KMIMR7 1 R/W Keyboard Matrix Interrupt Mask 7 to 0
6 KMIMR6 0 R/W These bits enable or disable a key-sensing
5 KMIMR5 1 RIW input interrupt request (KIN7 to KINO).
4 KMIMR4 1 R/W KMIMR®6 also performs interrupt request mask
control for pin IRQ6.
3 KMIMR3 1 R/W . .
0: Enables a key-sensing input interrupt request
2 KMIMR2 1 R/W . L .
1: Disables a key-sensing input interrupt
1 KMIMRL 1 RIW request
0 KMIMRO 1 R/W
« WUEMRB*
Bit Bit Name Initial Value R/W Description
7 WUEMR7 1 R/W Wake-Up Event Interrupt Mask 7 to O
6 WUEMRG6 1 R/W These bits enable or disable a wake-up event
5 WUEMR5 1 R/W input interrupt request (WUE7 to WUED).
4 WUEMR4 1 RIW 0: Enables a wake-up event input interrupt
request
3 WUEMR3 1 R/W . . .
1: Disables a wake-up event input interrupt
2 WUEMR2 1 RIW request
1 WUEMR1 1 R/W
0 WUEMRO 1 R/W

Note:* Not supported by the H8S/2148B.

Figure 5.2 shows the relationship between interrupts IRQ7 and IRQ6, interrupts KIN15 to KIN(
interrupts WUE7 to WUEDO, and registers KMIMRA, KMIMR, and WUEMRB.
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KMIMRO (initial value 1)
PGO/KINO —d

KMIMRS5 (initial value 1) ) )
IR | |
P65/KIN5 Q6 internal signa

Edge level
KMIMRG (initial value 0) selection | IRQ6
P66/KIN6/IRQ6 enable/disable interrupt
circuit
KMIMR?Y (initial value 1) IRQGE

P67/KIN7/IRQ7 IRQ6SC

KMIMRS (initial value 1) —e g:)_ IRQ?7 internal signal
PAO/KINS8

\ Edge level
KMIMR (initial value 1) selection | IRQ7
PA1/KIN9 — 1% enable/disable interrupt
. IRQ7E circuit
WUEMRY (initial value 1) :»D_ IRQ7SC
PB7/WUE7

.

Figure 5.2 Relationship between Interrupts IRQ7 and IRQ6, Interrupts KIN15 to KINO,
Interrupts WUE7 to WUEDO, and Registers KMIMR, KMIMRA, and WUEMRB

If any of bits KMIMR15 to KMIMR8 or WUEMRB7 to WUEMRBO is cleared to 0, interrupt

input from thelRQ7 pin will be ignored. When pin&IN7 to KINO, KIN15 to KINS, or WUE7 to
WUEQO are used as key-sense interrupt input pins or wakeup event interrupt input pins, either lo
level sensing or falling-edge sensing must be designated as the interrupt sense condition for th
corresponding interrupt source (IRQ6 or IRQ7).

54 Interrupt Sources

54.1 External Interrupts

There are four types of external interrupts: NMI, IRQ7 to IRQO, KIN15 to KINO and WUE?7 to
WUEO. WUE7 to WUEO and KIN15 to KIN8 share the IRQ7 interrupt source, and KIN7 to KINO
share the IRQ6 interrupt source. Of these, NMI, IRQ7, IR@EA IRQ2 to IRQ@an be used to
restore this LSI from software standby mode.

Rev. 2.0, 08/02, page 94 of 788
RENESAS



NMI Interrupt: NMI is the highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMI
bit in SYSCR can be used to select whether an interrupt is requested at a rising edge or a falli
edge on the NMI pin.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal alR®3
to IRQO. Interrupts IRQ7 to IRQO have the following features:

» The interrupt exception handling for interrupt requests IRQ7 to IRQO can be started at an
independent vector address.

e Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at pR37 to IRQO.

« Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

« Interrupt control levels can be specified by the ICR settings.

« The status of interrupt requests IRQ7 to IRQO is indicated in ISR. ISR flags can be cleared
by software.

The detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has be
set for input or output. However, when a pin is used as an external interrupt input pin, do not ¢
the corresponding DDR to 0 to use the pin as an I/O pin for another function.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.3.

IRQRE
IRQNSCA, IRQNSCB

‘ IRQNF
IRQn interrupt
D_<{>_ Edgel/level s Q request
detection circuit

IRQn input R

Y

n=7t0 Clear signal

Figure 5.3 Block Diagram of Interrupts IRQ7 to IRQO
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When pinlRQ6 is used as an IRQ6 interrupt input pin, clear the KMIMRG6 bit to O.

When pinIRQ7 is used as an IRQ7 interrupt pin, set all of bits KMIMR15 to KMIMR8 and
WUEMRY7 to WUEMRO to 1. If any of these bits is cleared to 0, IRQ7 interrupt input from the
IRQ7 pin will be ignored.

Since interrupt request flags IRQ7F to IRQOF are set each time the setting condition is satisfiec
regardless of the IER setting, refer to a needed flag only.

KIN15 to KINO Interrupts, WUE7 to WUEQ Interrupts: Interrupts KIN15 to KINO and WUE7

to WUEO are requested by an input signal at gil$15 to KINO andWUE7 to WUEO. When
pinsKIN15 to KINO andWUE7 to WUEO are used for key-sense input or wakeup event, clear the
corresponding KMIMR and WUEMR bits to 0 in order to enable their key-sense input and
wakeup event interrupts. Remaining unused KMIMR and WUEMR bits for key-sense input
should be set to 1 in order to disable interrupts. Interrupts WUE7 to WUEO and KIN15 to KIN8
generate IRQ7 interrupts, and interrupts KIN7 to KINO generate IRQ6 interrupts. The pin
conditions for interrupt request generation, enable of interrupt requests, settings of interrupt
control levels, and status display of interrupt requests depend on each setting and display of th
IRQ7 or IRQ6 interrupt.

When pinsKIN7 to KINO, KIN15 to KINS, or WUE7 to WUEO are used as key-sense interrupt
input pins or wakeup event interrupt input pins, either low-level sensing or falling-edge sensing
must be designated as the interrupt sense condition for the corresponding interrupt source (IRC
or IRQ7).

5.4.2 Internal Interrupts
Internal interrupts issued from the on-chip peripheral modules have the following features:

1. For each on-chip peripheral module there are flags that indicate the interrupt request status
and enable bits that individually select enabling or disabling of these interrupts. When the
enable bit for a particular interrupt source is set to 1, an interrupt request is sent to the inter
controller.

2. The control level for each interrupt can be set by ICR.

3. The DTC can be activated by an interrupt request from an on-chip peripheral module.

4. An interrupt request that activates the DTC is not affected by the interrupt control mode or t
status of the CPU interrupt mask bits.

5.5 Interrupt Exception Handling Vector Table

Table 5.3 lists interrupt exception handling sources, vector addresses, and interrupt priorities. F
default priorities, the lower the vector number, the higher the priority. Modules set at the same
priority will conform to their default priorities. Priorities within a module are fixed.
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An interrupt control level can be specified for a module to which an ICR bit is assigned. Interrt
requests from modules that are set to control level 1 (priority) by the ICR bit setting and the |
Ul bits in CCR are given priority and processed before interrupt requests from modules that a
to control level O (no priority).

Table 5.3 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector Address

Origin of
Interrupt Vector  Normal Advanced
Source Name Number Mode Mode ICR Priority
External pin  NMI 7 H'000E H'00001C — High
IRQO 16 H'0020 H'000040 ICRA7 A
IRQ1 17 H'0022 H'000044 ICRA6
IRQ2 18 H'0024 H'000048 ICRA5S
IRQ3 19 H'0026 H'00004C
IRQ4 20 H'0028 H'000050 ICRA4
IRQ5 21 H'002A H'000054
IRQ6, KIN7 to KINO 22 H'002C H'000058 ICRA3
IRQ7, KIN15 to KIN8, WUE7 to 23 H'002E H'00005C
WUEO
DTC SWDTEND (Software activation 24 H'0030 H'000060 ICRA2
data transfer end)
WDT_0 WOVIO (Interval timer) 25 H'0032 H'000064 ICRA1
WDT_1 WOVI1 (Interval timer) 26 H'0034 H'000068 ICRAO
— Address break 27 H'0036 H'00006C —
A/D ADI (A/D conversion end) 28 H'0038 H'000070 ICRB7
converter
— Reserved for system use 29 H'003A H’000074 —
to to to
47 H'005E H’0000BC
FRT ICIA (Input capture A) 48 H'0060 H'0000C0O ICRB6
ICIB (Input capture B) 49 H'0062 H'0000C4
ICIC (Input capture C) 50 H'0064 H'0000C8
ICID (Input capture D) 51 H'0066 H'0000CC
OCIA (Output compare A) 52 H'0068 H'0000D0
OCIB (Output compare B) 53 H'006A H'0000D4
FOVI (Overflow) 54 H'006C H'0000D8
Reserved for system use 55 H'006E H'0000DC
— Reserved for system use 56 H'0070 H’0000EO —
to to to
63 H'007E H’0000FC
TMR_O CMIAO (Compare match A) 64 H'0080 H'000100 ICRB3
CMIBO (Compare match A) 65 H'0082 H'000104
OVI0 (Overflow) 66 H'0084 H'000108
Reserved for system use 67 H'0086 H'00010C Low
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Vector Address

Origin of
Interrupt Vector Normal Advanced
Source Name Number Mode Mode ICR Priority
TMR_1 CMIA1 (Compare match A) 68 H'0088 H'000110 ICRB2 High
CMIB1 (Compare match B) 69 H'008A H'000114 A
OVI1 (Overflow) 70 H'008C H'000118
Reserved for system use 71 H'008E H'00011C
TMR_X, CMIAY (Compare match A) 72 H'0090 H'000120 ICRB1
TMR_Y CMIBY (Compare match B) 73 H'0092 H'000124
OVIY (Overflow) 74 H'0094 H'000128
ICIX (Input capture X) 75 H'0096 H'00012C
XBS IBF1 (IDR1 reception completion) 76 H'0098 H'000130 ICRBO
IBF2 (IDR2 reception completion) 77 H'009A H'000134
IBF3 (IDR3 reception completion) 78 H'009C H'000138
IBF4 (IDR4 reception completion) 79 H'009E H'00013C
SCI_0 ERIO (Reception error 0) 80 H'00A0 H'000140 ICRC7
RXI0 (Reception completion 0) 81 H'00A2 H'000144
TXIO (Transmission data empty 0) 82 H'00A4 H'000148
TEIO (Transmission end 0) 83 H'00A6 H'00014C
SCIL_1 ERI1 (Reception error 1) 84 H'00A8 H'000150 ICRC6
RXI1 (Reception completion 1) 85 H'00AA H'000154
TXI1 (Transmission data empty 1) 86 H'00AC H'000158
TEI1 (Transmission end 1) 87 H'00AE H'00015C
SCI_2 ERI2 (Reception error 2) 88 H'00B0O H'000160 ICRC5
RXI2 (Reception completion 2) 89 H'00B2 H'000164
TXI2 (Transmission data empty 2) 90 H'00B4 H'000168
TEI2 (Transmission end 2) 91 H'00B6 H'00016C
IIC_O 11CIO (1-byte transmission/ 92 H'00B8 H'000170 ICRC4
reception completion)
DDCSWI (Format switch) 93 H'00BA H'000174
lc_1 IICI1 (1-byte transmission/ 94 H'00BC H’000178 ICRC3
reception completion)
Reserved for system use 95 H'00BE H'00017C
Keyboard KBIA (Reception completion A) 96 H'00CO H'000180 ICRBO
buffer KBIB (Reception completion B) 97 H'00C2 H'000184
controller KBIC (Reception completion C) 98 H'00C4 H'000188
Reserved for system use 929 H'00C6 H'00018C
— Reserved for system use 100 H'00C8 H'000190 —
to to to
107 H’'00D6 H'0001AC
LPC* ERRI (Transfer error) 108 H'00D8 H’0001B0O ICRC1
IBF1 (IDR1 reception completion) 109 H'O0DA H'0001B4
IBF2 (IDR2 reception completion) 110 H'00DC H'0001B8 \j
IBF3 (IDR3 reception completion) 111 H’00DE H'0001BC Low

Note:* Reserved for system use on products not including LPC.
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: Interrupt control mode 0 and interrupt control mode 1.
Interrupt operations differ depending on the interrupt control mode. NMI interrupts and addres
break interrupts are always accepted except for in reset state or in hardware standby mode. T
interrupt control mode is selected by SYSCR. Table 5.4 shows the interrupt control modes.

Table 5.4  Interrupt Control Modes

Interrupt SYSCR Priority

Control Setting Interrupt

Mode INTM1 INTMO  Registers  Mask Bits Description

0 0 0 ICR | Interrupt mask control is performed by
the | bit. Priority levels can be set with
ICR.

1 1 ICR I, Ul 3-level interrupt mask control is

performed by the | bit. Priority levels
can be set with ICR.

5.6.1 Interrupt Control Mode 0

In interrupt control mode 0, interrupt requests other than NMI and address breaks are masked
ICR and the | bit of the CCR in the CPU. Figure 5.4 shows a flowchart of the interrupt accepta
operation.

1. If aninterrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

2. According to the interrupt control level specified in ICR, the interrupt controller only accept
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level 0 (no priority). If several interrupt requests are issued, al
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

3. Ifthe I bitin CCR is set to 1, only NMI and address break interrupts are accepted by the
interrupt controller, and other interrupt requests are held pending. If the | bit is cleared to O
any interrupt request is accepted.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC and CCR are saved to the stack area by interrupt exception handling. The PC sav
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

6. Next, the | bitin CCR is set to 1. This masks all interrupts except for NMI and address bre:
interrupts.
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7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in t
vector table.

!

Program excution state
|

No
Interrupt generated?

Yes

| Hold pending |

An interrupt with interrupt
control level 1?
Yes

<*\No

1=0
Yes

Save PC and CCR |

v

11 |

1

| Read vector address |

!

| Branch to interrupt handling routine |

Figure 5.4 Flowchart of Procedure up to Interrupt Acceptance in Interrupt Control Mode 0
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5.6.2 Interrupt Control Mode 1

In interrupt control mode 1, mask control is applied to three levels for IRQ and on-chip periphe
module interrupt requests by comparing the | and Ul bits in CCR in the CPU, and the ICR sett

* An interrupt request with interrupt control level 0 is accepted when the | bit in CCR is clear
to 0. When the | bit is set to 1, the interrupt request is held pending

« An interrupt request with interrupt control level 1 is accepted when the | bit or Ul bit in CCR
cleared to 0. When both | and Ul bits are set to 1, the interrupt request is held pending.

For instance, the state transition when the interrupt enable bit corresponding to each interrupt
to 1, and ICRA to ICRC are set to H'20, H'00, and H’00, respectively (IRQ2 and IRQ3 interrup
are set to control level 1, and other interrupts are set to control level 0) is shown below. Figure
shows a state transition diagram.

« Allinterrupt requests are accepted when | = 0. (Priority order: NMI > IRQ2 > IRQ3 > addre:
break > IRQ0 > IRQ1 ...)

* Only NMI, IRQ2, IRQ3 and address break interrupt requests are accepted when | =1 and |
0.

« Only an NMI and address break interrupt request is accepted when | =1 and Ul = 1.

Only NMI, address break, IRQ2,
and IRQ3 interrupt requests
are accepted

I+<0
All interrupt requests l«1,Ul«0
are accepted

1+<0 Ul+0

Exception handling execution
orl+«1,Ul+1

Exception handling
execution or Ul «+ 1

Only NMI and address break
interrupt requests are accepted

Figure 5.5 State Transition in Interrupt Control Mode 1
Figure 5.6 shows a flowchart of the interrupt acceptance operation.

1. If an interrupt source occurs when the corresponding interrupt enable bit is setto 1, an
interrupt request is sent to the interrupt controller.

2. According to the interrupt control level specified in ICR, the interrupt controller only accept
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level 0 (no priority). If several interrupt requests are issued, al
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.
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3. An interrupt request with interrupt control level 1 is accepted when the | bit is cleared to 0, C
when the | bit is set to 1 while the Ul bit is cleared to 0.

An interrupt request with interrupt control level 0 is accepted when the | bit is cleared to 0.
When the | bit is set to 1, only an NMI or address break interrupt request is accepted, and o
interrupts are held pending.

When both the | and Ul bits are set to 1, only an NMI or address break interrupt request is
accepted, and other interrupts are held pending.

When the | bit is cleared to 0, the Ul bit is not affected.

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC and CCR are saved to the stack area by interrupt exception handling. The PC save
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

6. The | and Ul bits in CCR are set to 1. This masks all interrupts except for an NMI or addres:
break interrupt.

7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in t
vector table.

Rev. 2.0, 08/02, page 102 of 788
RENESAS



Program excution state

No

Interrupt generated?

Yes

An interrupt with interrupt
control level 12
Yes

| Hold pending I

A

[  saepcandccr |

1

[ 1«1, Ul 1 [

1

| Read vector address |

| Branch to interrupt handling routine |

Figure 5.6 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 1

5.6.3 Interrupt Exception Handling Sequence

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the ca
where interrupt control mode 0 is set in advanced mode, and the program area and stack are:
in on-chip memory.
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5.6.4 Interrupt Response Times

Table 5.5 shows interrupt response timeke intervals between generation of an interrupt reque:
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.5 are explained in table 5.6.

Table 5.5 Interrupt Response Times

No. Execution Status Normal Mode Advanced Mode
Interrupt priority determination** 3
Number of wait states until executing 1to (19 +2-S))
instruction ends*?

3 PC, CCR stack save 2-Sk 2-Sk

4 Vector fetch Si 2-Si

5 Instruction fetch*® 2-Si

6 Internal processing** 2

Total (using on-chip memory) 11to 31 12t0 32

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and prefetch of interrupt handling routine.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table 5.6  Number of States in Interrupt Handling Routine Execution Status

Object of Access

External Device

8-Bit Bus 16-Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory Access Access Access Access
Instruction fetch Si 1 4 6 +2m 2 3+m

Branch address read Ss

Stack manipulation Sk

Legend
m: Number of wait states in external device access
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5.6.5 DTC Activation by Interrupt
The DTC can be activated by an interrupt. In this case, the following options are available:

¢ Interrupt request to CPU
« Activation request to DTC
« Selection of a number of the above

For details on interrupt requests that can be used to activate the DTC, see section 7, Data Trat
Controller (DTC).

Figure 5.8 shows a block diagram of the DTC and interrupt controller.

Interrupt DTC activation
request Y E— request vector
1 Selection number
—| circuit
IRQ
interrupt Select
signal ) .
Clear signal Control logic DTC
_ Interrupt source| DTCER _
On-chip clear signal Clear signal
supporting
module
DTVECR I —
SWDTE )
clear signal CPU interrupt
request vector
Determinati i number
etermination o CPU
priority LUl
Interrupt controller ~

Figure 5.8 DTC and Interrupt Controller

Selection of Interrupt Source: Interrupt factors are selected as DTC activation source or CPU
interrupt source by the DTCE bit of DTCERA to DTCERE of DTC.

By specifying the DISEL bit of the DTC’s MRB, it is possible to clear the DTCE bit to O after
DTC data transfer, and request a CPU interrupt.

If DTC carries out the designate number of data transfers and the transfer counter reads 0, afte
DTC data transfer, the DTCE bit is also cleared to 0, and an interrupt is requested to the CPU.

Determination of Priority: The DTC activation source is selected in accordance with the defaul
priority order, and is not affected by mask or priority levels. See table 7.1 for the respective
priority.
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Operation Order: If the same interrupt is selected as a DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5.7 shows the interrupt factor clear control and selection of interrupt factors by specifica
of the DTCE bit of DTC's DTCERA to DTCERH, and the DISEL bit of DTC's MRB.

Table 5.7 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Sources Selection/Clearing Control
DTCE DISEL DTC CPU
0 * x o
1 0 ) x
0 (0]
Legend
o: The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)
o: The relevant interrupt is used. The interrupt source is not cleared.
X: The relevant interrupt cannot be used.
*: Don'’t care

Note: The SCI, IIC, LPC, or A/D converter interrupt source is cleared when the DTC reads o
writes to the prescribed register, and is not dependent upon the DISEL bit.

5.7 Address Break

57.1 Features

This LSI can determine the specific address prefetch by the CPU to generate an address brez
interrupt by setting ABRKCR and BAR. If an address break interrupt is generated, the address
break interrupt exception handling is performed.

With this function, the execution start point of a program containing a bug is detected and
execution is branched to the correcting program.
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5.7.2 Block Diagram

Figure 5.9 shows a block diagram of the address break.

N U

Match

signal Control Address b
Comparator - v p-Address break
P logic interrupt request

A
Internal address

Prefetch signal
(internal signal)

Figure 5.9 Address Break Block Diagram

5.7.3 Operation

If the CPU prefetches an address specified in BAR by setting ABRKCR and BAR, an address
break interrupt can be generated. This address break function generates an interrupt request tc
interrupt controller at prefetch, and determines the priority by the interrupt controller. When an
interrupt is accepted, an interrupt exception handling is activated after the current instruction he
been completed. Note that the interrupt mask control according to the | and Ul bits in CCR of tt
CPU is invalid to an address break interrupt.

To use the address break function, set each register as follows:

1. Set a break address in the A23 to Al bits in BAR.
2. Set the BIE bit in ABRKCR to 1 to enable the address break.
When the BIE bit is cleared to 0, an address break is not requested.

When the setting conditions are satisfied, the CMF flag in ABRKCR is set to 1 to request an
interrupt. The interrupt source should be determined by the interrupt handling routine if necess:
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5.7.4 Usage Notes

=

In an address break, the break address should be an address where the first byte of the
instruction exists. Otherwise, a break condition will not be satisfied.

2. In normal mode, addresses A23 to A16 are not compared.

3. When the branch instructions (Bcc, BSR), jump instructions (JMP, JSR), RST instruction,
RTE instruction are placed immediately prior to the address specified by BAR, a prefetch
signal to the address may be output to request an address break by executing these instru
It is necessary to take countermeasures: do not set a break address to an address immedi
after these instructions, or determine whether interrupt handling is performed by satisfactio
a normal condition.

4. An address break interrupt is generated by combining the internal prefetch signal and an
address. Therefore, the timing to enter the interrupt exception handling differs according tc
instructions at the specified and at prior addresses and execution cycles.

Figure 5.10 shows an example of address timing.
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(1) When a break address specified instruction is executed for one state in the program area and on-chip memory

Save Vector intemal  Instruction

Instruction Instruction Instruction Instruction Instruction  Internal A
fetch , operation ~ fetch

. fetch . fetch ., fetch ., fetch . fetch . operation, to stack i

Address bus :XH'O310XH'0312XH'0314XH'0316X H'0318 X SP-2 X SP-4 X H0036 X

NOP NOP NOP Interrupt exception handling
execution execution execution

Break request | |

signal
H'0310 NOP
H'0312 NOP<— Break point NOP instruction is executed at break point address
H'0314 NOP H'0312 and following address H'0314.
H'0316 NOP Fetching is performed from address H'0316

after exception handling ends.

(2) When a break address specified instruction is executed for two states in the program area and on-chip memory

Instruction Instruction Instruction Instruction Instruction Internal Save Vector Internal Instruction
. fetch , fetch , fetch , fetch , fetch , operation, to stack + fetch - operation , fetch

Address bus :XH‘OSlOXH'0312XH'0314XH'0316X H0318  X'sP2 X sP4X HO036 X

DE L L >
NOP MOV.W Interrupt exception handling
execution ~ execution

Break request |
signal

\

H'0310 NOP

H'0312 MOV.W #xx:16,Rd «—— Break point MOV instruction is executed at break point address
H'0316 NOP H'0312, and NOP instruction is not executed
H'0318 NOP at the following address H'0314.

Fetching is performed from address H'0316
after exception handling ends.

(3) When a break address specified instruction is executed for one state in the program area
and external memory (2-state access, 16-bit bus access)

Instruction Instruction  Instruction  Internal Save Vector Instruction
. fetch . fetch . fetch operation  tg stack . fetch , fetch

Address bus:X Hosto X Hosiz X H0314 X sp-2X sp-aX  Hoozs X

2 <
NOP Interrupt exception handling
execution
Break request | |
signal
H'0310 NOP
H'0312 NOP <«—— Breakpoint NOP instruction is not executed at break point address H'0312.
H'0314 NOP Fetching is performed from address H'0312
H'0316 NOP after exception handling ends.

Figure 5.10 Address Break Timing Example
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5.8 Usage Notes

5.8.1 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupt requests, the disabling becom
effective after execution of the instruction. When an interrupt enable bit is cleared to 0 by an
instruction such as BCLR or MOV, and if an interrupt is generated during execution of the
instruction, the interrupt concerned will still be enabled on completion of the instruction, so
interrupt exception handling for that interrupt will be executed on completion of the instruction.
However, if there is an interrupt request of higher priority than that interrupt, interrupt exceptio
handling will be executed for the higher-priority interrupt, and the lower-priority interrupt will be
ignored. The same rule is also applied when an interrupt source flag is cleared to 0. Figure 5.!
shows an example in which the CMIEA bit in the TMR's TCR register is cleared to 0.

The above conflict will not occur if an enable bit or interrupt source flag is cleared to 0 while tk
interrupt is masked.

TCR write cycle ) .
by CPU CMIA exception handling

address bus

Internal X TCR address X

Internal '
N |
write signal !
|

CMIEA : | |

-

CMIA | |
interrupt signal L

Figure 5.11 Conflict between Interrupt Generation and Disabling

5.8.2 Instructions that Disable Interrupts

The instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions are executed, all interrupts including NMI are disabled and the next instruction is
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always executed. When the | bit or Ul bit is set by one of these instructions, the new value
becomes valid two states after execution of the instruction ends.

5.8.3 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPMOV.B instruction and the EEPMOV.W instruction.

With the EEPMOV.B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in tt
case is the address of the next instruction. Therefore, if an interrupt is generated during execut
of an EEPMOV.W instruction, the following coding should be used.

L1: EEPMOV.W
MOV.W  R4,R4
BNE L1

5.8.4 Setting on Product Incorporating DTC

When a product, in which a DTC is incorporated, is used in the following settings, the
corresponding flag bit is not automatically cleared even when exception handing, which is a cle
condition, is executed and the bit is held at 1.

1. When DTCEA3 is set to 1(ADI is set to an interrupt source), IRQ4F flag is not automatically
cleared.

2. When DTCEA2 is set to 1(ICIA is set to an interrupt source), IRQ5F flag is not automatically
cleared.

3. When DTCEAL is set to 1(ICIB is set to an interrupt source), IRQ6F flag is not automatically
cleared.

4. When DTCEAQO is set to 1(OCIA is set to an interrupt source), IRQ7F flag is not automatical
cleared.

When activation interrupt sources of DTC and IRQ interrupts are used with the above
combinations, clear the interrupt flag by software in the interrupt handling routine of the
corresponding IRQ.

5.8.5 IRQ Status Register (ISR)

According to the pin status after a reset, IRQnF may be set to 1, so ISR should be read after a
to write 0. (n =710 0)
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Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the bus width and the number of
access states of the external address space. The BSC also has a bus arbitration function, anc
controls the operation of the internal bus masters — CPU, and data transfer controller (DTC).

6.1 Features

e Basic bus interface
2-state access or 3-state access can be selected for each area
Program wait states can be inserted for each area
e Burst ROM interface
A burst ROM interface can be set for basic expansion areas
1-state access or 2-state access can be selected for burst access
« Idle cycle insertion
An idle cycle can be inserted for external write cycles immediately after external read cycle
e Bus arbitration function
Includes a bus arbiter that arbitrates bus mastership between the CPU and DTC

External bus control signals

Bus Internal control signals
controller

BCR
WSCR

Bus mode signal

(2]
>
Qo
o
N ; ]
WAIT Wait S
controller S
@
£
[-—— CPU bus request signal
-«— DTC bus request signal
Bus arbiter .
— CPU bus acknowledge signal
— DTC bus acknowledge signal

Figure 6.1 Block Diagram of Bus Controller
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6.2 Input/Output Pins
Table 6.1 summarizes the pins of the bus controller.

Table 6.1  Pin Configuration

Symbol 110 Function

AS Output Strobe signal indicating that address output on the address
bus is enabled (when the IOSE bit in SYSCR is cleared to 0).

10S Output I/0 select signal (when the IOSE bit in SYSCR is set to 1).

RD Output Strobe signal indicating that the external address space is
being read.

HWR Output Strobe signal indicating that the external address space is

being written to, and the upper half (D15 to D8) of the data
bus is enabled.

LWR Output Strobe signal indicating that the external address space is
being written to, and the lower half (D7 to DO) of the data bus
is enabled.

WAIT Input Wait request signal when accessing the external 3-state

access space.

6.3 Register Descriptions

The bus controller has the following registers. For details on the system control register, refer t
section 3.2.2, System Control Register (SYSCR).

e Bus control register (BCR)
« Wait state control register (WSCR)
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6.3.1 Bus Control Register (BCR)

BCR is used to specify the access mode for the external address space or the 1/O area range
the AS/IOS pin is specified as an I/O strobe pin.

Bit Bit Name Initial Value R/W Description
7 — 1 R/W Reserved

This bit should not be written by 0.
6 ICISO 1 R/W Idle Cycle Insertion

Selects whether or not to insert 1-state of the idle
cycle between bus cycles when the external
write cycle follows the external read cycle.

0: Idle cycle not inserted when the external write
cycle follows the external read cycle

1: 1-state idle cycle inserted when the external
write cycle follows the external read cycle

5 BRSTRM 0 R/W Burst ROM Enable

Selects the bus interface for the external address
space.

0: Basic bus interface
1: Burst ROM interface
4 BRSTS1 1 R/W Burst Cycle Select 1

Selects the number of states in the burst cycle of
the burst ROM interface.

0: 1 state
1: 2 states
3 BRSTSO 0 R/W Burst Cycle Select 0

Selects the number of words that can be
accessed by burst access via the burst ROM
interface.

0: Max, 4 words
1: Max, 8 words

2 d 0 R/W Reserved
This bit should not be written by 0.
10S1 1 R/W I0S Select 1, 0
0 I0S0 1 R/W Select the address range where the 10S signal is

output. For details, refer to table 6.3.
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6.3.2 Wait State Control Register (WSCR)

WSCR is used to specify the data bus width for external address space access, the number of
access states, the wait mode, and the number of wait states for access to external address spse
The bus width and the number of access states for internal memory and internal 1/O registers a
fixed regardless of the WSCR settings.

Bit Bit Name Initial Value R/W  Description

— 0 R/W  Reserved
— 0 R/W  These bits should not be written by 1.
5 ABW 1 R/W  Bus Width Control
Selects 8 or 16bits for access to the external address
space.

0: 16-bit access space
1: 8-bit access space
4 AST 1 R/W  Access State Control

Selects 2 or 3 access states for access to the external
address space. This bit also enables or disables wait-
state insertion.

0: 2-state access space. Wait state insertion disabled in
external address space access

1: 3-state access space. Wait state insertion enabled in
external address space access

WMS1 0 R/W  Wait Mode Select 1, 0

WMSO0 0 R/W  Select the wait mode for access to the external address
space when the AST bit is set to 1.

00: Program wait mode

01: Wait disabled mode

10: Pin wait mode

11: Pin auto-wait mode
WC1 1 R/W  Wait Count 1, 0

0 WCO 1 R/W  Select the number of program wait states to be inserted
when the external address space is accessed while the
AST bitis setto 1.

00: Program wait state is not inserted

01: 1 program wait state is inserted
10: 2 program wait states are inserted
11: 3 program wait states are inserted
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6.4 Bus Control

6.4.1 Bus Specifications

The external address space bus specifications consist of three elements: Bus width, the numt
access states, and the wait mode and the number of program wait states. The bus width and 1
number of access states for on-chip memory and internal 1/O registers are fixed, and are not
affected by the bus controller settings.

Bus Width: A bus width of 8 or 16 bits can be selected via the ABW bit in WSCR.

Number of Access StatesTwo or three access states can be selected via the AST bit in WSCR
When the 2-state access space is designated, wait-state insertion is disabled.

In the burst ROM interface, the number of access states is determined regardless of the AST
setting.

Wait Mode and Number of Program Wait States:When a 3-state access space is designated t
the AST bit in WSCR, the wait mode and the number of program wait states to be inserted
automatically is selected by the WMS1, WMS0, WC1, and WCO bits in WSCR. From 0 to 3
program wait states can be selected.
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Table 6.2 shows the bus specifications for the basic bus interface of each area.

Table 6.2  Bus Specifications for Basic Bus Interface

Bus Specifications

Number of
Number of Program
Access Wait
ABW AST WMS1 WMSO0 WC1 WCO0 Bus Width States States
0 0 — — — — 16 2 0
1 0 1 — — 16 3 0
—* —* 0 0 3 0
1 1
1 0 2
1 3
1 0 — — — — 0
0 1 — — 0
—* —* 0 0 0
1 1
1 0 2
1 3

Note:* Other than WMS1 =0 and WMSO0 =1

6.4.2 Advanced Mode

The external address space is initialized as the basic bus interface and a 3-state access space
on-chip ROM enable extended mode, the address space other than on-chip ROM, on-chip RAI
internal 1/0O registers, and their reserved areas is specified as the external address space. The
chip RAM and its reserved area are enabled when the RAME bit in SYSCR is set to 1. The on-
chip RAM and its reserved area are disabled and corresponding addresses are the external ad
space when the RAME bit is cleared to O.

6.4.3 Normal Mode

The external address space is initialized as the basic bus interface and a 3-state access space
on-chip ROM disable extended mode, the address space other than on-chip RAM and internal
registers is specified as the external address space. In on-chip ROM enable extended mode, tl
address space other than on-chip ROM, on-chip RAM, internal I/O registers, and their reservec
areas is specified as the external address space. The on-chip RAM area is enabled when the
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RAME bit in SYSCR is set to 1, and disabled and specified as the external address space whe
RAME bit is cleared to O.

6.4.4 I/0 Select Signals

The LSI can output I/O select signal©§); the signal is driven low when the corresponding
external address space is accessed. Figure 6.2 shows an exai®glsighal output timing.

Bus cycle

: T T, T3 i
I I N e N e
Address bus :x External addresses selected by 10S :x

m_\ /_

Figure 6.2 IOS Signal Output Timing

Enabling or disablindOS signal output is performed by the IOSE bit in SYSCR. In extended
mode, thdOS pin functions as aAS pin by a reset. To use this pin asl@s pin, set the IOSE
bit to 1. For details, refer to section 8, I/O Ports.

The address ranges of th@S signal output can be specified by the 10S1 and 10S0 bits in BCR,
as shown in table 6.3.

Table 6.3  Address Range folOS Signal Output

10S1 10S0 10S Signal Output Range
0 0 H'(FF)FO00 to H'(FF)FO3F
1 H'(FF)F000 to H'(FF)FOFF
1 0 H'(FF)F000 to H'(FF)F3FF
1 H'(FF)FO00 to H'(FF)F7FF (Initial value)
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6.5 Basic Bus Interface

The basic bus interface enables direct connection to ROM and SRAM. For details on selection
the bus specifications when using the basic bus interface, see table 6.2

6.5.1 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The BSC
a data alignment function, and controls whether the upper data bus (D15 to D8) or lower data k
(D7 to DO) is used when the external address space is accessed, according to the bus specific:
for the area being accessed (8-bit access space or 16-bit access space) and the data size.

8-Bit Access Spacefrigure 6.3 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to D8) is always used for accesses. The amot
data that can be accessed at one time is one byte: a word access is performed as two byte acc
and a longword access, as four byte accesses.

Upper data bus Lower data bus
L5 D87 L. Y,
Byte size ]

) [ 1stbus cycle : : : : : : :
Wordsize | .~ e
| 2ndbuscycle |

[ 1st bus cycle m
Longword 2nd bus cycle 1]
size

3rd bus cycle m
L 4th bus cycle m

Figure 6.3 Access Sizes and Data Alignment Control (8-Bit Access Space)

16-Bit Access SpaceFigure 6.4 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) at
used for accesses. The amount of data that can be accessed at one time is one byte or one wc
and a longword access is executed as two word accesses.

In byte access, whether the upper or lower data bus is used is determined by whether the addr
even or odd. The upper data bus is used for an even address, and the lower data bus for an oc
address.
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Upper data bus Lower data bus

D15 D8, D7 DO,
Byte size - Even address m
Byte size - Odd address m
Word size e ]
Longword 1st bus cycle N N
size 2nd bus cycle BEEEEEE DR

Figure 6.4 Access Sizes and Data Alignment Control (16-bit Access Space)

6.5.2 Valid Strobes
Table 6.4 shows the data buses used and valid strobes for each access space.

In a read, th&D signal is valid for both the upper and lower halves of the data bus. In a write, t
HWR signal is valid for the upper half of the data bus, and_.iW& signal for the lower half.

Table 6.4 Data Buses Used and Valid Strobes

Access Read/ Valid Upper Data Bus  Lower Data
Area Size Write Address Strobe (D15 to D8) Bus (D7 to DO0)
8-bit Byte Read — RD Valid Ports or others
access space Write  — HWR Ports or others
16-bit Byte Read Even RD Valid Invalid
access space odd Invalid Valid
Write  Even HWR Valid Undefined
Odd LWR Undefined Valid
Word Read — RD Valid Valid
Write — — HWR, LWR Valid Valid

Note:* Undefined: Undefined data is output.
Invalid: Input state with the input value ignored.

Ports or others: Used as ports or I/O pins for on-chip peripheral modules, and are not used
as the data bus.
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6.5.3 Basic Operation Timing

8-Bit, 2-State Access Spacéigure 6.5 shows the bus timing for an 8-bit, 2-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used. W\
states cannot be inserted.

+——— Buscycle ———————>
| T,

o f

Address bus ;x

AS/IOS (I0SE = 1)

oL UM

AS/IOS (I0SE = 0)

Read < D15to D8 valid !

D7 to DO

o
Invalid

HWR

Write 1

—_—
—————————
D15 to D8 !4( . Valid

Figure 6.5 Bus Timing for 8-Bit, 2-State Access Space
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8-Bit, 3-State Access Spacé&igure 6.6 shows the bus timing for an 8-bit, 3-state access space
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used. \
states can be inserted.

Bus cycle

Address bus

NI
Sl

AS/IOS (I0SE = 1) ' i .

AS/IOS (I0SE=0) ! | E i

b : !

Read { Di51to D8 valid !

T
Invalid |

Write

eal L

D15 to D8 :4( i valid |

Figure 6.6 Bus Timing for 8-Bit, 3-State Access Space
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16-Bit, 2-State Access Spac&igures 6.7 to 6.9 show bus timings for a 16-bit, 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data bus is
for even addresses, and the lower half (D7 to DO) for odd addresses. Wait states cannot be
inserted.

+————— Buscycle ————————=

T, H T,

o f

Address bus :x :

AS/IOS (I0SE = 1)

AS/IOS (I0SE = 0)

RD

Read < D15toD8 : valid

oL UKL

D7 to DO Invalid E

T
=
T

High level

Write

D7 to DO

_
————
D15 to D8 —.—( ' valid

E Undefined

Figure 6.7 Bus Timing for 16-Bit, 2-State Access Space (Even Byte Access)
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~————— Buscycle ———————=

; T i T, ;
@ _I I—
Address bus :;X é ;X:
AS/IOS (I0SE = 1) \ /
AS/IOS (I0SE = 0)
m I_
Read { D15to D8 E E @_
D7 to DO @_
HWR E Highflevel E
Write i E E
D15 to D8 —i—( E Undefined D—
D7 to DO —;—( E Valid ;>_

Figure 6.8 Bus Timing for 16-Bit, 2-State Access Space (Odd Byte Access)
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~————— Buscycle ———————=

o
4] | |
Address bus :;X é ;X:
AS/IOS (I0SE = 1) \ /
AS/I0S (IOSE = 0)
o : —
Read { D15to D8 : : < Valid ;>_
D7 to DO ; E Valid ;
, : ,
AWR :
we ] [
Write < i E E
D15 to D8 —i—( E Valid D—
D7 to DO —;—( E Valid ;)—

Figure 6.9 Bus Timing for 16-Bit, 2-State Access Space (Word Access)
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16-Bit, 3-State Access Spac&igures 6.10 to 6.12 show bus timings for a 16-bit, 3-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data bus is
for even addresses, and the lower half (D7 to DO) for odd addresses. Wait states can be inser

Bus cycle
T,

L

—
[

Address bus

~r

AS/IOS (I0SE = 1)

AS/IOS (IOSE = 0)

D

Read { D15to D8

Valid

| D7toDO E Invalid !
AWR i
WR i High level '
Write i ]
D15 to D8 valid
D7 to DO E Undefined:

Figure 6.10 Bus Timing for 16-Bit, 3-State Access Space (Even Byte Access)
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Bus cycle
T,

Address bus

AS/IOS (I0SE = 1)

/LJJ—
<~

AS/IOS (IOSE = 0)

D

Read { D15to D8

Invalld

| D7toDO

Valid

HWR High level
LWR !
Write | 1
D15 to D8 E Undefinedl
D7 to DO E valid

Figure 6.11 Bus Timing for 16-Bit, 3-State Access Space (Odd Byte Access)
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Address bus :x
AS/IOS (I0SE = 1) |

AS/IOS (I0SE = 0) 1 |

Read

Write

| D7to DO

I T

RD

D15 to D8

D15 to D8

D7 to DO

SN B B

Figure 6.12 Bus Timing for 16-Bit, 3-State Access Space (Word Access)
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6.5.4 Wait Control

When accessing the external address space, this LSI can extend the bus cycle by inserting one
more wait states (). There are three ways of inserting wait states: Program wait insertion, pin
wait insertion using th& AIT pin, and the combination of program wait andWARIT pin.

Program Wait Mode: A specified number of wait stateg, Tan be inserted automatically
between the Jstate and Jstate when accessing the external address space always according tc
the settings of the WC1 and WCO bits in WSCR.

Pin Wait Mode: A specified number of wait states, €an be inserted automatically between the
T, state and Jstate when accessing the external address space always according to the setting
the WC1 and WCO bits. If th& AIT pin is low at the falling edge of @ in the lastof T, state,
another T, state is inserted. If ti&AIT pin is held low, T, states are inserted until it goes high.

This is useful when inserting four or morg States, or when changing the number pEtates to
be inserted for each external device.

Pin Auto-Wait Mode: A specified number of wait stateg, €an be inserted automatically
between the Jstate and Jstate when accessing the external address space according to the
settings of the WC1 and WCO bits if tWeAIT pin is low at the falling edge of g in the lagt T
state. Even if th& AIT pin is held low, T, states can be inserted only up to the specified number
of states.

This function enables the low-speed memory interface only by inputting the chip select signal tc
the WAIT pin.

Figure 6.13 shows an example of wait state insertion timing in pin wait mode.

The settings after a reset are: 3-state access, 3 program wait insertiéhAEhgin input
disabled.
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By program wait By WAIT pin

Address bus

| LJ
=

AS/I0S (I0SE =0)

o [
Read
Data bus < Read data ’—
HWR, LWR
Write
Data bus —( Write data )—

Note: 4 shown in @ clock indicates the WAIT pin sampling timing.

Figure 6.13 Example of Wait State Insertion Timing (Pin Wait Mode)

6.6 Burst ROM Interface

In this LSI, the external address space can be designated as the burst ROM space by setting
BRSTRM bit in BCR to 1, and the burst ROM interface enabled. Consecutive burst accesses ¢
maximum four or eight words can be performed only during CPU instruction fetch. 1 or 2 state
can be selected for burst ROM access.

6.6.1 Basic Operation Timing

The number of access states in the initial cycle (full access) of the burst ROM interface is
determined by the AST bit in WSCR. When the AST bit is set to 1, wait states can be insertec
or 2 states can be selected for burst access according to the setting of the BRSTS1 bit in BCF
Wait states cannot be inserted in a burst cycle. Burst accesses of a maximum four words is
performed when the BRSTSO bit in BCR is cleared to 0, and burst accesses of a maximum ei
words is performed when the BRSTSO bit in BCR is set to 1.

The basic access timing for the burst ROM space is shown in figures 6.14 and 6.15.
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Full access Burst access

| o, T T o, T o, T |
[ I I I I I I 1
° ] [
\/
Address bus X Only lower adld\ress changes
AS/I0S
(IOSE = 0)

RD |_
Data bus 4( Read data )—( Read data )—( Read data )—

Figure 6.14 Access Timing Example in Burst ROM Space (AST = BRSTS1 = 1)

Full access Burst access
T T, T T
@
Only lower\/
Address bus addreﬁ changes

AS/IOS

(IOSE =0)
RD

Data bus 4( Read data XRead dataXRead data)—

Figure 6.15 Access Timing Example in Burst ROM Space (AST = BRSTS1 = 0)

6.6.2 Wait Control

As with the basic bus interface, program wait insertion or pin wait insertion usifgARE pin
can be used in the initial cycle (full access) of the burst ROM interface. For details, see section
6.5.4, Wait Control. Wait states cannot be inserted in a burst cycle.
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6.7 Idle Cycle

When this LS| accesses the external address space, it can insert a 1-state idlg optlee@n

bus cycles when a write cycle occurs immediately after a read cycle. By inserting an idle cycle
possible, for example, to avoid data collisions between ROM with a long output floating time, ¢
high-speed memory and /O interfaces.

If an external write occurs after an external read while the ICISO bit is set to 1 in BCR, an idle
cycle is inserted at the start of the write cycle.

Figure 6.16 shows examples of idle cycle operation. In these examples, bus cycle A is a read
for ROM with a long output floating time, and bus cycle B is a CPU write cycle. In figure 6.16 (
with no idle cycle inserted, a collision occurs in bus cycle B between the read data from ROM
the CPU write data. In figure 6.16 (b), an idle cycle is inserted, thus preventing data collision.

Bus cycle A Bus cycle B, , BuscycleA |~ BuscycleB

m_l_\—/_l_ D

HWR, LWR

Il i
1 i 1
Address bus K u x Address bus K
1 1
1
1
1
1
1
1
1
1

| h 1
T | HWR, LWR —
5 AR 5
1

Data bus j—m Data bus j—(

[ 1 [ [

' | : '

[ Data collision

Long output floating time

:

T
.

(a) No idle cycle insertion (b) Idle cycle insertion

Figure 6.16 Examples of Idle Cycle Operation
Table 6.5 shows the pin states in an idle cycle.

Table 6.5 Pin States in Idle Cycle

Pins Pin State

A23to A0, 1I0S Contents of immediately following bus cycle
D15 to DO High impedance

AS High

RD High

HWR, LWR High
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6.8 Bus Arbitration

The bus controller has a bus arbiter that arbitrates bus master operations. There are two bus
masters — the CPU and DTC — that perform read/write operations when they have possession
the bus.

6.8.1 Priority of Bus Masters

Each bus master requests the bus by means of a bus request signal. The bus arbiter detects tt
masters' bus request signals, and if a bus request occurs, it sends a bus request acknowledge
to the bus master making the request at the designated timing. If there are bus requests from n
than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession
bus until that signal is canceled. The order of priority of the bus masters is as follows:

(High) DTC > CPU (Low)

6.8.2 Bus Transfer Timing

When a bus request is received from a bus master with a higher priority than that of the bus me
that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. Each bus master can relinquish the bus at the timings given below.

CPU: The CPU is the lowest-priority bus master, and if a bus request is received from the DTC
the bus arbiter transfers the bus to the DTC.

e DTC bus transfer timing
O The bus is transferred at a break between bus cycles. However, if a bus cycle is execute
discrete operations, as in the case of a longword-size access, the bus is not transferred
between the component operations. For details, refer to the H8S/2600 Series, H8S/200C
Series Programming Manual.
O If the CPU is in sleep mode, the bus is transferred immediately.

DTC: The DTC has the highest bus master priority. The DTC sends the bus arbiter a request fc
the bus when an activation request is generated. The DTC does not release the bus until it
completes its operation.
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Section 7 Data Transfer Controller (DTC)

This LSl includes a data transfer controller (DTC). The DTC can be activated by an interrupt c
software, to transfer data.

Figure 7.1 shows a block diagram of the DTC. The DTC's register information is stored in the
chip RAM. When the DTC is used, the RAME bit in SYSCR must be set to 1. A 32-bit bus
connects the DTC to addresses H'(FF)ECO0O0 to H'(FF)EFFF in on-chip RAM (1 kbyte), enablin
32-bit/1-state reading and writing of the DTC register information.

7.1 Features

« Transfer is possible over any number of channels
e Three transfer modes
Normal, repeat, and block transfer modes are available.
« One activation source can trigger a number of data transfers (chain transfer)
« Direct specification of 16-Mbyte address space is possible
« Activation by software is possible
« Transfer can be set in byte or word units
« A CPU interrupt can be requested for the interrupt that activated the DTC
e Module stop mode can be set
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Legend:
MRA, MRB : DTC mode register A, B
CRA, CRB : DTC transfer count register A, B
SAR : DTC source address register
DAR : DTC destination register
DTCERA to DTCERE : DTC enable registers A to E
DTVECR : DTC vector register

Figure 7.1 Block Diagram of DTC

7.2 Register Descriptions
The DTC has the following registers.

 DTC mode register A (MRA)

e DTC mode register B (MRB)

« DTC source address register (SAR)

« DTC destination address register (DAR)
« DTC transfer count register A (CRA)

« DTC transfer count register B (CRB)

These six registers cannot be directly accessed from the CPU. When a DTC activation interrup
source occurs, the DTC reads a set of register information that is stored in on-chip RAM to the
corresponding DTC registers and transfers data. After the data transfer, it writes a set of updat
register information back to on-chip RAM.

e DTC enable registers A to E (DTCERA to DTCERE)
e DTC vector register (DTVECR)
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7.2.1 DTC Mode Register A (MRA)
MRA selects the DTC operating mode.

Bit Bit Name |Initial Value R/W  Description

7 SM1 Undefined — Source Address Mode 1, 0
6 SMO Undefined — These bits specify an SAR operation after a data
transfer.

0X: SAR is fixed

10: SAR is incremented after a transfer
(by +1 when Sz = 0, by +2 when Sz = 1)

11: SAR is decremented after a transfer
(by =1 when Sz = 0, by -2 when Sz = 1)

DM1 Undefined — Destination Address Mode 1, 0
DMO Undefined — These bits specify a DAR operation after a data
transfer.

0X: DAR is fixed

10: DAR is incremented after a transfer
(by +1 when Sz = 0, by +2 when Sz = 1)

11: DAR is decremented after a transfer
(by =1 when Sz = 0, by -2 when Sz = 1)

3 MD1 Undefined — DTC Mode
MDO Undefined — These bits specify the DTC transfer mode.
00: Normal mode
01: Repeat mode
10: Block transfer mode
11: Setting prohibited

1 DTS Undefined — DTC Transfer Mode Select

Specifies whether the source side or the destination
side is set to be a repeat area or block area in repeat
mode or block transfer mode.

0: Destination side is repeat area or block area
1: Source side is repeat area or block area

0 Sz Undefined — DTC Data Transfer Size
Specifies the size of data to be transferred.
0: Byte-size transfer
1: Word-size transfer

Legend:
X: Don't care
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7.2.2 DTC Mode Register B (MRB)
MRB selects the DTC operating mode.

Bit Bit Name |Initial Value R/W  Description
7 CHNE Undefined — DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed. For details, refer to section 7.5.4, Chain
Transfer.

In data transfer with CHNE set to 1, determination of the
end of the specified number of data transfers, clearing
of the interrupt source flag, and clearing of DTCER are
not performed.

6 DISEL Undefined — DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time data transfer ends (the DTC
clears the interrupt source flag for the activation
source). When this bit is cleared to 0, a CPU interrupt
request is generated only when the specified number of
data transfer ends (the DTC does not clear the interrupt
source flag for the activation source).

— Undefined — Reserved

These bits have no effect on DTC operation. Only 0
should be written to these bits.

7.2.3 DTC Source Address Register (SAR)

SAR is a 24-bit register that designates the source address of data to be transferred by the DT
For word-size transfer, specify an even source address.

724 DTC Destination Address Register (DAR)

DAR is a 24-bit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.

7.25 DTC Transfer Count Register A (CRA)
CRA is a 16-bit register that designates the number of times data is to be transferred by the DT

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). It is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'
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In repeat mode or block transfer mode, the CRA is divided into two parts; the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time data is
transferred, and the contents of CRAH are sent when the count reaches H'00.

7.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times data is to be transferred by the D
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented
every time data is transferred, and transfer ends when the count reaches H'0000.

7.2.7 DTC Enable Registers (DTCER)

DTCER specifies DTC activation interrupt sources. DTCER is comprised of five registers:
DTCERA to DTCERE. The correspondence between interrupt sources and DTCE bits is show
table 7.1. For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR.
Multiple DTC activation sources can be set at one time (only at the initial setting) by masking
interrupts and writing data after executing a dummy read on the relevant register.

Bit Bit Name Initial Value R/W  Description

7 DTCE7 0 R/W  DTC Activation Enable

6 DTCE6 0 R/W  Setting this bit to 1 specifies a relevant interrupt source
5 DTCE5 0 R/W asa DTC activation source.

4 DTCE4 0 RIW [Clearing conditions]

3 DTCE3 0 RW ° When data transfer has ended with the DISEL bit in
2 DTCE2 0 RIW MRB setto 1.

1 DTCE1L 0 rRW When the specified number of transfers have ended.
0 DTCEO 0 RIW [Holding condition]

¢ When the DISEL bit is 0 and the specified number of
transfers have not been completed.
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7.2.8 DTC Vector Register (DTVECR)

DTVECR enables or disables DTC activation by software, and sets a vector number for the
software activation interrupt.

Bit Bit Name |Initial Value R/W  Description
7 SWDTE 0 R/W  DTC Software Activation Enable

Setting this bit to 1 activates DTC. Only 1 can always be
written to this bit. 0 can be written to after reading 1
from this bit.

[Clearing conditions]

* When the DISEL bit is 0 and the specified number of
transfers have not ended.

¢ When 0 is written to the DISEL bit after a software-

activated data transfer end interrupt (SWDTEND)
request has been sent to the CPU.

[Holding conditions]

« When the DISEL bit is 1 and data transfer has
ended

¢ When the specified number of transfers have ended.
¢ During data transfer activated by software

6 DTVEC6 0 R/W  DTC Software Activation Vectors 6 to 0

5 DTVECS5 0 R/W  These bits specify a vector number for DTC software

4 DTVEC4A O R/w  activation.

3 DTVEC3 0 RIW The vector address is expressed as H'0400 + (vector
number x 2). For example, when DTVEC6 to DTVECO =

2 DTVEC2 0 R/W H'10, the vector address is H'0420. When the SWDTE

1 DTVEC1 0 R/W  bitis 0, these bits can be written to.

0 DTVECO 0 R/W

7.3 Activation Sources

The DTC is activated by an interrupt request or by a write to DTVECR by software. The interru,
request source to activate the DTC is selected by DTCER. At the end of a data transfer (or the
consecutive transfer in the case of chain transfer), the interrupt flag that became the activation
source or the corresponding DTCER bit is cleared. The activation source flag, in the case of R
for example, is the RDRF flag in SCI_0.

When an interrupt has been designated as a DTC activation source, the existing CPU mask le\
and interrupt controller priorities have no effect. If there is more than one activation source at tt
same time, the DTC operates in accordance with the default priorities. Figure 7.2 shows a bloc
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diagram of DTC activation source control. For details on the interrupt controller, see section 5,
Interrupt Controller.

Source flag cleared

Clear
controller
Clear
A
DTCER
Select Clear request
A
On-chip
peripheral - DTC
module §
S
i ~ 5
IRQ interrupt Interrupt 2
request %
n
DTVECR ™1 Interrupt controller CPU
Interrupt mask

Figure 7.2 Block Diagram of DTC Activation Source Control

7.4 Location of Register Information and DTC Vector Table

Locate the register information in the on-chip RAM (addresses: H'(FF)ECOO0 to H'(FF)EFFF).
Register information should be located at an address that is a multiple of four within the range
The method for locating the register information in address space is shown in figure 7.3. Loca
MRA, SAR, MRB, DAR, CRA, and CRB, in that order, from the start address of the register
information. In the case of chain transfer, register information should be located in consecutive
areas as shown in figure 7.3, and the register information start address should be located at tt
vector address corresponding to the interrupt source in the DTC vector table. The DTC reads
start address of the register information from the vector table set for each activation source, a
then reads the register information from that start address.

When the DTC is activated by software, the vector address is obtained from: H'0400 +
(DTVECR][6:0] x 2). For example, if DTVECR is H'10, the vector address is H'0420.

The configuration of the vector address is the same in both normal and advanced modes; a 2-
unit is used in both cases. Specify the lower two bits of the register information start address.
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Figure 7.3 DTC Register Information Location in Address Space
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Table 7.1  Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Activation Source Vector DTC Vector
Origin Activation Source Number  Address DTCE ** Priority
Software Write to DTVECR DTVECR H'0400 + (vector — High
number x 2) A
External pins IRQO 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
A/D converter ADI 28 H'0438 DTCEA3
FRT ICIA 48 H'0460 DTCEA2
ICIB 49 H'0462 DTCEAlL
OCIA 52 H'0468 DTCEAO
OocCiB 53 H'046A DTCEB7
TMR_O CMIAO 64 H'0480 DTCEB2
CMIBO 65 H'0482 DTCEB1
TMR_1 CMIAL 68 H'0488 DTCEBO
CMIB1 69 H'048A DTCECY
TMR_Y CMIAY 72 H'0490 DTCEC6
CMIBY 73 H'0492 DTCEC5
XBS IBF1 76 H'0498 DTCEC4
IBF2 77 H'049A DTCEC3
SCI_0 RXI0 81 H'04A2 DTCEC2
TXIO 82 H'04A4 DTCEC1
SCI_1 RXI1 85 H'04AA DTCECO
TXI1 86 H'04AC DTCED?Y
SCI_2 RXI2 89 H'04B2 DTCED6
TXI2 90 H'04B4 DTCEDS5
IIC_0 1ICIO 92 H'04B8 DTCED4
lIC_1 lICI1 94 H'04BC DTCED3
LPC*? ERRI 108 H'04D8 DTCEE3
IBFI1 109 H'04DA DTCEE2
IBFI2 110 H'04DC DTCEE1 v
IBFI3 111 H'04DE DTCEEO Low

Notes: 1. DTCE bits with no corresponding interrupt are reserved, and only 0 should be written to

this bit.

2. Not supported by the H8S/2148B.

RENESAS
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7.5 Operation

The DTC stores register information in on-chip RAM. When activated, the DTC reads register
information in on-chip RAM and transfers data. After the data transfer, the DTC writes updated
register information back to on-chip RAM. The pre-storage of register information in memory
makes it possible to transfer data over any required number of channels. The transfer mode ca
specified as normal, repeat, or block transfer mode. Setting the CHNE bit in MRB to 1 makes it
possible to perform a number of transfers with a single activation source (chain transfer).

The 24-bit SAR designates the DTC transfer source address, and the 24-bit DAR designates tf
transfer destination address. After each transfer, SAR and DAR are independently incrementec
decremented, or left fixed depending on its register information.

Read DTC vector

Next transfer

A

Read register information

v

Data transfer

1

Write register information

Transfer counter = 0
orDISEL=1

Yes

Clear an activation flag Clear DTCER

End Interrupt e{(ception
handling

Figure 7.4 DTC Operation Flowchart
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75.1 Normal Mode

In normal mode, one activation source transfers one byte or one word of data. Table 7.2 lists t
register functions in normal mode. From 1 to 65,536 transfers can be specified. Once the spe
number of transfers have been completed, a CPU interrupt can be requested.

Table 7.2  Register Functions in Normal Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register A CRA Transfer counter
DTC transfer count register B CRB Not used

N — N —

SAR —» :> ~— DAR
Transfer

N~ —— N S~/

Figure 7.5 Memory Mapping in Normal Mode

7.5.2 Repeat Mode

In repeat mode, one activation source transfers one byte or one word of data. Table 7.3 lists tl
register functions in repeat mode. From 1 to 256 transfers can be specified. Once the specifie
number of transfers have completed, the initial states of the transfer counter and the address
register that is specified as the repeat area is restored, and transfer is repeated. In repeat mo
transfer counter value does not reach H'00, and therefore CPU interrupts cannot be requestec
the DISEL bit in MRB is cleared to 0.
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Table 7.3  Register Functions in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer Count
DTC transfer count register B CRB Not used
N—  — N N—  — N
SAR DAR
or —» Repeat area <:> ~-—  or
DAR Transfer SAR
\j Y
S~ — S~ —

Figure 7.6 Memory Mapping in Repeat Mode

75.3 Block Transfer Mode

In block transfer mode, one activation source transfers one block of data. Either the transfer so
or the transfer destination is designated as a block area. Table 7.4 lists the register functions in
block transfer mode. The block size can be between 1 and 256. When the transfer of one block
ends, the initial state of the block size counter and the address register that is specified as the |
area is restored. The other address register is then incremented, decremented, or left fixed
according to the register information. From 1 to 65,536 transfers can be specified. Once the

specified number of transfers have been completed, a CPU interrupt is requested.
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Table 7.4  Register Functions in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size counter

DTC transfer count register B CRB Transfer counter

—

- 1st block

SAR B . N B N DAR

or —m . <:> Block area --— o

DAR B . N Transfer B i SAR

N th block

S~ —

Figure 7.7 Memory Mapping in Block Transfer Mode

75.4 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of data transfers to be performed
consecutively in response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRE
which define data transfers, can be set independently.

Figure 7.8 shows the overview of chain transfer operation. When activated, the DTC reads the
register information start address stored at the DTC vector address, and then reads the first re
information at that start address. After the data transfer, the CHNE bit will be tested. When it |
been setto 1, DTC reads the next register information located in a consecutive area and perfc
the data transfer. These sequences are repeated until the CHNE bit is cleared to 0.
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In the case of transfer with the CHNE bit set to 1, an interrupt request to the CPU is not genera
at the end of the specified number of transfers or by setting of the DISEL bit to 1, and the interr
source flag for the activation source is not affected.

/‘\_/
Source
N /x/
Register information Destination
— - CHNE =1
DTC vector Register information I;
address —
| startaddress | Register information
CHNE =0
_ Source
 ~——__ — ~—__
L/ Destination
 ~——__

Figure 7.8 Chain Transfer Operation

7.5.5 Interrupts

An interrupt request is issued to the CPU when the DTC has completed the specified number ¢
data transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt
activation, the interrupt set as the activation source is generated. These interrupts to the CPU ¢
subject to CPU mask level and priority level control by the interrupt controller.

In the case of software activation, a software-activated data transfer end interrupt (SWDTEND)
generated.

When the DISEL bit is 1 and one data transfer has been completed, or the specified number of
transfers have been completed, after data transfer ends, the SWDTE bit is held at 1 and an
SWDTEND interrupt is generated. The interrupt handling routine will then clear the SWDTE bit
to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.
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7.5.6 Operation Timing

DTC activation
request /
DTC request /

\

|

Data transfer
Vector read
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Transfer information

Transfer information
read

write

Figure 7.9 DTC Operation Timing (Example in Normal Mode or Repeat Mode)

DTC activation \
request _/
DTC request [

| W

Data transfer
Vector read
Address

T~
O COOEEEEOO0
- -

Transfer information

Transfer information
read

write

Figure 7.10 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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Figure 7.11 DTC Operation Timing (Example of Chain Transfer)
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757 Number of DTC Execution States

Table 7.5 lists the execution status for a single DTC data transfer, and table 7.6 shows the nun
of states required for each execution status.

Table 7.5 DTC Execution Status

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode I J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)

Table 7.6 Number of States Required for Each Execution Status

On-Chip On-Chip On-Chip I/O

Object to be Accessed RAM ROM Registers External Devices
Bus width 32 16 8 16 8 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S, — 1 — — 4 6+2m 2 3+m
status Register 1 — — — — — — —
information
read/write S,
Byte data read 1 1 2 2 2 3+m 2 3+m
SK
Word data read 1 1 4 2 4 6+2m 2 3+m
SK
Byte data write 1 1 2 2 2 3+m 2 3+m
SL
Word data 1 1 4 2 4 6+2m 2 3+m
write S
Internal 1

operation S,

The number of execution states is calculated from using the formula below. N&esttize sum
of all transfers activated by one activation source (the number in which the CHNE bit is set to 1
plus 1).

Number of execution states=1-S +>(J-S,+K-S +L-S)+M-S,
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For example, when the DTC vector address table is located in on-chip ROM, normal mode is
and data is transferred from on-chip ROM to an internal I/O register, then the time required for
DTC operation is 13 states. The time from activation to the end of data write is 10 states.

7.6 Procedures for Using DTC

7.6.1 Activation by Interrupt
The procedure for using the DTC with interrupt activation is as follows:

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.

Set the start address of the register information in the DTC vector address.

Set the corresponding bit in DTCER to 1.

Set the enable bits for the interrupt sources to be used as the activation sources to 1. The
is activated when an interrupt used as an activation source is generated.

5. After one data transfer has been completed, or after the specified number of data transfers
been completed, the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC
continue transferring data, set the DTCE bit to 1.

P w DR

7.6.2 Activation by Software
The procedure for using the DTC with software activation is as follows:

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 to the SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After one data transfer has been completed, if the DISEL bit is 0 and a CPU interrupt is no
requested, the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set th
SWDTE bit to 1. When the DISEL bit is 1 or after the specified number of data transfers ha
been completed, the SWDTE bit is held at 1 and a CPU interrupt is requested.

2 e A
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7.7 Examples of Use of DTC

7.7.1 Normal Mode

An example is shown in which the DTC is used to receive 128 bytes of data via the SCI.

1.

Set MRA to a fixed source address (SM1 = SMO = 0), incrementing destination address (DN
=1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can hav
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI, RDR address in SAR, the start address of the RAM area where the data will be receive
in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

Set the start address of the register information at the DTC vector address.

Set the corresponding bit in DTCER to 1.

Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the rece
complete (RXI) interrupt. Since the generation of a receive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive €
interrupts.

Each time the reception of one byte of data has been completed on the SCI, the RDRF flag
SSR is set to 1, an RXI interrupt is generated, and the DTC is activated. The receive data is
transferred from RDR to RAM by the DTC. DAR is incremented and CRA is decremented.
The RDRF flag is automatically cleared to 0.

When CRA becomes 0 after 128 data transfers have been completed, the RDRF flag is hel
1, the DTCE bit is cleared to 0, and an RXI interrupt request is sent to the CPU. The interru
handling routine will perform wrap-up processing.
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7.7.2 Software Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by me:
of software activation. The transfer source address is H'1000 and the transfer destination addi
H'2000. The vector number is H'60, so the vector address is H'04CO.

1.

Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz -
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHN
0). Set the transfer source address (H'1000) in SAR, the transfer destination address (H'2C
in DAR, and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

Set the start address of the register information at the DTC vector address (H'04CO0).
Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activa
by software.

Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write data is H'E
Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. This is presumably because an interrupt occurred between s
3 and 4 and led to a different software activation. To activate this transfer, go back to step
If the write was successful, the DTC is activated and a block of 128 bytes of data is transfe

After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should cle
the SWDTE bit to 0 and perform wrap-up processing.
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7.8 Usage Notes

7.8.1 Module Stop Mode Setting

DTC operation can be enabled or disabled by the module stop control register (MSTPCR). In t
initial state, DTC operation is enabled. Access to DTC registers are disabled when module stoy
mode is set. Note that when the DTC is being activated, module stop mode cannot be specifiec
For details, refer to section 26, Power-Down Modes.

7.8.2 On-Chip RAM

MRA, MRB, SAR, DAR, CRA, and CRB are all located in on-chip RAM. When the DTC is used
the RAME bit in SYSCR should not be cleared to 0.

7.8.3 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR, for reading ar
writing. Multiple DTC activation sources can be set at one time (only at the initial setting) by
masking all interrupts and writing data after executing a dummy read on the relevant register.

7.8.4 Setting Required on Entering Subactive Mode or Watch Mode

Set the MSTP14 bit in MSTPCRH to 1 to make the DTC enter module stop mode, then confirm
that is set to 1 before making a transition to subactive mode or watch mode.

7.85 DTC Activation by Interrupt Sources of SCI, IIC, LPC, or A/D Converter

Interrupt sources of the SCI, IIC, LPC, or A/D converter which activate the DTC are cleared wh
DTC reads from or writes to the respective registers, and they cannot be cleared by the DISEL
in MRB.
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Section 8 1/O Ports

8.1 Overview
This LSI has ten I/O ports (ports 1 to 6, 8, 9, A, and B), and one input-only port (port 7).

For additional ports C, D, E, F, and G in H8S/2160B and H8S/2161B, see section 8.13 Additic
Overview for H8S/2160B and H8S/2161B.

Table 8.1 is a summary of the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for t
input-only port) and data registers (DR, ODR) that store output data.

Ports 1 to 3, 6, A, and B have an on-chip input pull-up MOS function. For ports A and B, the
on/off status of the input pull-up MOS is controlled by DDR and ODR. Ports 1 to 3 and 6 have
input pull-up MOS control register (PCR), in addition to DDR and DR, to control the on/off stat
of the input pull-up MOS.

Ports 1to 6, 8, 9, A, and B can drive a single TTL load and 30 pF capacitive load. All the I/O
ports can drive a Darlington transistor when in output mode. Ports 1, 2, and 3 can drive an LE
(10 mA sink current).

Port A input and output use by the VcecB power supply, which is independent of thewer
supply. When the VccB voltage is 5V, the pins on port A will be 5-V tolerant.

PA4 to PA7Y of port A have bus-buffer drive capability.

P52 in port 5, P97 in port 9, P86 in port 8 and P42 in port 4 are NMOS push-pull outputs. P52
P97, P86 and P42 are thus 5-V tolerant, with DC characteristics that are dependent_pn the V
voltage.

For the P42/SCK2, P52/SCKO0, P86/SCK1, and P97 outputs, connect pull-up resistors to pins
raise output-high-level voltage.
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Table 8.1

Port Functions of H8S/2140B, H8S/2141B, H8S/2145B, and H8S/2148B

Mode 2 Mode 3 /0
Port  Description Mode 1 (EXPE =1) (EXPE = 0) Status
Port General I/0 port A7 A7/P17/PW7 P17/PW7 On-chip
1 also functioning as A6 AB/P16/PW6 P16/PW6 input
address output and pull-up
PWM output pins A5 A5/P15/PW5 P15/PW5 MOSs
A4 A4/P14/PWA4 P14/PW4
A3 A3/P13/PW3 P13/PW3
A2 A2/P12/PW2 P12/PW2
Al Al1/P11/PW1 P11/PW1
A0 A0/P10/PWO P10/PWO
Port General I/0 port A15 A15/P27/PW15/ P27/PW15 On-chip
2 also functioning as Ald CBLANK /CBLANK input
address output pin, A14/P26/PW14  P26/PW14 pull-up
PWM output pin, Al3 MOSs
and timer A12 A13/P25/PW13  P25/PW13
connection output All Al12/P24/PW12 P24/PW12
pin AL0 A11/P23/PW11  P23/PW11
A9 A10/P22/PW10 P22/PW10
A8 A9/P21/PW9 P21/PW9
A8/P20/PW8 P20/PW8
Port General I/0 port D15 P37/ On-chip
3 also functioning as D14 HDB7/SERIRQ* input
data bus P36/HDB6/LCLK*  Pull-up
input/output, XBS D13 MOSs
data bus D12 iHDEiS/
input/output, and D11 LRESET
LPC input/output P34/HDB4/
pins D10 LFRAME*
D9 P33/HDB3/LAD3*
D8 P32/HDB2/LAD2*
P31/HDB1/LAD1*
P30/HDBO/LADO*
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TMR_X and TMR_Y
input/output, timer
connection
input/output, key-
sense interrupt
input, and
expansion A/D input
pins

P64/FTIC/KIN4/CIN4/CLAMPO
P63/FTIB/KINS/CIN3/VFBACKI

Mode 2 Mode 3 e,

Port  Description Mode 1 (EXPE =1) (EXPE = 0) Status
Port General I/0 port P47/PWX1 P47/PWX1
4 also functioning as P46/ PWXO0 P46/PWXO0

PWMX output,

TMR Oand TMR 1 P45/TMRI1L/CSYNCI P45/TMRI1/HIRQ12

input/output, timer  P44/TMOL/HSYNCO ICSYNCI

ponnectlon P43/TMCI1/HSYNCI P44/TMO1/HIRQ1/

input/output, XBS HSYNCO

i P42/TMRIO/SCK2/SDA1

host interrupt P43/TMCIZ/HIRQ11

request output, P41/TMOO/RxD2/IrRxD JHSYNCI

SCI_2 input/output,

IrDA interface P40/TMCI0/TxD2/IrTxD P42/TMRIO/SCK2/

input/output, and SDA1

IC_1 inputioutput P41/TMOO/RxD2/

pins IrRxD

P40/TMCI0/TxD2/
IrTxD

Port General I/0 port P52/SCKO0/SCLO
5 also functlonlng as P51/RxDO

SCI_0 input/output

and IIC 0 P50/TxDO0

input/output pins
Port General I/0 port P67/IRQ7/TMOX/KIN7/CIN7 On-chip
6 also functioning as  pge/JRQE/FTOB/KING/CING input

interrupt input, FRT pull-up

input/output, P65/FTID/KIN5/CIN5 MOSs

P62/FTIA/TMIY/KIN2/CIN2/VSYNCI

P61/FTOA/KIN1/CIN1/VSYNCO

P60/FTCI/TMIX/KINO/CINO/HFBACKI

RENESAS
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Mode 2 Mode 3 /0
Port  Description Mode 1 (EXPE =1) (EXPE = 0) Status
Port General input port P77/AN7/DA1
7 also functioning as P76/AN6/DAO
A/D converter
analog input and P75/ANS
D/A converter P74/AN4
analog output pins P73/AN3
P72/AN2
P71/AN1
P70/ANO

Port General I/0 port

8 also functioning as
interrupt input,
SCI_1 input/output,

P86/IRQ5/SCK1/SCL1
P85/IRQ4/RxD1
P84/IRQ3/TxD1

P86/IRQ5/SCK1/
SCL1

P85/IRQ4/RxD1
P84/IRQ3/TxD1

XBS control P83
input/output, LPC P82 P83/LPCPD*
input/output, and P82/HIESD/
i P81 =
Ilp_l input/output CLKRUN*
pins P80 S
P81/CS2/GA20
P80/HAO/PME*
Port General I/0 port P97/WAIT/SDAO P97/SDAO
9 also functioning as pgg/g/ExCL P96/B/EXCL
extended data bus . _
control input/output, AS/IOS PO5/CST
IIC_0O input/output, HWR P94/10W
subcloc_k input, g BD P93/IOR
output, interrupt
ir'\putl XBS control P92/IRQ0O P92/IRQO
input, and A/D P91/IRQ1 P91/IRQ1
converter external o Iy IRGZ/ADTRG P90/IRQ2/ADTRG/
trlgger Input pins m
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PBO/WUEO*/HIRQ3
/LSMI*

Mode 2 Mode 3 e,
Port  Description Mode 1 (EXPE =1) (EXPE = 0) Status
Port General I/0 port PA7/KIN15 PA7/A23/KIN15/  PA7/KIN15/CIN15/ On-chip
A also functioning as /CIN15/ CIN15/PS2CD PS2CD input
address output, PS2CD  pp6/A22/KINT4l  PAGKINTA/CINI4/  PUllUP
key-sense intermupt - ppAg/KINT4  CIN14/PS2CC  PS2CC MOSs
input, extended AID  ;~|N14/
input, and keyboard PA5/A21/KIN13/  PA5/KIN13/CIN13/
buffer controller psacc CIN13/PS2BD PS2BD
inputoutput pins  PASKINS o a4/ A50/KINT2/  PA4/KINTZICINI2/
[CINIS/ ciNi2iPs2BC  Ps2BC
PS2BD
_______ PA3/A19/KIN11/ PAS3/KIN11/CIN11/
PA4IKINI2  ciN11/PS2AD  PS2AD
/CIN12/
PS2BC PA2/A18/KIN10/  PA2/KIN10/CIN10/
______ CIN10/PS2AC PS2AC
PA3/KIN11
/CIN11/ PA1/A17/KIN9/ PA1/KIN9/CIN9
PS2AD CIN9 PAO/KINB/CINS
PA2/KINTO PAO/A16/KINS/
ICIN10/ CIN8
PS2AC
PAL1/KIN9/
CIN9
PAO/KINS/
CIN8
Port General I/0 port PB7/D7/WUE7* PB7/WUE7* On-chip
B also functioning as PB6/D6/WUEG* PB6/WUEG* input
wakeup event . . pull-up
interrupt input, data PB5/D5/WUES PB5/WUES MOSs
bus input/output, PB4/D4/WUE4* PB4/WUE4*
XBS control PB3/D3/WUES* PB3/WUE3*/CS4
input/output, and
pins PB1/D1/WUE1* PB1/WUE1*/HIRQ4
PBO/DO/WUEO* fscr

Note:* Not supported by the H8S/2148B.
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8.2 Port 1

Port 1 is an 8-bit I/O port. Port 1 pins also function as an address bus and PWM output pins. P
functions change according to the operating mode. Port 1 has an on-chip input pull-up MOS
function that can be controlled by software. Port 1 has the following registers.

« Port 1 data direction register (P1DDR)
e Port 1 data register (P1DR)
e Port 1 pull-up MOS control register (P1PCR)

8.2.1 Port 1 Data Direction Register (P1DDR)

P1DDR specifies input or output for the pins of port 1 on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 P17DDR 0 w In mode 1:

6 P16DDR 0 w Each pin of port 1 is address output regardless of

5 P15DDR 0 W the set value of P1DDR.

2 P14DDR 0 W In modes 2 and 3 (EXPE=1):
G W m s s
2 P12DDR 0 w and input ports when cleared to 0.

1 P11DDR 0 W In modes 2 and 3 (EXPE=0):

0 P10DDR 0 W The corresponding port 1 pins are output ports or

PWM outputs when the P1DDR bits are setto 1,
and input ports when cleared to 0.
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8.2.2 Port 1 Data Register (P1DR)

P1DR stores output data for the port 1 pins.

Bit Bit Name Initial Value R/W Description

7 P17DR 0 R/W If a port 1 read is performed while the P1DDR bits

6 P16DR 0 RIW are sgt to 1, the PlDR values are reaq. If a port 1
read is performed while the P1DDR bits are cleared

5 P15DR 0 R/W to 0, the pin states are read.

4 P14DR 0 R/W

3 P13DR 0 R/W

2 P12DR 0 R/W

1 P11DR 0 R/W

0 P10DR 0 R/W

8.2.3 Port 1 Pull-Up MOS Control Register (P1PCR)

P1PCR controls the on/off status of the port 1 on-chip input pull-up MOSs.

Bit Bit Name Initial Value R/W Description

7 P17PCR 0 R/W When the pins are in input state, the corresponding

6 P16PCR 0 RIW input pull-up MOS is turned on when a P1PCR bit
is setto 1.

5 P15PCR 0 R/W

4 P14PCR 0 R/W

3 P13PCR 0 R/W

2 P12PCR 0 R/W

1 P11PCR 0 R/W

0 P10PCR 0 R/W

Rev. 2.0, 08/02, page 161 of 788
RENESAS



8.2.4 Pin Functions

e P17/A7/PWT to P10/A0/PWO

The pin function is switched as shown below according to the combination of the OEn bit in
PWOERA of PWM, the P1nDDR bit, and operating mode.

Operating Mode 1 Mode 2, 3 (EXPE = 1) Mode 2, 3 (EXPE = 0)
Mode
P1nDDR — 0 1 0 1
OEn — — 0 1 — 0 1
Pin Function A7 to AO P17 to A7 to AO PW7 to P17 to P17 to PW7 to
output P10 input output PWO P10 input P10 PWO
pins pins pins output pins output output
pins pins pins
Legend
n=7t0

8.2.5 Port 1 Input Pull-Up MOS

Port 1 has an on-chip input pull-up MOS function that can be controlled by software. This input
pull-up MOS function can be specified as on or off on a bit-by-bit basis.

Table 8.2 summarizes the input pull-up MOS states.

Table 8.2  Input Pull-Up MOS States (Port 1)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 On/Off On/Off

Legend:
Off: Input pull-up MOS is always off.
On/Off: On when the pin is in the input state, PIDDR = 0, and P1PCR = 1, otherwise off.
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8.3 Port 2

Port 2 is an 8-bit I1/0 port. Port 2 pins also function as address bus output function, 8-bit PWM
output pins, and the timer connection output pin. Port 2 functions change according to the
operating mode. Port 2 has an on-chip input pull-up MOS function that can be controlled by
software. Port 2 has the following registers.

» Port 2 data direction register (P2DDR)
« Port 2 data register (P2DR)
e Port 2 pull-up MOS control register (P2PCR)

8.3.1 Port 2 Data Direction Register (P2DDR)

P2DDR specifies input or output for the pins of port 2 on a bit-by-bit basis.

Bit Bit Name Initial Value  R/W Description
7 P27DDR 0 W In Mode 1:
6 P26DDR 0 W The corresponding port 2 pins are address outputs,
5 P25DDR 0 W regardless of the P2DDR setting.
2 P24DDR 0 W Modes 2 and 3 (EXPE = 1):
The corresponding port 2 pins are address outputs
3 PZ3DDR 0 w or PWM outputs when P2DDR bits are set to 1,
2 P22DDR 0 w and input ports when cleared to 0. P27 to P24 are
1 P21DDR 0 W switched from address outputs to output ports by
setting the IOSE bit to 1.
0 P20DDR 0 W

P27 can be used as an on-chip peripheral module
output pin regardless of the P27DDR setting, but to
ensure normal access to external space, P27
should not be set as an on-chip peripheral module
output pin when port 2 pins are used as address
output pins.

Modes 2 and 3 (EXPE = 0):

The corresponding port 2 pins are output ports or
PWM outputs when P2DDR bits are set to 1, and
input ports when cleared to 0.

P27 can be used as an on-chip peripheral module
output pin regardless of the P27DDR setting.

Rev. 2.0, 08/02, page 163 of 788
RENESAS



8.3.2 Port 2 Data Register (P2DR)

P2DR stores output data for port 2.

Bit Bit Name Initial Value R/W Description

7 P27DR 0 R/W If a port 2 read is performed while P2DDR bits are

6 P26DR 0 RIW setto 1, the P2DR values. are read directly,
regardless of the actual pin states. If a port 2 read

5 P25DR 0 RIW is performed while P2DDR bits are cleared to 0, the

4 P24DR 0 R/W pin states are read.

3 P23DR 0 RIW

2 P22DR 0 R/W

1 P21DR 0 R/W

0 P20DR 0 R/W

8.3.3 Port 2 Pull-Up MOS Control Register (P2PCR)

P2PCR controls the port 2 on-chip input pull-up MOSs.

Bit Bit Name Initial Value R/W Description

7 P27PCR 0 R/W In modes 2 and 3, the input pull-up MOS is turned
6 P26PCR 0 RIW on when a P2PCR bit is set to 1 in the input port
5 P25PCR 0 RW e

4 P24PCR 0 R/W

3 P23PCR 0 R/W

2 P22PCR 0 R/W

1 P21PCR 0 R/W

0 P20PCR 0 R/W
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8.3.4 Pin Functions

To ensure normal access to external space, P27 should not be set as an on-chip peripheral rr

output pin when port 2 pins are used as address output pins.

e P27/A15/PW15/CBLANK

The pin function is switched as shown below according to the combination of the IOSE bit
SYSCR, the CBOE bit in TCONRO of timer connection, the OE15 bit in PWOERB of PWM

the P27DDR bit, and operating mode.

Operating | Mode Mode 2, 3 (EXPE =1) Mode 2, 3 (EXPE =0)

Mode 1

CBOE — 1 0 1

P27DDR — 0 1 — 0 1 —

OE15 — — 1 — — 0 1 —

IOSE — — 0 1 — — — — — —

Pin Al5 P27 Al5 P27 PW15 CBLANK P27 P27 PW15 CBLANK

Function output | input | output | output | output | output | input | output | output | output
pin pin pin pin pin pin pin pin pin pin

e P26/A14/PW14, P25/A13/PW13, P24/A12/PW12

The pin function is switched as shown below according to the combination of the IOSE bit |

SYSCR, the OEm bit in PWOERB of PWM, the P2nDDR bit, and operating mode.

Operating Mode Mode 2, 3 (EXPE =1) Mode 2, 3 (EXPE =0)
Mode 1
P2nDDR — 0 1 0 1
OEm — — 0 1 — 0 1
IOSE — — 0 1 — — 1 —
Pin Function Al4 P26 to Al4 to P26 to PW14 | P26to | P26to PwW14
to P24 input Al12 P24 to P24 P24 to
Al12 pins output output PW12 input output PW12
output pins pins output pins pins output
pins pins pins
Legend
n=6to4
m=14to 12
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e P23/A11/PW11, P22/A10/PW10, P21/A9/PW9, P20/A8/PW8

The pin function is switched as shown below according to the combination of the OEm bit in
PWOERB of PWM, the P2nDDR bit, and operating mode.

Operating Mode 1 Mode 2, 3 (EXPE = 1) Mode 2, 3 (EXPE = 0)

Mode

P2nDDR — 0 1 0 1

OEm — — 0 1 — 0 1

Pin Function All to A8 P23 to Allto PW11 to P23 to P23 to PW11 to

output P20 input | A8 output PwWs8 P20 input P20 PwWs8
pins pins pins output pins output output
pins pins pins

Legend

n=3t 0

m=11to8

8.3.5 Port 2 Input Pull-Up MOS

Port 2 has an on-chip input pull-up MOS function that can be controlled by software. This input
pull-up MOS function can be specified as on or off on a bit-by-bit basis.

Table 8.3 summarizes the input pull-up MOS states.

Table 8.3  Input Pull-Up MOS States (Port 2)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 On/Off On/Off

Legend
Off:  Input pull-up MOS is always off.
On/Off: On when the pin is in the input state, P2DDR = 0, and P2PCR = 1, otherwise off.
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8.4 Port 3

Port 3 is an 8-bit 1/0 port. Port 3 pins also function as a bidirectional data bus, XBS bidirection
data bus, and LPC input/output pins. Port 3 functions change according to the operating mode
Port 3 has the following registers.

» Port 3 data direction register (P3DDR)
e Port 3 data register (P3DR)
e Port 3 pull-up MOS control register (P3PCR)

8.4.1 Port 3 Data Direction Register (P3DDR)

P3DDR specifies input or output for the pins of port 3 on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 P37DDR 0 W Modes 1, 2, and 3 (EXPE = 1)

6 P36DDR 0 w The input/output direction specified by P3DDR is

5 P35DDR 0 W Ezgred, and pins automatically function as data I/O
4 P34DDR 0 w Modes 2 and 3 (EXPE =0)

3 P33DDR 0 w The corresponding port 3 pins are output ports

2 P32DDR 0 w when P3DDR bits are set to 1, and input ports when
1 P31DDR 0 W cleared to O.

0 P30DDR 0 W

8.4.2 Port 3 Data Register (P3DR)

P3DR stores output data of port 3.

Bit Bit Name Initial Value R/W Description

7 P37DR 0 R/W If a port 3 read is performed while P3DDR bits are

6 P36DR 0 RIW set to 1, the P3DR values are read directly,
regardless of the actual pin states. If a port 3 read is

5 P35DR 0 RIW performed while P3DDR bits are cleared to 0, the

4 P34DR 0 R/IW pin states are read.

3 P33DR 0 R/W

2 P32DR 0 R/W

1 P31DR 0 R/W

0 P30DR 0 R/W
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8.4.3 Port 3 Pull-Up MOS Control Register (P3PCR)

P3PCR controls the port 3 on-chip input pull-up MOSs on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 P37PCR 0 R/W In modes 2 and 3 (when EXPE = 0), the input pull-
6 P36PCR 0 R/W :anﬂl:/éoi:pljtt;cr)r:tegt;r;.When a P3PCR bitissetto 1
5 P3SPCR 0 RIW The input pull-up MOS function cannot be used

4 P34PCR 0 RIW when the host interface is enabled.

3 P33PCR 0 R/W

2 P32PCR 0 R/W

1 P31PCR 0 R/W

0 P30PCR 0 R/W

8.4.4 Pin Functions

+ P37/D15/HDB7/SERIRQ*, P36/D14/HDB6/LCLK*, P35/D13/HDBRESET*,
P34/D12/HDB4L.FRAME*, P33/D11/HDB3/LAD3*, P32/D10/HDB2/LAD2%,
P31/D9/HDB1/LAD1*, P30/D8/HDBO/LADO*

The pin function is switched as shown below according to the combination of the HI12E bit i
SYSCR2, the LPC3E to LPCL1E bits in HICRO of host interface (LPC), the P3nDDR bit, and
operating mode.

Operating Mode 1, 2, 3 Mode 2, 3 (EXPE =0)

Mode (EXPE = 1)

LPCmE All O All O Not all 0

HI12E 0 1 0

P3nDDR — 0 1 — 0

Pin Function D15 to D8 P37 to P30 P37 to P30 HDB7 to LPC

input/output input pins output pins HDBO input/output
pins input/output pins
pins
Note:* The combination of bits not described in the above table must not be used.

m = 3 to 1: LPC input/output pins (SERIRQ, LCLK, LRESET, LFRAME, LAD3 to LADO)
when at least one of LPC3E to LPCI1E is set to 1.

n=7t0
*: Not supported by the H8S/2148B.
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8.4.5 Port 3 Input Pull-Up MOS

Port 3 has an on-chip input pull-up MOS function that can be controlled by software. This inpu
pull-up MOS function can be specified as on or off on a bit-by-bit basis.

Table 8.4 summarizes the input pull-up MOS states.

Table 8.4  Input Pull-Up MOS States (Port 3)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1, 2,3 (EXPE =1) Off Off Off Off
2, 3 (EXPE = 0) On/Off On/Off

Legend
Off:  Input pull-up MOS is always off.
On/Off:On when the pin is in the input state, P3DDR = 0, and P3PCR = 1; otherwise off.

8.5 Port 4

Port 4 is an 8-bit I/O port. Port 4 pins also function as PWMX output pins, TMR_0 and TMR_1
1/0 pins, timer connection 1/O pins, SCI_2 I/O pins, IrDA interface I/O pins, XBS output pins, a
the IIC_1 1/O pin. The output type of P42 and SCK2 is NMOS push-pull output. The output typ
of SDAL is NMOS open drain output. Port 4 pin functions are the same in all operating modes
Port 4 has the following registers.

« Port 4 data direction register (P4DDR)
» Port 4 data register (P4DR)
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85.1 Port 4 Data Direction Register (P4DDR)

P4DDR specifies input or output for the pins of port 4 on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 P47DDR 0 w When a bit in PADDR is set to 1, the corresponding

6 P46DDR 0 W pin functions as an output port, and when cleared to
0, as an input port.

5 P4SDDR 0 w As 14-bit PWM and SCI_2 are initialized in software

4 P44DDR 0 W standby mode, the pin states are determined by the

3 P43DDR 0 W TMR_0, TMR_1, XBS, IIC_1, PADDR, and P4DR
specifications.

2 P42DDR 0 W

1 P41DDR 0 W

0 P40DDR 0 W

8.5.2 Port 4 Data Register (P4DR)

P4DR stores output data for port 4.

Bit Bit Name Initial Value R/W Description

7 P47DR 0 R/W If a port 4 read is performed while PADDR bits are

6 P46DR 0 RIW set to 1, the P4DR values are read directly,
regardless of the actual pin states. If a port 4 read is

5 P45DR 0 R/W performed while P4ADDR bits are cleared to 0, the

4 P44DR 0 RIW pin states are read.

3 P43DR 0 R/W

2 P42DR 0 R/W

1 P41DR 0 R/W

0 P40DR 0 R/W
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8.5.3

o P47/PWX1

The pin function is switched as shown below according to the combination of the OEB bit i

Pin Functions

DACR of the 14-bit PWM and the P47DDR bit.

OEB 0 1
P47DDR 0 1 —

Pin Function P47 input pin P47 output pin PWX1 output pin
« P46/PWXO0

The pin function is switched as shown below according to the combination of the OEA bit i

DACR of the 14-bit PWM and the P46DDR bit.

OEA 0 1
P46DDR 0 1 —
Pin Function P46 input pin P46 output pin PWXO0 output pin

e P45/TMRI1/HIRQ12/CSYNCI

The pin function is switched as shown below according to the combination of the HI12E bit
SYSCR2 and the P45DDR bit.

P45DDR 0 1
HI12E 0 0 1
Pin Function P45 input pin P45 output pin HIRQ12 output pin

TMRI1 input pin, CSYNCI input pin*

Note:* When bits CCLR1 and CCLRO in TCR1 of TMR_1 are set to 1, this pin is used as the
TMRI1 input pin. It can also be used as the CSYNCI input pin.

RENESAS
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e P44/TMO1/HIRQ1/HSYNCO

The pin function is switched as shown below according to the combination of the HI12E bit i
SYSCR2, the OS3 to OSO0 bits in TCSR of TMR_1, the HOE bit in TCONRO of the timer
connection function, and the P44DDR bit.

HOE 0 1
0S3 to 0S0 All 0 Not all 0 —
P44DDR 0 1 — -
HI12E — 0 1 — —
Pin Function P44 P44 HIRQ1 TMO1 HSYNCO
input pin output pin output pin output pin output pin

e P43/TMCI1/HIRQ11/HSYNCI

The pin function is switched as shown below according to the combination of the HI12E bit i
SYSCR2 and the P43DDR bit.

P43DDR 0 1

HI12E — 0 1

Pin Function P43 input pin P43 output pin HIRQ11 output pin
TMCI1 input pin, HSYNCI input pin*

Note:* When the external clock is selected by bits CKS2 to CKSO0 in TCR1 of TMR_1, this pin is
used as the TMCI1 input pin. It can also be used as the HSYNCI input pin.
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* P42/TMRIO/SCK2/SDA1

The pin function is switched as shown below according to the combination of the ICE bit in
ICCR of IIC1, the CKE1 and CKEQO bits in SCR of SCI_2, tha 6it in SMR of SCI_2, and
the P4A2DDR hit.

ICE 0 1

CKE1l 0 1 0

C/A 0 1 — 0

CKEO 0 1 — — 0

P42DDR 0 1 — — — —

Pin Function | P42 input | P42 output | SCK2 output | SCK2 output |SCK2 input SDA1
pin pin pin pin pin I/O pin

TMRIO input pin*

Note:* When this pin is used as the SDAL I/O pin, bits CKE1 and CKEO in SCR of SCI_2 and bit
C/A in SMR of SCI_2 must all be cleared to 0. SDA1 is an NMOS-only output, and has
direct bus drive capability.

When bits CCLR1 and CCLRO in TCRO of TMR_0 are set to 1, this pin is used as the
TMRIO input pin.

When the P42 output pin and SCK2 output pin are set, the output type is NMOS push-pull
output.

*  P41/TMOO/RxD2/IrRxD

The pin function is switched as shown below according to the combination of the OS3 to C
bits in TCSR of TMRO, the RE bit in SCR of SCI_2 and the P41DDR bit.

0S3 to OS0 AllO Not all 0
RE 0 1 0
P41DDR 0 1 — —
Pin Function P41 P41 RxD2/IrRxD TMOO
input pin output pin input pin output pin
Note:* When this pin is used as the TMOO output pin, bit RE in SCR of SCI_2 must be cleared to
0.
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* P40/TMCIO0/TxD2/IrTxD

The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_2 and the P40DDR bit.

TE 0 1
P40DDR 0 1 —
Pin Function P40 P40 TxD2/IrTxD
input pin output pin output pin
TMCIO input pin*

Note:* When an external clock is selected with bits CKS2 to CKSO0 in TCRO of TMR_0, this pin is
used as the TMCIO input pin.

8.6 Port 5

Port 5 is a 3-bit I/O port. Port 5 pins also function as SCI_0 /O pins, and the 1IC_0 I/O pin. P52
and SCKO are NMOS push-pull outputs, and SCLO is an NMOS open-drain output. Port 5 has t
following registers.

» Port 5 data direction register (P5DDR)

e Port 5 data register (P5DR)

8.6.1 Port 5 Data Direction Register (P5DDR)

P5DDR specifies input or output for the pins of port 5 on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

— All 1 — Reserved
The initial value must not be changed.

P52DDR 0 w The corresponding port 5 pins are output ports

when P5DDR bits are set to 1, and input ports

olr|Nv|wg N

P51DDR W R -
when cleared to 0. As SCI_O is initialized in
PS0DDR 0 W software standby mode, the pin states are
determined by the IIC_0 ICCR, P5DDR, and P5DR
specifications.
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8.6.2

P5DR stores output data for port 5 pins.

Port 5 Data Register (P5DR)

Bit Bit Name Initial Value R/W Description

7 — All1 — Reserved

go The initial value must not be changed.

2 P52DR R/W If a port 5 read is performed while PSDDR bits are

1 P51DR RIW set to 1, the P5DR values are read directly,
regardless of the actual pin states. If a port 5 read

0 P50DR R/W is performed while P5DDR bits are cleared to 0, the
pin states are read.

8.6.3 Pin Functions

« P52/SCKO0/SCLO
The pin function is switched as shown below according to the combination of the CKE1 an
CKEQO bits in SCR of SCI_0, the £bit in SMR of SCI_0, the ICE bit in ICCR of IIC_0, and
the P52DDR bit.

ICE 0 1
CKE1 0 1 0
C/A 0 1 — 0
CKEO 1 — — 0
P52DDR 0 1 — — — —
Pin Function P52 P52 SCKO output | SCKO output SCKO SCLO
input pin output pin pin pin input pin I/O pin

Note:* When this pin is used as the SCLO I/O pin, bits CKE1 and CKEO in SCR of SCIO0 and bit C/A
in SMR of SCI0O must all be cleared to 0.

SCLO is an NMOS open-drain output, and has direct bus drive capability.
When set as the P52 output pin or SCKO output pin, this pin is an NMOS push-pull output.

e P51/RxDO0

The pin function is switched as shown below according to the combination of the RE bit in
SCR of SCI_0 and the P51DDR bit.

RE 0 1
P51DDR 0 1 —
Pin Function P51 input pin P51 output pin RxDO input pin
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* P50/TxDO0

The pin function is switched as shown below according to the combination of the TE bit in
SCR of SCI_0 and the P50DDR bit.

TE 0 1
P50DDR 0 1 —

Pin Function P50 input pin P50 output pin TxDO output pin
8.7 Port 6

Port 6 is an 8-bit I/0O port. Port 6 pins also function as the FRT 1/O pins, TMR_X I/O pins, the
TMR_Y input pin, timer connection I/O pins, key-sense interrupt input pins, expansion A/D
converter input pins, and external interrupt input pins. The port 6 input level can be switched in
four stages. Port 6 pin functions are the same in all operating modes. For details on the systen
control register 2 (SYSCR?2), refer to section 18, Host Interface X-Bus Interface (XBS). Port 6 I
the following registers.

» Port 6 data direction register (P6DDR)

« Port 6 data register (P6DR)

e Port 6 pull-up MOS control register (KMPCR®6)
e System control register 2 (SYSCR2)

8.7.1 Port 6 Data Direction Register (P6DDR)

P6DDR specifies input or output for the pins of port 6 on a bit-by-bit basis.

@

Bit Name |Initial Value R/W Description

P67DDR 0 The corresponding port 6 pins are output ports

when P6DDR bits are set to 1, and input ports

P66DDR
when cleared to 0.

P65DDR

P64DDR

P63DDR

P62DDR

P61DDR

OR[N WOl O| N
o|o|Oo|Oo|O|O| O
glg|g|g|lg|g|g|

P60DDR
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8.7.2 Port 6 Data Register (P6DR)

P6DR stores output data for port 6.

Bit Bit Name Initial Value R/W Description

7 P67DR 0 R/W If a port 6 read is performed while P6DDR bits are

6 PG6DR 0 RIW setto 1, the P6DR values. are read directly,
regardless of the actual pin states. If a port 6 read

5 P65DR 0 RIW is performed while P6DDR bits are cleared to 0, the

4 P64DR 0 R/W pin states are read.

3 P63DR 0 RIW

2 P62DR 0 R/W

1 P61DR 0 R/W

0 P60DR 0 R/W

8.7.3 Port 6 Pull-Up MOS Control Register (KMPCR)

KMPCR controls the port 6 on-chip input pull-up MOSs on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 KM7PCR 0 R/W The input pull-up MOS is turned on when a

6 KM6PCR 0 RIW KMPCR b.it.is setto 1 Whilg the correspopding
P6DDR bit is cleared to O (input port setting).

5 KM5PCR 0 R/W

4 KM4PCR 0 R/W

3 KM3PCR 0 R/W

2 KM2PCR 0 R/W

1 KM1PCR 0 R/W

0 KMOPCR 0 R/W

8.7.4 Pin Functions

e P67/TMOX/CIN7KIN7/IRQ7

The pin function is switched as shown below according to the combination of the OS3 to C
bits in TCSR of TMR_X and the P67DDR bit.
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0OS3 to OSO AllO Not all 0
P67DDR 0 1 —

Pin Function P67 input pin P67 output pin TMOX output pin
TRQ?7 input pin, KIN7 input pin, CIN7 input pin*

Note:* This pin is used as the IRQ7 input pin when bit IRQ7E is setto 1 in IER. It can always be
used as the KIN7 or CIN7 input pin.

* P66/FTOB/CINGKING6/IRQ6

The pin function is switched as shown below according to the combination of the OEB bit in
TOCR of the FRT and the P66DDR bit.

OEB 0 1

P66DDR 0 1 —

Pin Function P66 input pin P66 output pin FTOB output pin
TRQ6 input pin, KING input pin, CING input pin*

Note:* This pin is used as the IRQ6 input pin when bit IRQ6E is set to 1 in IER while the KMIMR6
bit in KMIMR is 0. It can always be used as the KIN6 or CING input pin.

* P65/FTID/CINSKINS

P65DDR 0 1

Pin Function P65 input pin P65 output pin
FTID input pin, KIN5 input pin, CIN5 input pin*

Note:* This pin can always be used as the FTID, KIN5, or CIN5 input pin.

* P64/FTIC/CIN4KIN4/CLAMPO

The pin function is switched as shown below according to the combination of the CLOE bit i
TCONRO of the timer connection function and the P64DDR bit.

CLOE 0 1

P64DDR 0 1 —

Pin Function P64 input pin P64 output pin CLAMPO output pin
FTIC input pin, KIN4 input pin, CIN4 input pin*

Note:* This pin can always be used as the FTIC, KIN4, or CIN4 input pin.
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e P63/FTIB/CIN3KIN3/VFBACKI

P63DDR

0

1

Pin Function

P63 input pin

P63 output pin

FTIB input pin, VFBACKI input pin, KIN3 input pin, CIN3 input pin*

Note:* This pin can always be used as the FTIB, KIN3, CIN3, or VFBACKI input pin.

e P62/FTIA/CIN2KIN2/VSYNCI/TMIY

P62DDR

0

1

Pin Function

P62 input pin

P62 output pin

FTIA input pin, VSYNCI input pin, TMIY input pin, KIN2 input pin,

CIN2 input pin*

Note:* This pin can always be used as the FTIA, TMIY, KIN2, CIN2, or VSYNCI input pin.

* P61/FTOA/CINIKINI/VSYNCO

The pin function is switched as shown below according to the combination of the OEA bit i

TOCR of the FRT, the VOE bit in TCONRO of the timer connection function, and the

P61DDR bit.
VOE 0 1
OEA 0 1 —
P61DDR 0 1 — —
Pin Function P61 input pin P61 output pin FTOA output pin | VSYNCO output pin

KIN1 input pin, CIN1 input pin*

Note:* When this pin is used as the VSYNCO pin, bit OEA in TOCR of the FRT must be cleared to
0. This pin can always be used as the KIN1 or CIN1 input pin.

*  P60/FTCI/CINOKINO/HFBACKI/TMIX

P60DDR

0

1

Pin Function

P60 input pin

P60 output pin

FTCI input pin, HFBACKI input pin, TMIX input pin, KINO input pin,

CINO input pin*

Note:* This pin is used as the FTCI input pin when an external clock is selected with bits CKS1
and CKSO0 in TCR of the FRT. It can always be used as the TMIX, KINO, CINO, or HFBACKI

input pin.
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8.7.5 Port 6 Input Pull-Up MOS

Port 6 has an on-chip input pull-up MOS function that can be controlled by software. This input
pull-up MOS function can be specified as on or off on a bit-by-bit basis.

The input pull-up MOS current specification can be changed by means of the P6PUE bit. Wher
pin is designated as an on-chip peripheral module output pin, the input pull-up MOS is always ¢

Table 8.5 summarizes the input pull-up MOS states.

Table 8.5 Input Pull-Up MOS States (Port 6)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2,3 Off Off On/Off On/Off

Legend:
Off:  Input pull-up MOS is always off.
On/Off:On when the pin is in the input state, P6DDR = 0, and KMPCR = 1; otherwise off.

8.8 Port 7

Port 7 is an 8-bit input only port. Port 7 pins also function as the A/D converter analog input pin
and D/A converter analog output pins. Port 7 functions are the same in all operating modes. Pc
has the following register.

e Port 7 input data register (P7PIN)
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8.8.1

Port 7 Input Data Register (P7PIN)

P7PIN reflects the pin states of port 7.

Bit Bit Name Initial Value R/W Description

7 P77PIN Undefined* R When a P7PIN read is performed, the pin states

6 P76PIN Undefined* R are always reaq. PjPIN has the same gddress. as
PBDDR; if a write is performed, data will be written

5 P75PIN Undefined* R into PBDDR and the port B setting will be changed.

4 P74PIN Undefined* R

3 P73PIN Undefined* R

2 P72PIN Undefined* R

1 P71PIN Undefined* R

0 P70PIN Undefined* R

Note:* Determined by the pin states of P77 to P70.

8.8.2

« P77/AN7/DA1
The pin function is switched as shown below according to the combination of the DAE bit ir

Pin Functions

DACR of the D/A converter and the DAOEL1 bit.

DACE1 0 1
DAE 0 1 —
Pin Function P77 input pin DA1 input pin DAL output pin

AN7 input pin*

Note:* This pin can always be used as the AN7 input pin.

+ P76/AN6/DAO
The pin function is switched as shown below according to the combination of the DAE bit ir

DACR of the D/A converter and the DAOEDO bit.

DAOEO 0 1
DAE 0 1 —
Pin Function P76 input pin DAO output pin DAO output pin

ANG input pin*

Note:* This pin can always be used as the AN6 input pin.
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e P75/AN5, P74/AN4, P73/AN3, P72/AN2, P71/AN1, P70/ANO

Pin Function P75 to P70 input pins
ANS5 to ANO input pin*

Note:* This pin can always be used as the AN5 to ANO input pins.

8.9 Port 8

Port 8 is an 8-bit 1/0 port. Port 8 pins also function as SCI_1 1/O pins, the [IC_1 1/O pin, XBS I/(
pins, LPC I/O pins, and interrupt input pins. The output type of P86 and SCK1 is NMOS push-p
output. The output type of SCL1 is NMOS open drain output and direct bus driving is enabled.
Port 8 pin functions are the same in all operating modes except host interface function. Port 8 t
the following registers.

» Port 8 data direction register (P8DDR)

« Port 8 data register (P8DR)

8.9.1 Port 8 Data Direction Register (P8DDR)

PB8DDR specifies input or output for the pins of port 8 on a bit-by-bit basis.

Bit Bit Name |Initial Value R/W Description

7 — 1 — Reserved
The initial value must not be changed.

6 P86DDR 0 w P8DDR has the same address as PBPIN, and if
5 PS5DDR 0 W read, the port B state will be returned.

s eodR 0 W e cemesponeng b & i are st o
3 P83DDR 0 W when cleared to 0.

2 P82DDR 0 w

1 P81DDR 0 w

0 P8ODDR 0 w
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8.9.2 Port 8 Data Register (P8DR)
P8DR stores output data for the port 8 pins (P86 to P80).

Bit Bit Name Initial Value R/W Description

7 — 1 — Reserved
The initial value must not be changed.

6 P86DR 0 R/W If a port 8 read is performed while P8DDR bits are

5 PS85DR 0 RIW set to 1, the P8DR values are read directly,
regardless of the actual pin states. If a port 8 read

4 P84DR 0 RIW is performed while P8DDR bits are cleared to 0, the

3 PS3DR 0 R/W pin states are read.

2 P82DR 0 R/W

1 P81DR 0 R/W

0 P80ODR 0 R/W

8.9.3 Pin Functions

« P86IRQ5/ SCK1/SCL1
The pin function is switched as shown below according to the combination of the CKE1 an
CKEQO bits in SCR of SCI_1, the £bit in SMR of SCI_1, the ICE bit in ICCR of IIC_1, and
the P86DDR bit.

ICE 0 1

CKE1 0 1 0

C/A 0 1 — 0

CKEO 0 1 — — 0

P86DDR 0 1 — — — —

Pin Function P86 P86 SCK1 SCK1 SCK1 SCL1
input pin output pin output pin output pin input pin I/O pin

IRQS5 input pin*

Note:* When the IRQ5E bit in IER is set to 1, this pin is used as the IRQ5 input pin. When this pin
is used as the SCL1 1/O pin, bits CKE1 and CKEQ in SCR of SCI_1 and bit C/A in SMR of
SCI_1 must all be cleared to 0. When the P86 output pin and SCK1 output pin are set, the
output type is NMOS push-pull output. SCL1 is an NMOS-only output, and has direct bus
drive capability.
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« P85IRQ4/RxD1

The pin function is switched as shown below according to the combination of the RE bit in

SCR of SCI_1 and the P85DDR bit.

RE 0 1

P85DDR 0 1 —

Pin Function P85 input pin P85 output pin RxD1 input pin
IRQ4 input pin*

Note:* When the IRQ4E bit in IER is set to 1, this pin is used as the IRQ4 input pin.

+  P84IRQ3/TxD1

The pin function is switched as shown below according to the combination of the TE bit in

SCR of SCI_1 and the P84DDR bit.

TE 0 1
P84DDR 0 1 —
Pin Function P84 input pin P84 output pin TxD1 output pin

IRQ3 input pin*

Note:* When the IRQ3E bit in IER is set to 1, this pin is used as the IRQ3 input pin.

« P83LPCPD*?

The pin function is switched as shown below according to the P83DDR bit.

P83DDR

0

1

Pin Function

P83 input pin

P83 output pin

LPCPD input pin***?

Notes: 1. When at least one of bits LPC3E to LPC1E is set to 1 in HICRO, this pin is used as the
LPCPD input pin. The LPCPD input pin can only be used in mode 2 or 3 (EXPE = 0).

2. Not supported by the H8S/2148B.
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« P82/HIFSDCLKRUN*?

The pin function is switched as shown below according to the combination of the HI12E an

SDE bits in SYSCR2, the LPC3E to LPC1E bits in HICRO, and the P82DDR bit.

LPC3E to All 0 Not all 0

LPC1E

HI12E 0 1 0**

SDE — 0 1 —

P82DDR 0 1 0 1 — 0**

Pin Function P82 P82 P82 P82 HIFSD CLKRUN /O
input pin output pin input pin output pin input pin pin*?

Notes: The HIFSD input pin and CLKRUN 1/O pin can only be used in mode 2 or 3 (EXPE = 0).

1. When at least one of bits LPC3E to LPCI1E is set to 1, bits HI12E and P82DDR should
be cleared to 0.

2. Not supported by the H8S/2148B.

. P81CS2/GA20

The pin function is switched as shown below according to the combination of the HI12E bit
SYSCRZ2, the CS2E bit in SYSCR, the FGA20E bit in HICR, the FGA20E bit in HICRO, anc

the P81DDR bit.

FGA20E 0 1

(LPC)

HI12E 0 1 0**

FGA20E — 0 1 —

(XBS)

CS2E — 0 1 — —

P81DDR 0 1 0 1 — 0 1 (L

Pin Function |P81 input P81 outpufP81 input| P81 |CS2input/P81 input| GA20 GA20
pin pin pin output pin|  pin*? pin output pin|output pin

GA20 input pin*?

Notes: 1. When bit FGA20E is set to 1 in HICRO, bits HI12E and P81DDR should be cleared to 0.
2. The GA20 output pin and CS2 input pin can only be used in mode 2 or 3 (EXPE = 0).
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» P80/HAOPME*’

The pin function is switched as shown below according to the combination of the HI12E bit i
SYSCR2, the PMEE bit in HICRO, and the PS80DDR bit.

PMEE 0 1

HI12E 0 1 0**

P8ODDR 0 1 — o*!

Pin Function P80 input pin P80 output pin HAO input pin** PME output pin
PME input pin****

Notes: 1. When bit PMEE is set to 1 in HICRO, bits HI12E and PS8ODDR should be cleared to 0.
2.  The HAO input pin can only be used in mode 2 or 3 (EXPE = 0).
3. Not supported by the H8S/2148B.

8.10 Port 9

Port 9 is an 8-bit I/0 port. Port 9 pins also function as external interrupt input pins, the A/D
converter input pin, host interface (XBS) input pins, the IIC_0 I/O pin, the subclock input pin, bu
control signal 1/0 pins, and the system clock (@) output pin. P97 is an NMOS push-pull output.
SDAO is an NMOS open-drain output, and has direct bus drive capability. Port 9 has the followi
registers.

« Port 9 data direction register (P9DDR)
» Port 9 data register (P9DR)
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8.10.1 Port 9 Data Direction Register (P9DDR)

PIDDR specifies input or output for the pins of port 9 on a bit-by-bit basis.

Initial

Bit Bit Name Value R/W Description
7 P97DDR 0 w PODDR is initialized to H'40 (mode 1) or H'00 (modes 2
6 P96DDR  1/0° W and 3).
5 PO5DDR 0 W Modes 1, 2, and 3 (EXPE = 1):

Pin P97 functions as a bus control input (WAIT), the IIC_0
4 P94DDR 0 w 1/0 pin (SDAO), or an I/O port, according to the wait mode
3 P93DDR 0 W setting. When P97 functions as an 1/O port, it becomes an
2 P92DDR 0 W output port when P97DDR is set to 1, and an input port

when P97DDR is cleared to O.
1 P91DDR 0 W . . . .

Pin P96 functions as the g output pin when P96DDR is set
0 PO90DDR 0 W

to 1, and as the subclock input (EXCL) or an input port
when P96DDR is cleared to 0.

Pins P95 to P93 automatically become bus control outputs
(AS/I0S, HWR, RD), regardless of the input/output
direction indicated by P95DDR to P93DDR.

Pins P92 and P91 become output ports when P92DDR
and P91DDR are set to 1, and input ports when P92DDR
and P91DDR are cleared to 0.

When the ABW bit in WSCR is cleared to 0, pin P90
becomes a bus control output (LWR), regardless of the
input/output direction indicated by PO9ODDR. When the
ABW bit is 1, pin P90 becomes an output port if P9ODDR
is set to 1, and an input port if P9ODDR is cleared to O.

Modes 2 and 3 (EXPE = 0):

When the corresponding P9DDR bits are set to 1, pin P96
functions as the @ output pin and pins P97 and P95 to P90
become output ports. When PO9DDR bits are cleared to 0,
the corresponding pins become input ports.

Note:* The initial value of P96DDR is 1 (mode 1) or 0 (modes 2 and 3).
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8.10.2 Port 9 Data Register (P9DR)

PIDR stores output data for the port 9 pins.

Bit Bit Name Initial Value R/W Description

7 P97DR 0 R/W With the exception of P96, if a port 9 read is

6 P96DR Undefined* R performed while P9DDR bits are set to 1, the PODR
values are read directly, regardless of the actual

5 P95DR 0 R/W pin states. If a port 9 read is performed while

4 P94DR 0 R/W PIDDR bits are cleared to 0, the pin states are
read.

3 P93DR 0 R/W ] ]
For P96, the pin state is always read.

2 P92DR 0 R/W

1 P91DR 0 R/W

0 P90DR 0 R/W

Note:* The initial value of bit 6 is determined according to the P96 pin state.

8.10.3 Pin Functions

* P97WAIT/SDAO

The pin function is switched as shown below according to the combination of operating moc
the WMS1 bit in WSCR, the ICE bit in ICCR of IIC_0, and the P97DDR bit.

Operating Modes 1, 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)

Mode

WMS1 0 1 —

ICE 0 1 — 0 1

P97DDR 0 1 — — 0 1 —

Pin Function | P97 input | P97 output |SDAO I/O | WAIT input| P97 input |P97 output| SDAO I/O
pin pin pin pin pin pin pin

Note:* When this pin is set as the P97 output pin, it is an NMOS push-pull output. SDAQ is an
NMOS open-drain output, and has direct bus drive capability.
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* P96/g/EXCL

The pin function is switched as shown below according to the combination of the EXCLE b
in LPWRCR and the P96DDR bit.

P96DDR 0 1
EXCLE 0 1 0
Pin Function P96 input pin EXCL input pin @ output pin

Note:* When this pin is used as the EXCL input pin, P96DDR should be cleared to 0.

. P95AS/M0S/CST

The pin function is switched as shown below according to the combination of operating mo
the IOSE bit in SYSCR, the HI12E bit in SYSCR2, and the P95DDR bit.

Operating Modes 1, 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)

Mode

HI12E — 0 1

PO95DDR — 0 1 —

IOSE 0 1 — — —

Pin Function AS 108 P95 P95 CSH
output pin output pin input pin output pin input pin

* P94HWR/IOW

The pin function is switched as shown below according to the combination of operating mo
the HI12E bit in SYSCR2, and the P94DDR bit.

Operating Modes 1, 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)

Mode

HI12E — 0 1

P94DDR — 0 1 —

Pin Function HWR P94 P94 IOW
output pin input pin output pin input pin
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« P93RD/IOR

The pin function is switched as shown below according to the combination of operating moc

the HI12E bit in SYSCR2, and the P93DDR bit.

Operating Mode Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
(EXPE = 1)

HI12E — 0 1
P93DDR — 0 1 —
Pin Function RD output pin P93 input pin P93 output pin IOR input pin
« P92IRQO

P92DDR 0 1

Pin Function P92 input pin P92 output pin

IRQO input pin*

Note:* When bit IRQOE in IER is set to 1, this pin is used as the IRQO input pin.

« P91IRQI
P91DDR 0 1
Pin Function P91 input pin P91 output pin

IRQ1 input pin*

Note:* When bit IRQ1E in IER is set to 1, this pin is used as the IRQ1 input pin.
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e P90LWR/IRQ2/ADTRG/ECS2

The pin function is switched as shown below according to the combination of operating mo
the ABW bit in WSCR, the HI12E and CS2E bits in SYSCR2, the FGA20E bit in HICR, anc

the POODDR bit.

Operating Modes 1, 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)

Mode

ABW 0 1 —

HI12E — Any one O 1

FGA20E —

CS2E — 1

POODDR — 0 1 0 1 —

Pin Function | LWR output P90 P90 output P90 P90 output | ECS2 input
pin input pin pin input pin pin pin

IRQ2 input pin, ADTRG input pin*

Note:* When the IRQ2E bit in IER is set to 1 in mode 1, 2, or 3 (EXPE = 1) with the ABW bit in
WSCR set to 1, or in mode 2 and 3 (EXPE = 0), this pin is used as the IRQ2 input pin.
When TRGS1 and TRGSO in ADCR of the A/D converter are both set to 1, this pin is used
as the ADTRG input pin.

8.11

Port A is an 8-bit I/0O port. Port A pins also function as keyboard buffer controller I1/O pins, key-
sense interrupt input pins, expansion A/D converter input pins, and address output pins. Port /
functions change according to the operating mode. Port A input/output operates by VccB pow
independent from the Vcc power. Up to 5 V can be applied to port A pins if VccB power is 5 V

Port A

Port A has the following registers. PADDR and PAPIN have the same address.

« Port A data direction register (PADDR)
« Port A output data register (PAODR)

« Port A input data register (PAPIN)
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8.11.1 Port A Data Direction Register (PADDR)

PADDR specifies input or output for the pins of port A on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 PA7DDR 0 w In mode 1, 2 (EXPE =0), or 3:

6 PA6DDR 0 w The corresponding port A pins are output ports

5 PASDDR 0 W when PADDR bits are set to 1, and input ports
when cleared to O.

4 PAADDR 0 w In mode 2 (EXPE = 1):

8 PASDDR 0 w The corresponding port A pins are address output

2 PA2DDR 0 W when PADDR bits are set to 1, and input ports

1 PA1DDR 0 W when cleared to 0. The port A pins changes from
the address /O ports to output ports by setting the

0 PAODDR 0 w IOSE bit to 1.

PA7 to PA2 pins are used as the keyboard buffer
controller 1/O pins by setting the KBIOE bit to 1
regardless of the operating mode, while the I/O
direction according to PA7DDR to PA2DDR is
ignored.

PADDR has the same address as PAPIN, if read,
port A status is returned.

8.11.2 Port A Output Data Register (PAODR)

PAODR stores output data for port A.

Bit Bit Name Initial Value R/W Description

7 PA70DR 0 R/W PAODR can always be read or written to,
6 PAGODR 0 RIW regardless of the contents of PADDR.

5 PA50DR 0 R/W

4 PA40DR 0 R/W

3 PA3ODR 0 R/W

2 PA20DR 0 R/W

1 PA10ODR 0 R/W

0 PAOODR 0 R/W
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8.11.3 Port A Input Data Register (PAPIN)
PAPIN indicates the port A state.

Bit Bit Name Initial Value R/W Description

PA7PIN Undefined* Reading PAPIN always returns the pin states.

PAGPIN Undefined* PAPIN has the same address as PADDR. If a write

is performed, the port A settings will change.
PA5PIN Undefined*

PA3PIN Undefined*

PA2PIN Undefined*

RN W dlO|O| N

R
R
R
PA4PIN Undefined* R
R
R
R

PA1PIN Undefined*

0 PAOPIN Undefined* R

Note:* The initial value is determined according to the PA7 to PAO pin states.

8.11.4 Pin Functions

* PA7/A23KIN15/CIN15/PS2CD
The pin function is switched as shown below according to the combination of operating mc
the KBIOE bit in KBCRH_2 of the keyboard buffer controller, the IOSE bit in SYSCR, and
the PA7DDR bit.

Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)

Mode

KBIOE 0 1 0 1

PA7DDR 0 1 — 0 1 —

IOSE — — — — 0 1 —

Pin Function PA7 PA7 PS2CD PA7 A23 output |PA7 output| PS2CD
input pin  |output pin| output pin | input pin pin pin output pin

KIN15 input pin, CIN15 input pin, PS2CD input pin*

Note:* When the KBIOE bit is set to 1 or the IICS bit in STCR is set to 1, this pin is an NMOS
open-drain output, and has direct bus drive capability. This pin can always be used as the
PS2CD, KIN15, or CIN15 input pin.
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* PA6/A22KIN14/CIN14/PS2CC

The pin function is switched as shown below according to the combination of operating moc
the KBIOE bit in KBCRH_2 of the keyboard buffer controller, the IOSE bit in SYSCR, and

the PA6DDR bit.

Operating Modes 1, 2 (EXPE = 0), 3 Mode 2 (EXPE =1)

Mode

KBIOE 1 0 1
PA6DDR 0 1 — 0 —
IOSE — — — — 0 1 —
Pin PAG6 PAG6 output| PS2CC PAG6 A22 output | PA6 output| PS2CC
Function input pin pin output pin | input pin pin pin output pin

KIN14 input pin, CIN14 input pin, PS2CC input pin*

Note:* When the KBIOE bit is set to 1 or the IICS bit in STCR is set to 1, this pin is an NMOS
open-drain output, and has direct bus drive capability. This pin can always be used as the
PS2CC, KIN14, or CIN14 input pin.

* PA5/A21KIN13/CIN13/PS2BD

The pin function is switched as shown below according to the combination of operating moc
the KBIOE bit in KBCRH_1 of the keyboard buffer controller, the IOSE bit in SYSCR, and

the PASDDR bit.

Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)

Mode

KBIOE 1 0 1
PA5DDR 0 1 — 0 —
IOSE — — — — 0 1 —
Pin PAS PAS5 PS2BD PAS5 A21 PAS PS2BD
Function input pin | output pin | output pin | input pin | output pin | output pin | output pin

KIN13 input pin, CIN13 input pin, PS2BD input pin*

Note:* When the KBIOE bit is set to 1 or the IICS bit in STCR is set to 1, this pin is an NMOS
open-drain output, and has direct bus drive capability. This pin can always be used as the
PS2BD, KIN13, or CIN13 input pin.
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* PA4/A20KIN12/CIN12/PS2BC

The pin function is switched as shown below according to the combination of operating mo
the KBIOE bit in KBCRH_1 of the keyboard buffer controller, the IOSE bit in SYSCR, and

the PA4DDR bit.

Operating Modes 1, 2 (EXPE = 0), 3 Mode 2 (EXPE =1)

Mode

KBIOE 1 0 1
PA4DDR 0 1 — 0 —
IOSE — — — — 0 1 —
Pin PA4 PA4 PS2BC PA4 A20 PA4 PS2BC
Function input pin | output pin | output pin | input pin | output pin | output pin | output pin

KIN12 input pin, CIN12 input pin, PS2BC input pin*

Note:* When the KBIOE bit is set to 1 or the IICS bit in STCR is set to 1, this pin is an NMOS
open-drain output, and has direct bus drive capability. This pin can always be used as the
PS2BC, KIN12, or CIN12 input pin.

* PA3/A19KINI11/CIN11/PS2AD

The pin function is switched as shown below according to the combination of operating mc
the KBIOE bit in KBCRH_0 of the keyboard buffer controller, the IOSE bit in SYSCR, and

the PA3DDR bit.

Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)

Mode

KBIOE 1 0 1
PA3DDR 0 1 — 0 —
IOSE — — — — 0 1 —
Pin PA3 PA3 output| PS2AD PA3 A19 output | PA3 output| PS2AD
Function input pin pin output pin | input pin pin pin output pin

KIN11 input pin, CIN11 input pin, PS2AD input pin*

Note:* When the KBIOE bit is set to 1, this pin is an NMOS open-drain output, and has direct bus
drive capability. This pin can always be used as the PS2AD, KIN11, or CIN11 input pin.
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e PA2/A18KIN10/CIN10/PS2AC

The pin function is switched as shown below according to the combination of operating moc
the KBIOE bit in KBCRH_0 of the keyboard buffer controller, the IOSE bit in SYSCR, and

the PA2DDR bit.

Operating Modes 1, 2 (EXPE = 0), 3 Mode 2 (EXPE =1)

Mode

KBIOE 0 1 0 1

PA2DDR 0 1 — 0 1 —

IOSE — — — — 0 1 —

Pin PA2 PA2 PS2AC PA2 Al8 PA2 PS2AC

Function input pin | output pin | output pin | input pin | output pin | output pin | output pin
KIN10 input pin, CIN10 input pin, PS2AC input pin*

Note:* When the KBIOE bit is set to 1, this pin is an NMOS open-drain output, and has direct bus
drive capability. This pin can always be used as the PS2AC, KIN10, or CIN10 input pin.

e PA1/A17KINY/CIN9

The pin function is switched as shown below according to the combination of operating moc

the IOSE bit in SYSCR and the PA1DDR bit.

Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)
Mode
PA1DDR 0 1 0 1
IOSE — — — 0 1
Pin Function PAl PAl PAl Al7 PAl
input pin output pin input pin output pin output pin
KIN9 input pin, CIN9 input pin*

Note:* This pin can always be used as the KIN9 or CIN9 input pin.
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* PAO/A16/KINS/CINS

The pin function is switched as shown below according to the combination of operating mo

the IOSE bit in SYSCR and the PAODDR bit.

Operating Modes 1, 2 (EXPE = 0), 3 Mode 2 (EXPE =1)
Mode
PAODDR 0 1 0
IOSE — — — 0 1
Pin Function PAO PAO PAO Al6 PAO
input pin output pin input pin output pin output pin
KIN8 input pin, CIN8 input pin*

Note:* This pin can always be used as the KIN8 or CIN8 input pin.

8.11.5 Port A Input Pull-Up MOS

Port A has an on-chip input pull-up MOS function that can be controlled by software. This inpL
pull-up MOS function can be specified as on or off on a bit-by-bit basis.

The input pull-up MOS for pins PA7 to PA4 is always off when IICS is set to 1. When the
keyboard buffer control pin function is selected for pins PA7 to PA2, the input pull-up MOS is

always off.

Table 8.6 summarizes the input pull-up MOS states.

Table 8.6  Input Pull-Up MOS States (Port A)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2,3 Off Off On/Off On/Off
Legend

Off: Input pull-up MOS is always off.
On/Off: On when the pin is in the input state, PADDR

=0, and PAODR = 1; otherwise off.
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8.12 Port B

Port B is an 8-bit I/O port. Port B pins also have XBS input/output pins, LPC input/output pins,
wakeup event interrupt input pins, and a data bus input/output function. The pin functions depe
on the operating mode. Port B has the following registers.

» Port B data direction register (PBDDR)

« Port B output data register (PBODR)
« Port B input data register (PBPIN)

8.12.1  Port B Data Direction Register (PBDDR)

PBDDR specifies input or output for the pins of port B on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 PB7DDR 0 w PBDDR has the same address as P7PIN, and if

6 PB6DDR 0 W read, the port 7 pin states will be returned.

5 PBSDDR 0 w e Modes 1, 2, and 3 (EXPE =1)

4 PB4DDR 0 hid When the ABW bit in WSCR is cleared to 0,

3 PB3DDR 0 w port B pins automatically become data 1/O pins
2 PB2DDR 0 W (D7 to DO), regardless of the input/output

1 PB1DDR 0 W direction indicated by PBDDR. When the ABW
0 PBODDR 0 W bit is 1, a port B pin becomes an output port if

the corresponding PBDDR bit is set to 1, and
an input port if the bit is cleared to 0.
Modes 2 and 3 (EXPE =0)

A port B pin becomes an output port if the
corresponding PBDDR bit is set to 1, and an
input port if the bit is cleared to 0.
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8.12.2 Port B Output Data Register (PBODR)

PBODR stores output data for port B.

Bit Bit Name Initial Value R/W Description

7 PB70DR 0 R/W PBODR can always be read or written to,
6 PB60ODR 0 RIW regardless of the contents of PBDDR.

5 PB50DR 0 R/W

4 PB40ODR 0 R/W

3 PB30ODR 0 R/W

2 PB20ODR 0 R/W

1 PB1ODR 0 R/W

0 PBOODR 0 R/W

8.12.3 Port B Input Data Register (PBPIN)
PBPIN indicates the port B state.

Bit Bit Name Initial Value R/W Description

PB7PIN Undefined* Reading PBPIN always returns the pin states.

PBPIN has the same address as PS8DDR. If a write

PB6PIN Undefined*
is performed, data will be written to PBDDR and the

PB5PIN Undefined* port 8 settings will change.

PB4PIN Undefined*

PB3PIN Undefined*

PB2PIN Undefined*

RN W[dM Ol
| V|0 0| 00| 0

PB1PIN Undefined*

0 PBOPIN Undefined* R

Note:* The initial value is determined according to the PB7 to PBO pin states.
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8.12.4  Pin Functions

+ PB7/D7TWUET7*?, PB6/D6WUE6**, PB5/D5WUES5*?, PB4/D4AWUE4**

The pin function is switched as shown below according to the combination of the operating
mode, the PBnDDR bit, and the ABW bit in WSCR.

Operating Mode 1 and Modes 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)
Mode
ABW 0 1 —
PBnNDDR — 0 1 0 1
Pin Function Dn PBn PBn PBn PBn
1/O pin input pin output pin input pin output pin
WUER input pin**

Notes: 1. Except when used as a data bus pin, this pin can always be used as the WUEn input
pin. (n=71to4)
2. Not supported by the H8S/2148B.

- PB3/D3WUE3**/CS4

The pin function is switched as shown below according to the combination of the operating
mode, the HI12E and CS4E bits in SYSCR2, the ABW bit in WSCR, and the PB3DDR bit.

Operating Mode 1 and Modes 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)

Mode

HI12E — Either cleared to O 1

CS4E — 1

ABW 0 1 — —

PB3DDR — 0 1 0 1 —

Pin Function | D3 I/O pin PB3 PB3 PB3 PB3 CS4
input pin output pin input pin output pin input pin

WUES input pin**

Notes: 1. Except when used as a data bus pin, this pin can always be used as the WUES3 input
pin. The CS4 input pin can only be used in mode 2 or 3 (EXPE = 0).

2. Not supported by the H8S/2148B.
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. PB2/D2WUE2**/CS3

The pin function is switched as shown below according to the combination of the operating
mode, the HI12E and CS3E bits in SYSCR2, the ABW bit in WSCR, and the PB2DDR bit.

Operating Mode 1 and Modes 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)

Mode

HI12E — Either cleared to O 1

CS3E — 1

ABW 0 1 — —

PB2DDR — 0 1 0 1 —

Pin Function | D2 I/O pin PB2 PB2 PB2 PB2 CS3
input pin output pin input pin output pin input pin

WUE?2 input pin**

Notes: 1. Except when used as a data bus pin, this pin can always be used as the WUE2 input
pin. The CS3 input pin can only be used in mode 2 or 3 (EXPE = 0).
2. Not supported by the H8S/2148B.

+ PB1/D1IWUEI/HIRQ4/LSCI¥

The pin function is switched as shown below according to the combination of the operating
mode, the HI12E and CS4E bits in SYSCR2, the LSCIE bits in HICRO of host interface (LF
the ABW bit in WSCR, and the PB1DDR bit.

Operating Modes 1, 2, 3 (EXPE = 1) Mode 2, 3 (EXPE = 0)
Mode
LSCIE 0*® 0 1
HI12E — Either cleared to 0 1 0**
CS4E — 1 —
ABW 0 1 — — —
PB1DDR — 0 1 0 1 — o**
Pin D1 1/O pin PB1 PB1 PB1 PB1 HIRQ4 LsCI**
Function input pin | output pin | input pin | output pin | output pin | output pin
LSCl input pin*?
WUET input pin***

Notes: 1. When bit LSCIE is set to 1 in HICRO, bits HI12E and PB1DDR should be cleared to 0.

2. Except when used as a data bus pin, this pin can always be used as the WUE1 input
pin. The HIRQ4 output pin and LSCI I/O pin can only be used in mode 2 or 3 (EXPE =
0).

3. Inmode 1, 2, 3 (EXPE = 1), clear the LSCIE bit to O.

4. Not supported by the H8S/2148B.

Rev. 2.0, 08/02, page 201 of 788
RENESAS



PBO/DOWUEO/HIRQ3/LSMI**

The pin function is switched as shown below according to the combination of the operating
mode, the HI12E and CS3E bits in SYSCR2, the LSMIE bits in HICRO of host interface
(LPC), the ABW bit in WSCR, and the PBODDR bit.

Operating Modes 1, 2, 3 (EXPE = 1) Mode 2, 3 (EXPE = 0)
Mode
LSMIE 0*° 0 1
HI12E — Either cleared to 0 1 0**
CS3E — 1 —
ABW 0 1 — — —
PBODDR — 0 1 0 1 — o**
Pin DO 1/O pin PBO PBO output PBO PBO output| HIRQ3 LSMI+*
Function input pin pin input pin pin output pin | output pin
LSMI input pin*?
WUEQ input pin*?

Notes: 1. When bit LSMIE is set to 1 in HICRO, bits HI12E and PBODDR should be cleared to 0.

2. Except when used as a data bus pin, this pin can always be used as the WUEO input
pin. The HIRQ3 output pin and LSMI I/O pin can only be used in mode 2 or 3 (EXPE =
0).

3. Inmode 1, 2, 3 (EXPE = 1), clear the LSMIE bit to O.

4. Not supported by the H8S/2148B.

8.12.5 Port B Input Pull-Up MOS

Port B has an on-chip input pull-up MOS function that can be controlled by software. This input
pull-up MOS function can be specified as on or off on a bit-by-bit basis.

When a pin is designated as an on-chip peripheral module output pin, the input pull-up MOS is
always off.

Rev. 2.0, 08/02, page 202 of 788
RENESAS



Table 8.7 summarizes the input pull-up MOS states.

Table 8.7  Input Pull-Up MOS States (Port B)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2, 3(EXPE = 1) with  Off Off Off Off
ABW in WSCR =0
1, 2, 3 (EXPE = 1) with On/Off On/Off
ABW in WSCR =1, or 2,
3 (EXPE = 0)
Legend

Off:  Input pull-up MOS is always off.
On/Off:On when the pin is in the input state, PBDDR = 0, and PBODR = 1; otherwise off.

8.13  Additional Overview for H8S/2160B and H8S/2161B

The H8S/2160B and H8S/2161B has fifteen 1/O ports (ports 1t0 6, 8,9, A, B,C,D, E, F, G), &
one input-only port (port 7).

Table 8.8 is a summary of the additional port functions. As the functions of ports 1 to 9, A, anc
are the same on the H8S/2140B, H8S/2141B, H8S/2148B, and H8S/2145B, table 8.1 provide:
summary.

Each extra port includes a data direction register (DDR) that controls input/output, and data
registers (ODR) for storing output data.

Ports C, D, E, and F have an on-chip input pull-up MOS function. On ports C, D, E, and F,
whether the input pull-up MOS is on or off is controlled by the corresponding DDR and ODR.

Ports C, D, E, F, and G can drive a single-TTL load and 30-pF-capacitive load. All I/O port pin
are capable of driving a Darlington transistor when they are in output.

The output type on port G is NMOS push-pull output. Port G can be 5-V tolerant.

When port G is used as an output pin, connect a pull-up resistor to the pin for raise an output |
level voltage.
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Table 8.8 H8S/2160B, H8S/2161B Additional Port Functions

Mode 2, 3
Port Description Mode 1 (EXPE =1) (EXPE =0) 1/0 Status
Port C 8-bit 1/0O port PC7 to PCO On-chip input
pull-up MOSs
Port D 8-bit 1/0O port PD7 to PDO On-chip input
pull-up MOSs
Port E 8-bit 1/0O port PE7 to PEO On-chip input
pull-up MOSs
Port F 8-bit 1/0O port PF7 to PFO On-chip input
pull-up MOSs

Port G 8-bit I/O port PG7 to PGO

8.14 Ports C, D

Port C and port D are two sets of 8-bit I/O ports. The pin functions are the same in all operating
modes.

« Port C data direction register (PCDDR)

e Port C output data register (PCODR)

e Port C input data register (PCPIN)

» Port C Nch-OD control register (PCNOCR)
« Port D data direction register (PDDDR)

» Port D output data register (PDODR)

e Port D input data register (PDPIN)

» Port D Nch-OD control register (PDNOCR)
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8.14.1 Port C and Port D Data Direction Registers (PCDDR, PDDDR)

PCDDR and PDDDR select input or output for the pins of port C and port D on a bit-by-bit bas

Bit Bit Name Initial Value R/W Description

7 PC7DDR 0 W 0: Port C pin is an input pin

6 PC6DDR 0 w 1: Port C pin is an output pin

5 PC5DDR 0 w PCDDR has the same address as PCPIN, and if
2 PC4DDR 0 W read, the port C pin states will be returned.

3 PC3DDR 0 w

2 PC2DDR 0 w

1 PC1DDR 0 w

0 PCODDR 0 w

Bit Bit Name Initial Value R/W Description

7 PD7DDR 0 W 0: Port D pin is an input pin

6 PD6DDR 0 w 1: Port D pin is an output pin

5 PD5DDR 0 w PDDDR has the same address as PDPIN, and if
2 PDADDR 0 W read, the port D pin states will be returned.

3 PD3DDR 0 w

2 PD2DDR 0 w

1 PD1DDR 0 w

0 PDODDR 0 w
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8.14.2 Port C and Port D Output Data Registers (PCODR, PDODR)

PCODR and PDODR store output data for the pins on ports C and D.

Bit Bit Name Initial Value R/W Description

7 PC70DR 0 R/W PCODR can always be read or written to,
6 PC60ODR 0 RIW regardless of the contents of PCDDR.

5 PC50DR 0 R/W

4 PC40DR 0 R/W

3 PC30ODR O R/W

2 PC20DR 0 R/W

1 PC10DR 0 R/W

0 PCOODR O R/IW

Bit Bit Name Initial Value R/W Description

7 PD70DR 0 R/W PDODR can always be read or written to,
6 PDGODR 0 RIW regardless of the contents of PDDDR.

5 PD5ODR O R/IW

4 PD40ODR 0 R/W

3 PD3ODR 0 R/W

2 PD20ODR 0 R/W

1 PD10ODR 0 R/W

0 PDOODR O R/IW
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8.14.3 Port C and Port D Input Data Registers (PCPIN, PDPIN)

Reading PCPIN and PDPIN always returns the pin states.

Bit Bit Name Initial Value R/W Description

7 PC7PIN Undefined* R PCPIN indicates the port C state. PCPIN has the
6 PCGPIN Undefined* R same address as PCDDR. If a write is performed,

the port C settings will change.

5 PC5PIN Undefined* R

4 PC4PIN Undefined* R

3 PC3PIN Undefined* R

2 PC2PIN Undefined* R

1 PC1PIN Undefined* R

0 PCOPIN Undefined* R

Note:* The initial value is determined according to the PC7 to PCO pin states.

Bit Bit Name Initial Value R/W Description

7 PD7PIN Undefined* R PDPIN indicates the port D state. PDPIN has the
6 PD6PIN Undefined* R same address as PDDDR. If a write is performed,

the port D settings will change.

5 PD5PIN Undefined* R

4 PD4PIN Undefined* R

3 PD3PIN Undefined* R

2 PD2PIN Undefined* R

1 PD1PIN Undefined* R

0 PDOPIN Undefined* R

Note:* The initial value is determined according to the PD7 to PDO pin states.
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8.14.4 Port C and Port D Nch-OD Control Register (PCNOCR, PDNOCR)

PCNOCR and PDNOCR specify the output driver type for pins on ports C and D which are
configured as outputs on a bit-by-bit basis.

Bit Bit Name |Initial Value R/W Description

7 PC7NOCR O R/W 0: CMOS (p-channel driver enabled)

6 PC6NOCR 0 R/W 1: N-channel open drain (p-channel driver disabled)
5 PC5NOCR O R/W

4 PCANOCR O R/W

3 PC3NOCR 0 R/W

2 PC2NOCR O R/W

1 PCINOCR O R/W

0 PCONOCR 0 R/W

Bit Bit Name Initial Value R/W Description

7 PD7NOCR O R/W 0: CMOS (p-channel driver enabled)

6 PD6NOCR 0 R/W 1: N-channel open drain (p-channel driver disabled)
5 PD5NOCR O R/W

4 PD4ANOCR O R/W

3 PD3NOCR O R/W

2 PD2NOCR O R/W

1 PDINOCR O R/W

0 PDONOCR O R/W

8.14.5 Pin Functions

DDR 0 1

NOCR — 0 1

ODR o | 1 0 1 0 1
N-ch. driver OFF ON OFF ON OFF
P-ch. driver OFF OFF ON OFF

Input pull-up MOS OFF | ON OFF

Pin function Input pin Output pin
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8.14.6 Input Pull-Up MOS in Ports C and D

Port C and port D have an on-chip input pull-up MOS function that can be controlled by softwe
This input pull-up MOS function can be switched on or off on a bit-by-bit basis.

Table 8.9 is a summary of the input pull-up MOS states.

Table 8.9  Input Pull-Up MOS States (Port C and port D)

Hardware Software Other
Mode Reset Standby Mode Standby Mode Operations
1,2,3 Off Off On/Off On/Off

Legend
Off:  Input pull-up MOS is always off.
On/Off: On when PCDDR = 0 and PCODR =1 (PDDDR = 0 and PDODR = 1); otherwise off.

8.15 Ports E, F

Port E and port F are two sets of 8-bit I/O ports. The pins of ports E and F have the same func
in all operating modes.

« Port E data direction register (PEDDR)

« Port E output data register (PEODR)

e Port E input data register (PEPIN)

» Port E Nch-OD control register (PENOCR)
« Port F data direction register (PFDDR)

e Port F output data register (PFODR)

e Port F input data register (PFPIN)

e Port F Nch-OD control register (PFNOCR)
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8.15.1 Port E and Port F Data Direction Registers (PEDDR, PFDDR)
PEDDR and PFDDR select input or output for the pins of port E and port F on a bit-by-bit basis

Bit Bit Name Initial Value R/W Description

7 PE7DDR 0 \W 0: Port E pin is an input pin

6 PE6DDR 0 w 1: Port E pin is an output pin

5 PE5SDDR 0 W PEDDR has the same address as PEPIN, and if
2 PEADDR 0 W read, the port E pin states will be returned.

3 PE3DDR 0 w

2 PE2DDR 0 w

1 PE1DDR 0 w

0 PEODDR 0 w

Bit Bit Name Initial Value R/W Description

7 PF7DDR 0 W 0: Port F pin is an input pin

6 PF6DDR 0 w 1: Port F pin is an output pin

5 PF5DDR 0 w PFDDR has the same address as PFPIN, and if
2 PEADDR 0 W read, the port F pin states will be returned.

3 PF3DDR 0 w

2 PF2DDR 0 w

1 PF1DDR 0 w

0 PFODDR 0 w
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8.15.2 Port E and Port F Output Data Registers (PEODR, PFODR)

PEODR and PFODR store output data for the pins on ports E and F.

Bit Bit Name Initial Value R/W Description

7 PE70DR 0 R/W PEODR can always be read or written to,
6 PE6ODR 0 RIW regardless of the contents of PEDDR.

5 PE50DR 0 R/W

4 PE4ODR 0 R/W

3 PE3ODR 0 R/W

2 PE20ODR 0 R/W

1 PE10ODR 0 R/W

0 PEOODR 0 R/W

Bit Bit Name Initial Value R/W Description

7 PF7ODR 0 R/W PFODR can always be read or written to,
6 PEGODR 0 RIW regardless of the contents of PFDDR.

5 PF50DR 0 R/W

4 PF40DR 0 R/W

3 PF3ODR 0 R/W

2 PF20DR 0 R/W

1 PF10DR 0 R/W

0 PFOODR 0 R/W
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8.15.3 Port E and Port F Input Data Registers (PEPIN, PFPIN)

Reading PEPIN and PFPIN always returns the pin states.

Bit Bit Name Initial Value R/W Description

7 PE7PIN Undefined* R PEPIN indicates the port E state. PEPIN has the
6 PEG6PIN Undefined* R same address as PEDDR. If a write is performed,

the port E settings will change.

5 PE5PIN Undefined* R

4 PE4PIN Undefined* R

3 PE3PIN Undefined* R

2 PE2PIN Undefined* R

1 PE1PIN Undefined* R

0 PEOPIN Undefined* R

Note:* The initial value is determined according to the PE7 to PEO pin states.

Bit Bit Name Initial Value R/W Description

7 PF7PIN Undefined* R PFPIN indicates the port F state. PFPIN has the

6 PFGPIN Undefined* R same address as PFDDR. If a write is performed,
the port F settings will change.

5 PF5PIN Undefined* R

4 PF4PIN Undefined* R

3 PF3PIN Undefined* R

2 PF2PIN Undefined* R

1 PF1PIN Undefined* R

0 PFOPIN Undefined* R

Note:* The initial value is determined according to the PF7 to PFO pin states.
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8.15.4

Port E and Port F Nch-OD Control Register (PENOCR, PFNOCR)

PENOCR and PFNOCR specify the output driver type for pins on ports E and F which are

configured as outputs on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 PE7NOCR O R/W 0: CMOS (p-channel driver enabled)

6 PE6NOCR 0 R/W 1: N-channel open drain (p-channel driver disabled)
5 PESNOCR O R/W

4 PEANOCR O R/W

3 PE3NOCR O R/W

2 PE2NOCR 0 R/W

1 PEINOCR O R/W

0 PEONOCR O R/W

Bit Bit Name Initial Value R/W Description

7 PF7NOCR O R/W 0: CMOS (p-channel driver enabled)

6 PF6NOCR 0 R/W 1: N-channel open drain (p-channel driver disabled)
5 PF5NOCR O R/W

4 PFANOCR O R/W

3 PF3NOCR O R/W

2 PF2NOCR O R/W

1 PFINOCR O R/W

0 PFONOCR O R/W

8.15.,5 Pin Functions

DDR 0 1

NOCR — 1

ODR o | 1 0 1 0 1
N-ch. driver OFF ON OFF ON OFF
P-ch. driver OFF OFF ON OFF

Input pull-up MOS OFF | ON OFF

Pin function Input pin Output pin
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8.15.6 Input Pull-Up MOS in Ports E and F

Port E and port F have an on-chip input pull-up MOS function that can be controlled by softwar
This input pull-up MOS function can be switched on or off on a bit-by-bit basis.

Table 8.10 is a summary of the input pull-up MOS states.

Table 8.10 Input Pull-Up MOS States (Port E and port F)

Hardware Software Other
Mode Reset Standby Mode Standby Mode Operations
1,2,3 Off Off On/Off On/Off

Legend
Off:  Input pull-up MOS is always off.
On/Off: On when PEDDR = 0 and PEODR =1 (PFDDR = 0 and PFODR = 1); otherwise off.

8.16 Port G

Port G is an 8-bit I/O port. Port G pin functions are the same in all operating modes. The outpu
type of port G is NMOS open-drain.

« Port G data direction register (PGDDR)

» Port G output data register (PGODR)

e Port G input data register (PGPIN)

» Port G Nch-OD control register (PGNOCR)

8.16.1 Port G Data Direction Register (PGDDR)

PGDDR selects input or output for the pins of port G on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 PG7DDR 0 \W 0: Port G pin is an input pin

6 PG6DDR 0 w 1: Port G pin is an output pin

5 PG5DDR 0 w PGDDR has the same address as PGPIN, and if
2 PG4DDR 0 W read, the port G pin states will be returned.

3 PG3DDR 0 w

2 PG2DDR 0 w

1 PG1DDR 0 w

0 PGODDR 0 w
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8.16.2 Port G Output Data Register (PGODR)

PGODR stores output data for the pins on port G.

Bit Bit Name Initial Value R/W Description

7 PG70DR 0 R/W PGODR can always be read or written to,
6 PG60ODR 0 RIW regardless of the contents of PGDDR.

5 PG50DR 0 R/W

4 PG40DR 0 R/W

3 PG3ODR 0 R/W

2 PG20DR 0 R/W

1 PG10ODR 0 R/W

0 PGOODR 0 R/W

8.16.3 Port G Input Data Register (PGPIN)

Reading PGPIN always returns the pin states.

Bit Bit Name Initial Value R/W Description

7 PG7PIN Undefined* R PGPIN indicates the port G state. PGPIN has the
6 PG6PIN Undefined* R same address as PGDDR. If a write is performed,

the port G settings will change.

5 PG5PIN Undefined* R

4 PG4PIN Undefined* R

3 PG3PIN Undefined* R

2 PG2PIN Undefined* R

1 PG1PIN Undefined* R

0 PGOPIN Undefined* R

Note:* The initial value is determined according to the PG7 to PGO pin states.
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8.16.4 Port G Nch-OD Control Register (PGNOCR)

PGNOCR specifies the output driver type for pins on port G which are configured as outputs or
bit-by-bit basis.

Bit Bit Name Initial Value  R/W Description

7 PG7TNOCR O R/W 0: NMOS push-pull (Vce-side n-channel driver
6 PG6NOCR 0 Rw  enabled) | .

s PosNocR 0 et o) s ran (Ve
4 PG4ANOCR O R/W

3 PG3NOCR 0 RIW

2 PG2NOCR O R/W

1 PGINOCR O R/W

0 PGONOCR 0 RIW

8.16.5 Pin Functions

DDR 0 1

NOCR — 0 1

ODR 0 1 0 1 0 1
V_-side N-ch. driver OFF ON OFF ON OFF
V_-side N-ch. driver OFF OFF ON OFF

Pin function Input pin Output pin
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Section 9 8-Bit PWM Timer (PWM)

This LSI has an on-chip pulse width modulation (PWM) timer with sixteen outputs. Sixteen ou
waveforms are generated from a common time base, enabling PWM output with a high carriel
frequency to be produced using pulse division.

9.1 Features

e Operable at a maximum carrier frequency of 625 kHz using pulse division (at 10 MHz
operation)

« Duty cycles from 0 to 100% with 1/256 resolution (100% duty realized by port output)
« Direct or inverted PWM output, and PWM output enable/disable control
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Figure 9.1 shows a block diagram of the PWM timer.

P1O/PWO ~—] L [ Comparator 0 PWDRO | —— |
P11/PW1 <— [«<—— | Comparator 1 PWDR1 databus 1
P12/PW2 <~ < | Comparator 2 PWDR2 ———
P13/PW3 ~— < | Comparator 3 PWDR3 [ — —
P14/PW4 ~—] [ Comparator 4 PWDR4 f——
P15/PW5 ~— S | |comparators PWDR5 |[——— !
2 ‘ |
P16/PW6 ~—{ 8 |« |Comparator6 PWDR6 [ g ! Internal
| ®© |
Pa7iPW7 <— 3 |~ | Comparator7 PWDR7 |—— < | data bus
P20/PW8 ~<— ; [<—— | Comparator 8 PWDR8 [—— E '
| 8 |
P21/PW9 <— i «— | Comparator 9 PWDR9 [ o |
P22/PW10~—{ § [« |Comparator 10 PWDR10 [ }
P23/PW11~— [« | comparator 11 PWDR11 [
P24/PW12~—] | comparator 12 PWDR12 [——— —
P25/PW13<— [<— |Comparator 13 PWDR13 [ |
P26/PW14~— <« | Comparator 14 PWDR14 [
P27/PW15<—] <~ | Comparator 15 PWDR15 [——
m TCNT Select [ pwsL
PWDPRB PWDPRA |_|‘_ clock I_I
PWOERB PWOERA PCSR
P2DDR P1DDR T T
P2DR P1DR a/16
a8
a4
ai2
Legend Internal clock
PWSL : PWM register select
PWDR : PWM data register
PWDPRA : PWM data polarity register A
PWDPRB : PWM data polarity register B
PWOERA : PWM output enable register A
PWOERB : PWM output enable register B
PCSR : Peripheral clock select register
P1DDR : Port 1 data direction register
P2DDR  : Port 2 data direction register
P1DR : Port 1 data register
P2DR : Port 2 data register

Figure 9.1 Block Diagram of PWM Timer
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9.2 Input/Output Pin
Table 9.1 shows the PWM output pins.

Table 9.1  Pin Configuration

Name Abbreviation I/10 Function
PWM output 15 to 0 PW15 to PWO Output PWM timer pulse output 15 to 0

9.3 Register Descriptions

The PWM has the following registers. To access PCSR, the FLSHE bit in the serial timer cont
register (STCR) must be cleared to 0. For details on the serial timer control register (STCR), S
section 3.2.3, Serial Timer Control Register (STCR).

PWM register select (PWSL)

« PWM data registers 0 to 15 (PWDRO to PWDR15)
« PWM data polarity register A (PWDPRA)

« PWM data polarity register B (PWDPRB)

«  PWM output enable register A (PWOERA)

«  PWM output enable register B (PWOERB)

» Peripheral clock select register (PCSR)
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9.3.1 PWM Register Select (PWSL)

PWSL is used to select the input clock and the PWM data register.

Bit Bit Name Initial Value R/W

Description

7 PWCKE 0 R/W
6 PWCKS 0 R/W

PWM Clock Enable
PWM Clock Select

These bits, together with bits PWCKB and PWCKA in
PCSR, select the internal clock input to TCNT in the
PWM. For details, see table 9.2.

The resolution, PWM conversion period, and carrier
frequency depend on the selected internal clock, and
can be obtained from the following equations.

Resolution (minimum pulse width) = 1/internal clock
frequency

PWM conversion period = resolution x 256
Carrier frequency = 16/PWM conversion period

With a 10 MHz system clock (@), the resolution, PWM
conversion period, and carrier frequency are as shown
in table 9.3.

Reserved
This bit is always read as 1 and cannot be modified.

Reserved
This bit is always read as 0 and cannot be modified.
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Bit Name

Initial Value

R/W

Description

O P N W

RS3
RS2
RS1
RSO

o O o

R/W
R/W

Register Select

These bits select the PWM data register.

R/W 0000

R/W  0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
: PWDR15 selected

1111

: PWDRO selected
PWDRL1 selected
PWDR?2 selected
PWDRS selected
PWDR4 selected
PWDRS5 selected
PWDRE6 selected
PWDR7 selected
PWDRS selected
PWDRO selected
PWDR10 selected
PWDR11 selected
PWDR12 selected
PWDR13 selected
PWDR14 selected

Table 9.2

Internal Clock Selection

PWSL

PCSR

PWCKE

PWCKS

PWCKB

PWCKA

Description

0

Clock input is disabled

1

0

g (system clock) is selected

0

2/2 is selected

@/4 is selected

2/8 is selected

RO|F]| O

2/16 is selected
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Table 9.3  Resolution, PWM Conversion Period and Carrier Frequency when g = 10 MHz

Internal Clock PWM Conversion

Frequency Resolution Period Carrier Frequency
a 100 ns 25.6 ps 625 kHz

a/2 200 ns 51.2 ys 312.5 kHz

al4 400 ns 102.4 ps 156.3 kHz

o/8 800 ns 204.8 pys 78.1 kHz

/16 1600 ns 409.6 us 39.1 kHz

9.3.2 PWM Data Registers (PWDRO to PWDR15)

PWDR are 8-bit readable/writable registers. The PWM has sixteen PWM data registers. Each
PWDR specifies the duty cycle of the basic pulse to be output, and the number of additional
pulses. The value set in PWDR corresponds to a 0 or 1 ratio in the conversion period. The upp
four bits specify the duty cycle of the basic pulse as 0/16 to 15/16 with a resolution of 1/16. The
lower four bits specify how many extra pulses are to be added within the conversion period
comprising 16 basic pulses. Thus, a specification of 0/256 to 255/256 is possible for 0/1 ratios
within the conversion period. For 256/256 (100%) output, port output should be used. PWDRO*
PWDR15 are initialized to H'00.

9.3.3 PWM Data Polarity Registers A and B (PWDPRA, PWDPRB)
Each PWDPR selects the PWM output phase.

« PWDPRA

@
=

Bit Name Initial Value R/W  Description

7 0Ss7 0 R/W  Output Select 7 to 0

6 0Ss6 0 R/W  These bits select the PWM output phase. Bits OS7 to

5 0S5 0 RIW OSO0 correspond to outputs PW7 to PWO.

4 0S4 0 R/W O:_ PWM direct output (PWDR value corresponds to high
width of output)

3 0S3 0 R/W )
1: PWM inverted output (PWDR value corresponds to

2 0s2 0 RIW " |ow width of output)

1 0s1 0 R/W

0 0Ss0 0 R/W
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« PWDPRB

Bit Bit Name Initial Value R/W  Description
7 0s15 0 R/W  Output Select 15to 8
6 0s14 0 R/W  These bits select the PWM output phase. Bits OS15 to
5 0s13 0 RIW 0S8 correspond to outputs PW15 to PW8.
4 0S12 0 R/W O:. PWM direct output (PWDR value corresponds to high
width of output)
3 0s11 0 R/W )
1: PWM inverted output (PWDR value corresponds to
2 0S10 0 RIW  |ow width of output)
1 0Ss9 0 R/W
0 0ss8 0 R/W

9.34 PWM Output Enable Registers A and B (PWOERA, PWOERB)

Each PWOER switches between PWM output and port output.

« PWOERA
Bit BitName Initial Value R/W  Description
7 OE7 0 R/W  Output Enable 7 to 0
6 OE6 0 R/W  These bits, together with P1DDR, specify the P1n/PWn
5 OE5 0 R/w  Pin state. Bits OE7 to OEO correspond to outputs PW7
to PWO.
4 OE4 0 R/W .
P1nDDR OEn: Pin state
3 OE3 0 R/W .
0X: Port input
2 OE2 0 R/W
10: Port output or PWM 256/256 output
1 OE1 0 R/W
11: PWM output (0 to 255/256 output)
0 OEO 0 R/W
Legend
X: Don't care
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« PWOERB

Bit BitName Initial Value R/W  Description
7 OE15 0 R/W  Output Enable 15 to 8
6 OE14 0 R/W  These bits, together with P2DDR, specify the P2n/PWn
5 OE13 0 R/W pin state. Bits OE15 to OE8 correspond to outputs
PW15 to PW8.
4 OE12 0 R/W )
P2nDDR OEn: Pin state
3 OE11 0 R/W .
0X: Port input
2 OE10 0 R/W
10: Port output or PWM 256/256 output
1 OE9 0 R/W
11: PWM output (0 to 255/256 output)
0 OES8 0 R/W
Legend
X: Don't care

To perform PWM 256/256 output when DDR = 1 and OE = 0, the corresponding pin should be
to port output. The corresponding pin can be set as port output in single-chip mode or when 1O
=1 and CS256E = 0 in SYSCR in extended mode with on-chip ROM. Otherwise, it should be
noted that an address bus is output to the corresponding pin.

DR data is output when the corresponding pin is used as port output. A value corresponding to
PWM 256/256 output is determined by the OS bit, so the value should have been set to DR
beforehand.

9.35 Peripheral Clock Select Register (PCSR)
PCSR selects the PWM input clock.

Bit Bit Name Initial Value R/W  Description

3 — 0 R Reserved
This bit is always read as 0. The initial value should not
be changed.
PWCKB 0 R/W  PWM Clock Select B, A
PWCKA 0 R/W  Together with bits PWCKE and PWCKS in PWSL,

these bits select the internal clock input to TCNT in the
PWM. For details, see table 9.2.

0 — 0 R Reserved

This bit is always read as 0. The initial value should not
be changed.

Rev. 2.0, 08/02, page 224 of 788
RENESAS



9.4 Operation

The upper four bits of PWDR specify the duty cycle of the basic pulse as 0/16 to 15/16 with a
resolution of 1/16. Table 9.4 shows the duty cycles of the basic pulse.

Table 9.4  Duty Cycle of Basic Pulse

Upper 4 Bits Basic Pulse Waveform (Internal)
0123456789ABCDEFO

0000

0001

0010

Il

[
0011 [

1

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

M

:E[[[[[________

1111

The lower four bits of PWDR specify the position of pulses added to the 16 basic pulses. An
additional pulse adds a high period (when OS = 0) with a width equal to the resolution before |
rising edge of a basic pulse. When the upper four bits of PWDR are 0000, there is no rising ec
of the basic pulse, but the timing for adding pulses is the same. Table 9.5 shows the positions
the additional pulses added to the basic pulses, and figure 9.2 shows an example of additiona
pulse timing.

Rev. 2.0, 08/02, page 225 of 788
RENESAS



Table 9.5 Position of Pulses Added to Basic Pulses

Basic Pulse No.
Lower 4 Bits 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0000

0001 Yes
0010 Yes Yes
0011 Yes Yes Yes
0100 Yes Yes Yes Yes
0101 Yes Yes Yes Yes Yes
0110 Yes Yes Yes Yes Yes Yes
0111 Yes Yes Yes Yes Yes Yes Yes
1000 Yes Yes Yes Yes Yes Yes Yes Yes
1001 Yes Yes Yes Yes Yes Yes Yes Yes Yes
1010 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1011 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1100 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1101 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1110 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1111 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No additional pulse | | |
-] ’« Resolution width

With additional pulse |

g

Basic pulse

Figure 9.2 Example of Additional Pulse Timing (when Upper 4 Bits of PWDR = 1000)
9.5 Usage Note

9.5.1 Module Stop Mode Setting

PWM operation can be enabled or disabled using the module stop control register. The initial
setting is for PWM operation to be halted. Register access is enabled by canceling the module
mode. For details, refer to section 26, Power-Down Modes.
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Section 10 14-Bit PWM Timer (PWMX)

This LSI has an on-chip 14-bit pulse-width modulator (PWM) timer with two output channels. |
can be connected to an external low-pass filter to operate as a 14-bit D/A converter.

10.1 Features

« Division of pulse into multiple base cycles to reduce ripple
« Two resolution settings
The resolution can be set equal to one or two system clock cycles.
« Two base cycle settings
The base cycle can be set equal to@4 or Tx 256, where T is the resolution.
« Four operating speeds
« Four operation clocks (by combination of two resolution settings and two base cycle setting

Figure 10.1 shows a block diagram of the PWM (D/A) module.

Internal clock
[} Internal data bus

N |

Base cycle compare match A
PWX0 «— Fine-adjustment pulse addition Comparator AK——] DADRA [
PWX1 «—] Base cycle compare match B

Fine-adjustment pulse addition Comparator BK1 DADRB

Control ﬂ
logic

Base cycle overflow DACNT

DACR

Legend Module data bus

DACR : PWM D/A control register
DADRA : PWM D/A data register A
DADRB : PWM D/A data register B
DACNT : PWM D/A counter

Figure 10.1 PWM (D/A) Block Diagram
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10.2  Input/Output Pins
Table 10.1 lists the PWM (D/A) module input and output pins.

Table 10.1 Pin Configuration

Name Abbreviation /O Function
PWM output pin X0 PWXO0 Output  PWM output of PWMX channel A
PWM output pin X1 PWX1 Output  PWM output of PWMX channel B

10.3  Register Descriptions

The PWM (D/A) module has the following registers. The PWM (D/A) registers are assigned to t
same addresses with other registers. The registers are selected by the IICE bit in the serial tim
control register (STCR). For details on STCR, see section 3.2.3, Serial Timer Control Register
(STCR).

*  PWM (D/A) counter H (DACNTH)

« PWM (D/A) counter L (DACNTL)

« PWM (D/A) data register AH (DADRAH)
« PWM (D/A) data register AL (DADRAL)
 PWM (D/A) data register BH (DADRBH)
« PWM (D/A) data register BL (DADRBL)
*  PWM (D/A) control register (DACR)

Note: The same addresses are shared by DADRA and DACR, and by DADRB and DACNT.
Switching is performed by the REGS bit in DACNT or DADRB.

10.3.1 PWM (D/A) Counters H and L (DACNTH, DACNTL)

DACNT is a 14-bit readable/writable up-counter. The input clock is selected by the clock select
(CKS) in DACR. DACNT functions as the time base for both PWM (D/A) channels. When a
channel operates with 14-bit precision, it uses all DACNT bits. When a channel operates with 1
bit precision, it uses the lower 12 bits and ignores the upper two bits. Since DACNT consists of
16-bit data, DACNT transfers data to the CPU via the temporary register (TEMP). For details,
refer to section 10.4, Bus Master Interface.
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| DACNTH | DACNTL |

Bit (CPU) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit (Counter) : 7 6 5 4 3 2 1 0 8 9 10 11 12 13 -
N N e ==
« DACNTH

Bit Bit Name Initial Value R/W  Description

7 uc7 AllO R/W  Upper Up-Counter
to to

0 uUco

« DACNTL

Bit Bit Name Initial Value R/W  Description

7 ucs All0 R/W  Lower Up-Counter
to to

2 UC13

1 — 1 R Reserved

This bit is always read as 1 and cannot be modified.

0 REGS 1 R/W  Register Select

DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies
which registers can be accessed.

0: DADRA and DADRB can be accessed
1: DACR and DACNT can be accessed
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10.3.2 PWM (D/A) Data Registers A and B (DADRA, DADRB)

DADRA corresponds to PWM (D/A) channel A, and DADRB to PWM (D/A) channel B. Since
DADR consists of 16-bit data, DADR transfers data to the CPU via the temporary register
(TEMP). For details, refer to section 10.4, Bus Master Interface.

« DADRA

Bit BitName Initial Value R/W  Description
15 DA13 1 R/W  D/ADatal13to0

14 DA12 1 R/W  These bits set a digital value to be converted to an

13  DAIl1 1 R/Ww  analog value.

12  DA1L0 1 R/w Ineach base cycle, the DACNT value is continually
compared with the DADR value to determine the duty

11 DA9 1 RIW cycle of the output waveform, and to decide whether to

10 DA8 1 R/W  output a fine-adjustment pulse equal in width to the

9 DA7 1 R/W  resolution. To enable this operation, this register must

8 DA6 1 RIW be set within arange that_ depends on the CFS hit. I_f the
DADR value is outside this range, the PWM output is

7 DAS 1 RIW " held constant.

6 DA4 1 RIW A channel can be operated with 12-bit precision by

5 DA3 1 R/W  keeping the two lowest data bits (DA1 and DAO) cleared

4 DA2 1 R/w !0 0. The two lowest data bits correspond to the two

3 DAL 1 RIW highest bits in DACNT.

2 DAO 1 R/W

1 CFS 1 R/W  Carrier Frequency Select

0: Base cycle = resolution (T) x 64
DADR range = H'0401 to H'FFFD

1: Base cycle = resolution (T) x 256
DADR range = H'0103 to H'FFFF

0 — 1 R Reserved
This bit is always read as 1 and cannot be modified.

Rev. 2.0, 08/02, page 230 of 788
RENESAS



DADRB

Bit Bit Name |Initial Value R/W  Description
15 DA13 1 R/W  D/AData13to0
14 DA12 1 R/W  These bits set a digital value to be converted to an
13 DA11 1 R/W analog value.
12  DA10 1 R/w  Ineach base cycle, the DACNT value is continually
compared with the DADR value to determine the duty
11 DA9 1 RIW cycle of the output waveform, and to decide whether to
10 DAS8 1 R/W  output a fine-adjustment pulse equal in width to the
9 DA7 1 R/W  resolution. To enable this operation, this register must
8 DA6 1 RIW be set within a range that depends on the CFS bit. If the
DADR value is outside this range, the PWM output is
7 DAS 1 RIW " held constant.
6 DA4 1 RIW A channel can be operated with 12-bit precision by
5 DA3 1 R/W  keeping the two lowest data bits (DA1 and DAO) cleared
4 DA2 1 rR/w 1o 0. The two lowest data bits correspond to the two
3 DAL 1 RIW highest bits in DACNT.
2 DAO 1 R/W
1 CFS 1 R/W  Carrier Frequency Select
0: Base cycle = resolution (T) x 64
DADR range = H'0401 to H'FFFD
1: Base cycle = resolution (T) x 256
DADR range = H'0103 to H'FFFF
0 REGS 1 R/W  Register Select

DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies
which registers can be accessed.

0: DADRA and DADRB can be accessed
1: DACR and DACNT can be accessed
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10.3.3 PWM (D/A) Control Register (DACR)

DACR selects test mode, enables the PWM outputs, and selects the output phase and operatir
speed.

Bit Bit Name Initial Value R/W  Description
7 TEST 0 R/W  Test Mode

Selects test mode, which is used in testing this LSI.
Normally this bit should be cleared to 0.

0: PWM (D/A) in user state: Normal operation

1. PWM (D/A) in test state: Correct conversion results
unobtainable

6 PWME 0 R/W  PWM Enable
Starts or stops the PWM D/A counter (DACNT).
0: DACNT operates as a 14-bit up-counter
1: DACNT halts at H'0003

5 — 1 R Reserved
— 1 R These bits are always read as 1 and cannot be
modified.
3 OEB 0 R/W  Output Enable B

Enables or disables output on PWM (D/A) channel B.

0: PWM (D/A) channel B output (at the PWX1 pin) is
disabled

1: PWM (D/A) channel B output (at the PWX1 pin) is
enabled
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Bit Bit Name |Initial Value R/W  Description
2 OEA 0 R/W  Output Enable A
Enables or disables output on PWM (D/A) channel A.

0: PWM (D/A) channel A output (at the PWXO pin) is
disabled

1: PWM (D/A) channel A output (at the PWXO pin) is
enabled

1 os 0 R/W  Output Select
Selects the phase of the PWM (D/A) output.
0: Direct PWM (D/A) output
1: Inverted PWM (D/A) output

0 CKS 0 R/W  Clock Select

Selects the PWM (D/A) resolution. If the system clock
(9) frequency is 10 MHz, resolutions of 100 ns and 200
ns, can be selected.

0: Operates at resolution (T) = system clock cycle time
(t,0

1: Operates at resolution (T) = system clock cycle time
(t,) x2

10.4 Bus Master Interface

DACNT, DADRA, and DADRB are 16-bit registers. The data bus linking the bus master and tt
on-chip peripheral modules, however, is only 8 bits wide. When the bus master accesses thes
registers, it therefore uses an 8-bit temporary register (TEMP).

These registers are written to and read from as follows.

Write: When the upper byte is written to, the upper-byte write data is stored in TEMP. Next,
when the lower byte is written to, the lower-byte write data and TEMP value are combined, an
the combined 16-bit value is written in the register.

Read: When the upper byte is read from, the upper-byte value is transferred to the CPU and tt
lower-byte value is transferred to TEMP. Next, when the lower byte is read from, the lower-by
value in TEMP is transferred to the CPU.

These registers should always be accessed 16 bits at a time with a MOV instruction, and the |
byte should always be accessed before the lower byte. Correct data will not be transferred if
the upper byte or only the lower byte is accessed. Also note that a bit manipulation instruction
cannot be used to access these registers.

Example 1: Write to DACNT
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MOV.W RO, @DACNT : Write RO contents to DACNT
Example 2: Read DADRA
MOV.W @DADRA, RO ; Copy contents of DADRA to RO

Table 10.2 Read and Write Access Methods for 16-Bit Registers

Read Write
Register Name Word Byte Word Byte
DADRA and DADRB Yes Yes Yes X
DACNT Yes X Yes X

Legend
Yes: Permitted type of access. Word access includes successive byte accesses to the upper
byte (first) and lower byte (second).

X: This type of access may give incorrect results.

10.5 Operation

A PWM waveform like the one shown in figure 10.2 is output from the PWMX pin. The value in
DADR corresponds to the total width of the low (0) pulses output in one conversion cycle
(256 pulses when CFS = 0, 64 pulses when CFS = 1). When OS = 0, this waveform is directly
output. When OS = 1, the output waveform is inverted, and the DADR value corresponds to the
total width (T,) of the high (1) output pulses. Figures 10.3 and 10.4 show the types of waveform
output available.

1 conversion cycle
(T x 214 (= 16384))

&

Base cycle
(T x64 or T x 256)

N I O N B e
L

1

T: Resolution
m
T = 2t,(05=0)
n=1

(When CFS =0, m = 256
When CFS =1, m = 64)

Figure 10.2 PWM D/A Operation
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Table 10.3 summarizes the relationships between the CKS, CFS, and OS bit settings and the
resolution, base cycle, and conversion cycle. The PWM output remains fixed unless DADR

contains at least a certain minimum value.

Table 10.3 Settings and Operation (Examples when g = 10 MHz)

Fixed DADR Bits

Precisi- Bit Data

Resolution Base Conversion T, (if OS = 0) on Conversion
CKS T (us) CFS Cycle (us) Cycle (us) T, (ifOS=1) (Bits)y 3 2 1 0 Cycle* (us)
0 0.1 0 6.4 1638.4 1. Always low (or high) 14 1638.4

(DADR = H'0001 to 12 0 0 409.6
H'03FD)
2. (Datavalue) x T
(DADR = H'0401 to 10 0000 1024
H'FFFD)
1 25.6 1. Always low (or high) 14 1638.4
(DADR = H'0003 to 12 0 0 4096
H'00FF)
2. (Datavalue) x T
(DADR = H'0103 to 10 0 00 0O 1024
H'FFFF)
1 02 0 12.8 3276.8 1. Always low (or high) 14 3276.8
(DADR = H'0001 to
H'03FD) 12 0 0 819.2
2. (Datavalue) x T
(DADR = H'0401 to 10 000 O 2048
H'FFFD)
1 51.2 1. Always low (or high) 14 3276.8
(DADR = H'0003 to
2. (Datavalue) x T 10 000 0 2048
(DADR = H'0103 to
H'FFFF)

Note:* This column indicates the conversion cycle when specific DADR bits are fixed.
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1 conversion cycle

t ) |7} ) ol tp55 ) tiz56
| | K |

£

T 1 T
i to f3 ti 255 ti 256

t =t =t = = to55 = trps = Tx 64
tat ottt +Hiosst tiose=Tp

a. CFS = 0 [base cycle = resolution (T) x 64]

1 conversion cycle

ty ) tp ) o tie3 ) tea
I

5] to fi3 fLe3 tiea

tn =t =t = =te3 = tgs = Tx 256
tg+ tp+ g+ a3t tig =T,

b. CFS =1 [base cycle = resolution (T) x 256]

Figure 10.3 Output Waveform (OS = 0, DADR corresponds to,J
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1 conversion cycle

tyy ) |7} ) o tip55 ) tizs6
| |

T 1 T
ty 73 tys thyass thos6

t =t =t = = fo55 = trps = Tx 64
tat o+t + Hoss + tose = Ty

a. CFS = 0 [base cycle = resolution (T) x 64]

1 conversion cycle

% ) t ) ol tie3 ) tea
| |

i
o

T 1 T 1 T 1 T 1 T
thy ) 3 thes thes

=t =t = = fe3 = tgg = Tx 256
tp * o+ tyg+ o + e thea = Ty

b. CFS =1 [base cycle = resolution (T) x 256]

Figure 10.4 Output Waveform (OS = 1, DADR corresponds to,J

An example of setting CFS to 1 (basic cycle = resolutiork(d36) and OS to 1 (PWMX inverted
output) is shown as an additional pulse. When CFS is set to 1, the duty ratio of the basic pulse
determined by the upper eight bits (DA13 to DA6) in DADR, and the position of the additional
pulse is determined by the following six bits (DA5 to DAO) as shown in figure 10.5.

Table 10.4 shows the position of the additional pulse.

DA13 | DA12 | DA11 | DAlO|DA9 |DA8 | DA7 | DA6 | DA5 | DA4 | DA3 | DA2 | DAl | DAO | CFS| —|

1 1
Basic pulse duty ratio - Additional pulse position

Figure 10.5 D/A Data Register Configuration when CFS =1

Here, the case of DADR = H’'0207 (B’0000 0010 0000 0111) is considered. Figure 10.6 shows
output waveform. Because CFS = 1 and the value of upper eight bits is B’'0000 0010, the duty
ratio of the basic pulse is 2/2%§T) of high width.

Since the value of the following six bits is B’0000 01, the additional pulse is output at the posit

of basic pulse No. 63 as shown in table 10.4. Only 186 of the additional pulse is added to
the basic pulse.
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One conversion cycle

Basiccycle | Basiccycle ., Basic cycle
No.0 ||_| No.1 i_l /I:|_| No.63
\ Basic pulse f/

High width: 2/256 x (T) Additional pulse output position

Basic pulse 1Additional
2/256 x (T) ' | _pulse
T |1r256 x (T)

Figure 10.6 Output Waveform when DADR = H'0207 (OS =1)

Note that the case of CFS = 0 (basic cycle = resolutior EB) is similar other than the duty ratio

of the basic pulse is determined by the upper six bits, and the position of the additional pulse is
determined by the following eight bits.
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1)

Table 10.4 Position of Pulse to be Added to Basic Pulse (CFS
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10.6  Usage Note

10.6.1 Module Stop Mode Setting

PWMX operation can be enabled or disabled using the module stop control register. The initial
setting is for PWMX operation to be halted. Register access is enabled by canceling the modul
stop mode. For details, refer to section 26, Power-Down Modes.
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Section 11 16-Bit Free-Running Timer (FRT)

This LSI has an on-chip 16-bit free-running timer (FRT). The FRT operates on the basis of the
bit free-running counter (FRC), and outputs two independent waveforms, and measures the ir
pulse width and external clock periods.

11.1 Features

* Selection of four clock sources

One of the three internal clocks (@/2, a/8, or @/32), or an external clock input can be select
(enabling use as an external event counter).

« Two independent comparators
Two independent waveforms can be output.

« Four independent input capture channels
The rising or falling edge can be selected.
Buffer modes can be specified.

« Counter clearing
The free-running counters can be cleared on compare-match A.

e Seven independent interrupts
Two compare-match interrupts, four input capture interrupts, and one overflow interrupt ca
requested independently.

« Special functions provided by automatic addition function
The contents of OCRAR and OCRAF can be added to the contents of OCRA automatically
enabling a periodic waveform to be generated without software intervention. The contents
ICRD can be added automatically to the contents of OCRI2\enabling input capture
operations in this interval to be restricted.
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Figure 11.1 shows a block diagram of the FRT.

External clock Internal clock A\
@12 OCRAR/F (HIL)
——— 2/8
FTCI 1 /32
Clock
Clock selector OCRA (H/L)
Compare-match A Comparator A ”
FTOA <+— . 2 g
FTOB Overflow % 3 Internal data bus
FRC (HIL) S s K>
Clear % c
FTIA ——* 3 %
Control logic Compare-match B Comparator B S
FTIB ——* .
Frie OCRB (HIL) K>
FTID ——* ﬁ
Input capture
put vap ICRA (HIL) |
ICRB (H/L) >
ICRC (H/L) [ >
ICRD (H/L) >
N

|—> ICIA
ICIB
— ICIC

—— ICID ¢ Interrupt signal
——— 0CIA

— > OCIB

——————— FovI

Legend
OCRA, OCRB : Output compare register A, B (16-bit)
OCRAR,OCRAF : Output compare register AR, AF (16-bit)

OCRDM : Output compare register DM (16-bit)

FRC : Free-running counter (16-bit)

ICRAto D : Input capture registers A to D (16-bit)

TCSR : Timer control/status register (8-bit)

TIER : Timer interrupt enable register (8-bit)

TCR : Timer control register (8-bit)

TOCR : Timer output compare control register (8-bit)

Figure 11.1 Block Diagram of 16-Bit Free-Running Timer
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11.2  Input/Output Pins
Table 11.1 lists the FRT input and output pins.

Table 11.1 Pin Configuration

Name Abbreviation  I/O Function

Counter clock input pin FTCI Input FRC counter clock input
Output compare A output pin ~ FTOA Output Output compare A output
Output compare B output pin  FTOB Output Output compare B output
Input capture A input pin FTIA Input Input capture A input
Input capture B input pin FTIB Input Input capture B input
Input capture C input pin FTIC Input Input capture C input
Input capture D input pin FTID Input Input capture D input

11.3 Register Descriptions
The FRT has the following registers.

e Free-running counter (FRC)

e Output compare register A (OCRA)

¢ Output compare register B (OCRB)

e Input capture register A (ICRA)

* Input capture register B (ICRB)

« Input capture register C (ICRC)

e Input capture register D (ICRD)

e Output compare register AR (OCRAR)
e Output compare register AF (OCRAF)
e Output compare register DM (OCRDM)
e Timer interrupt enable register (TIER)

e Timer control/status register (TCSR)

e Timer control register (TCR)

e Timer output compare control register (TOCR)

Note: OCRA and OCRB share the same address. Register selection is controlled by the OC
bit in TOCR. ICRA, ICRB, and ICRC share the same addresses with OCRAR, OCRAF
and OCRDM. Register selection is controlled by the ICRS bit in TOCR.
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11.3.1 Free-Running Counter (FRC)

FRC is a 16-bit readable/writable up-counter. The clock source is selected by bits CKS1 and
CKSO0 in TCR. FRC can be cleared by compare-match A. When FRC overflows from H'FFFF tc
H'0000, the overflow flag bit (OVF) in TCSR is set to 1. FRC should always be accessed in 16-
units; cannot be accessed in 8-bit units. FRC is initialized to H'0000.

11.3.2  Output Compare Registers A and B (OCRA, OCRB)

The FRT has two output compare registers, OCRA and OCRB, each of which is a 16-bit
readable/writable register whose contents are continually compared with the value in FRC. Wh
a match is detected (compare-match), the corresponding output compare flag (OCFA or OCFB
setto 1 in TCSR. If the OEA or OEB bit in TOCR is set to 1, when the OCR and FRC values
match, the output level selected by the OLVLA or OLVLB bit in TOCR is output at the output
compare output pin (FTOA or FTOB). Following a reset, the FTOA and FTOB output levels are
until the first compare-match. OCR should always be accessed in 16-bit units; cannot be acces
in 8-bit units. OCR s initialized to H'FFFF.

11.3.3 Input Capture Registers A to D (ICRA to ICRD)

The FRT has four input capture registers, ICRA to ICRD, each of which is a 16-bit read-only
register. When the rising or falling edge of the signal at an input capture input pin (FTIA to FTIC
is detected, the current FRC value is transferred to the corresponding input capture register (IC
to ICRD). At the same time, the corresponding input capture flag (ICFA to ICFD) in TCSR is se
to 1. The FRC contents are transferred to ICR regardless of the value of ICF. The input capture
edge is selected by the input edge select bits (IEDGA to IEDGD) in TCR.

ICRC and ICRD can be used as ICRA and ICRB buffer registers, respectively, by means of buf
enable bits A and B (BUFEA and BUFEB) in TCR. For example, if an input capture occurs whe
ICRC is specified as the ICRA buffer register, the FRC contents are transferred to ICRA, and tl
transferred to the buffer register ICRC.

To ensure input capture, the input capture pulse width should be at least 1.5 system clocks ()
single edge. When triggering is enabled on both edges, the input capture pulse width should be
least 2.5 system clocks (2).

ICRA to ICRD should always be accessed in 16-bit units; cannot be accessed in 8-bit units. ICI
initialized to H'0000.
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11.3.4 Output Compare Registers AR and AF (OCRAR, OCRAF)

OCRAR and OCRAF are 16-bit readable/writable registers. When the OCRAMS bit in TOCR i
set to 1, the operation of OCRA is changed to include the use of OCRAR and OCRAF. The
contents of OCRAR and OCRAF are automatically added alternately to OCRA, and the result
written to OCRA. The write operation is performed on the occurrence of compare-match A. In
1st compare-match A after setting the OCRAMS bit to 1, OCRAF is added. The operation due
compare-match A varies according to whether the compare-match follows addition of OCRAR
OCRAF. The value of the OLVLA bit in TOCR is ignored, and 1 is output on a compare-match
following addition of OCRAF, while O is output on a compare-match A following addition of
OCRAR.

When using the OCRA automatic addition function, do not select internal clock /2 as the FRC
input clock together with a set value of H'0001 or less for OCRAR (or OCRAF).

OCRAR and OCRAF should always be accessed in 16-bit units; cannot be accessed in 8-bit
OCRAR and OCRAF are initialized to H'FFFF.

11.3.5 Output Compare Register DM (OCRDM)

OCRDM is a 16-bit readable/writable register in which the upper 8 bits are fixed at H'00. Whel
the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000, the
operation of ICRD is changed to include the use of OCRDM. The point at which input capture
occurs is taken as the start of a mask interval. Next, twice the contents of OCRDM is added tc
contents of ICRD, and the result is compared with the FRC value. The point at which the valu
match is taken as the end of the mask interval. New input capture D events are disabled durin
mask interval. A mask interval is not generated when the contents of OCRDM are H'0000 whil
the ICRDMS bit is set to 1.

OCRDM should always be accessed in 16-bit units; cannot be accessed in 8-bit units. OCRDI
initialized to H'0000.
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11.3.6  Timer Interrupt Enable Register (TIER)
TIER enables and disables interrupt requests.

Bit BitName Initial Value R/W  Description

7 ICIAE 0 R/W  Input Capture Interrupt A Enable

Selects whether to enable input capture interrupt A
request (ICIA) when input capture flag A (ICFA) in
TCSRis setto 1.

0: ICIA requested by ICFA is disabled
1: ICIA requested by ICFA is enabled

6 ICIBE 0 R/W  Input Capture Interrupt B Enable

Selects whether to enable input capture interrupt B
request (ICIB) when input capture flag B (ICFB) in
TCSRis set to 1.

0: ICIB requested by ICFB is disabled
1: ICIB requested by ICFB is enabled

5 ICICE 0 R/W  Input Capture Interrupt C Enable

Selects whether to enable input capture interrupt C
request (ICIC) when input capture flag C (ICFC) in
TCSRis set to 1.

0: ICIC requested by ICFC is disabled
1: ICIC requested by ICFC is enabled

4 ICIDE 0 R/W  Input Capture Interrupt D Enable

Selects whether to enable input capture interrupt D
request (ICID) when input capture flag D (ICFD) in
TCSR is set to 1.

0: ICID requested by ICFD is disabled
1: ICID requested by ICFD is enabled

3 OCIAE 0 R/W  Output Compare Interrupt A Enable

Selects whether to enable output compare interrupt A
request (OCIA) when output compare flag A (OCFA) in
TCSRis set to 1.

0: OCIA requested by OCFA is disabled
1: OCIA requested by OCFA is enabled
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Bit Bit Name |Initial Value R/W  Description

2 OCIBE 0 R/W  Output Compare Interrupt B Enable

Selects whether to enable output compare interrupt B
request (OCIB) when output compare flag B (OCFB) in
TCSRis set to 1.

0: OCIB requested by OCFB is disabled
1: OCIB requested by OCFB is enabled

1 OVIE 0 R/W  Timer Overflow Interrupt Enable

Selects whether to enable a free-running timer overflow
request interrupt (FOVI) when the timer overflow flag
(OVF) in TCSR is set to 1.

0: FOVI requested by OVF is disabled
1: FOVI requested by OVF is enabled

0 — 0 R Reserved
This bit is always read as 1 and cannot be modified.

11.3.7 Timer Control/Status Register (TCSR)
TCSR is used for counter clear selection and control of interrupt request signals.

Bit Bit Name Initial Value R/W  Description

7 ICFA 0 R/(W)* Input Capture Flag A

This status flag indicates that the FRC value has been
transferred to ICRA by means of an input capture
signal. When BUFEA = 1, ICFA indicates that the old
ICRA value has been moved into ICRC and the new
FRC value has been transferred to ICRA. Only 0 can be
written to this bit to clear the flag.

[Setting condition]

When an input capture signal causes the FRC value to
be transferred to ICRA

[Clearing condition]
Read ICFA when ICFA = 1, then write 0 to ICFA
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Bit

Bit Name

Initial Value

R/W  Description

6

ICFB

0

RI(W)*

Input Capture Flag B

This status flag indicates that the FRC value has been
transferred to ICRB by means of an input capture
signal. When BUFEB = 1, ICFB indicates that the old
ICRB value has been moved into ICRD and the new
FRC value has been transferred to ICRB. Only 0 can be
written to this bit to clear the flag.

[Setting condition]

When an input capture signal causes the FRC value to
be transferred to ICRB

[Clearing condition]
Read ICFB when ICFB = 1, then write O to ICFB

5

ICFC

0

RI(W)*

Input Capture Flag C

This status flag indicates that the FRC value has been
transferred to ICRC by means of an input capture
signal. When BUFEA = 1, on occurrence of an input
capture signal specified by the IEDGC bit at the FTIC
input pin, ICFC is set but data is not transferred to
ICRC. In buffer operation, ICFC can be used as an
external interrupt signal by setting the ICICE bit to 1.
Only 0 can be written to this bit to clear the flag.

[Setting condition]

When an input capture signal is received
[Clearing condition]

Read ICFC when ICFC = 1, then write 0 to ICFC

4

ICFD

0

RI(W)*

Input Capture Flag D

This status flag indicates that the FRC value has been
transferred to ICRD by means of an input capture
signal. When BUFEB = 1, on occurrence of an input
capture signal specified by the IEDGD bit at the FTID
input pin, ICFD is set but data is not transferred to
ICRD. In buffer operation, ICFD can be used as an
external interrupt signal by setting the ICIDE bit to 1.
Only 0 can be written to this bit to clear the flag.

[Setting condition]

When an input capture signal is received
[Clearing condition]

Read ICFD when ICFD = 1, then write 0 to ICFD
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Bit

Bit Name

Initial Value

R/W  Description

3

OCFA

0

RI(W)*

Output Compare Flag A

This status flag indicates that the FRC value matches
the OCRA value. Only 0 can be written to this bit to
clear the flag.

[Setting condition]

When FRC = OCRA

[Clearing condition]

Read OCFA when OCFA = 1, then write 0 to OCFA

2

OCFB

RI(W)*

Output Compare Flag B

This status flag indicates that the FRC value matches
the OCRB value. Only 0 can be written to this bit to
clear the flag.

[Setting condition]

When FRC = OCRB

[Clearing condition]

Read OCFB when OCFB = 1, then write 0 to OCFB

OVF

RI(W)*

Timer Overflow

This status flag indicates that the FRC has overflowed.
Only 0 can be written to this bit to clear the flag.

[Setting condition]

When FRC overflows (changes from H'FFFF to H'0000)
[Clearing condition]

Read OVF when OVF = 1, then write 0 to OVF

0

CCLRA

R/W

Counter Clear A

This bit selects whether the FRC is to be cleared at
compare-match A (when the FRC and OCRA values
match).

0: FRC clearing is disabled
1: FRC is cleared at compare-match A

Note:* Only O can be written to clear the flag.
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11.3.8 Timer Control Register (TCR)

TCR selects the rising or falling edge of the input capture signals, enables the input capture bu
mode, and selects the FRC clock source.

Bit Bit Name |Initial Value R/W  Description
7 IEDGA 0 R/W  Input Edge Select A

Selects the rising or falling edge of the input capture A
signal (FTIA).

0: Capture on the falling edge of FTIA

1: Capture on the rising edge of FTIA
6 IEDGB 0 R/W  Input Edge Select B

Selects the rising or falling edge of the input capture B
signal (FTIB).

0: Capture on the falling edge of FTIB

1: Capture on the rising edge of FTIB
5 IEDGC 0 R/W  Input Edge Select C

Selects the rising or falling edge of the input capture C
signal (FTIC).

0: Capture on the falling edge of FTIC

1: Capture on the rising edge of FTIC
4 IEDGD 0 R/W  Input Edge Select D

Selects the rising or falling edge of the input capture D
signal (FTID).

0: Capture on the falling edge of FTID

1: Capture on the rising edge of FTID
3 BUFEA 0 R/W  Buffer Enable A

Selects whether ICRC is to be used as a buffer register
for ICRA.

0: ICRC is not used as a buffer register for ICRA
1: ICRC is used as a buffer register for ICRA
2 BUFEB 0 R/W  Buffer Enable B

Selects whether ICRD is to be used as a buffer register
for ICRB.

0: ICRD is not used as a buffer register for ICRB
1: ICRD is used as a buffer register for ICRB
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Bit Bit Name |Initial Value R/W  Description

1 CKS1 0 R/W  Clock Select 1, 0

0 CKSO0 0 Select clock source for FRC.
00: @/2 internal clock source

01: @/8 internal clock source
10: @/32 internal clock source
11: External clock source (counting at FTCI rising edge)

11.3.9  Timer Output Compare Control Register (TOCR)

TOCR enables output from the output compare pins, selects the output levels, switches acces
between output compare registers A and B, controls the ICRD and OCRA operating modes, a
switches access to input capture registers A, B, and C.

Bit Bit Name Initial Value R/W  Description
7 ICRDMS 0 R/W  Input Capture D Mode Select

Specifies whether ICRD is used in the normal operating
mode or in the operating mode using OCRDM.

0: The normal operating mode is specified for ICRD

1: The operating mode using OCRDM is specified for
ICRD

6 OCRAMS 0 R/W  Output Compare A Mode Select

Specifies whether OCRA is used in the normal
operating mode or in the operating mode using OCRAR
and OCRAF.

0: The normal operating mode is specified for OCRA

1: The operating mode using OCRAR and OCRAF is
specified for OCRA
5 ICRS 0 R/W  Input Capture Register Select

The same addresses are shared by ICRA and OCRAR,
by ICRB and OCRAF, and by ICRC and OCRDM. The
ICRS bit determines which registers are selected when
the shared addresses are read from or written to. The
operation of ICRA, ICRB, and ICRC is not affected.

0: ICRA, ICRB, and ICRC are selected
1: OCRAR, OCRAF, and OCRDM are selected
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Bit BitName |Initial Value R/W  Description

4 OCRS 0 R/W  Output Compare Register Select
OCRA and OCRB share the same address. When this
address is accessed, the OCRS bit selects which
register is accessed. The operation of OCRA or OCRB
is not affected.
0: OCRA is selected
1: OCRB is selected

3 OEA 0 R/W  Output Enable A
Enables or disables output of the output compare A
output pin (FTOA).
0: Output compare A output is disabled
1: Output compare A output is enabled

2 OEB 0 R/W  Output Enable B
Enables or disables output of the output compare B
output pin (FTOB).
0: Output compare B output is disabled
1: Output compare B output is enabled

1 OLVLA 0 R/W  Output Level A
Selects the level to be output at the output compare A
output pin (FTOA) in response to compare-match A
(signal indicating a match between the FRC and OCRA
values). When the OCRAMS bit is 1, this bit is ignored.
0: 0 is output at compare-match A
1: 1 is output at compare-match A

0 OLVLB 0 R/W  Output Level B

Selects the level to be output at the output compare B
output pin (FTOB) in response to compare-match B
(signal indicating a match between the FRC and OCRB
values).

0: 0 is output at compare-match B
1: 1 is output at compare-match B
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11.4  Operation

11.4.1  Pulse Output

Figure 11.2 shows an example of 50%-duty pulses output with an arbitrary phase difference.
When a compare match occurs while the CCLRA bit in TCSR is set to 1, the OLVLA and

OLVLB bits are inverted by software.

FRC

Counter clear

FTOB

Figure 11.2 Example of Pulse Output
11.5 Operation Timing

11.5.1 FRC Increment Timing

Figure 11.3 shows the FRC increment timing with an internal clock source. Figure 11.4 shows
increment timing with an external clock source. The pulse width of the external clock signal ir
be at least 1.5 system clocks (@). The counter will not increment correctly if the pulse width is

shorter than 1.5 system clocks ().

(IS I e Y Y Y I

Internal clock —l\ | N |\

FRC input | | | |

clock

FRC N1 X N X N1

Figure 11.3 Increment Timing with Internal Clock Source
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’ [ I o I O O
External clock | | 45 I_
input pin 46

FRC input
clock

FRC N :,:. X N+1 :,:.

Figure 11.4 Increment Timing with External Clock Source

11.5.2  Output Compare Output Timing

A compare-match signal occurs at the last state when the FRC and OCR values match (at the

timing when the FRC updates the counter value). When a compare-match signal occurs, the le
selected by the OLVL bit in TOCR is output at the output compare pin (FTOA or FTOB). Figure
11.5 shows the timing of this operation for compare-match A.

FRC N X N+1 i . N X N+l
OCRA N i iy N
Compare-match 4,_| I_l
A signal 4 4

# Clear*

OLVLA \L ) |
Output compare A 4 i \
output pin FTOA I

Note : * Indicates instruction execution by software.

Figure 11.5 Timing of Output Compare A Output
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11.5.3 FRC Clear Timing

FRC can be cleared when compare-match A occurs. Figure 11.6 shows the timing of this
operation.

’ S O I O B S A S I A
Compare-match I_l
A signal 1

ERC N X H0000

Figure 11.6 Clearing of FRC by Compare-Match A Signal

11.5.4  Input Capture Input Timing

The rising or falling edge can be selected for the input capture input timing by the IEDGA to
IEDGD bits in TCR. Figure 11.7 shows the usual input capture timing when the rising edge is
selected.

° ipEpEpEnEnENENENE
Input capture | |

input pin 4 \‘

Input capture signal | |

Figure 11.7 Input Capture Input Signal Timing (Usual Case)
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If ICRA to ICRAD are read when the corresponding input capture signal arrives, the internal iny
capture signal is delayed by one system clock (@). Figure 11.8 shows the timing for this case.

Read cycle of ICRA to ICRD
T T2

Input capture | |
input pin 4
Input capture signal . |

Figure 11.8 Input Capture Input Signal Timing (When ICRA to ICRD are Read)

11.5.5 Buffered Input Capture Input Timing

ICRC and ICRD can operate as buffers for ICRA and ICRB, respectively. Figure 11.9 shows hc
input capture operates when ICRC is used as ICRA's buffer register (BUFEA = 1) and IEDGA ¢
IEDGC are set to different values (IEDGA = 0 and IEDGC = 1, or IEDGA = 1 and IEDGC = 0),
so that input capture is performed on both the rising and falling edges of FTIA.

FTIA _| ]
| I_l
S?g:;lcaptu re ) | |

FRC n X n+1 ” N X N+1
ICRA M X n nX N
ICRC m X M MX n

Figure 11.9 Buffered Input Capture Timing

Even when ICRC or ICRD is used as a buffer register, its input capture flag is set by the select
transition of its input capture signal. For example, if ICRC is used to buffer ICRA, when the edg
transition selected by the IEDGC bit occurs on the FTIC input capture line, ICFC will be set, an
if the ICICE bit is set at this time, an interrupt will be requested. The FRC value will not be

transferred to ICRC, however. In buffered input capture, if either set of two registers to which d

Rev. 2.0, 08/02, page 256 of 788
RENESAS



will be transferred (ICRA and ICRC, or ICRB and ICRD) is being read when the input capture

input signal arrives, input capture is delayed by one system clock (@). Figure 11.10 shows the
timing when BUFEA = 1.

CPU read cycle of ICRA or ICRC

FTIA

Input capture
signal

Figure 11.10 Buffered Input Capture Timing (BUFEA = 1)

11.5.6  Timing of Input Capture Flag (ICF) Setting

The input capture flag, ICFA, ICFB, ICFC, or ICFD, is set to 1 by the input capture signal. The
FRC value is simultaneously transferred to the corresponding input capture register (ICRA, IC
ICRC, or ICRD). Figure 11.11 shows the timing of setting the ICFA to ICFD flag.

° S N I B e B
sonal [ ]

ICFA to ICFD |

-
X~ «

Figure 11.11 Timing of Input Capture Flag (ICFA, ICFB, ICFC, or ICFD) Setting

FRC

ICRA to ICRD
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1157

Timing of Output Compare Flag (OCF) setting

The output compare flag, OCFA or OCFB, is set to 1 by a compare-match signal generated wh
the FRC value matches the OCRA or OCRB value. This compare-match signal is generated at
last state in which the two values match, just before FRC increments to a new value. When the
FRC and OCRA or OCRB value match, the compare-match signal is not generated until the ne
cycle of the clock source. Figure 11.12 shows the timing of setting the OCFA or OCFB flag.

g J L
FRC N X

N+1

OCRA, OCRB N

Compare-match
signal

[
S,

OCFA, OCFB

1158

Figure 11.12 Timing of Output Compare Flag (OCFA or OCFB) Setting

Timing of FRC Overflow Flag Setting

The FRC overflow flag (OVF) is set to 1 when FRC overflows (changes from H'FFFF to H'0000
Figure 11.13 shows the timing of setting the OVF flag.

L

FRC H'0000

HFFFF X
[

Overflow signal

OVF

Figure 11.13 Timing of Overflow Flag (OVF) Setting
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11.5.9 Automatic Addition Timing

When the OCRAMS bit in TOCR is set to 1, the contents of OCRAR and OCRAF are
automatically added to OCRA alternately, and when an OCRA compare-match occurs a write
OCRA is performed. Figure 11.14 shows the OCRA write timing.

: 4o b b b L

FRC N X N +1
OCRA N X N+A
OCRAR, OCRAF A

Compare-match
signal | |

Figure 11.14 OCRA Automatic Addition Timing

11.5.10 Mask Signal Generation Timing

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000
signal that masks the ICRD input capture signal is generated. The mask signal is set by the in
capture signal. The mask signal is cleared by the sum of the ICRD contents and twice the
OCRDM contents, and an FRC compare-match. Figure 11.15 shows the timing of setting the |
signal. Figure 11.16 shows the timing of clearing the mask signal.

g 4o b bbb L L
Input capture
signal | |

Input capture
mask signal

Figure 11.15 Timing of Input Capture Mask Signal Setting
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FRC

N+1

ICRD + OCRDM x 2

Compare-match
signal

Input capture
mask signal

[ ]

\

11.6  Interrupt Sources

Figure 11.16 Timing of Input Capture Mask Signal Clearing

The free-running timer can request seven interrupts: ICIA to ICID, OCIA, OCIB, and FOVI. Eac
interrupt can be enabled or disabled by an enable bit in TIER. Independent signals are sent to
interrupt controller for each interrupt. Table 11.2 lists the sources and priorities of these interruj

The ICIA, ICIB, OCIA, and OCIB interrupts can be used as the on-chip DTC activation sources

Table 11.2 FRT Interrupt Sources

Interrupt Interrupt Source Interrupt Flag 2(-;?\:/ation Priority
ICIA Input capture of ICRA ICFA Enabled High
ICIB Input capture of ICRB ICFB Enabled

ICIC Input capture of ICRC ICFC Disabled

ICID Input capture of ICRD ICFD Disabled

OCIA Compare match of OCRA OCFA Enabled

OCIiB Compare match of OCRB OCFB Enabled

FOVI Overflow of FRC OVF Disabled Low
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11.7 Usage Notes

11.7.1  Conflict between FRC Write and Clear

If an internal counter clear signal is generated during the state after an FRC write cycle, the cl
signal takes priority and the write is not performed. Figure 11.17 shows the timing for this type
conflict.

Write cycle of FRC
T1 T2

@

1
|
Address x FRC address X

Internal write signal

Counter clear signal

FRC N X H'0000

Figure 11.17 FRC Write-Clear Conflict
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11.7.2  Conflict between FRC Write and Increment

If an FRC increment pulse is generated during the state after an FRC write cycle, the write take
priority and FRC is not incremented. Figure 11.18 shows the timing for this type of conflict.

Write cycle of FRC
1 T2

1
|
Address x FRC address X

Internal write
signal

FRC input
clock

FRC N X M
A

Write data

Figure 11.18 FRC Write-Increment Conflict

11.7.3  Conflict between OCR Write and Compare-Match

If a compare-match occurs during the state after an OCRA or OCRB write cycle, the write take:
priority and the compare-match signal is disabled. Figure 11.19 shows the timing for this type o
conflict.

If automatic addition of OCRAR and OCRAF to OCRA is selected, and a compare-match occul
in the cycle following the OCRA, OCRAR, and OCRAF write cycle, the OCRA, OCRAR and
OCRAF write takes priority and the compare-match signal is disabled. Consequently, the resul
the automatic addition is not written to OCRA. Figure 11.20 shows the timing for this type of
conflict.
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Address

Internal write
signal

FRC

OCR

Compare-match
signal

Write cycle of OCR
T1 T2

1
|
x OCR address X

Disabled

Figure 11.19 Conflict between OCR Write and Compare-Match
(When Automatic Addition Function is Not Used)

RENESAS

Rev. 2.0, 08/02, page 263 of 788




Write cycle of OCRAR/OCRAF

o T2
[ [ |

| L

Address xOCRggd(ggSRAF)

Internal write signal | |

OCRAR (OCRAF) Old data X New data
Compare-match signal Disabled —:*: T E
FRC N X N+1
OCRA N

Automatic addition is not performed
because compare-match signals are disabled.

Figure 11.20 Conflict between OCRAR/OCRAF Write and Compare-Match

(When Automatic Addition Function is Used)

Switching of Internal Clock and FRC Operation

When the internal clock is changed, the changeover may cause FRC to increment. This depen
the time at which the clock is switched (bits CKS1 and CKSO0 are rewritten), as shown in table

When an internal clock is used, the FRC clock is generated on detection of the falling edge of t
internal clock scaled from the system clock (@). If the clock is changed when the old source is t
and the new source is low, as in case no. 3 in table 11.3, the changeover is regarded as a fallir
edge that triggers the FRC clock, and FRC is incremented. Switching between an internal clocl

and external clock can also cause FRC to increment.
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Table 11.3 Switching of Internal Clock and FRC Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits FRC Operation
1 Switching from Clock before I_l ; I_l I—l_
low to |O\?V switchover i
Clock after ;
switchover H
FRC clock f

FRC N X N+1 X

2 Switching from Clock before I_l I_l
switchover

low to high

Clock after
switchover

FRC clock

FRC N X N+1 X

CKS bit rewrite
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Timing of Switchover

by Means of CKS1
No. and CKSO Bits FRC Operation
3 Switching from Clock before | | | E
hlgh to |C?W switchover ; | | |
Clock after :
switchover : x
FRC clock |_| (m |_|
N
FRC N X N+1 X N+2 X
CKS bit rewrite
4 Switching from Clock before f
high to h?gh switchover —I_‘—l |_| : |_

Clock after
switchover

)
FRC clock |_| |_| |_|
FRC N X N+1 X N+ 2 X

CKS bit rewrite

Note:* Generated on the assumption that the switchover is a falling edge; FRC is incremented.

11.7.5 Module Stop Mode Setting

FRT operation can be enabled or disabled using the module stop control register. The initial
setting is for FRT operation to be halted. Register access is enabled by canceling the module s
mode. For details, refer to section 26, Power-Down Modes.
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Section 12 8-Bit Timer (TMR)

This LSI has an on-chip 8-bit timer module (TMR_0 and TMR_1) with two channels operating
the basis of an 8-bit counter. The 8-bit timer module can count external events, and can also |
used as a multifunction timer in a variety of applications, such as generation of counter reset,
interrupt requests, and pulse output with an arbitrary duty cycle using a compare-match signal
with two registers.

This LSI also has a similar on-chip 8-bit timer module (TMR_Y and TMR_X) with two channel
which can be used through connection to the timer connection.

12.1 Features

» Selection of clock sources

0 TMR_O, TMR_1: The counter input clock can be selected from six internal clocks and a
external clock

0O TMR_Y, TMR_X: The counter input clock can be selected from three internal clocks an
an external clock

« Selection of three ways to clear the counters

O The counters can be cleared on compare-match A or compare-match B, or by an exter
reset signal.

e Timer output controlled by two compare-match signals
O The timer output signal in each channel is controlled by two independent compare-matc
signals, enabling the timer to be used for various applications, such as the generation ¢
pulse output or PWM output with an arbitrary duty cycle. (The TMR_Y does not have a
timer output pin.)
e Cascading of TMR_0 and TMR_1
O (TMR_Y and TMR_X cannot be cascaded.)
Operation as a 16-bit timer can be performed using TMR_O0 as the upper half and TMR
as the lower half (16-bit count mode).
TMR_1 can be used to count TMR_0 compare-match occurrences (compare-match cot
mode).
« Multiple interrupt sources for each channel
O TMR_O, TMR_1, and TMR_Y: Three types of interrupts: Compare-match A, compare-
match B, and overflow
0 TMR_X: Input capture
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Figures 12.1 and 12.2 show block diagrams of the 8-bit timer module.

TMR_X and TMR_Y have a similar configuration, but cannot be cascaded. TMR_X also has ar
input capture function. For details, see section 13, Timer Connection.

External clock Internal clock
sources sources

TMR_0O TMR_1
TMCIO 2/2, 2/8 2/2, o/8
TMCI1 2/32, 9/64 /64, 2/128

2/256, /1024 2/1024, /2048

Clock 1
Clock 0
Clock select
. | Tcora o TCORA 1 K
Compare-match Al k) k)
Compare-match AO [Comparator A_ omparator A_ll
TMOOQ ~— Overflow 1 r (\ y. (\ rd
TMRIO —» Overflow 0 | TCNT_O TCNT_1 k:

CIearO/ Clearl/ ‘ ’

Compare-match B1 |
Compare-match B0 [Comparator B_C*:'Comparator B_ll

TMO1 ~ Control logic
TMRI1 — (\ (ﬁ

| TcorBo [ Tcors_1

K——
> TcsrRo [ TesR1 KO
K=

| TtcrRo [ TcRr1

Internal bus

Interrupt signals
CMIAO

— CMIBO

————=0VIo

———————=CMIAL

———————————=CMIB1

—————————————=0vi1

Legend
TCORA_0 : Time constant register A_O TCORA_1 :Time constant register A_1
TCORB_0 : Time constant register B_0 TCORB_1 : Time constant register B_1
TCNT_O : Timer counter_0 TCNT_1 :Timer counter_1
TCSR_0 : Timer control/status register_0 TCSR_1 : Timer control/status register_1
TCR_O : Timer control register_0 TCR_1 : Timer control register_1

Figure 12.1 Block Diagram of 8-Bit Timers (TMR_0 and TMR_1)
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External clock Internal clock

sources sources TMR_Y TMR_X
TMCIY a4 (%]
TMCIX 31256 @12
312048 a4
Clock X
Clock Y
Clock
select | TCORA Y TCORA %
Compare-maichAX
Compare-matchAY bomparator A omparator A
Overflow X
Overflow Y | TCNT Y TCNT X
Clear Y
/ Clear X
Compare-match BX k
:'Comparator BﬁY':'Zomparator 87)1 g
TMRIY  —™ Compare-match BY el
IVG signal —] (\ (\ s
5]
| Tcorey [ Tcors x K E
Control
logic d
TMOX ~— Input capiure TICRR
TMRIX ——]
TICRF
TICR
c Comparator C ‘o
S Ttecsry | TesRx K
| tcry [ terx K
| TISR I(
Interrupt signals
CMIAY
L— = CMIBY
L = OVIY
L—» ICIX
Legend

TCORA_Y: Time constant register A_Y
TCORB_Y: Time constant register B_Y
TCNT_Y: Timer counter_Y

TCSR_Y: Timer control/status register_Y
TCR_Y: Timer control register_Y

TISR: Timer input select register

TCORA_X: Time constant register A_X
TCORB_X: Time constant register B_X
TCNT_X: Timer counter_X

TCSR_X: Timer control/status register_X
TCR_X: Timer control register_X

TICR: Input capture register

TCORC: Time constant register C
TICRR: Input capture register R

TICRF: Input capture register F

Figure 12.2 Block Diagram of 8-Bit Timers (TMR_Y and TMR_X)
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12.2  Input/Output Pins
Table 12.1 summarizes the input and output pins of the TMR.

Table 12.1 Pin Configuration

Channel  Name Symbol I/0 Function

TMR_O Timer output TMOO0 Output  Output controlled by compare-match
Timer clock input ~ TMCIO Input External clock input for the counter
Timer reset input  TMRIO Input External reset input for the counter

TMR_1 Timer output TMO1 Output  Output controlled by compare-match
Timer clock input ~ TMCI1 Input External clock input for the counter
Timer reset input  TMRI1 Input External reset input for the counter

TMR_Y Timer clock/reset  VSYNCI/TMIY  Input External clock input/external reset
input (TMCIY/TMRIY) input for the counter

TMR_X Timer output TMOX Output  Output controlled by compare-match
Timer clock/reset  HFBACKI/TMIX Input External clock input/external reset
input (TMCIX/TMRIX) input for the counter

12.3  Register Descriptions

The TMR has the following registers. For details on the serial timer control register, refer to
section 3.2.3, Serial Timer Control Register (STCR). For details on timer connection register S,
refer to section 13.3.3, Timer Connection Register S (TCONRS).

e Timer counter (TCNT)

e Time constant register A (TCORA)

« Time constant register B (TCORB)

< Timer control register (TCR)

e Timer control/status register (TCSR)
« Timer input select register (TISR)*

« Time constant register C (TCORC)*
 Input capture register R (TICRR)*

« Input capture register F (TICRE)*

Notes: 1. TISR is only for the TMR_Y.
2. TCORC, TICRR, and TICRF are only for the TMR_X.

Rev. 2.0, 08/02, page 270 of 788
RENESAS



12.3.1  Timer Counter (TCNT)

Each TCNT is an 8-bit readable/writable up-counter. TCNT_0 and TCNT_1 comprise a single
bit register, so they can be accessed together by word access. The clock source is selected b
CKS2 to CKSO bits in TCR. TCNT can be cleared by an external reset input signal, compare-
match A signal or compare-match B signal. The method of clearing can be selected by the CC
and CCLRO bits in TCR. When TCNT overflows (changes from H'FF to H'00), the OVF bit in
TCSR is set to 1. TCNT is initialized to H'00.

12.3.2 Time Constant Register A (TCORA)

TCORA is an 8-bit readable/writable register. TCORA_0 and TCORA 1 comprise a single 16-
register, so they can be accessed together by word access. TCORA is continually compared \
the value in TCNT. When a match is detected, the corresponding compare-match flag A (CMF
in TCSR is set to 1. Note however that comparison is disabled during the T2 state of a TCOR/
write cycle. The timer output from the TMO pin can be freely controlled by these compare-mat
A signals and the settings of output select bits OS1 and OS0 in TCSR. TCORA is initialized to
H'FF.

12.3.3 Time Constant Register B (TCORB)

TCORSB is an 8-bit readable/writable register. TCORB_0 and TCORB_1 comprise a single 16-
register, so they can be accessed together by word access. TCORB is continually compared \
the value in TCNT. When a match is detected, the corresponding compare-match flag B (CMF
in TCSR is set to 1. Note however that comparison is disabled during the T2 state of a TCORI
write cycle. The timer output from the TMO pin can be freely controlled by these compare-mat
B signals and the settings of output select bits OS3 and OS2 in TCSR. TCORB is initialized tc
H'FF.
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12.3.4  Timer Control Register (TCR)

TCR selects the TCNT clock source and the condition by which TCNT is cleared, and

enables/disables interrupt requests.

Bit Bit Name Initial Value R/W Description

7 CMIEB 0 R/W

Compare-Match Interrupt Enable B

Selects whether the CMFB interrupt request (CMIB) is
enabled or disabled when the CMFB flag in TCSR is set to
1. Note that a CMIB interrupt is not generated by TMR_X,
regardless of the CMIEB value.

0: CMFB interrupt request (CMIB) is disabled
1: CMFB interrupt request (CMIB) is enabled

6 CMIEA O R/W

Compare-Match Interrupt Enable A

Selects whether the CMFA interrupt request (CMIA) is
enabled or disabled when the CMFA flag in TCSR is set to
1. Note that a CMIA interrupt is not generated by TMR_X,
regardless of the CMIEA value.

0: CMFA interrupt request (CMIA) is disabled
1: CMFA interrupt request (CMIA) is enabled

5 OVIE 0 R/W

Timer Overflow Interrupt Enable

Selects whether the OVF interrupt request (OVI) is enabled
or disabled when the OVF flag in TCSR is set to 1. Note
that an OVI interrupt is not generated by TMR_X,
regardless of the OVIE value.

0: OVF interrupt request (OVI) is disabled
1: OVF interrupt request (OVI) is enabled

Rev. 2.0, 08/02, page 272 of 788

RENESAS



Bit Bit Name Initial Value R/W Description

4 CCLR1 O R/W Counter Clear 1, 0

3 CCLRO O R/W These bits select the method by which the timer counter is
cleared.
00: Clearing is disabled
01: Cleared on compare-match A
10: Cleared on compare-match B
11: Cleared on rising edge of external reset input

2 CKS2 0 R/W Clock Select2to 0

CKS1 0 R/W These bits select the clock input to TCNT and count
0 CKSO 0 R/W condition, together with the ICKS1 and ICKSO bits in STCR.

For details, see table 12.2.

Table 12.2 Clock Input to TCNT and Count Condition

STCR

Channel CKS2 CKS1 CKSO ICKS1 |ICKSO Description
TMR_O0O O 0 0 — — Disables clock input
0 0 1 — 0 Increments at falling edge of internal clock
2/8
0 0 1 — 1 Increments at falling edge of internal clock
o/2
0 1 0 — 0 Increments at falling edge of internal clock
2/64
0 1 0 — 1 Increments at falling edge of internal clock
/32
0 1 1 — 0 Increments at falling edge of internal clock
/1024
0 1 1 — 1 Increments at falling edge of internal clock
21256
1 0 0 — — Increments at overflow signal from

TCNT_1*
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TCR STCR
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description
TMR_1 O 0 0 — — Disables clock input
0 0 1 0 — Increments at falling edge of internal clock
o/8
0 0 1 1 — Increments at falling edge of internal clock
o/2
0 1 0 0 — Increments at falling edge of internal clock
/64
0 1 0 1 — Increments at falling edge of internal clock
/128
0 1 1 0 — Increments at falling edge of internal clock
/1024
0 1 1 1 — Increments at falling edge of internal clock
/2048
1 0 0 — — Increments at compare-match A from
TCNT_O*
TMR_Y O 0 0 — — Disables clock input
0 0 1 — — Increments at falling edge of internal clock
/4
0 1 0 — — Increments at falling edge of internal clock
/256
0 1 1 — — Increments at falling edge of internal clock
/2048
0 0 — — Disables clock input
TMR_X O 0 0 — — Disables clock input
0 0 1 — — Increments at falling edge of internal clock
[}
0 1 0 — — Increments at falling edge of internal clock
/2
0 1 1 — — Increments at falling edge of internal clock
/4
0 0 — — Disables clock input
Common 1 0 1 — — Increments at rising edge of external
clock
1 1 0 — — Increments at falling edge of external
clock
1 1 1 — — Increments at both rising and falling

edges of external clock.

Note:* If the TMR_O clock input is set as the TCNT_1 overflow signal and the TMR_1 clock input is
set as the TCNT_0 compare-match signal simultaneously, a count-up clock cannot be

generated.
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12.3.5 Timer Control/Status Register (TCSR)
TCSR indicates the status flags and controls compare-match output.
« TCSR O

Bit Bit Name Initial Value R/W  Description

7 CMFB 0 R/(W)* Compare-Match Flag B
[Setting condition]
When the values of TCNT_0 and TCORB_0 match
[Clearing conditions]
« Read CMFB when CMFB = 1, then write 0 in CMFB
* When the DTC is activated by a CMIB interrupt

6 CMFA 0 R/(W)* Compare-Match Flag A
[Setting condition]
When the values of TCNT_0 and TCORA_O match
[Clearing conditions]
« Read CMFA when CMFA = 1, then write 0 in CMFA
*  When the DTC is activated by a CMIA interrupt

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
When TCNT_O overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

4 ADTE 0 R/W  A/D Trigger Enable

Enables or disables A/D converter start requests by
compare-match A.

0: A/D converter start requests by compare-match A are
disabled

1: A/D converter start requests by compare-match A are
enabled
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Bit Bit Name Initial Value R/W

Description

3 0Ss3 0
2 0S2 0

R/W
R/W

Output Select 3, 2

These bits specify how the TMOO pin output level is to be
changed by compare-match B of TCORB_0 and
TCNT_O.

00: No change
01: 0 is output
10: 1 is output
11: QOutput is inverted (toggle output)

Os1
0S0

R/W
R/W

Output Select 1, 0

These bits specify how the TMOO pin output level is to be
changed by compare-match A of TCORA_O and
TCNT_O.

00: No change
01: 0 is output
10: 1 is output
11: QOutput is inverted (toggle output)

Note:* Only 0 can be written, for flag clearing.
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TCSR_1

Bit Bit Name Initial Value R/W  Description

7 CMFB 0 R/(W)* Compare-Match Flag B
[Setting condition]
When the values of TCNT_1 and TCORB_1 match
[Clearing conditions]
« Read CMFB when CMFB = 1, then write 0 in CMFB
*  When the DTC is activated by a CMIB interrupt

6 CMFA 0 R/(W)* Compare-Match Flag A
[Setting condition]
When the values of TCNT_1 and TCORA_1 match
[Clearing conditions
« Read CMFA when CMFA = 1, then write 0 in CMFA
*  When the DTC is activated by a CMIA interrupt

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
When TCNT_1 overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

4 — 1 R Reserved
This bit is always read as 1 and cannot be modified.

0S3 0 R/W  Output Select 3, 2
0Ss2 0 R/W  These bits specify how the TMO1 pin output level is to be

changed by compare-match B of TCORB_1 and
TCNT_1.

00: No change
01: 0 is output
10: 1 is output
11: QOutput is inverted (toggle output)
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Bit Bit Name Initial Value R/W

Description

1 Os1 0
0 0S0 0

R/W
R/W

Output Select 1, 0

These bits specify how the TMO1 pin output level is to be
changed by compare-match A of TCORA_1 and
TCNT_1.

00: No change
01: 0 is output
10: 1 is output
11: QOutput is inverted (toggle output)

Note:* Only 0 can be written, for flag clearing.

« TCSR_Y

Bit Bit Name Initial Value R/W

Description

7 CMFB 0

R/(W)**Compare-Match Flag B

[Setting condition]

When the values of TCNT_Y and TCORB_Y match
[Clearing conditions]

« Read CMFB when CMFB = 1, then write 0 in CMFB
*  When the DTC is activated by a CMIB interrupt

6 CMFA 0

R/(W)**Compare-Match Flag A

[Setting condition]

When the values of TCNT_Y and TCORA_Y match
[Clearing conditions]

« Read CMFA when CMFA = 1, then write 0 in CMFA
*  When the DTC is activated by a CMIA interrupt

5 OVF 0

R/(W)** Timer Overflow Flag

[Setting condition]

When TCNT_Y overflows from H'FF to H'00
[Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF

4 ICIE 0

R/W

Input Capture Interrupt Enable

Enables or disables the ICF interrupt request (ICIX) when
the ICF bitin TCSR_Xis set to 1.

0: ICF interrupt request (ICIX) is disabled
1: ICF interrupt request (ICIX) is enabled
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Bit Bit Name Initial Value R/W

Description

3 0Ss3 0 R/W
2 0S2 0 RIW

Output Select 3, 2

These bits specify how the TMOY pin*® output level is to
be changed by compare-match B of TCORB_Y and
TCNT_Y.

00: No change
01: 0 is output
10: 1 is output
11: QOutput is inverted (toggle output)

Os1 0 R/W
0 0S0 0 RIW

Output Select 1, 0

These bits specify how the TMOY pin*? output level is to
be changed by compare-match A of TCORA_Y and
TCNT_Y.

00: No change
01: 0 is output
10: 1 is output
11: QOutput is inverted (toggle output)

Notes: 1. Only O can be written, for flag clearing.
2. This product does not have a TMOY external output pin.
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« TCSR_X

Bit Bit Name Initial Value R/W  Description

7 CMFB 0 R/(W)* Compare-Match Flag B
[Setting condition]
When the values of TCNT_X and TCORB_X match
[Clearing conditions]
« Read CMFB when CMFB = 1, then write 0 in CMFB
*  When the DTC is activated by a CMIB interrupt

6 CMFA 0 R/(W)* Compare-Match Flag A
[Setting condition]
When the values of TCNT_X and TCORA_X match
[Clearing conditions]
« Read CMFA when CMFA = 1, then write 0 in CMFA
*  When the DTC is activated by a CMIA interrupt

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
When TCNT_X overflows from H'FF to H'00
[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

4 ICF 0 R/(W)* Input Capture Flag
[Setting condition]
When a rising edge and falling edge is detected in the
external reset signal in that order, after the ICST bit in
TCONRI of the timer connection is set to 1
[Clearing condition]
Read ICF when ICF = 1, then write 0 in ICF

0S3 0 R/W  Output Select 3, 2
0Ss2 0 R/W  These bits specify how the TMOX pin output level is to be

changed by compare-match B of TCORB_X and
TCNT_X.

00: No change
01: 0 is output
10: 1 is output
11: QOutput is inverted (toggle output)
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Bit Bit Name Initial Value R/W  Description

1 Os1 0 R/W  Output Select 1, 0

0 0Ss0 0 R/W  These bits specify how the TMOX pin output level is to be
changed by compare-match A of TCORA_X and
TCNT_X.

00: No change
01: 0 is output
10: 1 is output
11: QOutput is inverted (toggle output)

Note:* Only 0 can be written, for flag clearing.

12.3.6  Input Capture Register (TICR)

TICR is an 8-bit register. The contents of TCNT are transferred to TICR at the rising edge of tl
external reset input. TICR cannot be directly accessed by the CPU. The TICR function is usec
the timer connection. For details, refer to section 13, Timer Connection.

12.3.7 Time Constant Register (TCORC)

TCORC is an 8-bit readable/writable register. The sum of contents of TCORC and TICR is alw
compared with TCNT. When a match is detected, a compare-match C signal is generated.
However, comparison at the T2 state in the write cycle to TCORC and at the input capture cyc
TICR is disabled. TCORC is initialized to H'FF. The TCORC function is used for the timer
connection. For details, refer to section 13, Timer Connection.

12.3.8 Input Capture Registers R and F (TICRR, TICRF)

TICRR and TICRF are 8-bit read-only registers. The contents of TCNT are transferred at the
rising edge and falling edge of the external reset input in that order, when the ICST bit in TCO
of the timer connection is set to 1. The ICST bit is cleared to 0 when one capture operation en
TICRR and TICRF are initialized to H'00. The TICRR and TICRF functions are used for timer
connection. For details, refer to section 13, Timer Connection.
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12.3.9 Timer Input Select Register (TISR)
TISR selects a signal source of external clock/reset input for the counter.

Bit Bit Name Initial Value R/W  Description

7 — All 1 R/(W) Reserved
tlo The initial values should not be modified.
0 IS 0 R/W  Input Select

Selects an internal synchronization signal (IVG signal) or
timer clock/reset input pin VSYNCI/TMIY (TMCIY/TMRIY)
as the signal source of external clock/reset input for the
TMR_Y counter.

0: IVG signal is selected
1: VSYNCI/TMIY (TMCIY/TMRIY) is selected

12.4  Operation

12.4.1  Pulse Output

Figure 12.3 shows an example for outputting an arbitrary duty pulse.

1. Clear the CCLR1 bitin TCR to 0 so that TCNT is cleared according to the compare match ¢

TCORA, and then set the CCLRO bit to 1.

2. Set the OS3 to OSO0 bits in TCSR to B'0110 so that 1 is output according to the compare me

of TCORA and 0 is output according to the compare match of TCORB.

According to the above settings, the waveforms with the TCORA cycle and TCORB pulse widtt

can be output without the intervention of software.

e

Figure 12.3 Pulse Output Example
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12.5 Operation Timing

12.5.1 TCNT Count Timing

Figure 12.4 shows the TCNT count timing with an internal clock source. Figure 12.5 shows th
TCNT count timing with an external clock source. The pulse width of the external clock signal
must be at least 1.5 system clocks (@) for a single edge and at least 2.5 system clocks (@) for
edges. The counter will not increment correctly if the pulse width is less than these values.

o M mrrimrirore

(
)
Internal clock —l (« | |

)
TCNT input \\’_‘ \_l;
clock (d (

) )

((
TCNT N-1 X N M X N+1

((

Ext I clock )
T | L

)
TCNT input ,_l
clock (d f————

))

— )CSS‘;
TCNT N-1 X N N+l
)

Figure 12.5 Count Timing for External Clock Input (Both Edges)
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12.5.2 Timing of CMFA and CMFB Setting at Compare-Match

The CMFA and CMFB flags in TCSR are set to 1 by a compare-match signal generated when 1
TCNT and TCOR values match. The compare-match signal is generated at the last state in wh
the match is true, just when the timer counter is updated. Therefore, when TCNT and TCOR
match, the compare-match signal is not generated until the next TCNT input clock. Figure 12.6
shows the timing of CMF flag setting.

o [ A I
TCNT N X N+1
TCOR N

Compare-match I_l

signal \

CMF [

Figure 12.6 Timing of CMF Setting at Compare-Match

12.5.3 Timing of Timer Output at Compare-Match

When a compare-match signal occurs, the timer output changes as specified by the OS3 to OS
bits in TCSR. Figure 12.7 shows the timing of timer output when the output is set to toggle by a
compare-match A signal.

0 T o 6 o 6 e
Compare-match A |_|_
(

signal I_l )
™ ,, ™~

Timer output pin I V |

Figure 12.7 Timing of Toggled Timer Output by Compare-Match A Signal
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12.5.4  Timing of Counter Clear at Compare-Match

TCNT is cleared when compare-match A or compare-match B occurs, depending on the settir
the CCLR1 and CCLRO bits in TCR. Figure 12.8 shows the timing of clearing the counter by a
compare-match.

o [ A I
Compare-match | |

signal \

TCNT N X H'00

Figure 12.8 Timing of Counter Clear by Compare-Match

12.5.5 TCNT External Reset Timing

TCNT is cleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bits in TCR. The width of the clearing pulse must be at least 1.5 states. F
12.9 shows the timing of clearing the counter by an external reset input.

g S I I

External reset |
input pin
Clear signal \\’_‘

TCNT N-1 X n X H00

Figure 12.9 Timing of Counter Clear by External Reset Input
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12.5.6  Timing of Overflow Flag (OVF) Setting

The OVF bitin TCSR is set to 1 when the TCNT overflows (changes from H'FF to H'00). Figure
12.10 shows the timing of OVF flag setting.

0 I I I
TCNT HEE X H00

Overflow signal | |

OVF |

Figure 12.10 Timing of OVF Flag Setting

12.6  Operation with Cascaded Connection

If bits CKS2 to CKSO0 in either TCR_0 or TCR_1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer can be used (16-bit count
mode) or the compare-matches of the 8-bit timer of channel 0 can be counted by the 8-bit timel
channel 1 (compare-match count mode).

12.6.1 16-Bit Count Mode

When bits CKS2 to CKSO0 in TCR_O are set to B'100, the timer functions as a single 16-bit time
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

Setting of Compare-Match Flags:

 The CMF flag in TCSR_0 is set to 1 when a 16-bit compare-match occurs.
« The CMF flag in TCSR_1 is set to 1 when a lower 8-bit compare-match occurs.

Counter Clear Specification:

« Ifthe CCLR1 and CCLRO bits in TCR_0 have been set for counter clear at compare-match,
16-bit counter (TCNT_0 and TCNT_1 together) is cleared when a 16-bit compare-match
occurs. The 16-bit counter (TCNT_0 and TCNT _1 together) is also cleared when counter cl
by the TMIO pin has been set.

e The settings of the CCLR1 and CCLRO bits in TCR_1 are ignored. The lower 8 bits cannot |
cleared independently.
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Pin Output:

e Control of output from the TMOO pin by bits OS3 to OS0 in TCSR_O0 is in accordance with
16-bit compare-match conditions.

e Control of output from the TMOL1 pin by bits OS3 to OS0 in TCSR_1 is in accordance with
lower 8-bit compare-match conditions.

12.6.2 Compare-Match Count Mode

When bits CKS2 to CKS0 in TCR_1 are B'100, TCNT_1 counts the occurrence of compare-m
A for channel 0. Channels 0 and 1 are controlled independently. Conditions such as setting of
CMF flag, generation of interrupts, output from the TMO pin, and counter clearing are in
accordance with the settings for each channel.

12.7  Input Capture Operation

TMR_X has input capture registers (TICR, TICRR and TICRF). A narrow pulse width can be
measured with TICRR and TICRF, using a single capture operation controlled by the ICST bit
TCONRI of the timer connection. If the falling edge of TMRIX is detected after its rising edge |
been detected while the ICST bit is set to 1, the value of TCNT at that time is transferred to bc
TICRR and TICRF, and the ICST bit is cleared to 0.

The input signal to TMRIX can be switched by the setting of the other bits in TCONRI.
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Input Capture Signal Input Timing: Figure 12.11 shows the timing of the input capture
operation.

o 1L rroruro
TMRIXJ SS—l

N N

Input capture 4,_| |‘ |
signal ([

((
TCNTX n X n+1 N X N+1
))
\A‘ (( \
TICRR M X n K n \
))
(( \
TICRF m o m X N
))

Figure 12.11 Timing of Input Capture Operation

If the input capture signal is input while TICRR and TICRF are being read, the input capture
signal is delayed by one system cldgl cycle. Figure 12.12 shows the timing of this operation.

TICRR, TICRF read cycle
Ty T2

e~ | |

o Tl rmMmorirroro

TMRIX |
(

Input capture EEREERE
signal (« : | |

)

Figure 12.12 Timing of Input Capture Signal
(Input capture signal is input during TICRR and TICRF read)
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Selection of Input Capture Signal Input: Input capture input signal of TMR_X (TMRIX) is
switched according to the setting of the bits in TCONRI of the timer connection. Input capture
signal selections are shown in figure 12.13 and table 12.3. For details, see section 13.3.1, Tin
Connection Register | (TCONRI).

TMR_X
TMIX pin Polarity inversion Signal TMRIX
selector
TMRI1 pin Polarity inversion
TMCI1 pin Polarity inversion
HFINV, SIMOD1, ICST
HIINV SIMODO

Figure 12.13 Input Capture Signal Selection

Table 12.3 Input Capture Signal Selection

TCONRI
Bit 4 Bit 7 Bit 6 Bit 3 Bit 1
ICST SIMOD1 SIMODO HFINV HIINV Description
0 — — — — Input capture function not used
1 0 0 0 — TMIX pin input selection
— Inverted TMIX pin input selection
1 — 0 TMRI1 pin input selection
— 1 Inverted TMRI1 pin input selection
1 1 — 0 TMCI1 pin input selection
— 1 Inverted TMCI1 pin input selection
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12.8 Interrupt Sources

TMR_0, TMR_1, and TMR_Y can generate three types of interrupts: CMIA, CMIB, and OVI.
TMR_X can generate an ICIX interrupt. Table 12.4 shows the interrupt sources and priorities.
Each interrupt source can be enabled or disabled independently by interrupt enable bits in TCF
TCSR. Independent signals are sent to the interrupt controller for each interrupt.

The CMIA and CMIB interrupts can be used as DTC activation interrupt sources.

Table 12.4 Interrupt Sources of 8-Bit Timers TMR_0, TMR_1, TMR_Y, and TMR_X

Interrupt DTC Interrupt
Channel Name Interrupt Source Flag Activation Priority
TMR_0 CMIA0O TCORA_O compare-match CMFA Enabled High
CMIBO TCORB_0 compare-match CMFB Enabled A
oVIO TCNT_O overflow OVF Disabled
TMR_1 CMIA1 TCORA_1 compare-match CMFA Enabled
CMIB1  TCORB_1 compare-match CMFB Enabled
ovii TCNT_1 overflow OVF Disabled
TMR_Y CMIAY TCORA_Y compare-match CMFA Enabled
CMIBY TCORB_Y compare-match CMFB Enabled
ovIy TCNT_Y overflow OVF Disabled
TMR_X ICIX Input capture ICF Disabled Low
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12.9 Usage Notes

12.9.1 Conflict between TCNT Write and Clear

If a counter clear signal is generated during the T2 state of a TCNT write cycle as shown in fig
12.14, clearing takes priority, so that the counter is cleared and the write is not performed.

TCNT write cycle by CPU

T1 T2 |

| I
| | |
Address x TCNT address X

Internal write signal | |
TCNT input clock | |

TCNT N X H'00

Figure 12.14 Conflict between TCNT Write and Clear
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12.9.2 Conflict between TCNT Write and Increment

If a TCNT input clock is generated during the T2 state of a TCNT write cycle as shown in figure
12.15, the write takes priority and the counter is not incremented.

TCNT write cycle by CPU
T1 T2

o A R S I B
Address x TCNT address X

Internal write signal | |
TCNT input clock | |

TCNT N X { M

/

Counter write data

Figure 12.15 Conflict between TCNT Write and Increment
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12.9.3

If a compare-match occurs during the T2 state of a TCOR write cycle as shown in figure 12.1¢
the TCOR write takes priority and the compare-match signal is disabled. With TMR_X, a TICF
input capture conflicts with a compare-match in the same way as with a write to TCORC. In th

Conflict between TCOR Write and Compare-Match

case also, the input capture takes priority and the compare-match signal is disabled.

TCOR write cycle by CPU
T1 T2

I R N R O

Address

-
_
X

TCOR address X

Internal write signal

L

TCNT

N X N+1

TCOR

Compare-match signal

/

TCOR write data

Disabled

Figure 12.16 Conflict between TCOR Write and Compare-Match
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12.9.4  Conflict between Compare-Matches A and B

If compare-matches A and B occur at the same time, the 8-bit timer operates in accordance wit
the priorities for the output states set for compare-match A and compare-match B, as shown in
table 12.5.

Table 12.5 Timer Output Priorities

Output Setting Priority
Toggle output High
1 output

0 output

No change Low

12.9.5 Switching of Internal Clocks and TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 12.6 shows t
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CKSO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulse is detected. If clock switching causes a change from high to low level, as shown in no. 3 |
table 12.6, a TCNT clock pulse is generated on the assumption that the switchover is a falling
edge, and TCNT is incremented.

Erroneous incrementation can also happen when switching between internal and external clocl
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Table 12.6 Switching of Internal Clocks and TCNT Operation

Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

1 Clock switching from low to
low level**

Clock before
switchover J I

Clock after
switchover

TCNT
clock

TCNT NX N+1 X

2 Clock switching from low to
high level

Clock before
switchover J I I I

Clock after
switchover

TCNT
clock

TCNT N X N+1 X

CKS bit rewrite
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

3 Clock switching from high

Clock before T
to low level(? owitchover | | [ | | |

Clock after
switchover

TCNT
clock

TCNT N X N+1i X N+2 X

4 Clock switching from high )
to high level Clock before J I I I I : I

switchover

Clock after
switchover

TCNT
clock

TCNT N X N+1 X N+ 2 X

CKS bit rewrite

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.

4. Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.

12.9.6 Mode Setting with Cascaded Connection

If the 16-bit count mode and compare-match count mode are set simultaneously, the input cloc
pulses for TCNT_0 and TCNT _1 are not generated, and thus the counters will stop operating.
Simultaneous setting of these two modes should therefore be avoided.

12.9.7 Module Stop Mode Setting

TMR operation can be enabled or disabled using the module stop control register. The initial
setting is for TMR operation to be halted. Register access is enabled by canceling the module
mode. For details, refer to section 26, Power-Down Modes.
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Section 13 Timer Connection

This LSI allows interconnection between a 16-bit free-running timer (FRT) and three 8-bit time
channels (TMR_1, TMR_X, and TMR_Y). This capability can be used to implement complex
functions such as PWM decoding and clamp waveform output.

13.1 Features

« Five input pins and four output pins, all of which can be designhated for phase inversion.
Positive logic is assumed for all signals used within the timer connection facility.

« An edge-detection circuit is connected to the input pins, simplifying signal input detection.

e TMR_X can be used for PWM input signal decoding.

« TMR_X can be used for clamp waveform generation.

« An external clock signal divided by TMR_1 can be used as the FRT capture input signal.

« An internal synchronization signal can be generated using the FRT and TMR_Y.

» A signal generated/modified using an input signal and timer connection can be selected an
output.
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Figure 13.1 shows a block diagram of the timer connection facility.
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Figure 13.1 Block Diagram of Timer Connection
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13.2  Input/Output Pins

Table 13.1 lists the timer connection input and output pins.

Table 13.1 Pin Configuration

Input/
Name Abbreviation Output Function
Vertical synchronization signal VSYNCI Input Vertical synchronization signal
input pin input pin or FTIA input pin/TMIY
input pin
Horizontal synchronization signal HSYNCI Input Horizontal synchronization signal
input pin input pin or TMCI1 input pin
Composite synchronization signal CSYNCI Input Composite synchronization signal
input pin input pin or TMRI1 input pin
Spare vertical synchronization VFBACKI Input Spare vertical synchronization
signal input pin signal input pin or FTIB input pin
Spare horizontal synchronization HFBACKI Input Spare horizontal synchronization
signal input pin signal input pin or FTCI input
pin/TMIX input pin
Vertical synchronization signal VSYNCO Output Vertical synchronization signal
output pin output pin or FTOA output pin
Horizontal synchronization signal HSYNCO Output Horizontal synchronization signal
output pin output pin or TMO1 output pin
Clamp waveform output pin CLAMPO Output Clamp waveform output pin or
FTIC input pin
Blanking waveform output pin CBLANK Output Blanking waveform output pin

13.3  Register Descriptions

The timer connection has the following registers.

e Timer connection register | (TCONRI)
e Timer connection register O (TCONRO)
e Timer connection register S (TCONRS)

» Edge sense register (SEDGR)
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13.3.1 Timer Connection Register | (TCONRI)

TCONRI controls connection between timers, the signal source for synchronization signal input

phase inversion, etc.

Bit Bit Name Initial Value

R/W  Description

7 SIMOD1 0
6 SIMODO 0

R/W  Input Synchronization Mode Select 1, 0

R/W  These bits select the signal source of the IHI and IVI
signals.

* Mode

00: No signal

01: S-on-G mode
10: Composite mode
11: Separate mode
« IHI Signal

00: HFBACKI input
01: CSYNCI input
1X: HSYNCI input
e IVI Signal

00: VFBACKI input
01: PDC input

10: PDC input

11: VSYNCI input

5 SCONE 0

R/W  Synchronization Signal Connection Enable

Selects the signal source of the FRT FTI input and the
TMR_1 TMI1 input and TMCI1/TMRIL input. For
details, see table 13.2.
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Bit Bit Name Initial Value R/W  Description
4 ICST 0 R/W  Input Capture Start Bit

The TMR_X external reset input (TMRIX) is connected
to the IHI signal. TMR_X has input capture registers
(TICR, TICRR, and TICRF). TICRR and TICRF can
measure the width of a pulse by means of a single
capture operation under the control of the ICST bit.
When a rising edge followed by a falling edge is
detected on TMRIX after the ICST bit is set to 1, the
contents of TCNT at those points are captured into
TICRR and TICRF, respectively, and the ICST bit is
cleared to 0.

[Clearing condition]

When a rising edge followed by a falling edge is
detected on TMRIX

[Setting condition]
When 1 is written in ICST after reading ICST =0
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Bit Bit Name Initial Value R/W

Description

3 HFINV 0 R/W  Input Synchronization Signal Inversion
2 VFINV 0 R/W  These bits select inversion of the input phase of the
1 HIINV 0 R/W  spare horizontal synchronization signal (HFBACKI),
the spare vertical synchronization signal (VFBACKI),
0 VIINV 0 RIW " the horizontal synchronization signal (HSYNCI),
composite synchronization signal (CSYNCI), and the
vertical synchronization signal (VSYNCI).
e HFINV
0: The HFBACKI pin state is used directly as the
HFBACKI input
1: The HFBACKI pin state is inverted before use as
the HFBACKI input
*  VFINV
0: The VFBACKI pin state is used directly as the
VFBACKI input
1: The VFBACKI pin state is inverted before use as the
VFBACKI input
e HIINV
0: The HSYNCI and CSYNCI pin states are used
directly as the HSYNCI and CSYNCI inputs
1: The HSYNCI and CSYNCI pin states are inverted
before use as the HSYNCI and CSYNCI inputs
e VIINV
0: The VSYNCI pin state is used directly as the
VSYNCI input
1: The VSYNCI pin state is inverted before use as the
VSYNCI input
Legend
X: Don’t care

Table 13.2 Synchronization Signal Connection Enable

Bit 5 Description
SCONE Mode FTIA  FTIB FTIC FTID TMCI1 TMRI1
0 Normal connection (Initial value) FTIA  FTIB  FTIC FTID TMCI1 TMRI1
input  input  input input input  input
1 Synchronization signal VI TMO1 VFBACKI [HI IHI \Y|
connection mode signal signal input signal signal inverse

signal
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13.3.2 Timer Connection Register O (TCONRO)

TCONRO controls output signal output, phase inversion, etc.

Bit Bit Name Initial Value R/W  Description

7 HOE 0 R/W  Output Enable

6 VOE 0 R/W  These bits control enabling/disabling of output of

5 CLOE 0 RIW horizonta_l sy_nchr(_)nization signal (HSYNCO), vertical
synchronization signal (VSYNCO), clamp waveform

4 CBOE 0 R/W

(CLAMPO), and blanking waveform (CBLANK). When
output is disabled, the state of the relevant pin is
determined by port DR and DDR, FRT, TMR, and
PWM settings.

Output enabling/disabling control does not affect the
port, FRT, or TMR input functions, but some FRT and
TMR input signal sources are determined by the
SCONE bit in TCONRI.

HOE:

0: The P44/TMO1/HIRQ1/HSYNCO pin functions as
the P44/TMO1/HIRQ1 pin

1: The P44/TMO1/HIRQ1/HSYNCO pin functions as
the HSYNCO pin

VOE:

0: The P61/FTOA/CIN1/KIN1/VSYNCO pin functions
as the P61/FTOA/CINL/KIN1 pin

1: The P61/FTOA/CINL/KIN1/VSYNCO pin functions
as the VSYNCO pin

CLOE:

0: The P64/FTIC/CIN4/KIN4/CLAMPO pin functions as
the P64/FTIC/CIN4/KIN4 pin

1: The P64/FTIC/CIN4/KIN4/CLAMPO pin functions as
the CLAMPO pin

CBOE:

0: The P27/A15/PW15/CBLANK pin functions as the
P27/A15/PW15 pin

In mode 1:

1: The P27/A15/PW15/CBLANK pin functions as the
A15 pin
In modes 2 and 3:

1: The P27/A15/PW15/CBLANK pin functions as the
CBLANK pin
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Bit Bit Name Initial Value R/W  Description

3 HOINV 0 R/W  Output Synchronization Signal Inversion

2 VOINV 0 R/W  These bits select inversion of the output phase of the

1 CLOINV 0 R/W hori_zontal synchr_oniz_atior_1 signal (HSYNCO), the
vertical synchronization signal (VSYNCO), the clamp

0 CBOINV 0 R/W

waveform (CLAMPO), and the blanking waveform
(CBLANK).

0:

HOINV:

The IHO signal is used directly as the HSYNCO
output

: The IHO signal is inverted before use as the

HSYNCO output
VOINV:

: The IVO signal is used directly as the VSYNCO

output

: The IVO signal is inverted before use as the

VSYNCO output
CLOINV:

: The CLO signal (CL1, CL2, CL3, or CL4 signal) is

used directly as the CLAMPO output

: The CLO signal (CL1, CL2, CL3, or CL4 signal) is

inverted before use as the CLAMPO output
CBOINV:

: The CBLANK signal is used directly as the CBLANK

output

: The CBLANK signal is inverted before use as the

CBLANK output

Rev. 2.0, 08/02, page 304 of 788

RENESAS



13.3.3 Timer Connection Register S (TCONRS)

TCONRS selects whether to access TMR_X or TMR_Y registers, and the synchronization sig
output signal source and generation method.

Bit Bit Name Initial Value R/W  Description
7 TMRX/Y 0 R/W  TMR_X/TMR_Y Access Select
For details, see table 13.3.

0: The TMR_X registers are accessed at addresses
H'(FF)FFFO to H'(FF)FFF5

1: The TMR_Y registers are accessed at addresses
H'(FF)FFFO to H'(FF)FFF5

6 ISGENE 0 R/W Internal Synchronization Signal

Selects internal synchronization signals (IHG, IVG,
and CL4 signals) as the signal sources for the IHO,
IVO, and CLO signals together with the HOMOD1,
HOMODO, VOMOD1, YVOMODO, CLMOD1, and
CLMODO bits.

HOMOD1 O R/W  Horizontal Synchronization Output Mode Select 1, 0

HOMODO O R/W  These bits select the signal source and generation
method for the IHO signal.

« ISGENE =0

00: The IHI signal (without 2fH modification) is
selected

01: The IHI signal (with 2fH modification) is selected
1X: The CL1 signal is selected

e ISGENE=1

XX: The IHG signal is selected
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Bit Bit Name Initial Value R/W  Description

3 VOMOD1 O R/W  Vertical Synchronization Output Mode Select 1, 0
2 VOMODO O R/W  These bits select the signal source and generation
method for the IVO signal.
¢ ISGENE =0

00: The 1VI signal (without fall modification or IHI
synchronization) is selected

01: The VI signal (without fall modification, with IHI
synchronization) is selected

10: The IVI signal (with fall modification, without IHI
synchronization) is selected

11: The IVI signal (with fall modification and IHI
synchronization) is selected

e ISGENE =1
XX: The IVG signal is selected
1 CcLMOD1 O R/W  Clamp Waveform Mode Select 1, 0

0 CLMODO O R/W  These bits select the signal source for the CLO signal
(clamp waveform).

e ISGENE =0
00: The CL1 signal is selected
01: The CL2 signal is selected
1X: The CL3 signal is selected
e ISGENE =1
XX: The CL4 signal is selected

Legend
X: Don't care

Table 13.3 Registers Accessible by TMR_X/TMR_Y

TMRX/Y HFFFO HFFF1 HFFF2  HFFF3  HFFF4 HFFF5 HFFF6 HFFF7

0 TMR_ X TMR X TMR X  TMR X TMR_ X TMR X TMR X TMR X
TCR_X TCSR X TICRR TICRF TCNT_X TCORC TCORA_X TCORB_X
1 TMR.Y TMR.Y TMRY  TMR.Y TMRY TMR.Y

TCR.Y TCSR.Y TCORAY TCORB_Y TCNT.Y TISR
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13.3.4 Edge Sense Register (SEDGR)

SEDGR detects a rising edge on the timer connection input pins and the occurrence of 2fH
modification, and determines the phase of the VI and IHI signals.

Bit Bit Name Initial Value R/W Description
7 VEDG 0 R/(W)*' VSYNCI Edge

Detects a rising edge on the VSYNCI pin.

[Clearing condition]

When 0 is written in VEDG after reading VEDG =1

[Setting condition]

When a rising edge is detected on the VSYNCI pin
6 HEDG 0 R/(W)** HSYNCI Edge

Detects a rising edge on the HSYNCI pin.

[Clearing condition]

When 0 is written in HEDG after reading HEDG = 1

[Setting condition]

When a rising edge is detected on the HSYNCI pin
5 CEDG 0 R/(W)** CSYNCI Edge

Detects a rising edge on the CSYNCI pin.

[Clearing condition]

When 0 is written in CEDG after reading CEDG = 1

[Setting condition]

When a rising edge is detected on the CSYNCI pin
4 HFEDG 0 R/(W)*' HFBACKI Edge

Detects a rising edge on the HFBACKI pin.

[Clearing condition]

When 0 is written in HFEDG after reading HFEDG = 1

[Setting condition]

When a rising edge is detected on the HFBACKI pin
3 VFEDG 0 R/(W)** VFBACKI Edge

Detects a rising edge on the VFBACKI pin.

[Clearing condition]

When 0 is written in VFEDG after reading VFEDG =1
[Setting condition]

When a rising edge is detected on the VFBACKI pin
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Bit Bit Name Initial Value R/W Description
2 PREQF 0 R/I(W)*' Pre-Equalization Flag

Detects the occurrence of an IHI signal 2fH
modification condition. The generation of a
falling/rising edge in the IHI signal during a mask
interval is expressed as the occurrence of a 2fH
modification condition. For details, see section 13.4.4,
2fH Modification of IHI Signal.

[Clearing condition]
When 0 is written in PREQF after reading PREQF = 1
[Setting condition]

When an IHI signal 2fH modification condition is
detected

1 IHI Undefined**> R IHI Signal Level

Indicates the current level of the IHI signal. Signal
source and phase inversion selection for the IHI signal
depends on the contents of TCONRI. Read this bit to
determine whether the input signal is positive or
negative, then maintain the IHI signal at positive phase
by modifying TCONRI.

0: The IHI signal is low
1: The IHI signal is high

0 VI Undefined*> R IVI Signal Level

Indicates the current level of the IVI signal. Signal
source and phase inversion selection for the VI signal
depends on the contents of TCONRI. Read this bit to
determine whether the input signal is positive or
negative, then maintain the IVI signal at positive phase
by modifying TCONRI.

0: The IVI signal is low
1: The IVI signal is high

Notes: 1. Only O can be written, to clear the flag.
2. The initial value is undefined since it depends on the pin state.
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13.4  Operation

13.4.1 PWM Decoding (PDC Signal Generation)

The timer connection facility and TMR_X can be used to decode a PWM signal in which 0 anc
are represented by the pulse width. To do this, a signal in which a rising edge is generated at
regular intervals must be selected as the IHI signal.

The timer counter (TCNT) in TMR_X is set to count the internal clock pulses and to be clearec
the rising edge of the external reset signal (IHI signal). The value to be used as the threshold
deciding the pulse width is written in TCORB. The PWM decoder contains a delay latch which
uses the IHI signal as data and compare-match signal B (CMB) as a clock, and the state of th
signal (the result of the pulse width decision) at the first compare-match signal B timing after
TCNT is reset by the rise of the IHI signal is output as the PDC signal.

The pulse width setting using TICRR and TICRF of TMR_X can be used to determine the puls
width decision threshold. Examples of TCR and TCORB settings of TMR_X are shown in tabls
13.4 and 13.5, and the PWM decoding timing chart is shown in figure 13.2.

Table 13.4 Examples of TCR Settings

Bit Abbreviation Contents Description

7 CMIEB 0 Interrupts due to compare-match and overflow are

6 CMIEA 0 disabled

5 OVIE 0

4 and 3 CCLR1 and CCLRO 11 TCNT is cleared by the rising edge of the external
reset signal (IHI signal)

2t00 CKS2 to CKSO 001 Incremented on internal clock (@)

Table 13.5 Examples of TCORB (Pulse Width Threshold) Settings

2: 10 MHz .12 MHz 2. 16 MHz 2. 20 MHz
H'07 0.8 us 0.67 us 0.5 us 0.4 ps
H'OF 1.6 pys 1.33 ps 1pus 0.8 us
H'1F 3.2ps 2.67 ps 2 s 1.6 ps
H'3F 6.4 us 5.33 us 4 s 3.2 pus
H'7F 12.8 pys 10.67 ps 8 us 6.4 ps
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IHI signal is tested
at compare-match
IHI signal O I o
9 I Y ¥
PDC signal . | S
TCNT V V V
TCORB ——| : . : | | :
(threshold) — I/‘\I/ [ L—
Counter clear At the 2nd compare-match,
Counter reset caused by IHI signal is not tested
caused b TCNT overflow
IHI signa

Figure 13.2 Timing Chart for PWM Decoding

13.4.2 Clamp Waveform Generation (CL1/CL2/CL3 Signal Generation)

The timer connection facility and TMR_X can be used to generate signals with different duty
cycles and rising/falling edges (clamp waveforms) in synchronization with the input signal (IHI
signal). Three clamp waveforms can be generated: the CL1, CL2, and CL3 signals. In addition,
CL4 signal can be generated using TMR_Y.

The CL1 signal rises simultaneously with the rise of the IHI signal, and when the CL1 signal is
high, the CL2 signal rises simultaneously with the fall of the IHI signal. The fall of both the CL1
and CL2 signals can be specified by TCORA. The rise of the CL3 signal can be specified as
simultaneous with the sampling of the fall of the IHI signal using the system clock, and the fall
the CL3 signal can be specified by TCORC. The CL3 signal can also fall when the IHI signal
rises.

TCNT in TMR_X is set to count internal clock pulses and to be cleared on the rising edge of the
external reset signal (IHI signal).

The value to be used as the CL1 signal pulse width is written in TCORA. Write a value of H'02

more in TCORA when internal clock g is selected as the TMR_X counter clock, and a value or

H'01 or more when g/2 is selected. When internal clock g is selected, the CL1 signal pulse wid
(TCORA set value + 3 0.5). When the CL2 signal is used, the setting must be made so that this
pulse width is greater than the IHI signal pulse width.

The value to be used as the CL3 signal pulse width is written in TCORC. TICR in TMR_X
captures the value of TCNT at the inverse of the external reset signal edge (in this case, the fa
edge of the IHI signal). The timing of the fall of the CL3 signal is determined by the sum of the
contents of TICR and TCORC. Caution is required if the rising edge of the IHI signal precedes
fall timing set by the contents of TCORC, since the IHI signal will cause the CL3 signal to fall.
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Examples of TCR settings of TMR_X are the same as those in table 13.4. The clamp wavefor
timing charts are shown in figures 13.3 and 13.4.

Since the rise of the CL1 and CL2 signals is synchronized with the edge of the IHI signal, and
their fall is synchronized with the system clock, the pulse width variation is equivalent to the
resolution of the system clock.

Both the rise and the fall of the CL3 signal are synchronized with the system clock and the pul
width is fixed, but there is a variation in the phase relationship with the IHI signal equivalent to
the resolution of the system clock.

IHI signal ] [ ] | L | | [
CL1 signal _| | |: | I: |_,_'_|_,_
CL2 signal |_| I_I |_|

VN

Figure 13.3 Timing Chart for Clamp Waveform Generation (CL1 and CL2 Signals)

IHI signal b b
CL3 signal | | 1 1

TCNT

Figure 13.4 Timing Chart for Clamp Waveform Generation (CL3 Signal)
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13.4.3 Measurement of 8-Bit Timer Divided Waveform Period

The timer connection facility, TMR_1, and the free-running timer (FRT) can be used to measur
the period of an IHI signal divided waveform. Since TMR_1 can be cleared by a rising edge of 1
inverted IVI signal, the rise and fall of the IHI signal divided waveform can be synchronized witt
the IVI signal. This enables period measurement to be carried out efficiently.

To measure the period of an IHI signal divided waveform, TCNT in TMR_1 is set to count the
external clock (IHI signal) pulses and to be cleared on the rising edge of the external reset sign
(inverse of the IVI signal). The value to be used as the division factor is written in TCORA, and
the TMO output method is specified by the OS bits in TCSR.

Examples of TCR and TCSR settings in TMR_1, and TCR and TCSR settings in the FRT are
shown in table 13.6, and the timing chart for measurement of the 1VI signal and IHI signal divid
waveform periods is shown in figure 13.5. The period of the IHI signal divided waveform is give
by (ICRD(3) — ICRD(2))x resolution.
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Table 13.6 Examples of TCR and TCSR Settings

Register Bit Abbreviation Contents Description
TCRiNTMR_1 7 CMIEB 0 Interrupts due to compare-match and
6 CMIEA 0 overflow are disabled
5 OVIE 0
4and 3 CCLR1and CCLRO 11 TCNT is cleared by the rising edge of
the external reset signal (inverse of
the IVI signal)
2to0 CKS2to CKSO 101 TCNT is incremented on the rising
edge of the external clock (IHI signal)
TCSRiINTMR_1 3to0 0OS3to OSO 0011 Not changed by compare-match B;

output inverted by compare-match A
(toggle output): Division by 512

1001 When TCORB < TCORA, 1 output on
compare-match B, and 0 output on
compare-match A: Division by 256

TCRin FRT 6 IEDGB 0/1 0: FRC value is transferred to ICRB
on falling edge of input capture
input B (IHI divided signal
waveform)

1: FRC value is transferred to ICRB
on rising edge of input capture
input B (IHI divided signal

waveform)
land 0 CKS1 and CKSO 01 FRC is incremented on internal clock:
2/8
TCSR in FRT 0 CCLRA 0 FRC clearing is disabled
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IVI signal [ 1 [ 1
IHI signal _l—l—l—l—
divided

waveform
| ; ; ICRB(4) !

. ICRB(@) !

. ICRB(2)

ICRB(1)

FRC
ICRB —

Figure 13.5 Timing Chart for Measurement of 1VI Signal and
IHI Signal Divided Waveform Periods

13.4.4  2fH Modification of IHI Signal

By using the timer connection facility and FRT, even if there is a part of the IHI signal with twice
the frequency, this can be eliminated. In order for this function to operate properly, the duty cyc
of the IHI signal must be approximately 30% or less, or approximately 70% or above.

The 8-bit OCRDM contents or twice the OCRDM contents can be added automatically to the d:
captured in ICRD in the FRT, and compare-matches generated at these points. The interval
between the two compare-matches is called a mask interval. A value equivalent to approximate
1/3 the IHI signal period is written in OCRDM. ICRD is set so that capture is performed on the
rise of the IHI signal.

Since the IHI signal supplied to the IHO signal selection circuit is normally set on the rise of the
IHI signal and reset on the fall, its waveform is the same as that of the original IHI signal. Wher
2fH modification is selected, IHI signal edge detection is disabled during mask intervals. Captul
is also disabled during these intervals.

Examples of TCR, TCSR, TOCR, and OCRDM settings in the FRT are shown in table 13.7, an
the 2fH modification timing chart is shown in figure 13.6.
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Table 13.7 Examples of TCR, TCSR, TOCR, and OCRDM Settings

Register Bit Abbreviation Contents Description

TCR in FRT 4 IEDGD 1 FRC value is transferred to ICRD on
the rising edge of input capture input
D (IHI signal)

land0 CKS1and CKSO 01 FRC is incremented on internal clock:
2/8

o

TCSR in FRT 0 CCLRA FRC clearing is disabled

TOCR in FRT 7 ICRDMS 1 ICRD is set to the operating mode in
which OCRDM is used

OCRDMInFRT 7to0 OCRDM7 to H'01 to H'FF Specifies the period during which
OCRDMO ICRD operation is masked

IHI signal
(without2fH — L L LN v yuvuynnnn n

modification) ; ' : : : :

IHI signal : : : : : : ; ;
(with 2fH ~ —1 N N ' U U I N N

modification) ! : : :
eskmena LML
A O O

ICRD + OCRDM x 2
ICRD + OCRDM

FRC
ICRD

Figure 13.6 2fH Maodification Timing Chart
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13.4.5 VI Signal Fall Modification and IHI Synchronization

By using the timer connection facility and TMR_1, the fall of the VI signal can be shifted
backward by the specified number of IHI signal waveforms. Also, the fall of the IVI signal can b
synchronized with the rise of the IHI signal.

To perform 8-bit timer divided waveform period measurement, TCNT in TMR_1 is set to count
external clock (IHI signal) pulses, and to be cleared on the rising edge of the external reset sigt
(inverse of the IVI signal). The number of IHI signal pulses until the fall of the 1VI signal is
written in TCORB.

Since the VI signal supplied to the IVO signal selection circuit is normally set on the rise of the
IVI signal and reset on the fall, its waveform is the same as that of the original VI signal. When
fall modification is selected, a reset is performed on a TMR_1 TCORB compare-match in
TMR_1.

The fall of the waveform generated in this way can be synchronized with the rise of the IHI sign
regardless of whether or not fall modification is selected.

Examples of TCR, TCSR, and TCORB settings in TMR_1 are shown in table 13.8, and the fall
modification/IHI synchronization timing chart is shown in figure 13.7.

Table 13.8 Examples of TCR, TCSR, and TCORB Settings

Register Bit Abbreviation  Contents Description
TCRin 7 CMIEB 0 Interrupts due to compare-match and
TMR_1 6 CMIEA 0 overflow are disabled
5 OVIE 0
4and3 CCLR1and 11 TCNT is cleared by the rising edge of the
CCLRO external reset signal (inverse of the IVI
signal)
2t00 CKS2to CKSO 101 TCNT is incremented on the rising edge of
the external clock (IHI signal)
TCSRin 3to0 0S3to OS0 0011 Not changed by compare-match B; output
TMR_1 inverted by compare-match A (toggle
output)
1001 When TCORB < TCORA, 1 output on
compare-match B, O output on compare-
match A
TCORB in TMR_1 H'03 Compare-match on the 4th (example) rise

(example) of the IHI signal after the rise of the
inverse of the IVI signal
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IHI signal n L n n - vuvv v n n n n n
IVI signal (PDC signal) f | :

IVO signal !
(without fall modification, [ |
with IHI synchronization) l

IVO signal T S T E

(with fall modification, J R
without IHI synchronization) . ! ! ! |

IVO signal —————— y

(with fall modification J A I—
and IHI synchronization) | ' ' ' ' . 5

TCNT = TCORB (3)

Figure 13.7 Fall Modification and IHI Synchronization Timing Chart

13.4.6 Internal Synchronization Signal Generation (IHG/IVG/CL4 Signal Generation)

By using the timer connection facility, FRT, and TMR_Y, it is possible to automatically generat
internal signals (IHG and IVG signals) corresponding to the IHI and VI signals. As the IHG
signal is synchronized with the rise of the IVG signal, the IHG signal period must be made a
divisor of the IVG signal period in order to keep it constant. In addition, the CL4 signal can be
generated in synchronization with the IHG signal.

The contents of OCRA in the FRT are updated by the automatic addition of the contents of
OCRAR or OCRAF, alternately, each time a compare-match occurs. A value corresponding tc
0 interval of the IVG signal is written in OCRAR, and a value corresponding to the 1 interval of
the IVG signal is written in OCRAF. The IVG signal is set by a compare-match after an OCRA
addition, and reset by a compare-match after an OCRAF addition.

The IHG signal is the TMR_Y timer output. TMR_Y is set to count internal clock pulses, and tc
be cleared on a TCORA compare-match, to fix the period and set the timer output. TCORB is
S0 as to reset the timer output. The IVG signal is connected as the TMR_Y reset input (TMRI)
and the rise of the IVG signal can be treated in the same way as a TCORA compare-match.

The CL4 signal is a waveform that rises within one system clock period after the fall of the IHC
signal, and has an interval of 1 for 6 system clock periods.

Examples of TCR, TCSR, TCORA, and TCORB settings in TMR_Y, and TCR, OCRAR,
OCRAF, and TOCR settings in the FRT are shown in table 13.9, and the IHG signal/IVG signe
timing chart is shown in figure 13.8.

Rev. 2.0, 08/02, page 317 of 788
RENESAS



Table 13.9 Examples of OCRAR, OCRAF, TCORA, TCORB, TCR, and TCSR Settings

Register Bit Abbreviation  Contents Description
TCRin 7 CMIEB 0 Interrupts due to compare-match and
TMR_Y 6 CMIEA 0 overflow are disabled
5 OVIE 0
4and3 CCLR1 and 01 TCNT is cleared by compare-match A
CCLRO
2t00 CKS2 to CKSO 001 TCNT is incremented on internal clock:
al4
TCSR in 3to0 0S3to OSSO 0110 0 output on compare-match B
TMR_Y 1 output on compare-match A
TCORA INTMR_Y H'3F IHG signal period = g x 256
(example)
TCORB in TMR_Y H'03 IHG signal 1 interval = g x 16
(example)
TCR in FRT land0 CKS1 and 01 FRC is incremented on internal clock: g/8
CKSO0
OCRAR in FRT H'7FEF IVG signal 0 IVG signal period =
(example) interval = @ x 262144 (1024
g x 262016 times IHG signal)
OCRAF in FRT H'000F IVG signal 1
(example) interval = g x 128
TOCRINFRT 6 OCRAMS 1 OCRA is set to the operating mode in

which OCRAR and OCRAF are used
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+ OCRA (1) +
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TCORA
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Figure 13.8 VG Signal/lHG Signal/CL4 Signal Timing Chart
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13.4.7 HSYNCO Output

With the HSYNCO output, the meaning of the signal source to be selected and use or non-use
modification varies according to the IHI signal source and the waveform required by external
circuitry. The HSYNCO output modes are shown in table 13.10.

Table 13.10 HSYNCO Output Modes

Mode IHI Signal  IHO Signal Meaning of IHO Signal
No signal HFBACKI IHI signal (without ~ HFBACKI input is output directly
input 2fH modification)

IHI signal (with 2fH Meaningless unless there is a double-frequency
modification) part in the HFBACKI input
CL1 signal HFBACKI input 1 interval is changed before output
IHG signal Internal synchronization signal is output

S-on-G CSYNCI IHI signal (without ~ CSYNCI input (composite synchronization signal)

mode input 2fH modification) is output directly
IHI signal (with 2fH Double-frequency part of CSYNCI input (composite
modification) synchronization signal) is eliminated before output
CL1 signal CSYNCI input (composite synchronization signal)

horizontal synchronization signal part is separated
before output

IHG signal Internal synchronization signal is output
Composite HSYNCI IHI signal (without ~ HSYNCI input (composite synchronization signal)
mode input 2fH modification) is output directly
IHI signal (with 2fH Double-frequency part of HSYNCI input (composite
modification) synchronization signal) is eliminated before output
CL1 signal HSYNCI input (composite synchronization signal)

horizontal synchronization signal part is separated
before output

IHG signal Internal synchronization signal is output
Separate HSYNCI IHI signal (without ~ HSYNCI input (horizontal synchronization signal) is
mode input 2fH modification) output directly

IHI signal (with 2fH Meaningless unless there is a double-frequency
modification) part in the HSYNCI input (horizontal
synchronization signal)

CL1 signal HSYNCI input (horizontal synchronization signal) 1
interval is changed before output

IHG signal Internal synchronization signal is output
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13.4.8 VSYNCO Output

With the VSYNCO output, the meaning of the signal source to be selected and use or non-use
modification varies according to the IVI signal source and the waveform required by external
circuitry. The VSYNCO output modes are shown in table 13.11.

Table 13.11 VSYNCO Output Modes

Mode IVI Signal VO Signal Meaning of IVO Signal
No signal  VFBACKI IVI signal (without fall VFBACKI input is output directly
input modification or IHI
synchronization)
IVI signal (without fall Meaningless unless VFBACKI input is
modification, with IHI synchronized with HFBACKI input

synchronization)

IVI signal (with fall VFBACKI input fall is modified before output
modification, without IHI
synchronization)

IVI signal (with fall VFBACKI input fall is modified and signal is
modification and IHI synchronized with HFBACKI input before
synchronization) output
IVG signal Internal synchronization signal is output
S-on-G PDC signal VI signal (without fall CSYNCI/HSYNCI input (composite
mode or modification or IHI synchronization signal) vertical
composite synchronization) synchronization signal part is separated
mode before output
IVI signal (without fall CSYNCI/HSYNCI input (composite
modification, with IHI synchronization signal) vertical
synchronization) synchronization signal part is separated, and

signal is synchronized with CSYNCI/HSYNCI
input before output

IVI signal (with fall CSYNCI/HSYNCI input (composite

modification, without IHI  synchronization signal) vertical

synchronization) synchronization signal part is separated, and
fall is modified before output

IVI signal (with fall CSYNCI/HSYNCI input (composite

modification and IHI synchronization signal) vertical

synchronization) synchronization signal part is separated, fall is

modified, and signal is synchronized with
CSYNCI/HSYNCI input before output

IVG signal Internal synchronization signal is output
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Mode IVI Signal VO Signal Meaning of IVO Signal

Separate  VSYNCI IVI signal (without fall VSYNCI input (vertical synchronization signal)
mode input modification or IHI is output directly
synchronization)
IVI signal (without fall Meaningless unless VSYNCI input (vertical
modification, with IHI synchronization signal) is synchronized with
synchronization) HSYNCI input (horizontal synchronization
signal)
IVI signal (with fall VSYNCI input (vertical synchronization signal)

modification, without IHI  fall is modified before output
synchronization)

IVI signal (with fall VSYNCI input (vertical synchronization signal)
modification and IHI fall is modified and signal is synchronized with
synchronization) HSYNCI input (horizontal synchronization

signal) before output

IVG signal Internal synchronization signal is output

13.4.9 CBLANK Output

Using the signals generated/selected with timer connection, it is possible to generate a wavefo
based on the composite synchronization signal (blanking waveform).

One kind of blanking waveform is generated by combining HFBACKI and VFBACKI inputs,
with the phase polarity made positive by means of bits HFINV and VFINV in TCONRI, with the
IVO signal.

The logic of CBLANK output waveform generation is shown in figure 13.9.

HFBACKI input (positive)

VFBACKI input (positive) \
- - CBLANK signal
Falling edge sensmgl— Reset

(positive)
r' Rising edge sensing |— Set

IVO signal (positive) &

Figure 13.9 CBLANK Output Waveform Generation
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13.5 Usage Note

13.5.1 Module Stop Mode Setting

Timer connection operation can be enabled or disabled using the module stop control register
initial setting is for timer connection operation to be halted. Register access is enabled by
canceling the module stop mode. For details, refer to section 26, Power-Down Modes.
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Section 14 Watchdog Timer (WDT)

This LSI incorporates two watchdog timer channels (WDT_0 and WDT_1). The watchdog time
can generate an internal reset signal or an internal NMI interrupt signal if a system crash prev
the CPU from writing to the timer counter, thus allowing it to overflow. Simultaneously, it can
output an overflow signaRESO) externally.

When this watchdog function is not needed, the WDT can be used as an interval timer. In inte
timer operation, an interval timer interrupt is generated each time the counter overflows. A blo
diagram of the WDT_0 and WDT _1 is shown in figure 14.1.

14.1 Features

» Selectable from eight (WDT_0) or 16 (WDT_1) counter input clocks.
« Switchable between watchdog timer mode and interval timer mode

Watchdog Timer Mode:

« If the counter overflows, an internal reset or an internal NMI interrupt is generated.

* When the LSl is selected to be internally reset at counter overflow, a low level signal is out
from theRESO pin if the counter overflows.

Internal Timer Mode:

« If the counter overflows, an internal timer interrupt (WOVI) is generated.
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(Interrupt request signal*2); Reset «——2/8192 1
! control [«—— /32768 !
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Internal reset signal*? ——| Internal clock ;
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' | TCNT_O |<—>| TCSR_0 | :
, Bus :
1 . —
i Module bus interface .
e WDT 0 == mmmmmmmmmmmmm e
012 gSUB2 !
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(Interrupt request signal) | Interrupt +—0/128 2SUB/8 :
. l«—0/512 .
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P Reset T—208192  qupes
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Legend
TCSR_O : Timer control/status register_0
TCNT_O : Timer counter_0
TCSR_1 : Timer control/status register_1
TCNT_1 : Timer counter_1

Notes: 1. The RESO signal outputs the low level signal when the internal reset signal is
generated due to a TCNT overflow of either WDT_0 or WDT_1. The internal reset signal
first resets the WDT in which the overflow has occurred first.

2. The internal NMI interrupt signal can be independently output from either WDT_0 or WDT_1.
The interrupt controller does not distinguish the NMI interrupt request from WDT_0 from

that from WDT_1.

Internal bus

Internal bus

Figure 14.1 Block Diagram of WDT
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14.2  Input/Output Pins
The WDT has the pins listed in table 14.1.

Table 14.1 Pin Configuration

Name Symbol I/O Function

Reset output pin RESO Output Outputs the counter overflow signal in
watchdog timer mode

External sub-clock EXCL Input Inputs the clock pulses to the WDT_1

input pin prescaler counter

14.3  Register Descriptions

The WDT has the following registers. To prevent accidental overwriting, TCSR and TCNT hav
to be written to in a method different from normal registers. For details, refer to section 14.6.1,
Notes on Register Access. For details on the system control register, refer to section 3.2.2, Sy
Control Register (SYSCR).

e Timer counter (TCNT)

« Timer control/status register (TCSR)
14.3.1  Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter.

TCNT is initialized to H'00 when the TME bit in the timer control/status register (TCSR) is
cleared to 0.
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14.3.2  Timer Control/Status Register (TCSR)

TCSR selects the clock source to be input to TCNT, and the timer mode.

« TCSR_O

Initial
Bit Bit Name Value R/W

Description

7 OVF 0 RI(W)**

Overflow Flag

Indicates that TCNT has overflowed (changes from H'FF
to H'00).

[Setting condition]
When TCNT overflows (changes from H'FF to H’00)

However, when internal reset request generation is
selected in watchdog timer mode, OVF is cleared
automatically by the internal reset.

[Clearing conditions]

e When TCSR is read when OVF = 1*? then 0 is
written to OVF

*  When 0 is written to TME

6 WT/AT 0 RIW

Timer Mode Select

Selects whether the WDT is used as a watchdog timer or
interval timer.

0: Interval timer mode
1: Watchdog timer mode

5 TME 0 R/W

Timer Enable
When this bit is set to 1, TCNT starts counting.

When this bit is cleared, TCNT stops counting and is
initialized to H'00.

4 — 0 RI(W)

Reserved
The initial value should not be modified.

3 RST/N

=

I 0 R/W

Reset or NMI

Selects to request an internal reset or an NMI interrupt
when TCNT has overflowed.

0: An NMI interrupt is requested
1: An internal reset is requested
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Bit Bit Name Initial Value R/W  Description

CKS2 0 R/W  Clock Select 2 to 0
CKS1 0 R/W  Selects the clock source to be input to. The overflow
0 CKSO 0 r/w  frequency for g = 10 MHz is enclosed in parentheses.

000: @/2 (frequency: 51.2 ps)

001: 9/64 (frequency: 1.64 ms)
010: 9/128 (frequency: 3.28 ms)
011: @/512 (frequency: 13.1 ms)
100: 8/2048 (frequency: 52.4 ms)
101: @/8192 (frequency: 209.7 ms)
110: 9/32768 (frequency: 0.84 s)
111: /131072 (frequency: 3.36 s)

Notes: 1. Only O can be written, to clear the flag.

2. When OVF is polled with the interval timer interrupt disabled, OVF = 1 must be read at
least twice.
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« TCSR_1

Bit Bit Name Initial Value R/W

Description

7 OVF 0

R/(W)** Overflow Flag

Indicates that TCNT has overflowed (changes from H'FF
to H'00).

[Setting condition]
When TCNT overflows (changes from H'FF to H'00)

However, when internal reset request generation is
selected in watchdog timer mode, OVF is cleared
automatically by the internal reset.

[Clearing conditions]

When TCSR is read when OVF = 1*? then 0 is written to
OVF

When 0 is written to TME

6 WT/AT 0

R/W

Timer Mode Select

Selects whether the WDT is used as a watchdog timer or
interval timer.

0: Interval timer mode
1: Watchdog timer mode

5 TME 0

R/W

Timer Enable
When this bit is set to 1, TCNT starts counting.

When this bit is cleared, TCNT stops counting and is
initialized to H'00.
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Bit Bit Name Initial Value R/W

Description

4 PSS 0 R/W

Prescaler Select
Selects the clock source to be input to TCNT.
0: Counts the divided cycle of g—based prescaler (PSM)

1: Counts the divided cycle of gSUB-based prescaler
(PSS)

3 RST/N

=

I 0 R/W

Reset or NMI

Selects to request an internal reset or an NMI interrupt
when TCNT has overflowed.

0: An NMI interrupt is requested
1: An internal reset is requested

CKS2
CKS1
0 CKSO

o

R/W
R/W
R/W

o O

Clock Select2to 0

Selects the clock source to be input to TCNT. The
overflow cycle for g = 10 MHz and gSUB = 32.768 kHz is
enclosed in parentheses.

When PSS =0:
000:
001:
010:
011:
100:
101:

a/2 (frequency: 51.2 ps)
@/64 (frequency: 1.64 ms)
/128 (frequency: 3.28 ms)
2/512 (frequency: 13.1 ms)
/2048 (frequency: 52.4 ms)
/8192 (frequency: 209.7 ms)
110: 9/32768 (frequency: 0.84 s)
111: /131072 (frequency: 3.36 s)
When PSS = 1:

000: gSUB/2 (cycle: 15.6 ms)
001: gSUB/4 (cycle: 31.3 ms)
010: gSUB/8 (cycle: 62.5 ms)
011: gSUB/16 (cycle: 125 ms)
100: gSUB/32 (cycle: 250 ms)
101: sSUB/64 (cycle: 500 ms)
110: gSUBJ/128 (cycle: 1 s)

111: a/256 (cycle: 2 s)

Notes: 1. Only O can be written, to clear the flag.
2. When OVF is polled with the interval timer interrupt disabled, OVF = 1 must be read at

least twice.
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14.4  Operation

14.4.1  Watchdog Timer Mode

To use the WDT as a watchdog timer, set the[VBit and the TME bit in TCSR to 1. While the
WDT is used as a watchdog timer, if TCNT overflows without being rewritten because of a
system malfunction or another error, an internal reset or NMI interrupt request is generated. TC
does not overflow while the system is operating normally. Software must prevent TCNT
overflows by rewriting the TCNT value (normally be writing H'00) before overflows occurs.

If the RSTNMI bit of TCSR is set to 1, when the TCNT overflows, an internal reset signal for th
LSl is issued for 518 system clocks, and the low level signal is simultaneously output from the
RESO pin for 132 states, as shown in figure 14.2. If the RSV bit is cleared to 0, when the
TCNT overflows, an NMI interrupt request is generated. Here, the output froRES@ pin

remains high.

An internal reset request from the watchdog timer and a reset input fr®kEShgn are

processed in the same vector. Reset source can be identified by the XRST bit status in SYSCI
a reset caused by a signal input toRIES pin occurs at the same time as a reset caused by a WD
overflow, theRES pin reset has priority and the XRST bit in SYSCR is set to 1.

An NMI interrupt request from the watchdog timer and an interrupt request from the NMI pin ar
processed in the same vector. Do not handle an NMI interrupt request from the watchdog timer
and an interrupt request from the NMI pin at the same time.
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TCNT value

Overflow

“

Time

|
i
H'00 I
t N t N
WT/AT =1 Write H'00 to OVF=1* | WT/IT=1 Write H'00 to
TME=1 TCNT - i TME=1 TCNT
RESO and internal ,
reset signals generated,
A '

RESO signal | |
fan]

132 system clocks

Internal reset signal | ‘
|<—>

518 system clocks

WT/IT : Timer mode select bit
TME : Timer enable bit
OVF : Overflow flag

Note: * After the OVF bit becomes 1, it is cleared to 0 by an internal reset.
The XRST bit is also cleared to 0.

Figure 14.2 Watchdog Timer Mode (RSTNMI = 1) Operation
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14.4.2 Interval Timer Mode

When the WDT is used as an interval timer, an interval timer interrupt (WOVI) is generated eac
time the TCNT overflows, as shown in figure 14.3. Therefore, an interrupt can be generated at
intervals.

When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) is requeste
at the same time the OVF bit of TCSR is set to 1. The timing is shown figure 14.4.

TCNT value
Overflow Overflow Overflow Overflow
L e e B e T e
H'00 f Time
WT/AT =0 WOoVI WOVI WOVI WOVI
TME=1

WOVI : Internal timer interrupt request occurrence

Figure 14.3 Interval Timer Mode Operation

: Ipfiplnlnlnln

TCNT HH H'FF X H'00
Overflow signal I_l
(internal signal) 55 \
OVF ( |

Figure 14.4 OVF Flag Set Timing
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14.4.3 RESO Signal Output Timing

When TCNT overflows in watchdog timer mode, the OVF bit in TCSR is set to 1. When the
RSTNMI bit is 1 here, the internal reset signal is generated for the entire LSI. At the same tim
the low level signal is output from tlRESO pin. The timing is shown in figure 14.5.

S P O e o O 0 P
TCNT “ H'FF X H'00 “

Overflow signal !

(internal signal) (2
))

| )]
OVF (

RESO signal )) ri 132 states ﬁ

(
)

Internal reset ( !— 518 states
signal )]

Figure 14.5 Output Timing of RESO signal

145 Interrupt Sources

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI
The interval timer interrupt is requested whenever the OVF flag is setto 1 in TCSR. OVF mus
cleared to O in the interrupt handling routine.

When the NMI interrupt request is selected in watchdog timer mode, an NMI interrupt request
generated by an overflow.

Table 14.2 WDT Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation

WQoVI TCNT overflow OVF Not possible
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14.6  Usage Notes

14.6.1 Notes on Register Access

The watchdog timer’s registers, TCNT and TCSR differ from other registers in being more
difficult to write to. The procedures for writing to and reading from these registers are given
below.

Writing to TCNT and TCSR (Example of WDT_0): These registers must be written to by a
word transfer instruction. They cannot be written to by a byte transfer instruction.

TCNT and TCSR both have the same write address. Therefore, satisfy the relative condition
shown in figure 14.6 to write to TCNT or TCSR. To write to TCNT, the upper bytes must contai
the value H'5A and the lower bytes must contain the write data before the transfer instruction
execution. To write to TCSR, the upper bytes must contain the value H’'A5 and the lower bytes
must contain the write data.

<TCNT write>
15 8 7 0
Address : HFFA8 0 H'SA Write data
<TCSR write>
15 8 7 0
Address : HFFA8 | H'AS | Write data

Figure 14.6 Writing to TCNT and TCSR (WDT_0)

Reading from TCNT and TCSR (Example of WDT_0):These registers are read in the same
way as other registers. The read address is H'FFA8 for TCSR and H'FFA9 for TCNT.
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14.6.2 Conflict between Timer Counter (TCNT) Write and Increment

If a timer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 14.7 shows this operation.

TCNT write cycle
L Tz

[

Address X X

Internal write signal

TCNT input clock

TCNT N X M
)4

[

Counter write data

Figure 14.7 Conflict between TCNT Write and Increment

14.6.3 Changing Values of CKS2 to CKSO Bits

If bits CKS2 to CKSO0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) befc
changing the values of bits CKS2 to CKSO.

14.6.4  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, while the WDT is operating, errc
could occur in the incrementation. Software must stop the watchdog timer (by clearing the TM
bit to 0) before switching the mode.
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14.6.5 System Reset bRESO Signal

Inputting theRESO output signal to thRESO pin of this LSI prevents the LSI from being
initialized correctly; theRESO signal must not be logically connected to Bi&S pin of the LSI.
To reset the entire system by RESO signal, use the circuit as shown in figure 14.8.

This LS|

Reset input RES

Reset signal for entire system 4—0@_ RESO

Figure 14.8 Sample Circuit for Resetting System bRESO Signal

14.6.6  Counter Values during Transitions between High-Speed, Sub-Active, and Watch
Modes

When WDT_1 is used as a clock counter and is allowed to transit between high-speed mode al
sub-active or watch mode, the counter does not display the correct value due to internal clock
switching.

Specifically, when transiting from high-speed mode to sub-active or watch mode, that is, when
control clock for WDT_1 switches from the main clock to the sub-clock, the counter incrementir
timing is delayed for approximately two to three clock cycles.

Similarly, when transiting from sub-active or watch mode to high-speed mode, the clock is not
supplied until stabilized internal oscillation is available because the main clock oscillator is halt:
in sub-clock mode. The counter is therefore prevented from incrementing for the time specified
the STS2 to STSO bits in SBYCR after internal oscillation starts, thus producing counter value
differences for this time.

Special care must be taken when using WDT _1 as a clock counter. Note that no counter value
difference is produced while operated in the same mode.
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Section 15 Serial Communication Interface (SCI and IrD/

This LSI has three independent serial communication interface (SCI) channels. The SCI can
handle both asynchronous and clocked synchronous serial communication. Asynchronous sel
data communication can be carried out with standard asynchronous communication chips suc
a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous Communication
Interface Adapter (ACIA). A function is also provided for serial communication between
processors (multiprocessor communication function) in asynchronous mode.

SCI_2 can handle communication using the waveform based on the Infrared Data Association
(IrDA) standard version 1.0.

15.1 Features

» Choice of asynchronous or clocked synchronous serial communication mode
e Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and receptic
be executed simultaneously. Double-buffering is used in both the transmitter and the recei
enabling continuous transmission and continuous reception of serial data.

e The on-chip baud rate generator allows any bit rate to be selected

An external clock can be selected as a transfer clock source.
« Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit d:
« Four interrupt sources

Four interrupt sources — transmit-end, transmit-data-empty, receive-data-full, and receive
error — that can issue requests.

The transmit-data-empty and receive-data-full interrupt sources can activate the DTC.
Asynchronous Mode:

» Data length: 7 or 8 bits

« Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

* Receive error detection: Parity, overrun, and framing errors

« Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error
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Clocked Synchronous Mode:

« Data length: 8 bits

« Receive error detection: Overrun errors

« Serial data communication with other LSIs that have the clock synchronized communication
function

A block diagram of the SCI is shown in figure 15.1.

® 5
& o
5 3
Module data bus g O o
g )
Q )
| g f] @
c
wn
[ ror | | 1R | SCMR [ BrR —
1 SSR
‘ U ‘ SCR Baud rate ?
RxD | | RSR | | | TSR SMR generator ol4
+—0/16
Transmission/ 2164
D reception control
X
Parity generation Clock
Parity check
External clock
SCK
TEI
TXI
RXI
ERI
Legend
RSR : Receive shift register SCR : Serial control register
RDR : Receive data register SSR : Serial status register
TSR : Transmit shift register SCMR : Smart card mode register
TDR : Transmit data register BRR : Bit rate register
SMR  : Serial mode register

Figure 15.1 Block Diagram of SCI

Rev. 2.0, 08/02, page 340 of 788
RENESAS



15.2  Input/Output Pins

Table 15.1 shows the input/output pins for each SCI channel.

Table 15.1 Pin Configuration

Channel Symbol * Input/Output  Function
0 SCKO Input/Output Channel 0 clock input/output
RxDO Input Channel 0 receive data input
TxDO Output Channel 0 transmit data output
1 SCK1 Input/Output Channel 1 clock input/output
RxD1 Input Channel 1 receive data input
TxD1 Output Channel 1 transmit data output
2 SCK2 Input/Output Channel 2 clock input/output
RxD2/IrRxD  Input Channel 2 receive data input (normal/IrDA)
TxD2/IrTxD  Output Channel 2 transmit data output (normal/lrDA)

Note:* Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the channel

designation.

15.3 Register Descriptions

The SCI has the following registers for each channel.

* Receive shift register (RSR)
» Receive data register (RDR)
e Transmit data register (TDR)
e Transmit shift register (TSR)
« Serial mode register (SMR)

» Serial control register (SCR)
« Serial status register (SSR)

» Serial interface mode register (SCMR)

« Bit rate register (BRR)

» Keyboard comparator control register (KBCOMP)
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15.3.1 Receive Shift Register (RSR)

RSR is a shift register used to receive serial data that converts it into parallel data. When one
frame of data has been received, it is transferred to RDR automatically. RSR cannot be directly
accessed by the CPU.

15.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores receive data. When the SCI has received one frame of seri
data, it transfers the received serial data from RSR to RDR where it is stored. After this, RSR ¢
receive the next data. Since RSR and RDR function as a double buffer in this way, continuous
receive operations can be performed. After confirming that the RDRF bit in SSR is set to 1, rea
RDR for only once. RDR cannot be written to by the CPU. RDR is initialized to H'0O.

15.3.3 Transmit Data Register (TDR)

TDR is an 8-bit register that stores transmit data. When the SCI detects that TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structures of TDR and TSR enables continuous serial transmission. If the next transmit data ha
already been written to TDR when one frame of data is transmitted, the SCI transfers the writte
data to TSR to continue transmission. Although TDR can be read from or written to by the CPU
all times, to achieve reliable serial transmission, write transmit data to TDR for only once after
confirming that the TDRE bit in SSR is set to 1. TDR is initialized to H'FF.

15.3.4  Transmit Shift Register (TSR)

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI fi
transfers transmit data from TDR to TSR, then sends the data to the TxD pin. TSR cannot be
directly accessed by the CPU.
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15.3.5 Serial Mode Register (SMR)

SMR is used to set the SCI's serial transfer format and select the on-chip baud rate generator
source.

Bit Bit Name Initial Value R/W  Description

7 C/A 0 R/W  Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode

6 CHR 0 R/W  Character Length (enabled only in asynchronous
mode)

0: Selects 8 bits as the data length.

1: Selects 7 bits as the data length. LSB-first is fixed
and the MSB of TDR is not transmitted in
transmission.

In clocked synchronous mode, a fixed data length of
8 bits is used.

5 PE 0 R/W  Parity Enable (enabled only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit
is checked in reception. For a multiprocessor format,
parity bit addition and checking are not performed
regardless of the PE bit setting.

4 O/E 0 R/W  Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.
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Bit Bit Name Initial Value R/W  Description

3 STOP 0 R/W  Stop Bit Length (enabled only in asynchronous
mode)
Selects the stop bit length in transmission.
0: 1 stop bit
1: 2 stop bits
In reception, only the first stop bit is checked. If the
second stop bit is 0, it is treated as the start bit of the
next transmit frame.

2 MP 0 R/W  Multiprocessor Mode (enabled only in asynchronous
mode)
When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit and
O/E bit settings are invalid in multiprocessor mode.

CKS1 R/W  Clock Select 1,0
0 CKSO0 R/W  These bits select the clock source for the on-chip

baud rate generator.
00: @ clock (n =0)
01: g/4 clock (n =1)
10: @/16 clock (n = 2)
11: 9/64 clock (n = 3)

For the relation between the bit rate register setting
and the baud rate, see section 15.3.9, Bit Rate
Register (BRR). n is the decimal display of the value
of nin BRR.
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15.3.6  Serial Control Register (SCR)

SCR is a register that performs enabling or disabling of SCI transfer operations and interrupt
requests, and selection of the transfer clock source. For details on interrupt requests, refer to
section 15.8, Interrupt Sources.

Bit Bit Name Initial Value R/W  Description

7 TIE 0 R/W  Transmit Interrupt Enable
When this bit is set to 1, a TXI interrupt request is
enabled.

6 RIE 0 R/W  Receive Interrupt Enable

When this bit is set to 1, RXI and ERI interrupt
requests are enabled.

5 TE 0 R/W  Transmit Enable
When this bit is set to 1, transmission is enabled.
4 RE 0 R/W  Receive Enable

When this bit is set to 1, reception is enabled.

3 MPIE 0 R/W  Multiprocessor Interrupt Enable (enabled only when
the MP bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and ORER status flags in SSR is
disabled. On receiving data in which the
multiprocessor bit is 1, this bit is automatically
cleared and normal reception is resumed. For
details, refer to section 15.5, Multiprocessor
Communication Function.

2 TEIE 0 R/W  Transmit End Interrupt Enable

When this bit is set to 1, a TEl interrupt request is
enabled.
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Bit Bit Name Initial Value

R/W  Description

1 CKE1 0
0 CKEO 0

R/W
R/W

Clock Enable 1, 0

These bits select the clock source and SCK pin
function.

Asynchronous mode

00: Internal clock

(SCK pin functions as I/0 port.)
01: Internal clock

(Outputs a clock of the same frequency as the bit
rate from the SCK pin.)

1X: External clock

(Inputs a clock with a frequency 16 times the bit rate
from the SCK pin.)

Clocked synchronous mode

0X: Internal clock (SCK pin functions as clock
output.)

1X: External clock (SCK pin functions as clock
input.)

Legend
X: Don't care
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15.3.7 Serial Status Register (SSR)

SSR is a register containing status flags of the SCI and multiprocessor bits for transfer. TDRE
RDRF, ORER, PER, and FER can only be cleared.

Bit Bit Name Initial Value R/W Description

7 TDRE 1 R/((W)*  Transmit Data Register Empty

Indicates whether TDR contains transmit data.

[Setting conditions]

e When the TE bitin SCRis 0

* When data is transferred from TDR to TSR
and TDR is ready for data write

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE
=1

e When a TXI interrupt request is issued
allowing the DTC to write data to TDR

6 RDRF 0 R/(W)*  Receive Data Register Full

Indicates that receive data is stored in RDR.

[Setting condition]

* When serial reception ends normally and
receive data is transferred from RSR to RDR

[Clearing conditions]

*  When 0 is written to RDRF after reading
RDRF =1

* When an RXI interrupt request is issued
allowing the DTC to read data from RDR

The RDRF flag is not affected and retains its
previous value when the RE bit in SCR is cleared
to 0.

5 ORER 0 R/(W)*  Overrun Error
[Setting condition]
* When the next data is received while RDRF =
1
[Clearing condition]
* When 0 is written to ORER after reading
ORER =1
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Bit Bit Name Initial Value R/W

Description

4 FER 0 RI(W)*

Framing Error

[Setting condition]

e When the stop bitis 0

[Clearing condition]

*  When 0 is written to FER after reading FER =
1

In 2-stop-bit mode, only the first stop bit is
checked.

3 PER 0 RI(W)*

Parity Error

[Setting condition]

* When a parity error is detected during
reception

[Clearing condition]

e When 0 is written to PER after reading PER =
1

2 TEND 1 R

Transmit End

[Setting conditions]

e When the TE bitin SCR is 0

«  When TDRE = 1 at transmission of the last bit
of a 1-byte serial transmit character

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE
=1

e When a TXI interrupt request is issued
allowing the DTC to write data to TDR

1 MPB 0 R

Multiprocessor Bit

MPB stores the multiprocessor bit in the receive
frame. When the RE bitin SCR is cleared to O its
previous state is retained.

0 MPBT 0 R/W

Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to
the transmit frame.

Note:* Only 0 can be written, to clear the flag.
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15.3.8  Serial Interface Mode Register (SCMR)

SCMR selects SCI functions and its format.

Bit Bit Name

Initial Value R/W

Description

7to —
4

All 1 R

Reserved

These bits are always read as 1 and cannot be
modified.

3 SDIR

0 R/W

Data Transfer Direction

Selects the serial/parallel conversion format.

0: TDR contents are transmitted with LSB-first.
Receive data is stored as LSB first in RDR.

1: TDR contents are transmitted with MSB-first.
Receive data is stored as MSB first in RDR.

The SDIR bit is valid only when the 8-bit data
format is used for transmission/reception; when
the 7-bit data format is used, data is always
transmitted/received with LSB-first.

2 SINV

0 R/W

Data Invert

Specifies inversion of the data logic level. The
SINV bit does not affect the logic level of the parity
bit. When the parity bit is inverted, invert the O/E
bit in SMR.

0: TDR contents are transmitted as they are.
Receive data is stored as it is in RDR.

1: TDR contents are inverted before being
transmitted. Receive data is stored in inverted
form in RDR.

Reserved

This bit is always read as 1 and cannot be
modified.

0 SMIF

0 R/W

Serial Communication Interface Mode Select:

0: Normal asynchronous or clocked synchronous
mode

1: Reserved mode

Rev. 2.0, 08/02, page 349 of 788

RENESAS



15.3.9 Bit Rate Register (BRR)

BRR is an 8-bit register that adjusts the bit rate. As the SCI performs baud rate generator contr
independently for each channel, different bit rates can be set for each channel. Table 15.2 shoy
the relationships between the N setting in BRR and bit rate B for normal asynchronous mode a
clocked synchronous mode. The initial value of BRR is H'FF, and it can be read from or written
by the CPU at all times.

Table 15.2 Relationships between N Setting in BRR and Bit Rate B

Mode Bit Rate Error
Asynchronous mode @ % 10° &% 10°
B —— Error (%) ={ —————————— -1} x 100
64 x 2 x (N+1) B x 64 x2 2" x (N+1)
Clocked synchronous mode @ x 10° —

64 x 2 2" x (N+1)

Legend

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

2: Operating frequency (MHz)

n: Determined by the SMR settings shown in the following table.

SMR Setting
CKS1 CKS0 n
0 0 0
0 1 1
1 0 2
1 1 3

Table 15.3 shows sample N settings in BRR in normal asynchronous mode. Table 15.4 shows
maximum bit rate settable for each frequency. Table 15.6 shows sample N settings in BRR in
clocked synchronous mode. Tables 15.5 and 15.7 show the maximum bit rates with external cl
input.
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Table 15.3 BRR Settings for Various Bit Rates (Asynchronous Mode)

Operating Frequency g (MHz)

2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54 -0.70 0 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 114 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -2.48 0 15 0.00 0 19 -2.34
9600 —_ - — 0 6 -2.48 0 0.00 0 9 -2.34
19200 - = = —_ - = 0 0.00 0 4 -2.34
31250 0 1 0.00 —_ - — —_ - — 0 2 0.00
38400 - = = —_ - = 0 1 0.00 - — —
Operating Frequency g (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47  0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 —_ - — 0 0.00 0 1.73
31250 - = = 0 3 0.00 0 -1.70 0 0.00
38400 0 2 0.00 —_ - — 0 3 0.00 0 3 1.73
Legend

— Can be set, but there will be a degree of error.
Note:* Make the settings so that the error does not exceed 1%.
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Operating Frequency g (MHz)

6 6.144 7.3728 8
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47  0.00 0 51 0.16
9600 0 19 -2.34 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 -2.34 0 0.00 0 11 0.00 0 12 0.16
31250 0 0.00 0 2.40 —_ - = 0 7 0.00
38400 0 -2.34 0 0.00 0 5 0.00 - — —
Operating Frequency g (MHz)
9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79  0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79  0.00
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79  0.00
9600 0 31 0.00 0 32 -1.36 0 38 0.16 0 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -2.34 0 19 0.00
31250 0 -1.70 0 0.00 0 11 0.00 0 11 2.40
38400 0 0.00 0 1.73 0 9 -2.34 0 9 0.00
Legend

— Can be set, but there will be a degree of error.
Note:* Make the settings so that the error does not exceed 1%.
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Operating Frequency g (MHz)

14 14.7456 16 17.2032
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 75 048
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 0.16 1 191 0.00 1 207 0.16 1 223 0.00
1200 1 90 0.16 1 95 0.00 1 103 0.16 1 111 0.00
2400 0 181 0.16 0 191 0.00 0 207 0.16 0 223 0.00
4800 0 90 0.16 0 95 0.00 0 103 0.16 0 111 0.00
9600 0 45 -0.93 0 47  0.00 0 51 0.16 0 55  0.00
19200 0 22 -0.93 0 23 0.00 0 25 0.16 0 27  0.00
31250 0 13 0.00 0 14 -1.70 0 15 0.00 0 16 1.20
38400 —_ - — 0 11  0.00 0 12 0.16 0 16  0.00
Operating Frequency g (MHz)
18 19.6608 20

Bit Rate Error Error Error

(bit/s) n N (%) n N (%) n N (%)

110 3 79 -0.12 3 86 0.31 3 88 -0.25

150 2 233 0.16 2 255 0.00 3 64 0.16

300 2 116 0.16 2 127 0.00 2 129 0.16

600 1 233 0.16 1 255 0.00 2 64 0.16

1200 1 166 0.16 1 127 0.00 1 129 0.16

2400 0 233 0.16 0 255 0.00 1 64 0.16

4800 0 166 0.16 0 127 0.00 0 129 0.16

9600 0 58 -0.69 0 63 0.00 0 64 0.16

19200 0 28 1.02 0 31 0.00 0 32 -1.36

31250 0 17  0.00 0 19 -1.70 0 19 0.00

38400 0 14 -2.34 0 15 0.00 0 15 1.73

Legend

— Can be set, but there will be a degree of error.
Note:* Make the settings so that the error does not exceed 1%.
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Table 15.4 Maximum Bit Rate for Each Frequency (Asynchronous Mode)

Maximum Maximum

Bit Rate Bit Rate
g (MHz) (bit/s) n N g (MHz) (bit/s) n N
2 62500 0 0 9.8304 307200 0 0
2.097152 65536 0 0 10 312500 0 0
2.4576 76800 0 0 12 375000 0 0
3 93750 0 0 12.288 384000 0 0
3.6864 115200 0 0 14 437500 0 0
4 125000 0 0 14.7456 460800 0 0
49152 153600 0 0 16 500000 0 0
5 156250 0 0 17.2032 537600 0 0
6 187500 0 0 18 562500 0 0
6.144 192000 0 0 19.6608 614400 0 0
7.3728 230400 0 0 20 625000 0 0
8 250000 0 0
Table 15.5 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

External Input Maximum Bit External Input Maximum Bit

g (MHz) Clock (MHz) Rate (bit/s) g (MHz) Clock (MHz) Rate (bit/s)
2 0.5000 31250 9.8304 2.4576 153600
2.097152 0.5243 32768 10 2.5000 156250
2.4576 0.6144 38400 12 3.0000 187500
3 0.7500 46875 12.288 3.0720 192000
3.6864 0.9216 57600 14 3.5000 218750
4 1.0000 62500 14.7456 3.6864 230400
49152 1.2288 76800 16 4.0000 250000
5 1.2500 78125 17.2032 4.3008 268800
6 15.000 93750 18 4.5000 281250
6.144 1.5360 96000 19.6608 4.9152 307200
7.3728 1.8432 115200 20 5.0000 312500
8 2.0000 125000
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Table 15.6 BRR Settings for Various Bit Rates (Clocked Synchronous Mode)

Operating Frequency g (MHz)

ggt e 4 8 10 16 20
(bit/s) n N n N n N n N n N n N
110 3 70 - —

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — @ — 3 124 — —
1k 1 124 1 249 2 124 — — 2 249 — —
2.5k 0 199 1 99 1 199 1 249 2 9 2 124
5k 0 9 o0 199 1 99 1 124 1 199 1 249
10k 0 49 0 9 O 199 0 249 1 99 1 124
25k 0 19 0 39 O 79 0 9 O0 159 0 199
50k 0 0 19 O 39 0 49 0 79 O 99
100k O 0 0 19 O 24 0 39 0 49
250k O 0 0 0 0 15 0 19
500k O 0* 0 1* 0 0 4 0 0 9
M 0 0 0 0 0 4
2.5M 0 0* 0

5M 0 o*
Legend

Blank: Cannot be set.

Can be set, but there will be a degree of error.
*: Continuous transfer or reception is not possible.

Table 15.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)

External Input Maximum Bit External Input Maximum Bit
g (MHz) Clock (MHz) Rate (bit/s) g (MHz) Clock (MHz) Rate (bit/s)
2 0.3333 333333.3 12 2.0000 2000000.0
4 0.6667 666666.7 14 2.3333 2333333.3
6 1.0000 1000000.0 16 2.6667 2666666.7
8 1.3333 1333333.3 18 3.0000 3000000.0
10 1.6667 1666666.7 20 3.3333 3333333.3

RENESAS

Rev. 2.0, 08/02, page 355 of 788



15.3.10 Keyboard Comparator Control Register (KBCOMP)

KBCOMP selects the functions of the SCI and A/D converter.

Bit Bit Name Initial Value

R/W

Description

7 IrE 0

R/W

IrDA Enable

Specifies SCI_2 1/0 pins for either normal SCI or
IrDA.

0: TxD2/IrTxD and RxD2/IrRxD pins function as TxD2
and RxD2 pins, respectively

1: TxD2/IrTxD and RxD2/IrRxD pins function as IrTxD
and IrRxD pins, respectively

)]

IrCKS2
IrCKS1
IrCKSO 0

(&)
o o

D

R/W
R/W
R/W

IrDA Clock Select 2 to 0

These bits specify the high-level width of the clock
pulse during IrTxD output pulse encoding when the
IrDA function is enabled.

000: B x 3/16 (B: Bit rate)
001: g/2

010: g /4

011: 2 /8

100: ¢ /16

101: g /32

110: ¢ /64

111: /128

KBADE
KBCH2
KBCH1
KBCHO

O, NW
[eNeoNeNe)

R/W
R/W
R/W
R/W

Bits related to the A/D converter

For details, refer to section 21.3.4, Keyboard
Comparator Control Register (KBCOMP).
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15.4  Operation in Asynchronous Mode

Figure 15.2 shows the general format for asynchronous serial communication. One frame con
of a start bit (low level), followed by transmit/receive data, a parity bit, and finally stop bits (hig
level). In asynchronous serial communication, the transmission line is usually held in the mark
state (high level). The SCI monitors the transmission line, and when it goes to the space state
level), recognizes a start bit and starts serial communication. Inside the SCI, the transmitter al
receiver are independent units, enabling full-duplex communication. Both the transmitter and 1
receiver also have a double-buffered structure, so that data can be read or written during
transmission or reception, enabling continuous data transfer and reception.

Idle state
(mark state)
1 LSB MSB 1

Serial o | po | p1| D2 | D3 |Da|D5|D6|D7 |02 1 1
data

Start Parity | Stop bit

bit Transmit/receive data bit

1 bit 7 or 8 bits 1 bitor 1 or2 bits

none

One unit of transfer data (character or frame)

Figure 15.2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits)

15.4.1 Data Transfer Format

Table 15.8 shows the data transfer formats that can be used in asynchronous mode. Any of 1
transfer formats can be selected according to the SMR setting. For details on the multiproces:
bit, refer to section 15.5, Multiprocessor Communication Function.
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Table 15.8 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transmit/Receive Format and Frame Length
CHR PE MP stop | 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 0 | S | 8-bit data |STOP
0 0 0 1 | S | 8-bit data |STOP|STOP
0 1 0 0 | S | 8-bit data | P |STOP
0 1 0 1 | S | 8-bit data | P |STOP|STOP
1 0 0 0 | S | 7-bit data |STOP
1 0 0 1 | S | 7-bit data |STOP| STOP
1 1 0 0 | S | 7-bit data | P | STOP
1 1 0 1 | S | 7-bit data | P |STOP|STOP
0 — 1 0 | S | 8-bit data | MPB|STOP
0 — 1 1 | S | 8-bit data | MPB|STOP|STOP
1 — 1 0 | S | 7-bit data | MPB|STOP
1 — 1 1 | S | 7-bit data | MPB|STOP|STOP
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15.4.2 Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a basic clock with a frequency of 16 times the bit
In reception, the SCI samples the falling edge of the start bit using the basic clock, and perfori
internal synchronization. Since receive data is latched internally at the rising edge of the 8th p
of the basic clock, data is latched at the middle of each bit, as shown in figure 15.3. Thus the
reception margin in asynchronous mode is determined by formula (1) below.

D-0.5
N

M ={ (0.5 _ZliN ) — (1+F)—(L-05)F}x100 [%] -+ Formula (1)

. Reception margin (%)

: Ratio of bit rate to clock (N = 16)

: Clock duty (D = 0.5to 1.0)

: Frame length (L =9 to 12)

: Absolute value of clock rate deviation

mroz

Assuming values of F = 0 and D = 0.5 in formula (1), the reception margin is determined by th
formula below.

M ={0.5— 1/(2 x 16)} x 100 [%] = 46.875 %

However, this is only the computed value, and a margin of 20% to 30% should be allowed in
system design.

16 clocks |

8 clocks
0 7 15| 0 7 15 0
Internal m||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
basic clock

Receive data —:I: ! Start bit " | DO " |Dl
(RxD) e A T

Synchronization 1 [ i "
sampling timing ___

Data sampling n n
timing n n

Figure 15.3 Receive Data Sampling Timing in Asynchronous Mode
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15.4.3 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input
the SCK pin can be selected as the SCI's transfer clock, according to the setting af biterC/
SMR and the CKE1 and CKEQO bits in SCR. When an external clock is input at the SCK pin, the
clock frequency should be 16 times the bit rate used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is in the middle of the transmit data, as shown in figure 15.4.

« Uy ywywu

TxD 0 DO D1 D2 D3 D4 D5 D6 D7 | 01 1 1

1 frame

Figure 15.4 Relation between Output Clock and Transmit Data Phase
(Asynchronous Mode)
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15.4.4  SCl Initialization (Asynchronous Mode)

Before transmitting and receiving data, you should first clear the TE and RE bits in SCR to 0, |
initialize the SCI as shown in figure 15.5. When the operating mode, transfer format, etc., is
changed, the TE and RE bits must be cleared to 0 before making the change using the followi
procedure. When the TE bit is cleared to 0, the TDRE flag in SSR is set to 1. Note that clearin
the RE bit to 0 does not initialize the contents of the RDRF, PER, FER, and ORER flags in SS
or the contents of RDR. When an external clock is used in asynchronous mode, the clock mus
supplied even during initialization.

) [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,

| TEIE, and MPIE, and bits TE and

RE, to 0.

C Start initialization

| Clear TE and RE bits in SCR to 0 |
| When the clock is selected in
asynchronous mode, it is output
[1 immediately after SCR settings are
made.

Set CKE1 and CKEQ bits in SCR
(TE and RE bits are 0)

Set data transfer/receive format in
SMR and SCMR
| [3] Write a value corresponding to the
Set value in BRR 3] bit rate to BRR. Not necessary if
an external clock is used.

[2] Setthe data transfer/receive format
[2] in SMR and SCMR.

A Wait

- [4] Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

No

1-bit interval elapsed?

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Set TE and RE bits in
SCR to 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

<Initialization completion>

Figure 15.5 Sample SCI Initialization Flowchart

Rev. 2.0, 08/02, page 361 of 788
RENESAS



15.4.5 Data Transmission (Asynchronous Mode)

Figure 15.6 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1.

The SCI monitors the TDRE flag in SSR, and if it is cleared to 0, recognizes that data has b
written to TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a transmit data empty interrupt
request (TXI) is generated. Because the TXI interrupt routine writes the next transmit data te
TDR before transmission of the current transmit data has finished, continuous transmission
be enabled.

Data is sent from the TxD pin in the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

The SCI checks the TDRE flag at the timing for sending the stop bit.

If the TDRE flag is 0, the data is transferred from TDR to TSR, the stop bit is sent, and then
serial transmission of the next frame is started.

If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the “me
state” is entered in which 1 is output. If the TEIE bit in SCR is set to 1 at this time, a TEI
interrupt request is generated.

Figure 15.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit p bit bit  bit [ bit bit 1
Idle state

1)
|D7|0/1|1|0|D0|D1| |D7|O/1|1
( (mark state)
1 1)

)

| o [oo]on]
(

I )Y

L ((

H 1)
TDRE (0
1)
TEND : (( : I(d
: 1) : 1)
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag cleared to 0in  request generated TEl interrupt
E TXI interrupt handling routine , request generated
: 1 frame :

Figure 15.6 Example of SCI Transmit Operation in Asynchronous Mode (Example with 8-

Bit Data, Parity, One Stop Bit)
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[1] SCl initialization:

Initializati | 1 . .
| nihatization [ The TxD pin is automatically
I designated as the transmit data
( Start transmission ) output pin.
}: After the TE bit is set to 1, a frame
f 1s is output, and transmission is
| Read TDRE flag in SSR | [2] 0 s P d sslo
enabled.
No [2] SCI status check and transmit data
write:
Read SSR and check that the
Yes TDRE flag is set to 1, then write

transmit data to TDR and clear the
TDRE flag to 0.

Write transmit data to TDR
and clear TDRE flag in SSR to 0 [3]

Serial transmission continuation
procedure:

To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,
Yes then write data to TDR, and clear
- [3] the TDRE flag to 0. However, the
TDRE flag is checked and cleared
automatically when the DTC is
initiated by a transmit data empty
interrupt (TXI) request and writes
data to TDR.

All data transmitted?

Read TEND flag in SSR

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0O, then clear the TE bit
in SCR to 0.

Break output? (4]

Clear DR to 0 and
set DDR to 1

Clear TE bitin SCR to 0

<End>

Figure 15.7 Sample Serial Transmission Flowchart
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15.4.6  Serial Data Reception (Asynchronous Mode)

Figure 15.8 shows an example of the operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1.

The SCI monitors the communication line, and if a start bit is detected, performs internal
synchronization, receives receive data in RSR, and checks the parity bit and stop bit.

If an overrun error (when reception of the next data is completed while the RDRF flag in SS
is still set to 1) occurs, the ORER bit in SSR is set to 1. If the RIE bit in SCR is set to 1 at thi
time, an ERI interrupt request is generated. Receive data is not transferred to RDR. The RC
flag remains to be set to 1.

If a parity error is detected, the PER bit in SSR is set to 1 and receive data is transferred to
RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt request is generated.

If a framing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 and rece
data is transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt
request is generated.

If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt request is
generated. Because the RXI interrupt routine reads the receive data transferred to RDR bef
reception of the next receive data has finished, continuous reception can be enabled.

Start Data Parity Stop Start Data Parity Stop
1 bit ( bit bit  bit ( bit bit 1
1) ))
o | po| b1 p7|o1| 1| o |po]| b1 o7 [ o | o | !dlestate
( ( (mark state)

] )) ' ))

RDRF (« : .
)) 1 1)
FER ! . ; .
] )) H )
; RXI interrupt E RDR data read and RDRF |
request ' flag cleared to 0 in RXI ERI interrupt request
1 generated ! interrupt handling routine generated by framing

! ! error

1 frame

Figure 15.8 Example of SCI Receive Operation in Asynchronous Mode (Example with 8-Bit

Data, Parity, One Stop Bit)
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Table 15.9 shows the states of the SSR status flags and receive data handling when a receive
is detected. If a receive error is detected, the RDRF flag retains its state before receiving data
Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the ORE
FER, PER, and RDRF bits to 0 before resuming reception. Figure 15.9 shows a sample flow ¢
for serial data reception.

Table 15.9 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF*  ORER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + framing error
1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note:* The RDRF flag retains the state it had before data reception.
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(1]

| Initialization | 1]
|
( Start reception )
-]
. [2]
Read ORER, PER, and 2]

FER flags in SSR

PERVFERVORER=1

Error processing

(3]

(Continued on next page)

Read RDRF flag in SSR

|

No

Yes

(4]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

(5]

All data received?

5]

Clear RE bitin SCRto 0

<End>

SCl initialization:
The RxD pin is automatically
designated as the receive data input

pin.

[3] Receive error processing and break
detection:

If a receive error occurs, read the
ORER, PER, and FER flags in SSR to
identify the error. After performing the
appropriate error processing, ensure
that the ORER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RxD pin.

SClI status check and receive data read:
Read SSR and check that RDRF =1,
then read the receive data in RDR and
clear the RDRF flag to 0. Transition of
the RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial reception continuation procedure:
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag, read
RDR, and clear the RDRF flag to 0.
However, the RDRF flag is cleared
automatically when the DTC is initiated
by an RXI interrupt and reads data from
RDR.

Legend:
v : Logical OR

Figure 15.9 Sample Serial Reception Flowchart (1)
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(3]

( Error processing )

No

Yes

Overrun error processing

-

Yes
Break?

No
Y

Framing error processing | | Clear RE bitin SCRto 0

No

Parity error processing

oy

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 15.9 Sample Serial Reception Flowchart (2)
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15.5 Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer to be performed amor
number of processors sharing communication lines by means of asynchronous serial
communication using the multiprocessor format, in which a multiprocessor bit is added to the
transfer data. When multiprocessor communication is carried out, each receiving station is
addressed by a unique ID code. The serial communication cycle consists of two component cy
an ID transmission cycle which specifies the receiving station, and a data transmission cycle fo
the specified receiving station. The multiprocessor bit is used to differentiate between the ID
transmission cycle and the data transmission cycle. If the multiprocessor bit is 1, the cycle is ar
transmission cycle, and if the multiprocessor bit is 0, the cycle is a data transmission cycle. Fig
15.10 shows an example of inter-processor communication using the multiprocessor format. Tt
transmitting station first sends the ID code of the receiving station with which it wants to perforr
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as
with a 0 multiprocessor bit added. The receiving station skips data until data with a 1
multiprocessor bit is sent. When data with a 1 multiprocessor bit is received, the receiving stati
compares that data with its own ID. The station whose ID matches then receives the data sent
Stations whose ID does not match continue to skip data until data with a 1 multiprocessor bit is
again received.

The SCI uses the MPIE bit in SCR to implement this function. When the MPIE bit is set to 1,
transfer of receive data from RSR to RDR, error flag detection, and setting the SSR status flag:
RDRF, FER, and ORER in SSR to 1 are prohibited until data with a 1 multiprocessor bit is
received. On reception of a receive character with a 1 multiprocessor bit, the MPB bit in SSR is
to 1 and the MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit |
SCRis set to 1 at this time, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is invalid. All other bit settings
are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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Transmitting
station
Serial communication line
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID =02) (ID =03) (ID = 04)
Serial - -
Jata /\ [ wor \ [ HAA |\ /\ /
i (MPB =1). (MPB =0) .
ID transmission Data transmission cycle =
cycle = Data transmission to
receiving station receiving station specified by ID
specification

Legend
MPB: Multiprocessor bit

Figure 15.10 Example of Communication Using Multiprocessor Format (Transmission of
Data H'AA to Receiving Station A)
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15.5.1 Multiprocessor Serial Data Transmission

Figure 15.11 shows a sample flowchart for multiprocessor serial data transmission. For an ID
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI operations are the san
as those in asynchronous mode.

| Initialization | (] [1] SClinitialization:
T The TxD pin is automatically

( Start transmission ) designated as the transmit data
T output pin.
— After the TE bitis setto 1, a

| Read TDRE flag in SSR | [2] frame of 1s is output, and

transmission is enabled.

No [2] SCI status check and transmit
data write:
Read SSR and check that the
ves TDRE flag is set to 1, then write
] ] transmit data to TDR. Set the
Write transmit data to TDR and MPBT bit in SSR to 0 or 1.

t MPBT bit in SSR i
se itin Finally, clear the TDRE flag to O.

[3] Serial transmission continuation
procedure:
To continue serial transmission,
be sure to read 1 from the TDRE

Clear TDRE flag to O

All data transmitted? 3 flag to confirm that writing is
possible, then write data to TDR,
Yes and then clear the TDRE flag to 0.

- However, the TDRE flag is

| checked and cleared
automatically when the DTC is

initiated by a transmit data empty

interrupt (TXI) request and writes

data to TDR.

| Read TEND flag in SSR

Yes [4] Break output at the end of serial
transmission:
] To output_a break in serial
) transmission, set port DDR to 1,
Vos clear DR to 0, and then clear the

TE bitin SCR to 0.

Clear DR to 0 and set DDR to 1

Clear TE bitin SCRto 0

<End>

Figure 15.11 Sample Multiprocessor Serial Transmission Flowchart
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15.5.2  Multiprocessor Serial Data Reception

Figure 15.13 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bi
SCRis set to 1, data is skipped until data with a 1 multiprocessor bit is sent. On receiving datz
with a 1 multiprocessor bit, the receive data is transferred to RDR. An RXI interrupt request is
generated at this time. All other SCI operations are the same as in asynchronous mode. Figur
15.12 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop  Start Data (Data 1) Stop
1 bit « MPB  bit it « MPB  bit 1
) )]
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
( 4 (mark state)

I(a

)

MPIE

RDRF « / | | «

z A AN ‘

RDR
ID1
value X
MPIE=0 RXI interrupt RDR data read If not this station’s ID,  RXI interrupt request is
request and RDRF flag MPIE bitis setto 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated handling routine
(a) Data does not match station’s ID
Start Data (ID2) Stop  Start Data (Data 2) Stop
1 bit (« MPB  bit bit (« MPB bit 1
1) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
4 4 (mark state)
MPIE |

I0a

N e B s
S/

RDR
value ID1 X ID2 X Data 2
MPIE =0 RXI interrupt RDR dataread and  Matches this station’s ID, MPIE bit set to 1
request RDRF flag cleared S0 reception continues, and  again
(multiprocessor  to 0 in RXI interrupt  data is received in RXI
interrupt) handling routine interrupt service routine
generated

(b) Data matches station’s ID

Figure 15.12 Example of SCI Receive Operation (Example with 8-Bit Data, Multiprocessor
Bit, One Stop Bit)
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| Initialization | [1]
1
( Start reception )
=
| Set MPIE bit in SCR to 1 | 2]

!
Read ORER and FER flags in SSR |

FER v ORER =1
No

Read RDRF flag in SSR

No
Yes

Read receive data in RDR

This station’s ID?

Yes

Read ORER and FER flags in SSR

Yes
FER v ORER =1
No

Read RDRF flag in SSR

*

Read receive data in RDR

All data received?

Clear RE bitin SCR to 0

<End>

A

i

[4]

[5]

[1] SCl initialization:
The RxD pin is automatically designated
as the receive data input pin.

[2]

ID reception cycle:
Set the MPIE bit in SCR to 1.

[3] SCI status check, ID reception and
comparison:

Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and compare it with this
station’s ID.

If the data is not this station’s ID, set the
MPIE bit to 1 again, and clear the RDRF
flag to O.

If the data is this station’s ID, clear the
RDREF flag to 0.

[4] SCI status check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in

RDR.
5]

Receive error processing and break
detection:

If a receive error occurs, read the ORER
and FER flags in SSR to identify the
error. After performing the appropriate
error processing, ensure that the ORER
and FER flags are all cleared to 0.
Reception cannot be resumed if either
of these flags is set to 1.

In the case of a framing error, a break
can be detected by reading the RxD pin
value.

Legend:
v : Logical OR

( Error processing }

(Continued on
next page)

Figure 15.13 Sample Multiprocessor Serial Reception Flowchart (1)

Rev. 2.0, 08/02, page 372 of 788

RENESAS




(5] ( Error processing )

No

Yes

Overrun error processing

Yes

Break?

Y
Framing error processing | | Clear RE bitin SCR to 0

oy |

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 15.13 Sample Multiprocessor Serial Reception Flowchart (2)
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15.6  Operation in Clocked Synchronous Mode

Figure 15.14 shows the general format for clocked synchronous communication. In clocked
synchronous mode, data is transmitted or received in synchronization with clock pulses. One
character in transfer data consists of 8-bit data. In data transmission, the SCI outputs data from
falling edge of the synchronization clock to the next. In data reception, the SCI receives data in
synchronization with the rising edge of the synchronization clock. After 8-bit data is output, the
transmission line holds the MSB state. In clocked synchronous mode, no parity or multiprocess
bit is added. Inside the SCI, the transmitter and receiver are independent units, enabling full-
duplex communication by use of a common clock. Both the transmitter and the receiver also he
a double-buffered structure, so that the next transmit data can be written during transmission o
previous receive data can be read during reception, enabling continuous data transfer.

) One unit of transfer data (character or frame)

* f f *

Synchronization|||||||||||||||||||
clock

| LsB MSB !
Serial data i XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
| ' Co

Don't care Don't care

Note:* High except in continuous transfer/reception

Figure 15.14 Data Format in Clocked Synchronous Communication (LSB-First)

15.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of the CKE
and CKEDO bits in SCR. When the SCI is operated on an internal clock, the synchronization cloc
is output from the SCK pin. Eight synchronization clock pulses are output in the transfer of one
character, and when no transfer is performed the clock is fixed high.
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15.6.2

Before transmitting and receiving data, you should first clear the TE and RE bits in SCR to 0,
initialize the SCI as described in a sample flowchart in figure 15.15. When the operating mode
transfer format, etc., is changed, the TE and RE bits must be cleared to 0 before making the

change using the following procedure. When the TE bit is cleared to 0, the TDRE flag in SSR
set to 1. However, clearing the RE bit to 0 does not initialize the RDRF, PER, FER, and OREF

flags in SSR, or RDR.

SCl Initialization (Clocked Synchronous Mode)

( Start initialization )

| Clear TE and RE bits in SCR to 0 |
[

Set CKE1 and CKEQ bits in SCR

(TE and RE bits are 0) 1]

Set data transfer/receive format in 2]
SMR and SCMR

Set value in BRR [3]

Wait

No
1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and [4]
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

(1]

(2]

(3]

(4

Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE to 0.

Set the data transfer/receive format in
SMR and SCMR.

Write a value corresponding to the bit
rate to BRR. This step is not necessary
if an external clock is used.

Wait at least one bit interval, then set
the TE bit or RE bitin SCR to 1.

Also set the RIE, TIE TEIE, and MPIE
bits.

Setting the TE and RE bits enables the
TxD and RxD pins to be used.

Note:* In simultaneous transmit and receive operations, the TE and RE bits should both be cleared

to O or set to 1 simultaneously.

Figure 15.15 Sample SCI Initialization Flowchart
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15.6.3  Serial Data Transmission (Clocked Synchronous Mode)

Figure 15.16 shows an example of SCI operation for transmission in clocked synchronous moc
In serial transmission, the SCI operates as described below.

1.

The SCI monitors the TDRE flag in SSR, and if it is 0, recognizes that data has been writter
TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at this time, a TXI interrupt request is generate
Because the TXI interrupt routine writes the next transmit data to TDR before transmission
the current transmit data has finished, continuous transmission can be enabled.

8-bit data is sent from the TxD pin synchronized with the output clock when output clock
mode has been specified and synchronized with the input clock when use of an external clo
has been specified.

The SCI checks the TDRE flag at the timing for sending the last bit.

If the TDRE flag is cleared to O, data is transferred from TDR to TSR, and serial transmissic
of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TxD pin maintains the
output state of the last bit. If the TEIE bit in SCR is set to 1 at this time, a TEI interrupt reque
is generated. The SCK pin is fixed high.

Figure 15.17 shows a sample flow chart for serial data transmission. Even if the TDRE flag is
cleared to 0, transmission will not start while a receive error flag (ORER, FER, or PER) is set tc
Make sure to clear the receive error flags to 0 before starting transmission. Note that clearing tl
RE bit to 0 does not clear the receive error flags.

Synchronization l | | | | | | | l | | | | | % | | | |
clock i K
, « :
Serial data X Bito X Bit1 X X Bit7 X Bit0 X Bit 1 )C: X Bit 6 X Bit 7
)] H
| : {(
1)

Transfer direction ,

TDRE i

((
))

TEND i i
! (C ! {(
H ) ))

TXI interrupt ' Data written to TDR I ihterrupt TEI interrupt request
request generated . and TDRE flag cleared request generated generated

' to 0 in TXI interrupt ;

' handling routine !

1 frame

Figure 15.16 Example of SCI Transmit Operation in Clocked Synchronous Mode
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Initialization

| w W

Start transmission

)

|

Read TDRE flag in SSR

e 2

Yes

No

(3]

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

Yes

-t

3]

Read TEND flag in SSR

Yes

No

Clear TE bitin SCR to 0

<End>

SCl initialization:

The TxD pin is automatically
designated as the transmit data output
pin.

SCI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.

However, the TDRE flag is checked
and cleared automatically when the
DTC is initiated by a transmit data
empty interrupt (TXI) request and
writes data to TDR.

Figure 15.17

Sample Serial Transmission Flowchart

RENESAS
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15.6.4  Serial Data Reception (Clocked Synchronous Mode)

Figure 15.18 shows an example of SCI operation for reception in clocked synchronous mode. |
serial reception, the SCI operates as described below.

1. The SCI performs internal initialization in synchronization with a synchronization clock input
or output, starts receiving data, and stores the receive data in RSR.

2. If an overrun error (when reception of the next data is completed while the RDRF flag is still
set to 1) occurs, the ORER bitin SSR is set to 1. If the RIE bit in SCR is set to 1 at this time
an ERI interrupt request is generated. Receive data is not transferred to RDR. The RDRF fl
remains to be set to 1.

3. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt request is
generated. Because the RXI interrupt routine reads the receive data transferred to RDR bef
reception of the next receive data has finished, continuous reception can be enabled.

Synchronization | | | | | | | | | | | | | | % | | | |
clock

Serial data X Bit 7 X Bit0 )C: X Bit 7 X Bit 0 X Bit 1 )(:Z
RDRF T 5

ORER 5 :

7

RXI interrupt : RDR data read and RXI interrupt ERI interrupt request
request ' RDRF flag cleared : request generated generated by overrun
generated i to 0in RXI interrupt error

i handling routine

1 frame

Figure 15.18 Example of SCI Receive Operation in Clocked Synchronous Mode
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Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the ORE
FER, PER, and RDRF bits to 0 before resuming reception. Figure 15.19 shows a sample flow:
for serial data reception.

[1] SCl initialization:
| & The RxD pin is automatically
I designated as the receive data input

C Start reception ) pin.

=I [2] [3] Receive error processing:

2] If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to 0.
Transfer cannot be resumed if the
ORER flag is set to 1.

| Initialization

3]

Error processin
[4] SCI status check and receive data

(Continued below) read:

Read SSR and check that the RDRF

Read RDRF flag in SSR | [4] flag is set to 1, then read the receive
data in RDR and clear the RDRF flag
to 0.
Transition of the RDRF flag from O to 1
can also be identified by an RXI

Yes interrupt.

No

[5] Serial reception continuation
Read receive data in RDR and procedure:
clear RDRF flag in SSR to 0 To continue serial reception, before

the MSB (bit 7) of the current frame is
received, reading the RDRF flag,
reading RDR, and clearing the RDRF

Bl flag to 0 should be finished.
However, the RDRF flag is cleared
automatically when the DTC is
initiated by a receive data full interrupt

Clear RE bitin SCR to 0 (RXI) and reads data from RDR.

All data received?

<End>

[3] ( Error processing )

| Overrun error processing |

Clear ORER flag in SSR to 0 |

<End>

Figure 15.19 Sample Serial Reception Flowchart
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15.6.5 Simultaneous Serial Data Transmission and Reception (Clocked Synchronous
Mode)

Figure 15.20 shows a sample flowchart for simultaneous serial transmit and receive operations
After initializing the SCI, the following procedure should be used for simultaneous serial data
transmit and receive operations. To switch from transmit mode to simultaneous transmit and
receive mode, check that the SCI has finished transmission and the TDRE and TEND flags in ¢
are set to 1, clear the TE bit in SCR to 0, and then set the TE and RE bits to 1 simultaneously \
a single instruction. To switch from receive mode to simultaneous transmit and receive mode,
check that the SCI has finished reception, and clear the RE bit to 0. Then after checking that th
RDRF bit in SSR and receive error flags (ORER, FER, and PER) are cleared to 0, set the TE a
RE bits to 1 simultaneously with a single instruction.
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| Initialization | 1]
|
( Start transmission/reception )

|

|
| Read TDRE flag in SSR | [2]

No

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

Read ORER flag in SSR |

(8]

Error processing

Read RDRF flag in SSR | [4]

No

Yes

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

[5]

Clear TE and RE bits in SCR to 0

<End>

Note:* When switching from transmit or receive operation to simultaneous
transmit and receive operations, first clear the TE bit and RE bit to 0,
then set both these bits to 1 simultaneously.

(1]

(2]

[3]

[4]

(5]

SCl initialization:

The TxD pin is designated as the
transmit data output pin, and the RxD
pin is designated as the receive data
input pin, enabling simultaneous
transmit and receive operations.

SClI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit
data to TDR and clear the TDRE flag
to 0.

Transition of the TDRE flag from 0 to
1 can also be identified by a TXI
interrupt.

Receive error processing:

If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to 0.
Transmission/reception cannot be
resumed if the ORER flag is set to 1.

SCI status check and receive data
read:

Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and clear the RDRF flag
to 0. Transition of the RDRF flag from
0 to 1 can also be identified by an RXI
interrupt.

Serial transmission/reception
continuation procedure:

To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading RDR,
and clearing the RDRF flag to 0. Also,
before the MSB (bit 7) of the current
frame is transmitted, read 1 from the
TDRE flag to confirm that writing is
possible. Then write data to TDR and
clear the TDRE flag to 0.

However, the TDRE flag is checked
and cleared automatically when the
DTC is initiated by a transmit data
empty interrupt (TXI) request and
writes data to TDR. Similarly, the
RDRF flag is cleared automatically
when the DTC is initiated by a receive
data full interrupt (RXI) and reads
data from RDR.

Figure 15.20 Sample Flowchart of Simultaneous Serial Transmission and Reception
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15.7  IrDA Operation

IrDA operation can be used with SCI_2. Figure 15.22 shows an IrDA block diagram.

If the IrDA function is enabled using the IrE bit in KBCOMP, the TxD2 and RxD2 pins in SCI_2
are allowed to encode and decode the waveform based on the IrDA standard version 1.0 (func
as the IrTxD and IrRxD pins). Connecting these pins to the infrared data transceiver achieves
infrared data communication based on the system defined by the IrDA standard version 1.0.

In the system defined by the IrDA standard version 1.0, communication is started at a transfer |
of 9600 bps, which can be modified as required. The IrDA interface provided by this LS| does r
incorporate the capability of automatic modification of the transfer rate; the transfer rate must b

modified through programming.

IrDA

SCI2

TxD2/IrTxD -«—— Pulse encoder

TxD

RxD2/IrRxD Pulse decoder

RxD

|

| KBCOMP |

Figure 15.21 IrDA Block Diagram
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Transmission: During transmission, the output signals from the SCI (UART frames) are
converted to IR frames using the IrDA interface (see figure 15.22).

For serial data of level 0, a high-level pulse having a width of 3/16 of the bit rate (1-bit interval
output (initial setting). The high-level pulse can be selected using the IrCKS2 to IrCKSO0 bits in
KBCOMP.

The high-level pulse width is defined to be 1p&lat minimum and (3/16 + 2.5%)bit rate or
(3/16 % bit rate) + 1.081s at maximum. For example, when the frequency of system clock g is 2
MHz, a high-level pulse width of at least 1.4 ps to 1.6 ps can be specified.

For serial data of level 1, no pulses are output.

———  UART frame >
Start |- Data & Stop
bit bit

0 1 0 1 0 0 1 1 0 1
Transmission ‘ t Reception

[-————— IR frame Ll
Start [~ Data | Stop
bit bit

| |0 1 |-| 0 1 ” 0 0 1 1 |-| 0 1
Bit . Pulse width is 1.6 us to
cycle 3/16 bit cycle

Figure 15.22 IrDA Transmission and Reception

Reception: During reception, IR frames are converted to UART frames using the IrDA interface
before inputting to SCI_2.

Data of level 0 is output each time a high-level pulse is detected and data of level 1 is output v
no pulse is detected in a bit cycle. If a pulse has a high-level width of less thaus,1ti4d
minimum width allowed, the pulse is recognized as level 0.

High-Level Pulse Width Selection:Table 15.10 shows possible settings for bits IrCKS2 to
IrCKSO0 (minimum pulse width), and this LSI's operating frequencies and bit rates, for making
pulse width shorter than 3/16 times the bit rate in transmission.
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Table 15.10 IrCKS2 to IrCKSO0 Bit Settings

Operating Bit Rate (bps) (Upper Row) / Bit Interval ~ x 3/16 (us) (Lower Row)
Frequency 2400 9600 19200 38400 57600 115200
@ (MHz) 78.13 19.53 9.77 4.88 3.26 1.63
2 010 010 010 010 010 —
2.097152 010 010 010 010 010 —
2.4576 010 010 010 010 010 —
3 011 011 011 011 011 —
3.6864 011 011 011 011 011 011
4.9152 011 011 011 011 011 011
5 011 011 011 011 011 011
6 100 100 100 100 100 100
6.144 100 100 100 100 100 100
7.3728 100 100 100 100 100 100
8 100 100 100 100 100 100
9.8304 100 100 100 100 100 100
10 100 100 100 100 100 100
12 101 101 101 101 101 101
12.288 101 101 101 101 101 101
14 101 101 101 101 101 101
14.7456 101 101 101 101 101 101
16 101 101 101 101 101 101
16.9344 101 101 101 101 101 101
17.2032 101 101 101 101 101 101
18 101 101 101 101 101 101
19.6608 101 101 101 101 101 101
20 101 101 101 101 101 101
Legend

— An SCI bit rate setting cannot be made.
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15.8 Interrupt Sources

Table 15.11 shows the interrupt sources in serial communication interface. A different interrup
vector is assigned to each interrupt source, and individual interrupt sources can be enabled or
disabled using the enable bits in SCR.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND
in SSR is setto 1, a TEIl interrupt request is generated. A TXI interrupt can activate the DTC t
allow data transfer. The TDRE flag is automatically cleared to O at data transfer by the DTC.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORE
PER, or FER flag in SSR is set to 1, an ERI interrupt request is generated. An RXI interrupt ce
activate the DTC to allow data transfer. The RDRF flag is automatically cleared to O at data
transfer by the DTC.

A TEl interrupt is requested when the TEND flag is set to 1 while the TEIE bitissetto 1. Ifa T
interrupt and a TXI interrupt are requested simultaneously, the TXI interrupt has priority for
acceptance. However, note that if the TDRE and TEND flags are cleared simultaneously by th
TXI interrupt routine, the SCI cannot branch to the TEI interrupt routine later.

Table 15.11 SCI Interrupt Sources

Channel  Name Interrupt Source Interrupt Flag DTC Activation  Priority
0 ERIO Receive error ORER, FER, PER Not possible High
RXI0  Receive data full RDRF Possible A
TXIO Transmit data empty =~ TDRE Possible
TEIO Transmit end TEND Not possible
1 ERI1 Receive error ORER, FER, PER Not possible
RXI1 Receive data full RDRF Possible
TXI1 Transmit data empty =~ TDRE Possible
TEI1 Transmit end TEND Not possible
2 ERI2 Receive error ORER, FER, PER Not possible
RXI2 Receive data full RDRF Possible
TXI2 Transmit data empty =~ TDRE Possible
TEI2 Transmit end TEND Not possible Low
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15.9 Usage Notes

15.9.1 Module Stop Mode Setting

SCI operation can be disabled or enabled using the module stop control register. The initial set
is for SCI operation to be halted. Register access is enabled by clearing module stop mode. Fo
details, refer to section 26, Power-Down Modes.

15.9.2 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RxD pin va
directly. In a break, the input from the RxD pin becomes all 0s, and so the FER flag in SSR is s
and the PER flag may also be set. Note that, since the SCI continues the receive operation eve
after receiving a break, even if the FER flag is cleared to 0, it will be set to 1 again.

15.9.3 Mark State and Break Detection

When the TE bit in SCR is 0, the TxD pin is used as an 1/O port whose direction (input or outpu
and level are determined by DR and DDR of the port. This can be used to set the TxD pin to th
mark state (high level) or send a break during serial data transmission. To maintain the
communication line at mark state until TE is set to 1, set both DDR and DR to 1. Since the TE |
is cleared to 0 at this point, the TxD pin becomes an I/O port, and 1 is output from the TxD pin.
send a break during serial transmission, first set DDR to 1 and DR to 0, and then clear the TE |
to 0. When the TE bit is cleared to 0, the transmitter is initialized regardless of the current
transmission state, the TxD pin becomes an 1/O port, and 0 is output from the TxD pin.

15.9.4 Receive Error Flags and Transmit Operations (Clocked Synchronous Mode Only)

Transmission cannot be started when a receive error flag (ORER, FER, or RER) is SSR is set t
even if the TDRE flag in SSR is cleared to 0. Be sure to clear the receive error flags to 0 before
starting transmission. Note also that the receive error flags cannot be cleared to 0 even if the R
bit in SCR is cleared to 0.

15.9.5 Relation between Writing to TDR and TDRE Flag

Data can be written to TDR irrespective of the TDRE flag status in SSR. However, if the new
data is written to TDR when the TDRE flag is 0, that is, when the previous data has not been

transferred to TSR yet, the previous data in TDR is lost. Be sure to write transmit data to TDR
after verifying that the TDRE flag is set to 1.
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15.9.6 Restrictions on Using DTC

When an external clock source is used as a synchronization clock, update TDR by the DTC ol
RFU and wait for at least five g clock cycles before allowing the transmit clock to be input. If tt
transmit clock is input within four clock cycles after TDR modification, the SCI may malfunctio
(figure 15.23).

When using the DTC to read RDR, be sure to set the receive end interrupt source (RXI) as a |
activation source.

TDRE | E I
. E i LSB
Serial data : X DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 X:

Note:* When external clock is supplied, t must be more than four clock cycles.

Figure 15.23 Example of Transmission using DTC in Clocked Synchronous Mode

15.9.7  SCI Operations during Mode Transitions

Transmission: Before making a transition to module stop, software standby, or sub-sleep mod
stop all transmit operations (TE = TIE = TEIE = 0). TSR, TDR, and SSR are reset. The states
the output pins during each mode depend on the port settings, and the pins output a high-leve
signal after mode cancellation. If a transition is made during data transmission, the data being
transmitted will be undefined.

To transmit data in the same transmission mode after mode cancellation, set TE to 1, read SS
write to TDR, clear TDRE in this order, and then start transmission. To transmit data in a
different transmission mode, initialize the SCI first.

Figure 15.24 shows a sample flowchart for mode transition during transmission. Figures 15.2
and 15.26 show the pin states during transmission.

Before making a transition from the transmission mode using DTC transfer to module stop,
software standby, or sub-sleep mode, stop all transmit operations (TE = TIE = TEIE = 0). Set
TE and TIE to 1 after mode cancellation generates a TXI interrupt request to start transmissiol
using the DTC.
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Reception: Before making a transition to module stop, software standby, watch, sub-active, or
sub-sleep mode, stop reception (RE = 0). RSR, RDR, and SSR are reset. If a transition is mac
during data reception, the data being received will be invalid.

To receive data in the same reception mode after mode cancellation, set RE to 1, and then sta
reception. To receive data in a different reception mode, initialize the SCI first.

Figure 15.27 shows a sample flowchart for mode transition during reception.

Transmission
|

All data transmitted?

Yes |-

Read TEND flag in SSR

[1] Data being transmitted is lost
halfway. Data can be normally
transmitted from the CPU by
setting TE to 1, reading SSR,
writing to TDR, and clearing
TDRE to 0 after mode
cancellation; however, if the DTC
has been initiated, the data
remaining in DTC RAM will be
transmitted when TE and TIE are
setto O.

[2] Also clear TIE and TEIE to O
when they are 1.

| Make transition to software standby mode etc. | (3] [3] Module stop, watch, sub-active,

| and sub-sleep modes are
included.

| Cancel software standby mode etc. |

Start transmission

Figure 15.24 Sample Flowchart for Mode Transition during Transmission
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Transition to
e issi software standb Software standby
Transmission start Transmission end Y mode cancelled

. ! by b
TE bi | IS I

SCK '
outputpm|_||||||5§||||||5§||||||:x-\ [

{( {( !
ou:;-):?pin inElﬁ%{,tEm T' High output | Start,( X j: y Stop T Port input/outputT High output
))
SCI TxD output , scl

Port | | Port
TxD output

Figure 15.25 Pin States during Transmission in Asynchronous Mode (Internal Clock)

. o Transition to Software standby
Transmission start Transmission end  software standby mode cancelled

- ! { oty '
TE bit | J

: {( : :
SCK ) ! ? . —_Port .
output pin H ' input/output '

{( {(
ou;ll-J):JEt)pin_ inElftﬁ)TJtEUt >i Marking output »\< X X " !Last TxD bit retained¥ Port inpquutputTHigh output*
SCI TxD output SCI

Port I I Port | TXD output

Note:* Initialized in software standby mode

Figure 15.26 Pin States during Transmission in Clocked Synchronous Mode
(Internal Clock)
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Reception

Read RDREF flag in SSR

No [1] [1] Data being received will be invalid.

Yes

| Read receive data in RDR |

- [2] Module stop, watch, sub-active, and sub-
sleep modes are included.

| Make transition to software standby mode etc. | [2]

| Cancel software standby mode etc. |

Change operating mode?

Initialization RE=1

Start reception

Figure 15.27 Sample Flowchart for Mode Transition during Reception
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15.9.8 Notes on Switching from SCK Pins to Port Pins

When SCK pins are switched to port pins after transmission has completed, pins are enabled

port output after outputting a low pulse of half a cycle as shown in figure 15.28.

Y

SCK/Port | | | L]
1. Transmission end i 4. Low pulse output

Low pulse of half a cycle

Data Bité X Bit7 5 p

TE 2.TE=0 | /
T —7

Cc/A | 3.C/A=0

CKEL ;

CKEO

Figure 15.28 Switching from SCK Pins to Port Pins

To prevent the low pulse output that is generated when switching the SCK pins to the port pin:
specify the SCK pins for input (pull up the SCK/port pins externally), and follow the procedure

below with DDR =1,DR =1, @ =1, CKE1=0,CKE1=0,and TE = 1.

End serial data transmission

TE bit =0

CKElbhit=1

CIA bit = 0 (switch to port output)
CKElbhit=0

o rwDbdPE

N\
SCK/Port I | I '
1. Transmission end .

High output

Data Bité X Bit7
2.TE=0
TE !
c/A 1 4. C/A=0
3.CKE1=1 :
CKEL ; | 5.CKEL =0
CKEO '

Figure 15.29 Prevention of Low Pulse Output at Switching from SCK Pins to Port Pins
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Section 16 “C Bus Interface (IIC) (Optional)

The FC bus interface is provided as an optional function. Note the following point when using t
optional function.

« Although the product type name is identical, please contact Hitachi before using this optior
function on an F-ZTAT version product.

This LSI has a two-channé bus interface. ThéQ bus interface conforms to and provides a
subset of the Philip$Q bus (inter-IC bus) interface functions. The register configuration that
controls the™C bus differs partly from the Philips configuration, however.

16.1 Features

« Selection of addressing format or non-addressing format
0 1°C bus format: addressing format with an acknowledge bit, for master/slave operation

O Clocked synchronous serial format: non-addressing format without an acknowledge bit,
master operation only

O Formatless (for IIC_0 only): non-addressing format with a clock pin dedicated for
formatless; for slave operation only

« Conforms to Philips’C bus interface {C bus format)

« Two ways of setting slave addres®(bus format)

+ Start and stop conditions generated automatically in master niGdeu@ format)
« Selection of the acknowledge output level in receptit® fus format)

« Automatic loading of an acknowledge bit in transmissié@ tus format)

« Wait function in master mode’Q bus format)

O A wait can be inserted by driving the SCL pin low after data transfer, excluding
acknowledgement.

O The wait can be cleared by clearing the interrupt flag.

« Wait function (fC bus format)
O A wait request can be generated by driving the SCL pin low after data transfer.
O The wait request is cleared when the next transfer becomes possible.

¢ Interrupt sources

0 Data transfer end (including when a transition to transmit mode @ithus format occurs,
when ICDR data is transferred, or during a wait state)

0 Address match: When any slave address matches or the general call address is receive
slave receive mode withG bus format (including address reception after loss of master
arbitration)

0 Start condition detection (in master mode)

O Stop condition detection (in slave mode)
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« Selection of 16 internal clocks (in master mode)
« Direct bus drive (SCL/SDA pin)
O Four pins—P52/SCLO0, P97/SDAO0, P86/SCL1, and P42/SDA1 —(normally NMOS push-
pull outputs) function as NMOS open-drain outputs when the bus drive function is select
« Automatic switching from formatless mode {6 bus format (IIC_0 only)
0 Formatless operation (no start/stop conditions, non-addressing mode) in slave mode
O Operation using a common data pin (SDA) and independent clock pins (VSYNCI, SCL)
0 Automatic switching from formatless mode t€ bus format on the fall of the SCL pin
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Figure 16.1 shows a block diagram of tf@ bus interface. Figure 16.2 shows an example of I/O
pin connections to external circuits. Sin&@ bus interface 1/0 pins are different in structure from
normal port pins, they have different specifications for permissible applied voltages. For detail
see section 28, Electrical Characteristics.

Formatless dedicated N\
clock (IIC_0 only)
\ ICXR
SCL 0= Clock
L N control o]
Noise I ICMR | 3
canceler S
©
kel
Bus state g
decision [ icsr I:r’ g
circuit <
Arbitration .|
decision
circuit
Output data
SDAO=—9 control
circuit
S
Noise
canceler
Address
comparator
| SAR, SARX I
N
Legend:
ICCR:  12C bus control register Interrupt
ICMR:  12C bus mode register generator nterrupt
T g request
ICSR: 14C bus status register
ICDR:  12C bus data register
ICXR:  12C bus extended control register
SAR: Slave address register
SARX: Slave address register X
PS: Prescaler

Figure 16.1 Block Diagram of fC Bus Interface
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Vee
Vee
SCL SCL
sCL,, —<
SCL out _”ij
SDA SDA
SDA;, —<{
SDA —
out 5|7 — << — <<
3 o 33
(Master) SCL i, SCL i,
This LSI SCL oy —1 SCL oy —1
SDA |, SDA |,
SDA out _| SDA out _|
(Slave 1) (Slave 2)

Figure 16.2 [C Bus Interface Connections (Example: This LS| as Master)

16.2  Input/Output Pins
Table 16.1 summarizes the input/output pins used by@hieus interface.

Table 16.1 Pin Configuration

Channel Symbol * Input/Output Function

0 SCLO Input/Output Serial clock input/output pin of IIC_0
SDAO Input/Output Serial data input/output pin of IIC_0
VSYNCI Input Formatless serial clock input pin of IIC_0

1 SCL1 Input/Output Serial clock input/output pin of IIC_1
SDA1 Input/Output Serial data input/output pin of IIC_1

Note:* In the text, the channel subscript is omitted, and only SCL and SDA are used.
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16.3  Register Descriptions

The FC bus interface has the following registers. Registers ICDR and SARX and registers ICM
and SAR are allocated to the same addresses. Accessible registers differ depending on the IC
in ICCR. When the ICE bit is cleared to 0, SAR and SARX can be accessed, and when the IC
is setto 1, ICMR and ICDR can be accessed. For details on the serial timer control register, re
to section 3.2.3, Serial Timer Control Register (STCR).

+ 1°C bus control register (ICCR)

+ I°C bus status register (ICSR)

+ I°C bus data register (ICDR)

« 1°C bus mode register (ICMR)

» Slave address register (SAR)

* Second slave address register (SARX)

» 1I°C bus extended control register (ICXR)

« DDC switch register (DDCSWR) (for [IC_0 only)

16.3.1 fC Bus Data Register (ICDR)

ICDR is an 8-bit readable/writable register that is used as a transmit data register when
transmitting and a receive data register when receiving. ICDR is internally divided into a shift
register (ICDRS), receive buffer ICDRR), and transmit buffer (ICDRT). Data transfers among
these three registers are performed automatically in accordance with changes in the bus state
they affect the status of internal flags such as ICDRE and ICDRF.

In master transmit mode with thi€lbus format, writing transmit data to ICDR should be
performed after start condition detection. When the start condition is detected, previous write
is ignored. In slave transmit mode, writing should be performed after the slave addresses mat
and the TRS bit is automatically changed to 1.

If the 1IC is in transmit mode (TRS = 1) and ICDRT has the next transmit data (the ICDRE flag
0) after successful transmission/reception of one frame of data using ICDRS, data is transferr:
automatically from ICDRT to ICDRS.

If the IIC is in transmit mode (TRS = 1) and ICDRT has the next data (the ICDRE flag is 0), da
is transferred automatically from ICDRT to ICDRS, following transmission of one frame of dat:
using ICDRS. When the ICDRE flag is 1 and the next transmit data writing is waited, data is
transferred automatically from ICDRT to ICDRS by writing to ICDR.’@f is in receive mode
(TRS = 0), no data is transferred from ICDRT to ICDRS. Note that data should not be written 1
ICDR in receive mode.

Reading receive data from ICDR is performed after data is transferred from ICDRS to ICDRR.
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If I’C is in receive mode and no previous data remains in ICDRR (the ICDRF flag is 0), data is
transferred automatically from ICDRS to ICDRR, following reception of one frame of data using
ICDRS. If additional data is received while the ICDRF flag is 1, data is transferred automatically
from ICDRS to ICDRR by reading from ICDR. In transmit mode, no data is transferred from
ICDRS to ICDRR. Always sefC to receive mode before reading from ICDR.

If the number of bits in a frame, excluding the acknowledge bit, is less than eight, transmit data
and receive data are stored differently. Transmit data should be written justified toward the MS
side when MLS = 0 in ICMR, and toward the LSB side when MLS = 1. Receive data bits shoulc
be read from the LSB side when MLS = 0, and from the MSB side when MLS = 1.

ICDR can be written to and read from only when the ICE bit is set to 1 in ICCR. The initial value
of ICDR is undefined.

16.3.2 Slave Address Register (SAR)

SAR sets the slave address and selects the communication format. If the LSI is in slave mode*
the fC bus format selected, when the FS bit is set to 0 and the upper 7 bits of SAR match the
upper 7 bits of the first frame received after a start condition, the LS| operates as the slave dev
specified by the master device. SAR can be accessed only when the ICE bit in ICCR is cleared
0.

Bit Bit Name Initial Value R/W  Description

7 SVA6 0 R/W  Slave Address 6 to O
6 SVA5 0 R/W  Set a slave address.
5 SVA4 0 R/W

4 SVA3 0 R/W

3  SVA2 0 R/W

2 SVAl 0 R/W

1 SVAO 0 R/W

0 FS 0 R/W  Format Select

Selects the communication format together with the FSX bit
in SARX and the SW bit in DDCSWR. Refer to table 16.2.

This bit should be set to 0 when general call address
recognition is performed.
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16.3.3 Second Slave Address Register (SARX)

SARX sets the second slave address and selects the communication format. In slave mode,
transmit/receive operations by the DTC are possible when the received address matches the
second slave address. If the LSl is in slave mode witlf@leus format selected, when the FSX
bit is set to 0 and the upper 7 bits of SARX match the upper 7 bits of the first frame received a
a start condition, the LSI operates as the slave device specified by the master device. SARX ¢
accessed only when the ICE bit in ICCR is cleared to 0.

Bit Bit Name Initial Value R/W  Description

7 SVAX6 0 R/W  Second Slave Address 6 to 0
6 SVAX5 0 R/W  Set the second slave address.
5 SVAX4 0 R/W

4 SVAXS3 0 R/W

3 SVAX2 0 R/W

2 SVAX1 0 R/W

1 SVAXO 0 R/W

0 FSX 1 R/W  Format Select X

Selects the communication format together with the FS bit
in SAR and the SW bit in DDCSWR. Refer to table 16.2.
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Table 16.2 Communication Format

DDCSWR SAR SARX
SW FS FSX Operating Mode
0 0 0 I°C bus format
¢« SAR and SARX slave addresses recognized
¢ General call address recognized
1 I°C bus format
¢ SAR slave address recognized
¢ SARX slave address ignored
e General call address recognized
1 0 I°C bus format
¢ SAR slave address ignored
¢ SARX slave address recognized
e General call address ignored
1 Clocked synchronous serial format
¢ SAR and SARX slave addresses ignored
¢ General call address ignored
1 0 Formatless mode (start/stop conditions not detected)
¢ Acknowledge bit used
1 0
1 Formatless mode* (start/stop conditions not detected)

* No acknowledge bit

Do not set this mode when automatic switching to the I°C
bus format is performed by means of the DDCSWR setting.

+ 1°C bus format: addressing format with an acknowledge bit
» Clocked synchronous serial format: non-addressing format without an acknowledge bit, for

master mode only

« Formatless mode (for IIC_0 only): non-addressing format with or without an acknowledge bi
slave mode only, start/stop conditions not detected
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16.3.4 fC Bus Mode Register (ICMR)

ICMR sets the communication format and transfer rate. It can only be accessed when the ICE
in ICCRis setto 1.

Bit Bit Name Initial Value R/W  Description

7 MLS 0 R/W  MSB-First/LSB-First Select
0: MSB-first
1: LSB-first
Set this bit to 0 when the I°C bus format is used.
6  WAIT 0 R/W  Wait Insertion Bit
This bit is valid only in master mode with the I°C bus
format.

0: Data and the acknowledge bit are transferred
consecutively with no wait inserted.

1: After the fall of the clock for the final data bit (8" clock),
the IRIC flag is set to 1 in ICCR, and a wait state begins
(with SCL at the low level). When the IRIC flag is cleared to
0 in ICCR, the wait ends and the acknowledge bit is
transferred.

For details, refer to section 16.4.7, IRIC Setting Timing and
SCL Control.

5 CKS2 0 R/W  Transfer Clock Select 2 to 0
4 CKs1 0 R/W  These hits are used only in master mode.

3 CKSO 0 R/W  These bits select the required transfer rate, together with
the IICX1 (IIC_1) and IICXO (lIC_0) bits in STCR. Refer to
table 16.3.
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Bit Bit Name Initial Value R/W

Description

BC2 0 R/W
BC1 0 RIW
0 BCO 0 R/W

Bit Counter 2to 0

These bits specify the number of bits to be transferred next.
Bit BC2 to BCO settings should be made during an interval
between transfer frames. If bits BC2 to BCO are set to a
value other than 000, the setting should be made while the
SCL line is low.

The bit counter is initialized to 000 when a start condition is
detected. The value returns to 000 at the end of a data
transfer.

I°C Bus Format Clocked Synchronous Serial Mode
000: 9 bits 000: 8 bits
001: 2 bits 001: 1 bits
010: 3 bits 010: 2 bits
011: 4 bits 011: 3 bits
100: 5 bits 100: 4 bits
101: 6 bits 101: 5 bits
110: 7 bits 110: 6 bits
111: 8 bits 111: 7 bits
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Table 16.3 [C Transfer Rate

STCR ICMR
Bits 5
and 6 Bit5 Bit 4 Bit 3 Transfer Rate

lICX CKS2 CKS1 CKSO Clock #=5MHz @=8MHz @=10MHz @=16 MHz @ =20 MHz

0 0 0 0 /28 179 kHz 286 kHz 357 kHz 517 kHz* 714 kHz*
0 0 0 1 /40 125 kHz 200 kHz 250 kHz 400 kHz 500 kHz*
0 0 1 0 /48 104 kHz 167 kHz 208 kHz 333 kHz 417 kHz*
0 0 1 1 /64 78.1 kHz 125 kHz 156 kHz 250 kHz 313 kHz
0 1 0 0 2/80 62.5 kHz 100 kHz 125 kHz 200 kHz 250 kHz
0 1 0 1 /100  50.0 kHz 80.0 kHz 100 kHz 160 kHz 200 kHz
0 1 1 0 9/112  44.6 kHz 71.4 kHz 89.3 kHz 143 kHz 179 kHz
0 1 1 1 /128  39.1 kHz 62.5 kHz 78.1 kHz 125 kHz 156 kHz
1 0 0 0 /56 89.3 kHz 143 kHz 179 kHz 286 kHz 357 kHz
1 0 0 1 2/80 62.5 kHz 100 kHz 125 kHz 200 kHz 250 kHz
1 0 1 0 /96 52.1 kHz 83.3 kHz 104 kHz 167 kHz 208 kHz
1 0 1 1 /128  39.1 kHz 62.5 kHz 78.1 kHz 125 kHz 156 kHz
1 1 0 0 /160 31.3 kHz 50.0 kHz 62.5 kHz 100 kHz 125 kHz
1 1 0 1 /200  25.0 kHz 40.0 kHz 50.0 kHz 80.0 kHz 100 kHz
1 1 1 0 /224 22.3 kHz 35.7 kHz 44.6 kHz 71.4 kHz 89.3 kHz
1 1 1 1 /256  19.5 kHz 31.3 kHz 39.1 kHz 62.5 kHz 78.1 kHz

Note:* Outside the I°C bus interface specifications (standard mode: max. 100 kHz; high-speed
mode: max. 400 kHz)
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16.3.5 fC Bus Control Register (ICCR)
ICCR controls the’C bus interface and performs interrupt flag confirmation.

Bit Bit Name Initial Value R/W  Description
7 ICE 0 R/W  I’C Bus Interface Enable

0: I’C bus interface modules are stopped and I°C bus
interface module internal state is initialized. SAR and SARX
can be accessed.

1: I°C bus interface modules can perform transfer
operation, and the ports function as the SCL and SDA
input/output pins. ICMR and ICDR can be accessed.

6 IEIC 0 R/W  I°C Bus Interface Interrupt Enable
0: Disables interrupts from the 1°C bus interface to the CPU
1: Enables interrupts from the I°C bus interface to the CPU.

MST 0 R/W  Master/Slave Select

TRS 0 R/W  Transmit/Receive Select
00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

Both these bits will be cleared by hardware when they lose
in a bus contention in master mode with the I°C bus format.
In slave receive mode with I°C bus format, the R/W bit in
the first frame immediately after the start condition sets
these bits in receive mode or transmit mode automatically
by hardware.

Modification of the TRS bit during transfer is deferred until
transfer is completed, and the changeover is made after
completion of the transfer.
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Bit

Bit Name

Initial Value R/W

Description

5
4

MST
TRS

0
0

R/W

[MST clearing conditions]

1.
2.

When 0 is written by software

When lost in bus contention in 1°C bus format master
mode

[MST setting conditions]

1.

When 1 is written by software (for MST clearing
condition 1)

When 1 is written in MST after reading MST = 0 (for
MST clearing condition 2)

[TRS clearing conditions]

1.

4.

When 0 is written by software (except for TRS setting
condition 3)

When 0 is written in TRS after reading TRS =1 (for
TRS setting condition 3)

When lost in bus contention in I°’C bus format master
mode

When the SW bit in DDCSWR is changed from 1 t0 0

[TRS setting conditions]

1.

When 1 is written by software (except for TRS clearing
conditions 3 and 4)

When 1 is written in TRS after reading TRS = 0 (for
TRS clearing conditions 3 and 4)

When 1 is received as the R/W bit after the first frame
address matching in I°C bus format slave mode

3

ACKE

0

R/W

Acknowledge Bit Decision and Selection

0:

The value of the acknowledge bit is ignored, and
continuous transfer is performed. The value of the
received acknowledge bit is not indicated by the ACKB
bit in ICSR, which is always 0.

If the received acknowledge bit is 1, continuous transfer
is halted.

Depending on the receiving device, the acknowledge bit
may be significant, in indicating completion of processing of
the received data, for instance, or may be fixed at 1 and
have no significance.
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Bit Bit Name Initial Value R/W  Description
2 BBSY 0 R/W  Bus Busy
0 SCP 1 w Start Condition/Stop Condition Prohibit

In master mode:

e Writing 0 in BBSY and 0 in SCP: A stop condition is
issued

e Writing 1 in BBSY and 0 in SCP: A start condition and a
restart condition are issued

In slave mode:

» Writing to the BBSY flag is disabled.

[BBSY setting condition]

When the SDA level changes from high to low under the
condition of SCL = high, assuming that the start condition
has been issued.

[BBSY clearing condition]

When the SDA level changes from low to high under the
condition of SCL = high, assuming that the stop condition
has been issued.

To issue a start/stop condition, use the MOV instruction.

The I°C bus interface must be set in master transmit mode
before the issue of a start condition. Set MST to 1 and TRS
to 1 before writing 1 in BBSY and 0 in SCP.

The BBSY flag can be read to check whether the I°C bus
(SCL, SDA) is busy or free.

The SCP bit is always read as 1. If O is written, the data is
not stored.
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Bit

Bit Name

Initial Value R/W

Description

1

IRIC

0

R/W

I’C Bus Interface Interrupt Request Flag

Indicates that the I°C bus interface has issued an interrupt
request to the CPU.

IRIC is set at different times depending on the FS bit in
SAR, the FSX bit in SARX, and the WAIT bit in ICMR. See
section 16.4.7, IRIC Setting Timing and SCL Control. The
conditions under which IRIC is set also differ depending on
the setting of the ACKE bit in ICCR.

[Setting conditions]
I°C bus format master mode:

e When a start condition is detected in the bus line state
after a start condition is issued (when the ICDRE flag is
set to 1 because of first frame transmission)

* When a wait is inserted between the data and
acknowledge bit when the WAIT bit is 1 (fall of the 8th
transmit/receive clock)

e At the end of data transfer (rise of the 9th
transmit/receive clock while no wait is inserted)

e When a slave address is received after bus arbitration
is lost (the first frame after the start condition)

» If 1is received as the acknowledge bit (when the ACKB
bit in ICSR is set to 1) when the ACKE bitis 1

* When the AL flag is set to 1 after bus arbitration is lost
while the ALIE bitis 1

I°C bus format slave mode:

* When the slave address (SVA or SVAX) matches
(when the AAS or AASX flag in ICSR is set to 1) and at
the end of data transfer up to the subsequent
retransmission start condition or stop condition
detection (rise of the 9th transmit/receive clock)

* When the general call address is detected (when 0 is
received as the R/W bit and the ADZ flag in ICSR is set
to 1) and at the end of data reception up to the
subsequent retransmission start condition or stop
condition detection (rise of the 9th receive clock)

e If 1is received as the acknowledge bit (when the ACKB
bit in ICSR is set to 1) while the ACKE hit is 1

* When a stop condition is detected (when the STOP or
ESTP flag in ICSR is set to 1) while the STOPIM bit is O
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Bit Bit Name Initial Value R/W

Description

1 IRIC 0 R/W  Clocked synchronous serial format and formatless modes:

At the end of data transfer (rise of the 8th
transmit/receive clock with serial format selected and
rise of the 9th transmit/receive clock with formatless
selected)

When a start condition is detected with serial format
selected

When the SW bit in DDCSWR is set to 1

When the ICDRE or ICDRF flag is set to 1 in any operating
mode:

When a start condition is detected in transmit mode
(when a start condition is detected in transmit mode
and the ICDRE flag is set to 1)

When data is transferred among the ICDR register and
buffer (when data is transferred from ICDRT to ICDRS
in transmit mode and the ICDRE flag is setto 1, or
when data is transferred from ICDRS to ICDRR in
receive mode and the ICDRF flag is set to 1)

[Clearing conditions]

When 0 is written in IRIC after reading IRIC = 1

When ICDR is read from or written to by the DTC (This
may not function as a clearing condition depending on
the situation. For details, see the description of the DTC
operation given below.)

Note: * Only O can be written, to clear the flag.
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When the DTC is used, IRIC is cleared automatically and transfer can be performed continuot
without CPU intervention.

When, with theC bus format selected, IRIC is set to 1 and an interrupt is generated, other flag
must be checked in order to identify the source that set IRIC to 1. Although each source has &
corresponding flag, caution is needed at the end of a transfer.

When the ICDRE or ICDRF flag is set, the IRTR flag may or may not be set. The IRTR flag (tt
DTC start request flag) is not set at the end of a data transfer up to detection of a retransmissi
start condition or stop condition after a slave address (SVA) or general call address ni@tch in |
bus format slave mode.

Even when the IRIC flag and IRTR flag are set, the ICDRE or ICDRF flag may not be set. The
IRIC and IRTR flags are not cleared at the end of the specified number of transfers in continuc
transfer using the DTC. The ICDRE or ICDRF flag is cleared, however, since the specified
number of ICDR reads or writes have been completed.

Tables 16.4 and 16.5 show the relationship between the flags and the transfer states.
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Table 16.4 Flags and Transfer States (Master Mode)

MST TRS BBSY ESTP  sToOP

IRTR

AASX AL AAS

ADZ

ACKB

ICDRF

ICDRE

State

1 1 0 0 0

0

(o 0 01

0l

0

Idle state (flag
clearing
required)

1t

1t

Start condition
detected

Wait state

1t

Transmission
end (ACKE=1
and ACKB=1)

1t

11

Transmission
end with
ICDRE=0

0l

ICDR write
with the above
state

Transmission
end with
ICDRE=1

0!

ICDR write
with the above
state or after
start condition
detected

1t

11

Automatic
data transfer
from ICDRT to
ICDRS with
the above
state

1t

1t

Reception end
with ICDRF=0

0l

ICDR read
with the above
state

Reception end
with ICDRF=1

0l

ICDR read
with the above
state

1t

1t

Automatic
data transfer
from ICDRS to
ICDRR with
the above
state
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MST TRS BBSY ESTP sToP IRTR AASX AL AAS  ADZ ACKB  ICDRF  ICDRE  State
0. 0! 1 0 0 — 0 11 0 0 — — — Arbitration lost
1 — 0! 0 0 — 0 0 0 0 — — 0! Stop condition
detected
Legend
0: O-state retained
1: 1-state retained

— Previous state retained
0:: Clearedto O
1+ Setto 1

RENESAS
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Table 16.5 Flags and Transfer States (Slave Mode)

MST TRS BBSY ESTP STOP IRTR AASX AL AAS ADZ ACKB ICDRF ICDRE State

0 0 0 0 0 0 0 0 0 0 0 — 0 Idle state (flag
clearing
required)

0 0 11 0 0 0 (o]} 0 0 0 0 — 11 Start condition
detected

0 11/0 1 0 0 0 0 — 11 0 0 1t 1 SAR match in

*1 first frame

(SARX#SAR)

0 0 1 0 0 0 0 — 11 1t 0 1t 1 General call

address match
in first frame
(SARX£H'00)

0 11/0 1 0 0 1t 11 — 0 0 0 1t 1 SARS match
*1 in first frame
(SARZSARX)

0 1 1 0 0 — — — — 0 1t — — Transmission
end (ACKE=1
and ACKB=1)

0 1 1 0 0 11/0 — — — 0 0 — 11 Transmission
** end with
ICDRE=0

0 1 1 0 0 — — 0l 0l 0 0 — 0l ICDR write
with the above
state

0 1 1 0 0 — — — — 1 0 1 Transmission
end with
ICDRE=1

0 1 1 0 0 — — 0! 0! 0 0 0! ICDR write
with the above
state

0 1 1 0 0 11/0 — 0 0 0 0 1t Automatic
*2 data transfer
from ICDRT to
ICDRS with
the above
state

0 0 1 0 0 11/0 — — — — — 1t — Reception end
*2 with ICDRF=0

0 0 1 0 0 — — 0! 0! 01 — 01 — ICDR read
with the above
state
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MST TRS BBSY ESTP  sTOP IRTR AASX AL AAS ADZ ACKB ICDRF  ICDRE State
0 0 1 0 0 — — — — — — 1 — Reception end
with ICDRF=1
0 0 1 0 0 — — 0! 0! 01 — 01 — ICDR read
with the above
state
0 0 1 0 0 11/0 — 0 0 0 — 11 — Automatic
*2 data transfer
from ICDRS to
ICDRR with
the above
state
0 — (o]} 11/0 0/11r — — — — — — — (o]} Stop condition
*3 *3 detected
Legend
0: 0O-state retained
1: 1-state retained

1+: Setto 1

Previous state retained
0:: Clearedto O

Notes: 1. Setto 1 when 1 is received as a R/W bit following an address.
2. Setto 1 when the AASX bitis setto 1.
3. When ESTP=1, STOP is 0, or when STOP=1, ESTP is 0.

RENESAS
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16.3.6  fC Bus Status Register (ICSR)

ICSR consists of status flags. Also see tables 16.4 and 16.5.

Bit Bit Name Initial Value R/W  Description

7 ESTP 0 RI(W)*

Error Stop Condition Detection Flag

This bit is valid in I°C bus format slave mode.

[Setting condition]

When a stop condition is detected during frame transfer.
[Clearing conditions]

e When 0 is written in ESTP after reading ESTP =1

*  When the IRIC flag in ICCR is cleared to 0

6 STOP 0 RI(W)*

Normal Stop Condition Detection Flag
This bit is valid in I°C bus format slave mode.
[Setting condition]

When a stop condition is detected after frame transfer
completion.

[Clearing conditions]
e When 0 is written in STOP after reading STOP =1
e When the IRIC flag is cleared to O

5 IRTR 0 RI(W)*

I’C Bus Interface Continuous Transfer Interrupt Request
Flag

Indicates that the I°C bus interface has issued an interrupt
request to the CPU, and the source is completion of
reception/transmission of one frame in continuous
transmission/reception for which DTC activation is possible.
When the IRTR flag is set to 1, the IRIC flag is also set to 1
at the same time.

[Setting conditions]
I°C bus format slave mode:

* When the ICDRE or ICDRF flag in ICDR is setto 1
when AASX =1

Master mode or clocked synchronous serial format mode
with I°C bus format, or formatless mode:

*  When the ICDRE or ICDRF flag is set to 1
[Clearing conditions]

e When 0 is written after reading IRTR =1

* When the IRIC flag is cleared to O while ICE is 1
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Bit

Bit Name

Initial Value R/W

Description

4

AASX

0

RI(W)*

Second Slave Address Recognition Flag

In I°C bus format slave receive mode, this flag is set to 1 if
the first frame following a start condition matches bits
SVAX6 to SVAXO0 in SARX.

[Setting condition]

When the second slave address is detected in slave
receive mode and FSX =0 in SARX

[Clearing conditions]

e When 0 is written in AASX after reading AASX =1
* When a start condition is detected

e In master mode

AL

RI(W)*

Arbitration Lost Flag

Indicates that arbitration was lost in master mode.

[Setting conditions]

When ALSL=0

« If the internal SDA and SDA pin disagree at the rise of
SCL in master transmit mode

e Ifthe internal SCL line is high at the fall of SCL in
master transmit mode

When ALSL=1

« If the internal SDA and SDA pin disagree at the rise of
SCL in master transmit mode

» If the SDA pin is driven low by another device before
the I°C bus interface drives the SDA pin low, after the
start condition instruction was executed in master
transmit mode

[Clearing conditions]

*  When ICDR is written to (transmit mode) or read from
(receive mode)

* When 0 is written in AL after reading AL = 1
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Bit Bit Name Initial Value R/W  Description
2 AAS 0 R/(W)* Slave Address Recognition Flag

In I°C bus format slave receive mode, this flag is set to 1 if
the first frame following a start condition matches bits SVA6
to SVAO in SAR, or if the general call address (H'00) is
detected.

[Setting condition]

When the slave address or general call address (one frame
including a R/W bit is H'00) is detected in slave receive
mode and FS =0 in SAR

[Clearing conditions]
*  When ICDR is written to (transmit mode) or read from
(receive mode)
e When 0 is written in AAS after reading AAS = 1
e In master mode
1 ADzZ 0 R/(W)* General Call Address Recognition Flag

In I°C bus format slave receive mode, this flag is set to 1 if
the first frame following a start condition is the general call
address (H'00).

[Setting condition]

When the general call address (one frame including a R/W

bit is H'00) is detected in slave receive mode and FS =0 or

FSX=0

[Clearing conditions]

e When ICDR is written to (transmit mode) or read from
(receive mode)

e When 0 is written in ADZ after reading ADZ = 1

¢ In master mode

If a general call address is detected while FS=1 and
FSX=0, the ADZ flag is set to 1; however, the general call
address is not recognized (AAS flag is not set to 1).
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Bit Bit Name Initial Value R/W  Description
0 ACKB 0 R/W  Acknowledge Bit
Stores acknowledge data.

Transmit mode:
[Setting condition]

When 1 is received as the acknowledge bit when ACKE=1
in transmit mode

[Clearing conditions]

e When 0 is received as the acknowledge bit when
ACKE=1 in transmit mode

e When 0 is written to the ACKE bit

Receive mode:

0: Returns 0 as acknowledge data after data reception
1: Returns 1 as acknowledge data after data reception

When this bit is read, the value loaded from the bus line
(returned by the receiving device) is read in transmission
(when TRS = 1). In reception (when TRS = 0), the value set
by internal software is read.

When this bit is written, acknowledge data that is returned
after receiving is rewritten regardless of the TRS value. If
the ICSR register bit is written using bit-manipulation
instructions, the acknowledge data should be re-set since
the acknowledge data setting is rewritten by the ACKB bit
reading value.

Write the ACKE bit to O to clear the ACKB flag to 0, before
transmission is ended and a stop condition is issued in
master mode, or before transmission is ended and SDA is
released to issue a stop condition by a master device.

Note:* Only O can be written to clear the flag.
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16.3.7 DDC Switch Register (DDCSWR)

DDCSWR controls the 1IC_0 automatic format switching function and IIC internal latch

clearance.

Bit Bit Name Initial Value R/W

Description

7 SWE 0 R/W

DDC Mode Switch Enable

0: Disables automatic switching of 1IC channel 0 from
formatless mode to I°C bus format

1: Enables automatic switching of IIC channel 0 from
formatless mode to I°C bus format

6 SwW 0 R/W

DDC Mode Switch

0: Uses IIC channel 0 with the I°C bus format
1: Uses IIC channel 0 in formatless mode
[Setting condition]

When 1 is written in SW after reading SW =0
[Clearing conditions]

¢ When 0 is written by software

e When a falling edge is detected on the SCL pin when
SWE =1

5 IE 0 R/W

DDC Mode Switch Interrupt Enable Bit

0: Disables interrupts when automatic format switching is
executed

1: Enables interrupts when automatic format switching is
executed

4 IF 0 RI(W)**

DDC Mode Switch Interrupt Flag

Indicates an interrupt request to the CPU is generated
when automatic format switching is executed for IIC_0.

[Setting condition]

When a falling edge is detected on the SCL pin when SWE
=1

[Clearing condition]
When 0 is written in IF after reading IF = 1
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Bit Bit Name Initial Value R/W  Description

3 CLR3 1 W2
2 CLR2 1
1 CLR1 1
0 CLRO 1

IIC Clear 3to 0

Controls initialization of the internal state of IC_0 and
lnc_1.

00--: Setting prohibited

0100: Setting prohibited

0101: IIC_O internal latch cleared

0110: lIC_1 internal latch cleared

0111: 1IC_0O and IIC_1 internal latches cleared
1---: Invalid setting

When a write operation is performed on these bits, a clear
signal is generated for the internal latch circuit of the
corresponding module, and the internal state of the 1IC
module is initialized.

These bits can only be written to; they are always read as
1. Write data to this bit is not retained.

To perform IIC clearance, bits CLR3 to CLRO must be
written to simultaneously using an MOV instruction. Do not
use a bit manipulation instruction such as BCLR.

When clearing is required again, all the bits must be written
to in accordance with the setting.

If the function of these bits is not used, set all of the CLR3
to CLRO bits to 1 when writing to DDCSWR.

Notes: 1. Only O can be written, to clear the flag.

2. This bit is always read as 1.
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16.3.8 fC Bus Extended Control Register (ICXR)

ICXR enables or disables tH€Ibus interface interrupt generation and continuous receive
operation, and indicates the status of receive/transmit operations.

Bit Bit Name Initial Value R/W

Description

7 STOPIM O R/W

Stop Condition Interrupt Source Mask

Enables or disables the interrupt generation when the stop
condition is detected in slave mode.

0: Enables IRIC flag setting and interrupt generation when
the stop condition is detected (STOP =1 or ESTP =1) in
slave mode.

1: Disables IRIC flag setting and interrupt generation when
the stop condition is detected.

6 HNDS 0 R/W

Handshake Receive Operation Select

Enables or disables continuous receive operation in receive
mode.

0: Enables continuous receive operation
1: Disables continuous receive operation

When the HNDS bit is cleared to O, receive operation is
performed continuously after data has been received
successfully while ICDRF flag is 0.

When the HNDS bit is set to 1, SCL is fixed to the low level
and the next data transfer is disabled after data has been
received successfully while the ICDRF flag is 0. The bus
line is released and next receive operation is enabled by
reading the receive data in ICDR.
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Bit

Bit Name

Initial Value R/W

Description

5

ICDRF

0

R

Receive Data Read Request Flag
Indicates the ICDR (ICDRR) status in receive mode.

0: Indicates that the data has been already read from
ICDR (ICDRR) or ICDR is initialized.

1. Indicates that data has been received successfully and
transferred from ICDRS to ICDRR, and the data is ready to
be read out.

[Setting conditions]
e When data is received successfully and transferred
from ICDRS to ICDRR.

(1) When data is received successfully while ICDRF =0
(at the rise of the 9th clock pulse).

(2) When ICDR is read successfully in receive mode after
data was received while ICDRF = 1.

[Clearing conditions]

e When ICDR (ICDRR) is read.

e When 0 is written to the ICE bit.

e When the lIC is internally initialized using the CLR3 to
CLRO bits in DDCSWR.

When ICDREF is set due to the condition (2) above, ICDRF
is temporarily cleared to 0 when ICDR (ICDRR) is read;
however, since data is transferred from ICDRS to ICDRR
immediately, ICDRF is set to 1 again.

Note that ICDR cannot be read successfully in transmit
mode (TRS = 1) because data is not transferred from
ICDRS to ICDRR. Be sure to read data from ICDR in
receive mode (TRS =0).
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Bit

Bit Name

Initial Value R/W

Description

4

ICDRE

0

R

Transmit Data Write Request Flag
Indicates the ICDR (ICDRT) status in transmit mode.

0: Indicates that the data has been already written to ICDR
(ICDRT) or ICDR is initialized.

1: Indicates that data has been transferred from ICDRT to
ICDRS and is being transmitted, or the start condition has
been detected or transmission has been complete, thus
allowing the next data to be written to.

[Setting conditions]

* When the start condition is detected from the bus line
state with I°C bus format or serial format.

« When I°C bus mode is switched to formatless (when the
SW bit in DDCSWR is set to 1).

* When data is transferred from ICDRT to ICDRS.

1. When data transmission completed while ICDRE =
0 (at the rise of the 9th clock pulse).

2. When data is written to ICDR in transmit mode after
data transmission was completed while ICDRE = 1.

[Clearing conditions]
* When data is written to ICDR (ICDRT).

» When the stop condition is detected with I°C bus format
or serial format.

* When 0 is written to the ICE bit.

e When the lIC is internally initialized using the CLR3 to
CLRO bits in DDCSWR.

Note that if the ACKE bit is set to 1 with I°C bus format thus
enabling acknowledge bit decision, ICDRE is not set when
data transmission is completed while the acknowledge bit
is 1.

When ICDRE is set due to the condition (2) above, ICDRE
is temporarily cleared to O when data is written to ICDR
(ICDRT); however, since data is transferred from ICDRT to
ICDRS immediately, ICDRE is set to 1 again. Do not write
data to ICDR when TRS = 0 because the ICDRE flag value
is invalid during the time.
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Bit

Bit Name

Initial Value R/W

Description

3

ALIE

0

R/W

Arbitration Lost Interrupt Enable

Enables or disables IRIC flag setting and interrupt
generation when arbitration is lost.

0: Disables interrupt request when arbitration is lost.
1: Enables interrupt request when arbitration is lost.

2

ALSL

R/W

Arbitration Lost Condition Select
Selects the condition under which arbitration is lost.

0: When the SDA pin state disagrees with the data that IIC
bus interface outputs at the rise of SCL, or when the SCL
pin is driven low by another device.

1: When the SDA pin state disagrees with the data that IIC
bus interface outputs at the rise of SCL, or when the SDA
line is driven low by another device in idle state or after the
start condition instruction was executed.

1
0

FNC1
FNCO

R/W
R/W

Function Bit

Cancels some restrictions on usage. For details, refer to
section 16.6, Usage Notes.

00: Restrictions on operation remaining in effect
01: Setting prohibited

10: Setting prohibited

11: Restrictions on operation canceled
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16.4  Operation

The FC bus interface has afClbus format and a serial format.

16.4.1 [C Bus Data Format

The FC bus format is an addressing format with an acknowledge bit. This is shown in figure 16.
The first frame following a start condition always consists of 9 bits.

IIC_0 only is capable of formatless operation, as shown in figure 16.4.

The serial format is a non-addressing format with no acknowledge bit. This is shown in figure
16.5.

Figure 16.6 shows thé&Q bus timing.

The symbols used in figures 16.3 to 16.6 are explained in table 16.6.

(@ FS=0o0rFSX=0

[si sta [rW| A | pata [A] |AA| P | Transfer bit count
f L 7 } L } 1 n } 1 | I‘L"—’I T?;nif;c; ?r)ame count
1 m (m = from 1)
(b) Start condition retransmission FS =0 or FSX =0
[sT s [RW] A [ Data | [aA] s | sia R W| | DATA | [AA] P |
7 N nl I"I 1,1 7 | | n2 I--I-i— 1
1 ml 1 m2

Upper row: Transfer bit count (n1, n2 =1 to 8)
Lower row: Transfer frame count (m1, m2 = from 1)

Figure 16.3 [C Bus Data Format (FC Bus Format)

FS=0o0rFSX=0

DATA | A | DATA | A | | AIA
8 b o | L | I‘L'I Transfer bit count
(n=1to08)
1 m Transfer frame count
(m =from 1)

Note: * This mode is applied to the PC monitor system standard DDC (Display Data Channel).

Figure 16.4 [C Bus Data Format (Formatless) (IIC_0 Only)
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FS=1 and FSX=1

S . DATA DATA | E

I L 8 n I ‘L'| Transfer bit count
(n=1t08)
1 m Transfer frame count
(m = from 1)

Figure 16.5 fC Bus Data Format (Serial Format)

AV G G VA WD G NV WD G G A
R VESAWAWANVESAWAVANYESAWAWAW A

S SLA RIW A DATA A DATA AA P

Figure 16.6 [FC Bus Timing

Table 16.6 fC Bus Data Format Symbols

Legend

S Start condition. The master device drives SDA from high to low while SCL is high

SLA Slave address. The master device selects the slave device.

RIW Indicates the direction of data transfer: from the slave device to the master device
when R/W is 1, or from the master device to the slave device when R/W is 0

A Acknowledge. The receiving device drives SDA low to acknowledge a transfer. (The
slave device returns acknowledge in master transmit mode, and the master device
returns acknowledge in master receive mode.)

DATA Transferred data. The bit length of transferred data is set with the BC2 to BCO bits in
ICMR. The MSB first or LSB first is switched with the MLS bit in ICMR.

P Stop condition. The master device drives SDA from low to high while SCL is high
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16.4.2

Initialize the 11C by the procedure shown in figure 16.7 before starting transmission/reception of

data.

Initialization

Start initialization

Set MSTP4 = 0 (IIC_0)
MSTP3 =0 (IIC_1)
(MSTPCRL)

SetlICE=1in STCR

Set DDCSWR

SetICE=0inICCR

Set SAR and SARX

Set ICE=1inICCR

Cancel module stop mode

Enable the CPU accessing to the IIC control register and data register

Set IIC communication format
(SWE, SW, IE, and IF)

Enable SAR and SARX to be accessed
Set the first and second slave addresses and [IC communication format
(SVAG to SVAOQ, FS, SVAX6 to SVAXO0, and FSX)

Enable ICMR and ICDR to be accessed
Use SCL/SDA pin as an IIC port

I Set ICSR I Set acknowledge bit (ACKB)
|
I Set STCR I Set transfer rate (1ICX)
|
I Set ICMR I Set communication format, wait insertion, and transfer rate

i (MLS, WAIT, CKS2 to CKS0)

Enable interrupt
I Set I‘CXR I (STOPIM, HNDS, ALIE, ALSL, FNC1, and FNCO0)

I Set ICCR I Set interrupt enable, transfer mode, and acknowledge decision
| (IEIC, MST, TRS, and ACKE)

<< Start transmit/receive operation >>

Figure 16.7 Sample Flowchart for IIC Initialization

Note: Be sure to modify the ICMR register after transmit/receive operation has been complete
If the ICMR register is modified during transmit/receive operation, bit counter BC2 to
BCO will be modified erroneously, thus causing incorrect operation.

16.4.3 Master Transmit Operation

In I°C bus format master transmit mode, the master device outputs the transmit clock and trans
data, and the slave device returns an acknowledge signal.

Figure 16.8 shows the sample flowchart for the operations in master transmit mode.
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[ Initialize I1C | ] mitaization

[2] Test the status of the SCL and SDA lines.

SetMST = 1 and ] .

TRS = 1 in ICCR [3] Select master transmit mode.

| -
Sse(t:PB ESOYm: %C%Ig [4] Start condition issuance
Read IRIC flagin ICCR |
[5] Wait for a start condition generation
| write transmit datain ICDR | 7] [6] Set transmit data for the first byte

| (slave address + R/W).
I Clear IRIC flag in ICCR I (After writing to ICDR, clear IRIC flag
continuously.)

Read IRIC flag in ICCR I [7] Wait for 1 byte to be transmitted.

| RreadAckBbitinicsrR |

[8] Test the acknowledge bit
transferred from the slave device.

—-—I I Master receive mode I I

I Write transmit data in ICDR I b [9] Set transmit data for the second and
| subsequent bytes.
I Clear IRIC flag in ICCR I (After writing to ICDR, clear IRIC flag

continuously.)

Read IRIC flag in ICCR

[10] Wait for 1 byte to be transmitted.

| ReadAckBbitiniCSR |

[11] Determine end of tranfer

End of transmission?
or ACKB =12
Yes

I Clear IRIC flag in ICCR I
I

SelBBSY =0 and [12] Stop condition issuance

SCP =0in ICCR

End

Figure 16.8 Sample Flowchart for Operations in Master Transmit Mode
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The transmission procedure and operations by which data is sequentially transmitted in
synchronization with ICDR (ICDRT) write operations, are described below.

P wnN PR

Initialize the IIC as described in section 16.4.2, Initialization.

Read the BBSY flag in ICCR to confirm that the bus is free.

Set bits MST and TRS to 1 in ICCR to select master transmit mode.

Write 1 to BBSY and 0 to SCP in ICCR. This changes SDA from high to low when SCL is
high, and generates the start condition.

Then the IRIC and IRTR flags are set to 1. If the IEIC bit in ICCR has been setto 1, an
interrupt request is sent to the CPU.

Write the data (slave address #WRto ICDR.

With the FC bus format (when the FS bit in SAR or the FSX bit in SARX is 0), the first frame
data following the start condition indicates the 7-bit slave address and transmit/receive
direction (RW).

To determine the end of the transfer, the IRIC flag is cleared to 0. After writing to ICDR, clez
IRIC continuously so no other interrupt handling routine is executed. If the time for
transmission of one frame of data has passed before the IRIC clearing, the end of transmis:s
cannot be determined. The master device sequentially sends the transmission clock and the
data written to ICDR. The selected slave device (i.e. the slave device with the matching slay
address) drives SDA low at the 9th transmit clock pulse and returns an acknowledge signal.
When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the 9th
transmit clock pulse. After one frame has been transmitted, SCL is automatically fixed low it
synchronization with the internal clock until the next transmit data is written.

Read the ACKB bit in ICSR to confirm that ACKB is cleared to 0. When the slave device ha
not acknowledged (ACKB bit is 1), operate step [12] to end transmission, and retry the
transmit operation.

Write the transmit data to ICDR.

As indicating the end of the transfer, the IRIC flag is cleared to 0. Perform the ICDR write ar
the IRIC flag clearing sequentially, just as in step [6]. Transmission of the next frame is
performed in synchronization with the internal clock.

10. When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the 9th

transmit clock pulse. After one frame has been transmitted, SCL is automatically fixed low it
synchronization with the internal clock until the next transmit data is written.

11. Read the ACKB bit in ICSR.

Confirm that the slave device has been acknowledged (ACKB bit is 0). When there is still de
to be transmitted, go to step [9] to continue the next transmission operation. When the slave
device has not acknowledged (ACKB bit is set to 1), operate step [12] to end transmission.

12. Clear the IRIC flag to O.

Write 0 to ACKE in ICCR, to clear received ACKB contents to 0.
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Write 0 to BBSY and SCP in ICCR. This changes SDA from low to high when SCL is high,
and generates the stop condition.

Start condition generation

SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2
SDA \ " -
(master output)
<«+———————— Slave address —— > RW 7 <«—Datal —

(slavsezﬁtput) [5] \.A_/
ICDRE |_| u

IRIC Interrupt | Interrupt
request request
IRTR \ |-|
ICDRT X Alidress + R [ X bam1
ICDRS XAddress + RIW X Data1l

Note:* Data write
in ICDR
prohibited

[ gggi;ﬁ;:ﬁo 0 [6] ICDR write [6] IRIC clear [9] ICDR write [9] IRIC clear

(start condition issuance)

User processing

Figure 16.9 Example of Operation Timing in Master Transmit Mode (MLS = WAIT = 0)

Start condition issuance

SCL
(master output)

SDA
(master output)

—Datal —=

SDA
(slave output) \-

ICDRE

8

IRIC |

IRTR _l\
\ \

ICDR Datal /| X \ Data 2 \
User processing [9] ICDR write [9] IRIC clear [11] ACKB read [12] Set BBSY=1and
SCP=0

[12] IRIC clear ~ (Stop condition issuance)

Figure 16.10 Example of Stop Condition Issuance Operation Timing
in Master Transmit Mode (MLS = WAIT = 0)
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16.4.4  Master Receive Operation

In I°C bus format master receive mode, the master device outputs the receive clock, receives d
and returns an acknowledge signal. The slave device transmits data.

The master device transmits data containing the slave addressvargd: Réad) in the first frame
following the start condition issuance in master transmit mode, selects the slave device, and th
switches the mode for receive operation.

Receive Operation Using the HNDS Function (HNDS = 1):

Figure 16.11 shows the sample flowchart for the operations in master receive mode (HNDS =

" Master receive mode "
I

| setTRs=oiniccR | ]
L

| setAckB=0inICSR | )
T [1] Select receive mode.

| setHNDS=1inICXR |

|
| ClearIRIC flagin ICCR |

Last receive?

| Read ICDR |
. i

1

| Read IRIC flag in ICCR |

* _

| Clear IRIC flagin ICCR | | ] [4] Clear IRIC flag.

r_____

I Set ACKB =1in ICSR I :l [6] Set acknowledge data for the last reception.

[2] Start receiving. The first read is a dummy read.
[5] Read the receive data (for the second and subsequent read)

[3] Wait for 1 byte to be received.
(Set IRIC at the rise of the 9th clock for the receive frame)

I
| Read ICDR | :| [7] Read the receive data.
I Dummy read to start receiving if the first frame is

I Read IRIC flag in ICCR I the last receive data.

[8] Wait for 1 byte to be received.
Yes Z

Clear IRIC flag in ICCR | :| [9] Clear IRIC flag.
|

Set TRS=1in ICCR [10] Read the receive data.
1

1
Set BBSY =0 and
SCP=0inICCR

[
[ |
| Read ICDR |

[11] Set stop condition issuance.
m Generate stop condition.

End

Figure 16.11 Sample Flowchart for Operations in Master Receive Mode
(HNDS = 1)
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The reception procedure and operations using the HNDS function, by which the data receptiol
process is provided in 1-byte units with SCL fixed low at each data reception, are described b

1.

Clear the TRS bit in ICCR to 0 to switch from transmit mode to receive mode.

Clear the ACKB bit in ICSR to 0 (acknowledge data setting).

Set the HNDS bit in ICXR to 1.

Clear the IRIC flag to 0 to determine the end of reception.

Go to step [6] to halt reception operation if the first frame is the last receive data.

When ICDR is read (dummy data read), reception is started, the receive clock is output in
synchronization with the internal clock, and data is received. (Data from the SDA pin is
sequentially transferred to ICDRS in synchronization with the rise of the receive clock puls
The master device drives SDA low to return the acknowledge data at the 9th receive clock
pulse. The receive data is transferred from ICDRS to ICDRR at the rise of the 9th clock pu
setting the ICDRF, IRIC, and IRTR flags to 1. If the IEIC bit has been set to 1, an interrupt
request is sent to the CPU.

The master device drives SCL low from the fall of the 9th receive clock pulse to the ICDR ¢
reading.

Clear the IRIC flag to clear the wait state.

Go to step [6] to halt reception operation if the next frame is the last receive data.

Read ICDR receive data. This clears the ICDRF flag to 0. The master device outputs the
receive clock continuously to receive the next data.

Data can be received continuously by repeating steps [3] to [5].

9.

Set the ACKB bit to 1 so as to return the acknowledge data for the last reception.

Read ICDR receive data. This clears the ICDRF flag to 0. The master device outputs the
receive clock to receive data.

When one frame of data has been received, the ICDRF, IRIC, and IRTR flags are setto 1
rise of the 9th receive clock pulse.

Clear the IRIC flag to 0.

10. Read ICDR receive data after setting the TRS bit. This clears the ICDRF flag to 0.
11. Clear the BBSY bit and SCP bit to 0 in ICCR. This changes SDA from low to high when S(

is high, and generates the stop condition.
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Master transmit mode; Master receive mode
>

: SCL is fixed low until ICDR is read SCL is fixed low until ICDR is read

!
scL 9\ / A AN AYAY AYAY YAV / N\ /3
(master output) =
(slave output)
SDA ’ Datal 3] «— Data2 —

'
! A

(master output) ! _/
|

IRIC J__I 1
RTR ﬁ\\

ICDRF 1
' \
ICDRR 0 \ Undefined value X/ Data 1
User processing  [1] TRS=0 clear\ [2] IRIC read [4] IRIC clear [5] ICDR read
D Data 1
[1] IRIC clear (Bummy read) ( )

Figure 16.12 Example of Operation Timing in Master Receive Mode
(MLS = WAIT =0, HNDS = 1)

SCL is fixed low until i :
oo Stop condition generation
SCL s fixed low until ICDR is read stop condition is issued  ~ P oro on generat
scL / \
(master output) 7 8 9 1 2 3 4 5 6 7 8\ /9\ /
SDA
(slave output)
Data2 —| [3] Data 3 [8]
SDA
(master output) \ A / ALY _/
IRIC I I
IRTR
ICDRF _|
D
ICDRR Data 1 X/ Data 2 X/ Data 3
User processing [4] IRIC clear [7] ICDR read [9] IRIC clear [10] ICDR read
(Data 2) (Data 3)
[6] SetACKB =1 [11] Set BBSY=0 and
SCP=0
(Stop condition instruction issuance)

Figure 16.13 Example of Stop Condition Issuance Operation Timing
in Master Receive Mode (MLS = WAIT =0, HNDS =1)

Receive Operation Using the Wait Function:

Figures 16.14 and 16.15 show the sample flowcharts for the operations in master receive mode
(WAIT =1).
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|| master receive mode ]

Il
Set TRS = 0in ICCR
L

Set ACKB = 0in ICSR
I

[ |
[ |
| setHNDS=0inICXR |
| |
[ |
| |

I
Clear IRIC flag in ICCR
1

Set WAIT = 1in ICMR

Read ICDR

| Read IRIC flag in ICCR |

| Read ICDR

—

| Clear IRIC flagin ICCR |
L 7

| setACKB =1inICSR
!

| Wait for one clock pulse
L

| SetTRS =1inICCR
!

| Read ICDR
1

| Clear IRIC flag in ICCR

| Read IRIC flag in ICCR |

| Clear IRICflagin ICCR |

| setwAIT=0inICMR |

| Clear IRIC flagin ICCR |
1

| Read ICDR |
1

Set BBSY=0 and SCP=0
in ICCR

End

[1] Select receive mode.

:l [2] Start receiving. The first read
is a dummy read.

[3] Wait for a receive wait
(Set IRIC at the fall of the 8th clock) or,
Wait for 1 byte to be received
(Set IRIC at the rise of the 9th clock)

[4] Determine end of reception

:I [5] Read the receive data.

T8l clear IRIC flag.
(to end the wait insertion)

:l [7] Set acknowledge data for the last reception.
:l [8] Wait for TRS setting

:l [9] Set TRS for stop condition issuance

:| [10] Read the receive data.

:l [11] Clear IRIC flag. (to end the wait insertion)

[12] Wait for a receive wait
(Set IRIC at the fall of the 8th clock) or,
Wait for 1 byte to be received
(Set IRIC at the rise of the 9th clock)

[13] Determine end of reception

J1241 clear IRIC.
(to end the wait insertion)

[15] Clear wait mode.
Clear IRIC flag.
( IRIC flag should be cleared to 0
after setting WAIT = 0.)
[16] Read the last receive data.

] [17] Generate stop condition

Figure 16.14 Sample Flowchart for Operations in Master Receive Mode
(receiving multiple bytes) (WAIT = 1)
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Il Slave receive mode ||
|

| setTrs=oiniccr |
| setacks I: oinicsR |
| setHnDs I: oinicxR | [1] Select receive mode.
| |
| |

|
Clear IRIC flag in ICCR
|
Set WAIT =0in ICMR
I Read ICDR I [2] Start receiving. The first read

—>| is a dummy read.

| I—

|  ReadiRICHaginiccr |

Moo= >

Yes -

I Set ACKB =1inICSR I :I [7] Set acknowledge data for
| the last reception.

I Set TRS = 1in ICCR I [9] Set TRS for stop condition issuance
|

| cleariricflaginiccr | :l [11] Clear IRIC flag.

(to end the wait insertion)

|

I Read IRIC flag in ICCR I [12] Wait for 1 byte to be received.

(Set IRIC at the rise of the 9th clock)
e >

Yes -

I Set WAIT = 0 in ICMR I 7 [15] Clear wait mode.
T Clear IRIC flag.

( IRIC flag should be cleared to 0
B after setting WAIT = 0.)

|  cearricfiaginiccr |
]

I Read ICDR I :I [16] Read the last receive data
|

Set BBSY =0 and [17] Generate stop condition
SCP=0inICCR

End

Figure 16.15 Sample Flowchart for Operations in Master Receive Mode
(receiving a single byte) (WAIT = 1)
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The reception procedure and operations using the wait function (WAIT bit), by which data is
sequentially received in synchronization with ICDR (ICDRR) read operations, are described
below.

The following describes the multiple-byte reception procedure. In single-byte reception, some
steps of the following procedure are omitted. At this time, follow the procedure shown in figure
16.15.

1. Clear the TRS bitin ICCR to 0 to switch from transmit mode to receive mode.
Clear the ACKB bit in ICSR to 0 to set the acknowledge data.
Clear the HNDS bit in ICXR to 0 to cancel the handshake function.
Clear the IRIC flag to 0, and then set the WAIT bit in ICMR to 1.

2. When ICDR is read (dummy data is read), reception is started, the receive clock is output
synchronization with the internal clock, and data is received.

3. The IRIC flag is set to 1 in either of the following cases. If the IEIC bit in ICCR has been se
1, an interrupt request is sent to the CPU.

O At the fall of the 8th receive clock pulse for one frame

SCL is automatically fixed low in synchronization with the internal clock until the IRIC
flag clearing.

O At the rise of the 9th receive clock pulse for one frame

The IRTR and ICDRF flags are set to 1, indicating that one frame of data has been
received. The master device outputs the receive clock continuously to receive the next

4. Read the IRTR flag in ICSR.

If the IRTR flag is 0, execute step [6] to clear the IRIC flag to O to release the wait state.

If the IRTR flag is 1 and the next data is the last receive data, execute step [7] to halt rece
5. IfIRTR flag is 1, read ICDR receive data.

6. Clear the IRIC flag. When the flag is set as the first case in step [3], the master device out
the 9th clock and drives SDA low at the 9th receive clock pulse to return an acknowledge
signal.

Data can be received continuously by repeating steps [3] to [6].

7. Setthe ACKB bit in ICSR to 1 so as to return the acknowledge data for the last reception.

8. After the IRIC flag is set to 1, wait for at least one clock pulse until the rise of the first clock
pulse for the next receive data.

9. Setthe TRS bit in ICCR to 1 to switch from receive mode to transmit mode. The TRS bit v
becomes valid when the rising edge of the next 9th clock pulse is input.

10. Read the ICDR receive data.

11. Clear the IRIC flag to O.

12. The IRIC flag is set to 1 in either of the following cases.
O At the fall of the 8th receive clock pulse for one frame
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SCL is automatically fixed low in synchronization with the internal clock until the IRIC
flag is cleared.

O At the rise of the 9th receive clock pulse for one frame

The IRTR and ICDRF flags are set to 1, indicating that one frame of data has been
received. The master device outputs the receive clock continuously to receive the next d

13. Read the IRTR flag in ICSR.
If the IRTR flag is 0, execute step [14] to clear the IRIC flag to O to release the wait state.

If the IRTR flag is 1 and data reception is complete, execute step [15] to issue the stop
condition.

14.1f IRTR flag is 0, clear the IRIC flag to O to release the wait state.
Execute step [12] to read the IRIC flag to detect the end of reception.

15. Clear the WAIT bit in CMR to cancel the wait mode.
Then, clear the IRIC flag. Clearing of the IRIC flag should be done while WAIT = 0. (If the
WAIT bit is cleared to O after clearing the IRIC flag and then an instruction to issue a stop
condition is executed, the stop condition may not be issued correctly.)

16. Read the last ICDR receive data.

17. Clear the BBSY bit and SCP bit to 0 in ICCR. This changes SDA from low to high when SC
is high, and generates the stop condition.

Master tansmit mode | Master receive mode

SCL
(master output)

SDA

'
T
'
T
'
(slave output) = H

A
- Data 1 —_— 3] 3] - Data 2

E |/

y : ' '

IRIC J l |

! ' L

IRTR I l : [4]IRTR=0 |[4] IRTR=1 |\

SDA
(master output)

ICDR d Datal \
User processing [1] TRS cleared to 0 [2] ICDR read [6] IRICclear 151 |CDR read [6] IRIC clear
IRIC cleard to 0 (dummy read) (to end wait insertion) (Data 1)

Figure 16.16 Example of Master Receive Mode Operation Timing
(MLS = ACKB =0, WAIT = 1)
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[8] Wait for one clock pulse
—>i—:<— Stop condition generation
' '
SCL i '
(master output) 8 9 1 2 3 4 5 6 7 8 9 /
SDA Bit 0 Bit 0
(slave output) D T
Data2 —=|[3] 3] * Data 3 [12] [12]
SDA T - -
(master output) _A_/: Vemm .’5. iy
'
IRIC j |
il ' : \\ ' '
IRTR 1[4] IRTR=0 [4] IRTREL ! [13] IRTR=0 |[13] IRTRZlI
' L
ICDR Data 1| X ! Data 2 | Data[3
h T N
[15] WAIT cleared
User processing [6] IRIC clear [11] IRIC clear [14] IRIC clear to 0, IRIC clear|
[10] ICDR read (Data 2) [17] Stop condition
o] Set TRS=1 issuance
[9] Set TRS= [16] ICDR read
[7] Set ACKB=1 (Data 3)

Figure 16.17 Example of Stop Condition Issuance Timing in Master Receive Mode
(MLS = ACKB =0, WAIT =1)
16.4.5 Slave Receive Operation

In I°C bus format slave receive mode, the master device outputs the transmit clock and transn
data, and the slave device returns an acknowledge signal.

The slave device operates as the device specified by the master device when the slave addre
the first frame following the start condition that is issued by the master device matches its owr
address.

Receive Operation Using the HNDS Function (HNDS = 1):

Figure 16.18 shows the sample flowchart for the operations in slave receive mode (HNDS = 1
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Slave receive mode

| Initialize 11IC | 7 [1] Initialization. Select slave receive mode.
1|
Set MST =0
and TRS =0in ICCR
Set ACKB =0in ICSR
and HNDS =1 in ICXR

| Read IRIC flag in ICCR |

N
[2] Read the receive data remaining unread.
Yes

|Read ICDR, clear IRIC flag|
|

| Read IRIC flag in ICCR | [3] to [7] Wait for one byte to be received (slave address + R/W)

_

[ Clear IRICfIag inICCR_| ] [8] Clear IRIC

|General call address processing ||

* Description omitted

[Stave transmit mode |

Last reception?

[ Read 'CDR | [10] Read the receive data. The first read is a dummy read.
| Read IRIC flag in ICCR | 7[5]to [7] Wait for the reception to end.

| Clear IRIC flagin ICCR | | ] [8] Clear IRIC flag.

li

| Set ACKB =1 in ICSR | :l [9] Set acknowledge data for the last reception.

T
| Read ICDR | :| [10] Read the receive data.

| Read IRIC flag inICCR | [11] Detect stop condition

] [12] Clear IRIC flag.

Clear IRIC in ICCR

i-

Figure 16.18 Sample Flowchart for Operations in Slave Receive Mode (HNDS = 1)
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The reception procedure and operations using the HNDS bit function, by which data reception
process is provided in 1-byte unit with SCL being fixed low at every data reception, are descri
below.

1.

8.
9.

Initialize the IIC as described in section 16.4.2, Initialization.

Clear the MST and TRS bits to O to set slave receive mode, and set the HNDS bit to 1 and
ACKB bit to 0. Clear the IRIC flag in ICCR to 0 to see the end of reception.

Confirm that the ICDRF flag is 0. If the ICDRF flag is set to 1, read the ICDR and then cles
the IRIC flag to O.

When the start condition output by the master device is detected, the BBSY flag in ICCR i
to 1. The master device then outputs the 7-bit slave address and transmit/receive direction
(R/W), in synchronization with the transmit clock pulses.

When the slave address matches in the first frame following the start condition, the device
operates as the slave device specified by the master device. If the 8th datpis R/the
TRS bit remains cleared to 0, and slave receive operation is performed. If the 8th data bit
(R/W) is 1, the TRS bit is set to 1, and slave transmit operation is performed. When the sla
address does not match, receive operation is halted until the next start condition is detecte
At the 9th clock pulse of the receive frame, the slave device returns the data in the ACKB |
as an acknowledge signal.

At the rise of the 9th clock pulse, the IRIC flag is set to 1. If the IEIC bit has been set to 1,
interrupt request is sent to the CPU.

If the AASX bit has been setto 1, IRTR flag is also set to 1.

At the rise of the 9th clock pulse, the receive data is transferred from ICDRS to ICDRR,
setting the ICDRF flag to 1. The slave device drives SCL low from the fall of the 9th receiv
clock pulse until data is read from ICDR.

Confirm that the STOP bit is cleared to 0, and clear the IRIC flag to 0.

If the next frame is the last receive frame, set the ACKB bit to 1.

10. If ICDR is read, the ICDRF flag is cleared to 0, releasing the SCL bus line. This enables th

master device to transfer the next data.

Receive operations can be performed continuously by repeating steps [5] to [10].

11. When the stop condition is detected (SDA is changed from low to high when SCL is high),

BBSY flag is cleared to 0 and the STOP bit is set to 1. If the STOPIM bit has been clearec
0, the IRIC flag is set to 1.

12. Confirm that the STOP bit is set to 1, and clear the IRIC flag to 0.
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Start condition generation [7] SCL is fixed low until ICDR is read
SCL
(Pin waveform) 1 2 3 4 5 6 7 8 9 1 2
SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2
SCL —
(slave output)

SDA
(master output)

(slave output)

\[a/

Interrupt
request
VOCCUI'TE e
T
ICDRF H

-«———Slave address———— RW | [6] -4— Datal —
SDA

ICDRS X Address+riw | K
ICDRR Undefined value Yaddress+rw|
User processing

[2] ICDR read

[8] IRIC clear

[10] ICDR read (dummy read)

Figure 16.19 Example of Slave Receive Mode Operation Timing (1)
(MLS =0, HNDS=1)

[7] SCL s fixed low until ICDR is read

SCL
(master output)

SCL
(slave output)

SDA -
(master output
Data (n-1) —»
SDA
(slave output) \

y

[11]

IRIC

ICDRF —,_j\
A

ICDRS :X Data (n-1)

Sa

| —

ICDRR  Data (n-2)X \| Data (n-1) X ]| Data (n)
User processing [8] IRIC clear [5] ICDR read (Data (n-1)) [8] IRIC clear [10] ICDR read [12] IRIC clear
[9] Set ACKB=1 (Data (n))

. X . Stop condition generation
[7] SCLis fixed low until ICDR is read

Figure 16.20 Example of Slave Receive Mode Operation Timing (2)
(MLS =0, HNDS= 1)
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Continuous Receive Operation:

Figure 16.21 shows the sample flowchart for the operations in slave receive mode (HNDS = 0

Slave receive mode

Set MST =0
and TRS =0in ICCR

Set ACKB = 0in ICSR
Set HNDS = 0in ICXR

[1] Select slave receive mode.

Clear IRIC in ICCR

[2] Read the receive data remaining unread.

[3] to [7] Wait for one byte to be received (slave address + R/W)
(Set IRIC at the rise of the 9th clock)

] 18] Clear IRIC

I Read AASX, AAS and ADZ in ICSR_|

Yes

and ADZ = 1? ]General call address processing

* Description omitted

Slave transmit mode]]

n: Address + total number of bytes received

7] [9] Wait for ACKB setting and set acknowledge data
for the last reception
4 (after the rise of the 9th clock of (n-1)th byte data)

[10] Read the receive data. The first read is a dummy read.

7[11] Wait for one byte to be received
(Set IRIC at the rise of the 9th clock)

EsTP =107 [12] Detect stop condition
STOP =12
No
] 113] Clear IRIC

[14] Read the last receive data

Read ICDR
Clear IRIC in ICCR

} [15] Clear IRIC

Figure 16.21 Sample Flowchart for Operations in Slave Receive Mode (HNDS = 0)
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The reception procedure and operations in slave receive are described below.

1. Initialize the 1IC as described in section 16.4.2, Initialization.

Clear the MST and TRS bits to 0 to set slave receive mode, and set the HNDS and ACKB b
to 0. Clear the IRIC flag in ICCR to 0 to see the end of reception.

2. Confirm that the ICDRF flag is 0. If the ICDRF flag is set to 1, read the ICDR and then clear
the IRIC flag to 0.

3. When the start condition output by the master device is detected, the BBSY flag in ICCR is
to 1. The master device then outputs the 7-bit slave address and transmit/receive direction
(R/W) in synchronization with the transmit clock pulses.

4. When the slave address matches in the first frame following the start condition, the device
operates as the slave device specified by the master device. If the 8th datpis R/the
TRS bit remains cleared to 0, and slave transmit operation is performed. When the slave
address does not match, receive operation is halted until the next start condition is detected

5. At the 9th clock pulse of the receive frame, the slave device returns the data in the ACKB b
as an acknowledge signal.

6. At the rise of the 9th clock pulse, the IRIC flag is set to 1. If the IEIC bit has been setto 1, ¢
interrupt request is sent to the CPU.

If the AASX bit has been set to 1, the IRTR flag is also set to 1.

7. Atthe rise of the 9th clock pulse, the receive data is transferred from ICDRS to ICDRR,
setting the ICDRF flag to 1.

8. Confirm that the STOP bit is cleared to 0 and clear the ICIC flag to 0.

9. If the next read data is the third last receive frame, wait for at least one frame time to set th
ACKB bit. Set the ACKB bit after the rise of the 9th clock pulse of the second last receive
frame.

10. Confirm that the ICDRF flag is set to 1 and read ICDR. This clears the ICDRF flag to O.

11. At the rise of the 9th clock pulse or when the receive data is transferred from IRDRS to
ICDRR due to ICDR read operation, the IRIC and ICDRF flags are set to 1.

12. When the stop condition is detected (SDA is changed from low to high when SCL is high), t
BBSY flag is cleared to 0 and the STOP or ESTP flag is set to 1. If the STOPIM bit has bee
cleared to 0, the IRIC flag is set to 1. In this case, execute step [14] to read the last receive
data.

13. Clear the IRIC flag to O.

Receive operations can be performed continuously by repeating steps [9] to [13].

14. Confirm that the ICDRF flag is set to 1, and read ICDR.
15. Clear the IRIC flag.
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Start condition issuance

SCL
(master output)

SDA \ [sit7 X(ait Xaits X(aita Xsit3 (a2 )(mir Yo Y| Yaitz)site Kaits Yita _
(master output) «—— Slaveaddress ————m R/W | [6] -«—Datal—
SDA
(slave output) A /
IRIC
v A
ICDRF
A
ICDRS X Address+R/W X Data 1
N [7]
ICDRR X  Address+RiW
1
User processing [8] IRIC clear

[10] ICDR read

Figure 16.22 Example of Slave Receive Mode Operation Timing (1)
(MLS = ACKB =0)

Start condition detection
SCL
(master output)ﬁ\_ 9\ /1 2\ /3\ /4 \ /5 6 7\ f8\ /9 1 2\ /3\ /4\ /5 6\ /7\ /8\ /9
SDA
(master output) {BL0Y | Bt 7B 6B SXBr 4B Yt 2B (B0
Data n-2—w{[11] Data n-1. (11 Data n [11] 11
SDA
(slave output) \ Af LA LA
IRIC ) ’_|
ICDRF | : |
ICDRS  Datan-2 X Dafanil| X Data n
ICDRR X Data n-2 : Datan-1 X Datan
[9] Wait for one frame H
User processing
[13] IRIC clear [13] IRIC clear [10] ICDR read [13] IRIC clear
[10] ICDR read (Data n-1) [14] ICDR read
(Data n-2) (Data n)

[9] Set ACKB =1 [15] IRIC clear

Figure 16.23 Example of Slave Receive Mode Operation Timing (2)
(MLS = ACKB = 0)
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16.4.6  Slave Transmit Operation

If the slave address matches to the address in the first frame (address reception frame) followi
the start condition detection when the 8th bit dat&(Ré 1 (read), the TRS bit in ICCR is
automatically set to 1 and the mode changes to slave transmit mode.

Figure 16.24 shows the sample flowchart for the operations in slave transmit mode.

|| Slave transmit mode || :| [1], [2] If the slave address matches to the address in the first frame
- - following the start condition detection and the R/W bit is 1
| Clear IRIC in ICCR | in slave recieve mode, the mode changes to slave transmit mode.

[3], [6] Set transmit data for the second and subsequent bytes.

| Write transmit data in ICDR |
I
| Clear IRICin ICCR |

Read IRIC in ICCR [3], [4] Wait for 1 byte to be transmitted.

|

| Read ACKBinICSR |

o End
of transmission
ACKB =1)?
Yes

[4] Determine end of transfer.

| cleariRICinicCR | ][6] Read IRIC in ICCR
|
Clear ACKE to 0in ICCR [7] Clear acknowledge bit data
(ACKB=0 clear) ]
]
I Set TRS = 0in ICCR I ][8] Set slave receive mode.
]
| Read ICDR | :| [9] Dummy read (to release the SCL line).
Read IRIC in ICCR [10] Wait for stop condition

Clear IRIC in ICCR

Figure 16.24 Sample Flowchart for Slave Transmit Mode
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In slave transmit mode, the slave device outputs the transmit data, while the master device ou
the receive clock and returns an acknowledge signal. The transmission procedure and operat
in slave transmit mode are described below.

NoE

Initialize slave receive mode and wait for slave address reception.

. When the slave address matches in the first frame following detection of the start conditior

the slave device drives SDA low at the 9th clock pulse and returns an acknowledge signal.
the 8th data bit (R/W) is 1, the TRS bit in ICCR is set to 1, and the mode changes to slave
transmit mode automatically. The IRIC flag is set to 1 at the rise of the 9th clock. If the IEIC
bit in ICCR has been set to 1, an interrupt request is sent to the CPU. At the same time, thi
ICDRE flag is set to 1. The slave device drives SCL low from the fall of the transmit clock
until ICDR data is written, to disable the master device to output the next transfer clock.
After clearing the IRIC flag to 0, write data to ICDR. At this time, the ICDRE flag is cleared
0. The written data is transferred to ICDRS, and the ICDRE and IRIC flags are set to 1 ags
The slave device sequentially sends the data written into ICDRS in accordance with the cle
output by the master device.

The IRIC flag is cleared to O to detect the end of transmission. Processing from the ICDR
register writing to the IRIC flag clearing should be performed continuously. Prevent any otk
interrupt processing from being inserted.

. The master device drives SDA low at the 9th clock pulse, and returns an acknowledge sig!

As this acknowledge signal is stored in the ACKB bit in ICSR, this bit can be used to
determine whether the transfer operation was performed successfully. When one frame of
has been transmitted, the IRIC flag in ICCR is set to 1 at the rise of the 9th transmit clock
pulse. When the ICDRE flag is 0, the data written into ICDR s transferred to ICDRS,
transmission starts, and the ICDRE and IRIC flags are set to 1 again. If the ICDRE flag ha:
been set to 1, this slave device drives SCL low from the fall of the transmit clock until data
written to ICDR.

To continue transmission, write the next data to be transmitted into ICDR. The ICDRE flag
cleared to 0. The IRIC flag is cleared to 0 to detect the end of transmission. Processing fro
the ICDR register writing to the IRIC flag clearing should be performed continuously. Prev
any other interrupt processing from being inserted.

Transmit operations can be performed continuously by repeating steps [4] and [5].

6.

~

8.
9.

Clear the IRIC flag to 0.

To end transmission, clear the ACKE bit in ICCR to 0, to clear the acknowledge bit stored
the ACKB bit to 0.

Clear the TRS bit to O for the next address reception, to set slave receive mode.
Dummy-read ICDR to release SDA on the slave side.

10. When the stop condition is detected, that is, when SDA is changed from low to high when

is high, the BBSY flag in ICCR is cleared to 0 and the STOP flag in ICSR is set to 1. When
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STOPIM bitin ICXR is 0, the IRIC flag is set to 1. If the IRIC flag has been set, it is cleared
0.

Slave receive mode s Slave transmit mode

-t

SCL
(master output) / 8

Bita X Bit3 X sit2 X it X ito ¥

Data 1 -

Bit7 X Bite X Bits X

SDA -
(master output) R/W/ /

IRIC
‘ A

(CDRE I /

ICDR X/ Data 1 X/ pata2
User processing V [3] IRIC clear \/ [5] IRIC clear
[3] ICDR write [5] ICDR write
[3] IRIC clear

Figure 16.25 Example of Slave Transmit Mode Operation Timing
(MLS =0)

16.4.7 IRIC Setting Timing and SCL Control

The interrupt request flag (IRIC) is set at different times depending on the WAIT bit in ICMR, th
FS bit in SAR, and the FSX bit in SARX. If the ICDRE or ICDRF flag is setto 1, SCL is
automatically held low after one frame has been transferred in synchronization with the interna
clock. Figures 16.26 to 16.28 show the IRIC set timing and SCL control.
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When WAIT =0, and FS = 0 or FSX = 0 (I2C bus format, no wait)
SCL

SDA

IRIC

User processing /

Clear IRIC

(a) Data transfer ends with ICDRE=0 at transmission, or ICDRF=0 at reception.

sCL —\ [\ /N I/ttt T

SDA

IRIC

N

Clear IRIC Write to ICDR (transmit) Clear IRIC
or read from ICDR (receive)

User processing

(b) Data transfer ends with ICDRE=1 at transmission, or ICDRF=1 at reception.

Figure 16.26 IRIC Setting Timing and SCL Control (1)
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When WAIT = 1, and FS = 0 or FSX = 0 (I2C bus format, wait inserted)

SDA g A/<1><2><3><:

IRIC

User processing
Clear IRIC Clear IRIC

(a) Data transfer ends with ICDRE=0 at transmission, or ICDRF=0 at reception.

IRIC

User processing I
Clear IRIC Write to ICDR (transmit) Clear IRIC
or read from ICDR (receive)

(b) Data transfer ends with ICDRE=1 at transmission, or ICDRF=1 at reception.

Figure 16.27 IRIC Setting Timing and SCL Control (2)
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When FS =1 and FSX =1 (clocked synchronous serial format)

R VAN VAR VN NP
7X\\8X1X2X3X4X_

IRIC

User processing
Clear IRIC

(a) Data transfer ends with ICDRE=0 at transmission, or ICDRF=0 at reception.

SCL Pl N Pt \ ST N
7 8 / N / \ / N / 1 \
o7 X s Y !

IRIC

User processing ‘ \

Clear IRIC Write to ICDR (transmit) Clear IRIC
or read from ICDR (receive)

(b) Data transfer ends with ICDRE=1 at transmission, or ICDRF=1 at reception.

Figure 16.28 IRIC Setting Timing and SCL Control (3)

16.4.8  Automatic Switching from Formatless Mode to’C Bus Format

Setting the SW bit to 1 in DDCSWR enables formatless mode to be selected as the [IC_0
operating mode. Switching from formatless mode to #@éUls format (slave mode) is performed

automatically when a falling edge is detected on the SCL pin.
The following four preconditions are necessary for this operation:

« A common data pin (SDA) for formatless aA@ bus format operation

+ Separate clock pins for formatless operation (VSYNCI) &dus format operation (SCL)
« Afixed 1 level for the SCL pin during formatless operation (the SCL pin does not output a |

level)
+ Settings of bits other than TRS in ICCR that allé@ bus format operation
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Automatic switching is performed from formatless mode to ¥éus format when the SW bit in
DDCSWR is automatically cleared to O on detection of a falling edge on the SCL pin. Switching
from the fC bus format to formatless mode is achieved by setting the SW bit in DDCSWR to 1 |
software.

In formatless mode, bits (such as MSL and TRS) that controf@hleus interface operating mode
must not be modified. When switching from th@ bus format to formatless mode, set the TRS

bit to 1 or clear it to 0 according to the transfer direction (transmission or reception) in formatles
mode, then set the SW bit to 1. After automatic switching from formatless mode 10 thes|

format (slave mode), the TRS bit is automatically cleared to O in order to wait for slave address
reception.

If a falling edge is detected on the SCL pin during formatless operation, the mode’6flts |
interface is immediately switched t€lbus format before a stop condition is detected.

16.4.9 Operation Using DTC

This LSI provides the DTC to allow continuous data transfer. The DTC is initiated when the IRT
flag is set to 1, which is one of the two interrupt flags (IRTR and IRIC). When the ACKE bit is 0
the ICDRE, IRIC, and IRTR flags are set at the end of data transmission regardless of the
acknowledge bit value. If the ACKE bit is 1, the ICDRE, IRIC, and IRTR flags are set when datz
transmission is completed with the acknowledge bit value of 0, and if the ACKE bit is 1, only the
IRIC flag is set when data transmission is completed with the acknowledge bit value of 1.

When initiated, the DTC transfers specified number of bytes, clears the ICDRE, IRIC, and IRTF
flags to 0. Therefore, no interrupt is generated during continuous data transfer; however, if date
transmission is completed with the acknowledge bit value of 1 when the ACKE bit is 1, the DTC
is not initiated, thus allowing an interrupt to be generated if enabled.

The acknowledge bit may indicate specific events such as completion of receive data processit
for some receiving devices, and for other receiving devices, the acknowledge bit may be fixed
1, indicating no specific events.

The FC bus format provides for selection of the slave device and transfer direction by means of
the slave address and théARbit, confirmation of reception with the acknowledge bit, indication
of the last frame, and so on. Therefore, continuous data transfer using the DTC must be carriec
in conjunction with CPU processing by means of interrupts.

Table 16.7 shows some examples of processing using the DTC. These examples assume that
number of transfer data bytes is known in slave mode.
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Table 16.7 Examples of Operation Using DTC

Master Transmit

Master Receive

Slave Transmit Slave Receive

Item Mode Mode Mode Mode

Slave address + Transmission by ~ Transmission by  Reception by Reception by CPU
R/W bit DTC (ICDR write) CPU (ICDR write) CPU (ICDR read) (ICDR read)
transmission/

reception

Dummy data — Processing by — —

read CPU (ICDR read)

Actual data Transmission by  Reception by Transmission by  Reception by DTC
transmission/ DTC (ICDR write) DTC (ICDR read) DTC (ICDR write) (ICDR read)
reception

Dummy data — — Processing by —

(H'FF) write DTC (ICDR write)

Last frame Not necessary Reception by Not necessary Reception by CPU
processing CPU (ICDR read) (ICDR read)

Transfer request
processing after

1st time: Clearing
by CPU

Not necessary

Automatic clearing Not necessary
on detection of stop

last frame 2nd time: Stop condition during
processing condition. issuance transmission of
by CPU dummy data (H'FF)
Setting of Transmission: Reception: Actual Transmission: Reception: Actual

Actual data count

+ 1 (+1 equivalent
to slave address +
R/W bits)

number of DTC
transfer data
frames

data count

Actual data count data count
+ 1 (+1 equivalent
to dummy data

(H'FF))

16.4.10 Noise Canceler

The logic levels at the SCL and SDA pins are routed through noise cancelers before being lat
internally. Figure 16.29 shows a block diagram of the noise canceler.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA
input signal is sampled on the system clock, but is not passed forward to the next circuit unles
outputs of both latches agree. If they do not agree, the previous value is held.
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Sampling clock

C C
SCL or
SDA input —D Q D Q Match Internal
signal — SCL or
g Latch Latch detector SDA
signal

System clock
' cycle '

B ———
i ]

Samping 7] i N [T

Figure 16.29 Block Diagram of Noise Canceler

16.4.11 Initialization of Internal State

The 1IC has a function for forcible initialization of its internal state if a deadlock occurs during
communication.

Initialization is executed in accordance with the setting of bits CLR3 to CLRO in DDCSWR or
clearing ICE bit. For details on the setting of bits CLR3 to CLRO, see section 16.3.7, DDC Switc
Register (DDCSWR).

Scope of Initialization: The initialization executed by this function covers the following items:

ICDRE and ICDRF internal flags
Transmit/receive sequencer and internal operating clock counter

Internal latches for retaining the output state of the SCL and SDA pins (wait, clock, data
output, etc.)

The following items are not initialized:

Actual register values (ICDR, SAR, SARX, ICMR, ICCR, ICSR, ICXR (except for the ICDRE
and ICDRF flags), DDCSWR)

Internal latches used to retain register read information for setting/clearing flags in ICMR,
ICCR, ICSR, and DDCSWR

The value of the ICMR bit counter (BC2 to BCO)
Generated interrupt sources (interrupt sources transferred to the interrupt controller)
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Notes on Initialization:

« Interrupt flags and interrupt sources are not cleared, and so flag clearing measures must b
taken as necessary.

« Basically, other register flags are not cleared either, and so flag clearing measures must b
taken as necessary.

* When initialization is executed by DDCSWR, the write data for bits CLR3 to CLRO is not
retained. To perform IIC clearance, bits CLR3 to CLRO must be written to simultaneously
using an MOV instruction. Do not use a bit manipulation instruction such as BCLR.

« Similarly, when clearing is required again, all the bits must be written to simultaneously in
accordance with the setting.

« If aflag clearing setting is made during transmission/reception, the 11C module will stop
transmitting/receiving at that point and the SCL and SDA pins will be released. When
transmission/reception is started again, register initialization, etc., must be carried out as
necessary to enable correct communication as a system.

The value of the BBSY bit cannot be modified directly by this module clear function, but since
stop condition pin waveform is generated according to the state and release timing of the SCL
SDA pins, the BBSY bit may be cleared as a result. Similarly, state switching of other bits and
flags may also have an effect.

To prevent problems caused by these factors, the following procedure should be used when
initializing the IIC state.

1. Execute initialization of the internal state according to the setting of bits CLR3 to CLRO or
ICE bit clearing.

2. Execute a stop condition issuance instruction (write 0 to BBSY and SCP) to clear the BBS
bit to 0, and wait for two transfer rate clock cycles.

3. Re-execute initialization of the internal state according to the setting of bits CLR3 to CLRO
ICE bit clearing.

Initialize (re-set) the 1IC registers.

»
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16.5 Interrupt Sources

The IIC has interrupt sources IICl and DDCSWI. Table 16.8 shows the interrupt sources and
priority. Individual interrupt sources can be enabled or disabled using the enable bits in ICCR a
DDCSWR, and are sent to the interrupt controller independently.

An IICl interrupt can activate the DTC to allow data transfer.

Table 16.8 IIC Interrupt Sources

Enable Interrupt
Channel  Name Bit Interrupt Source Flag DTC Activation  Priority
0 lIClo IEIC I°C bus interface IRIC Possible High
interrupt request
DDCS IE Format automatic IF Not possible
Wi switch interrupt
1 lci1 IEIC I°C bus interface IRIC Possible Low

interrupt request

16.6  Usage Notes

1. In master mode, if an instruction to generate a start condition is issued and then an instructi
to generate a stop condition is issued before the start condition is output’® lthis,Ineither
condition will be output correctly. To output the start condition followed by the stop conditior
after issuing the instruction that generates the start condition, read DR iAGhak butput
pin, and check that SCL and SDA are both low. The pin states can be monitored by reading
DR even if the ICE bit is set to 1. Then issue the instruction that generates the stop conditio
Note that SCL may not yet have gone low when BBSY is cleared to 0.

2. Either of the following two conditions will start the next transfer. Pay attention to these
conditions when accessing to ICDR.

O Write to ICDR when ICE = 1 and TRS = 1 (including automatic transfer from ICDRT to
ICDRS)

0 Read from ICDR when ICE = 1 and TRS = 0 (including automatic transfer from ICDRS t«
ICDRR)
3. Table 16.9 shows the timing of SCL and SDA outputs in synchronization with the internal

clock. Timings on the bus are determined by the rise and fall times of signals affected by the
bus load capacitance, series resistance, and parallel resistance.
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Table 16.9 fC Bus Timing (SCL and SDA Outputs)

Item Symbol Output Timing Unit  Notes
SCL output cycle time teco 28t to 256t ns See figure
SCL output high pulse width tecuo 0.5t ns 28.29.
SCL output low pulse width teciio 0.5t ns

SDA output bus free time toro 0.5t , — 1t ns

Start condition output hold time torao 0.5t — 1t ns
Retransmission start condition output  t. 1t . ns

setup time

Stop condition output setup time tsros0 0.5t + 2t ns

Data output setup time (master) teonso Lo — 3t ns

Data output setup time (slave) 1t — (6t or 12t _*) B

Data output hold time t 3t ns

SDAHO cyc

Note:* 6t when IICXis 0, 12t  when 1.

4. SCL and SDA inputs are sampled in synchronization with the internal clock. The AC timing
therefore depends on the system clock cygleas shown in section 28, Electrical
Characteristics. Note that tH€lbus interface AC timing specifications will not be met with a
system clock frequency of less than 5 MHz.

5. The fC bus interface specification for the SCL rise tipis tL000 ns or less (300 ns for high-
speed mode). In master mode, tt@ bus interface monitors the SCL line and synchronizes
one bit at a time during communication. Jf(the time for SCL to go from low to )J exceeds
the time determined by the input clock of tf@ bus interface, the high period of SCL is
extended. The SCL rise time is determined by the pull-up resistance and load capacitance
the SCL line. To insure proper operation at the set transfer rate, adjust the pull-up resistan
and load capacitance so that the SCL rise time does not exceed the values given in table !

Table 16.10 Permissible SCL Rise Time (} Values

Time Indication [ns]

I°C Bus
t. Specification @ = 8= 8= @ = 2=
IICX Indication (Max.) 5MHz 8MHz 10MHz 16 MHz 20 MHz
0 751, Standard mode 1000 1000 937 750 468 375
High-speed mode 300 300 300 300 300 300
1 175¢, Standard mode 1000 100 1000 1000 1000 875
High-speed mode 300 300 300 300 300 300
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6. The fC bus interface specifications for the SCL and SDA rise and fall times are under 1000
and 300 ns. ThéC bus interface SCL and SDA output timing is prescribed bys shown in
table 16.9. However, because of the rise and fall times:Ghauks interface specifications may
not be satisfied at the maximum transfer rate. Table 16.11 shows output timing calculations
different operating frequencies, including the worst-case influence of rise and fall times.

t... fails to meet the’C bus interface specifications at any frequency. The solution is either (;
to provide coding to secure the necessary interval (approximately 1 us) between issuance o
stop condition and issuance of a start condition, or (b) to select devices whose input timing
permits this output timing for use as slave devices connected f€thad.

t..., IN high-speed mode angd,t, in standard mode fail to satisfy tH€ lbus interface
specifications for worst-case calculations gt Possible solutions that should be investigated
include (a) adjusting the rise and fall times by means of a pull-up resistor and capacitive loa
(b) reducing the transfer rate to meet the specifications, or (c) selecting devices whose inpu
timing permits this output timing for use as slave devices connected € thesl.
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Table 16.11 fC Bus Timing (with Maximum Influence of t_/t.)

Time Indication (at Maximum Transfer Rate) [ns]

I’C Bus
to/ts Specifi-
[ Influence cation g= = g = 2= =
Item Indication (Max.) (Min.) 5MHz 8 MHz 10MHz 16 MHz 20 MHz
tewo 0.5ty (-t,) Standard mode -1000 4000 4000 4000 4000 4000 4000
High-speed mode —300 600 950 950 950 950 950
tectio 0.5ty (-ty) Standard mode —250 4700 4750 4750 4750 4750 4750

High-speed mode —-250 1300 1000** 1000*"  1000** 1000**  1000**

BUFO

0.5ty ,—-1t, Standard mode -1000 4700 3800*" 3875* 3900** 3938**  3950*

) High-speed mode —300 1300  750%° 825*'  850+°  888*' 900
tymo  05f.o-1t, Standardmode -250 4000 4550 4625 4650 4688 4700
L) High-speed mode —250 600 800 875 900 938 950
t..  1t.,(t) Standardmode -1000 4700 9000 9000 9000 9000 9000
High-speed mode —300 600 2200 2200 2200 2200 2200
tyoss  0.5f.o+21, Standard mode -1000 4000 4400 4250 4200 4125 4100
) High-speed mode 300 600 1350 1200 1150 1075 1050
tywo  1lewo* -31,Standardmode -1000 250 3100 3325 3400 3513 3550
(master) (L) High-speed mode —300 100 400 625 700 813 850
e Lt Standard mode -1000 250 1300 2200 2500 2950 3100
(slave) ;5 £,
L) High-speed mode —300 100  —1400 —500*' —200*' 250 400
i
tooaro 3t,, Standard mode 0 0 600 375 300 188 150
High-speed mode 0 0 600 375 300 188 150
Notes: 1. Does not meet the I°C bus interface specification. Remedial action such as the following

is necessary: (a) secure a start/stop condition issuance interval; (b) adjust the rise and
fall times by means of a pull-up resistor and capacitive load; (c) reduce the transfer rate;
(d) select slave devices whose input timing permits this output timing.

The values in the above table will vary depending on the settings of the IICX bit and bits
CKSO0 to CKS2. Depending on the frequency it may not be possible to achieve the
maximum transfer rate; therefore, whether or not the I°C bus interface specifications are
met must be determined in accordance with the actual setting conditions.

Value when the IICX hit is set to 1. When the IICX bit is cleared to 0, the value is (t
6t ).
cyC

Calculated using the I°C bus specification values (standard mode: 4700 ns min.; high-
speed mode: 1300 ns min.).

scLL

7. Notes on ICDR read at end of master reception
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To halt reception at the end of a receive operation in master receive mode, set the TRS bit
and write 0 to BBSY and SCP in ICCR. This changes SDA from low to high when SCL is
high, and generates the stop condition. After this, receive data can be read by means of an
ICDR read, but if data remains in the buffer the ICDRS receive data will not be transferred t
ICDR (ICDRR), and so it will not be possible to read the second byte of data.

If it is necessary to read the second byte of data, issue the stop condition in master receive
mode (i.e. with the TRS bit cleared to 0). When reading the receive data, first confirm that tt
BBSY bit in ICCR is cleared to 0, the stop condition has been generated, and the bus has b
released, then read ICDR with TRS cleared to 0.

Note that if the receive data (ICDR data) is read in the interval between execution of the
instruction for issuance of the stop condition (writing of O to BBSY and SCP in ICCR) and th
actual generation of the stop condition, the clock may not be output correctly in subsequent
master transmission.

Clearing of the MST bit after completion of master transmission/reception, or other modificatior
of IIC control bits to change the transmit/receive operating mode or settings, must be carried ol
during interval (a) in figure 16.30 (after confirming that the BBSY bit in ICCR has been cleared
0).

: Stop condition Start
s V.4 (@ V.
' P g o
SDA Bit O | A | g | | Y |_
SCL | 8 |

condition

(@

| 9 | ? | é D

(

L[|

(@
)

I_I_‘

Internal clock I | | | | :

BBSY bit |

4

Master receive mode

> >
¢ ICDRread
i disabled period :

— \

Execution of instruction Confirmation of stop Start condition
for issuing stop condition condition issuance issuance
(write 0 to BBSY and SCP) (read BBSY =0)

Figure 16.30 Notes on Reading Master Receive Data

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to 1 in
ICXR.

8. Notes on start condition issuance for retransmission
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Figure 16.31 shows the timing of start condition issuance for retransmission, and the timing
subsequently writing data to ICDR, together with the corresponding flowchart. Write the
transmit data to ICDR after the start condition for retransmission is issued and then the sta
condition is actually generated.

o~ —

NO (1 [1] Wait for end of 1-byte transfer
Yes

I Clear IRIC in ICSR I [2] Determine whether SCL is low

N [3] Issue start condition instruction for retransmission
I Other processing ”

[4] Determine whether start condition is generated or not

[5] Set transmit data (slave address + R/W)

[2]
Note:* Program so that processing from [3] to [5]
SetBBSY =1, 3] is executed continuously.
SCP =0 (ICSR)
-
4
S
Yes

I Write transmit data to ICDR I [5]

Start condition generation
(retransmission)

scL I L | L

—_—
A A
SDA ACK / | | | bit7 |
4 A
IRIC A
[5] ICDR write (transmit data)
[4] IRIC determination
[1] IRIC determination [3] (Retransmission) Start condition instruction issuance

[2] Determination of SCL = Low

Figure 16.31 Flowchart for Start Condition Issuance Instruction for Retransmission and
Timing

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to 1 in
ICXR.
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9. Note on when’C bus interface stop condition instruction is issued
In cases where the rise time of the 9th clock of SCL exceeds the stipulated value because c
large bus load capacity or where a slave device in which a wait can be inserted by driving tt
SCL pin low is used, the stop condition instruction should be issued after reading SCL after
rise of the 9th clock pulse and determining that it is low.

9th clock Secures a high period

see A

| SCLis detected as low

| because the rise of the

'(__waveform is delayed
soa _| |

E Stop condition generation
IRIC , |

/

[1] SCL = low determination  [2] Stop condition instruction issuance

Figure 16.32 Stop Condition Issuance Timing

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to 1 in
ICXR.

10. Note on IRIC flag clear when the wait function is used
If the rise time of SCL exceeds the stipulated value or a slave device in which a wait can be
inserted by driving the SCL pin low is used when the wait function is usé@ bukt interface
master mode, the IRIC flag should be cleared after determining that the SCL is low, as
described below.
If the IRIC flag is cleared to 0 when WAIT = 1 while the SCL is extending the high level time
the SDA level may change before the SCL goes low, which may generate a start or stop
condition erroneously.

Secures a high period

i
IRIC / .

[1] SCL = low determination [
[2] IRIC clear

SCL VIHQ-E—/( I—l
SCL % low detected E/ E
SDA :X 5 / X

Figure 16.33 IRIC Flag Clearing Timing When WAIT =1
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Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to 1 in
ICXR.

11. Note on ICDR read and ICCR access in slave transmit mode

In I°C bus interface slave transmit mode, do not read ICDR or do not read/write from/to 1C(

during the time shaded in figure 16.34. However, such read and write operations cause nc

problem in interrupt handling processing that is generated in synchronization with the rising

edge of the 9th clock pulse because the shaded time has passed before making the transi

interrupt handling.

To handle interrupts securely, be sure to keep either of the following conditions.

0 Read ICDR data that has been received so far or read/write from/to ICCR before startir
the receive operation of the next slave address.

O Monitor the BC2 to BCO bit counter in ICMR; when the count is 000 (8th or 9th clock
pulse), wait for at least two transfer clock times in order to read ICDR or read/write fron
ICCR during the time other than the shaded time.

Waveform at problem occurrence |
! <4¢—— |CDR write

(17 ‘
TRS bit Address reception ! | E i Data transmission

ICDR read and ICCR read/write are disabled

(6 system clock period)

;

The rise of the 9th clock is detected

Figure 16.34 ICDR Read and ICCR Access Timing in Slave Transmit Mode

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to 1 in
ICXR.
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12. Note on TRS bit setting in slave mode

In I°C bus interface slave mode, if the TRS bit value in ICCR is set after detecting the rising
edge of the 9th clock pulse or the stop condition before detecting the next rising edge on the
SCL pin (the time indicated as (a) in figure 16.35), the bit value becomes valid immediately
when it is set. However, if the TRS bit is set during the other time (the time indicated as (b)
figure 16.35), the bit value is suspended and remains invalid until the rising edge of the 9th
clock pulse or the stop condition is detected. Therefore, when the address is received after
restart condition is input without the stop condition, the effective TRS bit value remains 1
(transmit mode) internally and thus the acknowledge bit is not transmitted after the address
been received at the 9th clock pulse.

To receive the address in slave mode, clear the TRS bit to 0 during the time indicated as (¢
figure 16.35. To release the SCL low level that is held by means of the wait function in slave
mode, clear the TRS bit to and then dummy-read ICDR.

Restart condition

@ ‘ ()

- L IEAI

scL M— 1 2 3 4 5 6 7 8 9
TRS Data ; ; Address reception

transmission hy

; D TRS bit setting is suspended in this period ;
T ICDR dummy read ?

TRS bit setting The rise of the 9th clock is detected
The rise of the 9th clock is detected

Figure 16.35 TRS Bit Set Timing in Slave Mode

Note: This restriction on usage can be canceled by setting the FNC1 and FNCO bits to 1 in
ICXR.

13. Note on ICDR read in transmit mode and ICDR write in receive mode
If ICDR is read in transmit mode (TRS = 1) or ICDR is written to in receive mode (TRS = 0),
the SCL pin may not be held low in some cases after transmit/receive operation has been
completed, thus inconveniently allowing clock pulses to be output on the SCL bus line befor
ICDR is accessed correctly. To access ICDR correctly, read ICDR after setting receive mod
or write to ICDR after setting transmit mode.
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14. Note on ACKE and TRS bits in slave mode
In the FC bus interface, if 1 is received as the acknowledge bit value (ACKB = 1) in transmi
mode (TRS = 1) and then the address is received in slave mode without performing approy
processing, interrupt handling may start at the rising edge of the 9th clock pulse even wher
address does not match. Similarly, if the start condition or address is transmitted from the
master device in slave transmit mode (TRS = 1), the IRIC flag may be set after the ICDRE
is set and 1 received as the acknowledge bit value (ACKB = 1), thus causing an interrupt
source even when the address does not match.
To use the’C bus interface module in slave mode, be sure to follow the procedures below.
A. When having received 1 as the acknowledge bit value for the last transmit data at the e
of a series of transmit operation, clear the ACKE bit in ICCR once to initialize the ACKE
bit to 0.
B. Set receive mode (TRS = 0) before the next start condition is input in slave mode.
Complete transmit operation by the procedure shown in figure 1i.@djer to switch
from slave transmit mode to slave receive mode.

16.6.1 Module Stop Mode Setting

The IIC operation can be enabled or disabled using the module stop control register. The initi
setting is for the IIC operation to be halted. Register access is enabled by canceling module s
mode. For details, refer to section 26, Power-Down Modes.
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Section 17 Keyboard Buffer Controller

This LSI has three on-chip keyboard buffer controller channels. The keyboard buffer controller
provided with functions conforming to the PS/2 interface specifications.

Data transfer using the keyboard buffer controller employs a data line (KD) and a clock line
(KCLK), providing economical use of connectors, board surface area, etc. Figure 17.1 shows
block diagram of the keyboard buffer controller.

17.1 Features

« Conforms to PS/2 interface specifications

« Direct bus drive (via the KCLK and KD pins)

« Interrupt sources: on completion of data reception and on detection of clock edge
« Error detection: parity error and stop bit monitoring

7\

Internal
data bus

KBBR >

KD ]
(PS2AD, KDl
PS2BD, -
PS2CD) Control| kcLKI KBCRH -
logic >
KCLK ~—] | Pary 4
(PS2AC,
PS2BC,
PS2CC) Kpo
KCLKO KBCRL >

I

Register counter value

Bus interface

Module data bus

——» KBI interrupt

Legend

KD: KBC data I/O pin

KCLK:  KBC clock I/O pin

KBBR: Keyboard data buffer register
KBCRH: Keyboard control register H
KBCRL: Keyboard control register L

Figure 17.1 Block Diagram of Keyboard Buffer Controller
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Figure 17.2 shows how the keyboard buffer controller is connected.

Vce Vcee
System side % é Keyboard side
KCLK in <II . . Il> KCLK in
Clock
KCLK out 4| EH KCLK out
KD in == N KD in
N Data |
KD out 4| |7 KD out

Keyboard buffer controller
(This LSI) I/F

Figure 17.2 Keyboard Buffer Controller Connection

17.2  Input/Output Pins

Table 17.1 lists the input/output pins used by the keyboard buffer controller.

Table 17.1 Pin Configuration

Channel Name Abbreviation * 1/O Function

0 KBC clock 1/0O pin (KCLKO) PS2AC I/0 KBC clock input/output
KBC data I/0 pin (KDO) PS2AD I/0 KBC data input/output

1 KBC clock 1/0O pin (KCLK1) PS2BC I/0 KBC clock input/output
KBC data I/O pin (KD1) PS2BD I/0 KBC data input/output

2 KBC clock I/0 pin (KCLK2) PS2CC I/0 KBC clock input/output
KBC data I/O pin (KD2) PS2CD 110 KBC data input/output

Note:* These are the external /0 pin names. In the text, clock I/O pins are referred to as KCLK
and data I/O pins as KD, omitting the channel designations.
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17.3  Register Descriptions
The keyboard buffer controller has the following registers for each channel.

« Keyboard control register H (KBCRH)
« Keyboard control register L (KBCRL)
« Keyboard data buffer register (KBBR)
17.3.1 Keyboard Control Register H (KBCRH)

KBCRH indicates the operating status of the keyboard buffer controller.

Bit Bit Name Initial Value R/W Description

7 KBIOE 0 R/W Keyboard In/Out Enable

Selects whether or not the keyboard buffer controller
is used.

0: The keyboard buffer controller is non-operational
(KCLK and KD signal pins have port functions)

1: The keyboard buffer controller is enabled for
transmission and reception (KCLK and KD signal
pins are in the bus drive state)

6 KCLKI 1 R/W Keyboard Clock In

Monitors the KCLK I/O pin. This bit cannot be
modified.

0: KCLK I/O pin is low
1: KCLK I/O pin is high

5 KDI 1 R/W Keyboard Data In:
Monitors the KDI I/O pin. This bit cannot be modified.
0: KD I/O pin is low
1: KD I/O pin is high

4 KBFSEL 1 R/W Keyboard Buffer Register Full Select

Selects whether the KBF bit is used as the keyboard
buffer register full flag or as the KCLK fall interrupt
flag. When KBFSEL is cleared to 0, the KBE bit in
KBCRL should be cleared to 0 to disable reception.

0: KBF bit is used as KCLK fall interrupt flag
1: KBF bit is used as keyboard buffer register full flag
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Bit Bit Name Initial Value R/W Description

3 KBIE 0 R/W Keyboard Interrupt Enable

Enables or disables interrupts from the keyboard
buffer controller to the CPU.

0: Interrupt requests are disabled
1: Interrupt requests are enabled

2 KBF 0 R/(W)*  Keyboard Buffer Register Full

Indicates that data reception has been completed and
the received data is in KBBR.

0: [Clearing condition]

Read KBF when KBF =1, then write 0 in KBF

1: [Setting conditions]

« When data has been received normally and has

been transferred to KBBR while KBFSEL =1
(keyboard buffer register full flag)

¢ When a KCLK falling edge is detected while
KBFSEL = 0 (KCLK interrupt flag)

1 PER 0 R/(W)*  Parity Error
Indicates that an odd parity error has occurred.
0: [Clearing condition]
Read PER when PER =1, then write 0 in PER
1: [Setting condition]
When an odd parity error occurs

0 KBS 0 R Keyboard Stop

Indicates the receive data stop bit. Valid only when
KBF = 1.

0: 0 stop bit received
1: 1 stop bit received

Note:* Only 0 can be written for clearing the flag.
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17.3.2 Keyboard Control Register L (KBCRL)
KBCRL enables the receive counter count and controls the keyboard buffer controller pin outp

Bit Bit Name Initial Value R/W Description

7 KBE 0 R/W Keyboard Enable

Enables or disables loading of receive data into
KBBR.

0: Loading of receive data into KBBR is disabled
1: Loading of receive data into KBBR is enabled

6 KCLKO 1 R/W Keyboard Clock Out
Controls KBC clock 1/0 pin output.
0: KBC clock I/O pin is low
1: KBC clock I/O pin is high

5 KDO 1 R/W Keyboard Data Out
Controls KBC data 1/O pin output.
0: KBC data I/O pin is low
1: KBC data /O pin is high

4 — 1 — Reserved
This bit is always read as 1 and cannot be modified.
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Bit Bit Name Initial Value R/W Description

3 RXCR3 0 R Receive Counter

2 RXCR2 0 R These bits indicate the received data bit. Their value is

1 RXCR1 0 R incremented on the fall of KCLK. These bits cannot be
modified.

0 RXCRO 0 R

The receive counter is initialized to 0000 by a reset
and when 0 is written in KBE. Its value returns to 0000
after a stop bit is received.

0000: —
0001: Start bit
0010: KBO
0011: KB1
0100: KB2
0101: KB3
0110: KB4
0111: KB5
1000: KB6
1001: KB7
1010: Parity bit
1011: —
11--:—

17.3.3 Keyboard Data Buffer Register (KBBR)

KBBR stores receive data. Its value is valid only when KBF = 1.

Bit Bit Name Initial Value R/W Description

7 KB7 0 R Keyboard Data 7 to 0

6 KB6 0 R 8-bit read only data.

5 KB5 0 R Initialized to H'00 by a reset, in standby mode, watch

4 KB4 0 R mode, subactive mode, subsleep mode, and module
stop mode, and when KBIOE is cleared to 0.

3 KB3 0 R

2 KB2 0 R

1 KB1 0 R

0 KBO 0 R
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17.4  Operation

17.4.1 Receive Operation

In a receive operation, both KCLK (clock) and KD (data) are outputs on the keyboard side anc
inputs on this LSI chip (system) side. KD receives a start bit, 8 data bits (LSB-first), an odd pa
bit, and a stop bit, in that order. The KD value is valid when KCLK is low. A sample receive
processing flowchart is shown in figure 17.3, and the receive timing in figure 17.4.

| Set KBIOE bit | [1]

|
| Read KBCRH | [2] [2] Read KBCRH, and if the
KCLKI and KDI bits are
both 1, set the KBE bit
(receive enabled state).

[1] Set the KBIOE bitto 1 in
KBCRL.

[3] Detect the start bit output

Yes Keyboard side in data on the keyboard side and
) transmission state. receive data in
| Set KBE bit | (3] Execute receive abort synchronization with the fall
| processing. of KCLK.

—>| Receive enabled state | . .
[4] When a stop bit is received,

the keyboard buffer
controller drives KCLK low
to disable keyboard
transmission (automatic 1/O
inhibit).

If the KBIE bitis setto 1in
KBCRH, an interrupt
request is sent to the CPU
at the same time.

[5] Perform receive data
processing.

[6] Clear the KBF flag to 0 in
KBCRL. At the same time,

| Read KBBR | | Error handling |[5] )
the system automatically
| drives KCLK high, setting
|Receive data processingl the receive enabled state.
-« The receive operation can be
continued by repeating steps
Clear KBF flag [3] to [6].
(receive enabled state) 6]
]

Figure 17.3 Sample Receive Processing Flowchart
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) . Flag cleared
Receive processing/

error handling i
-

KCLK [
onsaey |1 [2] L] L Lo ef [

Start .
KD . . . 1
(pin state) | bit / 0 X 1 x : x 7 XParlty blt’Stop bit |
KCLK :
(input) |

KCLK | Automatic 1o inhibit
(output)
{ M
KB7 to KBO Previous dataX KBO X KB1 Xj{ X Receive data !
J 1
PER o : :
)) T
KBS | ;

KBF | |_

1l | !

(1] [2] [3] (4] [5] (6]

—_—
—_—

Figure 17.4 Receive Timing

17.4.2  Transmit Operation

In a transmit operation, KCLK (clock) is an output on the keyboard side, and KD (data) is an
output on the chip (system) side. KD outputs a start bit, 8 data bits (LSB-first), an odd parity bit
and a stop bit, in that order. The KD value is valid when KCLK is high. A sample transmit
processing flowchart is shown in figure 17.5, and the transmit timing in figure 17.6.
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| Set KBIOE bit | 1] [1] Set the KBE bit to 1 in KBCRH.

|
| Read KBCRH | [2]

[2] Read KBCRH, and if the KCLKI and
KDI bits are both 1, write 0 in the
KCLKO bit (set I/O inhibit).

KCLKI
and KDI bits both
1?

No

[3] Write 0 in the KBE bit (prohibit KBBR
receive operation).

Yes
| Set I/O inhibit (KCLKO = 0) | KDO remains at 1 (Continued on [4] Write O in the KDO bit (set start bit).
I next page)
KBE =0 3 [5] Write 1 in the KCLKO bit (clear I/O
(KBBR reception prohibited) &l inhibit).

[6] Read KBCRH, and when KCLKI =0,

Wait
| | : set the transmit data in the KDO bit
- (4] , (LSB-first). Next, set the parity bit and
| Set start bit (KDO = 0) | KCLKO remains at 0 stop bit in the KDO bit.
' [5]
| Set I/O inhibit (KCLKO = 1) | KDO remains at 0 [7] After transmitting the stop bit, read
I KBCRL and confirm that KDI = 0
| i=0 | (receive completed notification from the
T _ keyboard).
- 6]
| Read KBCRH | [8] Read KBCRH. Confirm that the KCLKI

and KDI bits are both 1.
L

v The transmit operation can be continued
es by repeating steps [2] to [8].

Set transmit data
(KDO = D(i))

| Read KBCRH |

i =0 to 7: Transmit data
i = 8: Parity bit
i = 9: Stop bit

o (Continued on next page)

Figure 17.5 (1) Sample Transmit Processing Flowchart
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_®

-

| Read KBCRH |

(7] ?

KDI=0? Keyboard side in data
Yes transmission state.
< (8] Execute receive abort
| Read KBCRH | processing.
| Error handling |
KCLK = 17 No
Yes

-t

Transmit end state
(KCLK = high, KD = high)

:

To receive operation or
transmit operation

Note:* To switch to reception after transmission, set KBE to 1 (KBBR receive enable) while KCLKI is low.

Figure 17.5 (2) Sample Transmit Processing Flowchart

(pin Siate) [ N 3 B B N I Y

Fp?n state) [startbit/ o X 1 )C:’ X 7 YPaity bitStop bi |_
)

KCLK (

(output) ||/o inhibitl

Fo?jtput) [startbit/ o X 1 )CE X 7 YParity bit [stop bt
)

KCLK

o Hgplipgfipliplnlin
(
)

( Receive
KD 7

completed
(input) notification|

PIEN T ]

(1 28] [4][5] [6] (7] (8]

Figure 17.6 Transmit Timing
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17.4.3 Receive Abort

This LSI (system side) can forcibly abort transmission from the device connected to it (keyboe
side) in the event of a protocol error, etc. In this case, the system holds the clock low. During
reception, the keyboard also outputs a clock for synchronization, and the clock is monitored w
the keyboard output clock is high. If the clock is low at this time, the keyboard judges that ther
an abort request from the system, and data transmission from the keyboard is aborted. Thus t
system can abort reception by holding the clock low for a certain period. A sample receive abc
processing flowchart is shown in figure 17.7, and the receive abort timing in figure 17.8.

[1] Read KBCRL, and if KBF =1,
perform processing 1.

| Receive state |

[2] Read KBCRH, and if the value of
bits RXCR3 to RXCRO is less than
B'1001, write 0 in KCLKO to abort

reception.

If the value of bits RXCR3 to
RXCRO is B'1001 or greater, wait
until stop bit reception is
completed, then perform receive
data processing, and proceed to
the next operation.

| Read KBCRL |

(1

( Processing 1 )

If the value of bits RXCR3 to
RXCRO is B'1001 or greater, the
parity bit is being received. With
the PS2 interface, a receive abort
request following parity bit
reception is disabled. Wait until
stop bit reception is completed,
perform receive data processing
and clear the KBF flag, then
proceed to the next operation.

(3]
RXCR3 to RXCRO =
B'1001?

Disable receive abort
requests

KCLKO =0
(receive abort request)

Retransmit
command transmission
(data)?

No

KBE =0
(disable KBBR reception (disable KBBR reception
and clear receive counter) and clear receive counter)
| I
Set start bit KBE =1
(KDO =0) (enable KB operation)
| |
Clear I/O inhibit Clear I/0 inhibit
(KCLKO =1) (KCLKO =1)
|

Transmit data

l

To transmit operation

KBE =0

To receive operation

Figure 17.7 (1) Sample Receive Abort Processing Flowchart
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Receive operation ends [1] [1] On the system side, drive the KCLK pin low,
normally setting the I/O inhibit state.

Receive data processing

Clear KBF flag
(KCLK = High)

Transmit enabled state.
If there is transmit data,
the data is transmitted.

Figure 17.7 (2) Sample Receive Abort Processing Flowchart

Keyboard side monitors clock during
receive operation (transmit operation
as seen from keyboard), and aborts
receive operation during this period.

Transmit operation

A

Reception in progress Receive abort request

(Kp(i:anKtate) | | |_|
Fplijn state) X

pEn I I R
KCLK
(output)

oy _ XX /]

KD
(output) |

Start bit

L
r

=
2l

|

Figure 17.8 Receive Abort and Transmit Start
(Transmission/Reception Switchover) Timing
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17.4.4 KCLKI and KDI Read Timing

Figure 17.9 shows the KCLKI and KDI read timing.

ﬂ*

Internal read
signal :

KCLK, KD 7
(pin state) XXX XXX

KCLKI, KDI .
(register) : X X

Internal data bus X X
(read data) :

Note:*  The g clock shown here is scaled by 1/N in medium-speed mode when the operating
mode is active mode.

Figure 17.9 KCLKI and KDI Read Timing

17.45 KCLKO and KDO Write Timing

Figure 17.10 shows the KLCKO and KDO write timing and the KCLK and KD pin states.

” | L I

Internal write
signal

KCLKO, KDO ; —
(register) H X

KCLK, KD , . , :X
(pin state) .

Note:* The g clock shown here is scaled by 1/N in medium-speed mode when the operating
mode is active mode.

Figure 17.10 KCLKO and KDO Write Timing
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17.4.6

KBF Setting Timing and KCLK Control

Figure 17.11 shows the KBF setting timing and the KCLK pin states.

g*

KCLK
(pin)

AL

11th fall

Internal
KCLK

Falling edge
signal

RXCR3 to
RXCRO

B'1010

B'0000

KBF

KCLK

(output)  ceeeeeaaaaa

Note:*

h
'
'
w
'
'
'

! Automatic I/O inhibit

The g clock shown here is scaled by 1/N in medium-speed mode when the operating
mode is active mode.

Figure 17.11 KBF Setting and KCLK Automatic 1/O Inhibit Generation Timing
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Receive Timing

17.4.7

Figure 17.12 shows the receive timing.

o*

<
—~ -
< O
s = =<
X o C X
- ~ = ]
O o) 20
< v £x

Falling edge

signal

RXCR3 to
RXCRO

Internal KD
(KDI)

KBBR7 to
KBBRO

The g clock shown here is scaled by 1/N in medium-speed mode when the operating mode is active

mode.

Note:*

Figure 17.12 Receive Counter and KBBR Data Load Timing
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17.4.8 KCLK Fall Interrupt Operation

In this device, clearing the KBFSEL bit to 0 in KBCRH enables the KBF bit in KBCRL to be use
as a flag for the interrupt generated by the fall of KCLK input.

Figure 17.13 shows the setting method and an example of operation.

| Set KBIOE |
|
KBE =0
(KBBR reception
disabled)

KBFSEL =0

KBIE=1 K(_ZLK
(KCLK falling edge (pin state) |

interrupts enabled)

Interrupt Cleared Interrupt
generated by software generated

<
<

KBF bit

KCLK pin
fall detected?

KBF =1
(interrupt generated)

Interrupt handling
Clear KBF

]

Note:* The KBF setting timing is the same as the timing of KBF setting and KCLK automatic /O inhibit bit
generation in figure 17.11. When the KBF bit is used as the KCLK input fall interrupt flag, the
automatic I/O inhibit function does not operate.

Figure 17.13 Example of KCLK Input Fall Interrupt Operation
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17.5 Usage Notes

17.5.1 KBIOE Setting and KCLK Falling Edge Detection

When KBIOE is 0, the internal KCLK and internal KD settings are fixed at 1. Therefore, if the
KCLK pin is low when the KBIOE bit is set to 1, the edge detection circuit operates and the
KCLK falling edge is detected.

If the KBFSEL bit and KBE bit are both 0 at this time, the KBF bit is set. Figure 17.14 shows tt
timing of KBIOE setting and KCLK falling edge detection.

T1 T2

KCLK (pin)

Internal KCLK ' i !
(KCLKI) i ' '

KBIOE

Falling edge : !
signal

KBFSEL

KBE , . ,

KBF | - :

Figure 17.14 KBIOE Setting and KCLK Falling Edge Detection Timing

17.5.2 Module Stop Mode Setting

Keyboard buffer controller operation can be enabled or disabled using the module stop contro
register. The initial setting is for keyboard buffer controller operation to be halted. Register acc
is enabled by canceling module stop mode. For details, refer to section 26, Power-Down Mod
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Section 18 Host Interface X-Bus Interface (XBS)

This LSI has an on-chip host interface (HIF) that enables connection to the ISA bus (X-BUS) ¢
has an on-chip LPC interface. In the following text, these two host interfaces (HIFs) are referre
as XBS and LPC, respectively.

The XBS provides a four-channel parallel interface between the chip’s internal CPU and a hos
processor.

Communication is carried out via seven control signals from the host proc@S$p€62 or

ECS2, CS3, CS4, HAO, IOR, andIOW), six output signals to the host processor (GA20, HIRQ1,

HIRQ11, HIRQ12, HIRQ3, and HIRQ4), and an 8-bit bidirectional command/data bus (HDB7 t
HDBO). TheCS1, CS2 (or ECS2), CS3 andCS4 signals select one of the four interface channels.

18.1 Features

« Control of the fast GATE A20 function
e Shutdown of the XBS module by the HIFSD pin
« Five host interrupt requests
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Figure 18.1 shows a block diagram of the XBS.

Internal interrupt signals
IBF4 IBF3 IBF2 IBF1

HDB7 to HDBO

cs1 IDR_1
CS2/ECS2 —— < obrR1 k>
o33 C | logi
| T [ stra |
OR <_ ] STR_.1 K>
i
HAO IDR_2
<__] ODR_2 K>
<_ ] STR.2 <>
[2]
2 HICR <> 3
Fast o
Host A20 gate g ‘“
interrupt 9 o IDR_3 I
control et o
request 8 2@
T ODR_3 [K_> 3
(@]
U U sTR3 k>3
g, T
HIRQ11 ~— IDR_4
e
HIRQ3  —~— Port 4, port 8, port B ODR 4 K~
HIRQ4 —~=—
GA20 —=—] STR_4 <>
HIFSD —* O HICR2 K>
Internal data bus Bus <>
interface \/
Legend
IDR_1: Input data register_1 IDR_3: Input data register_3
IDR_2: Input data register_2 IDR_4: Input data register_4
ODR_1: Output data register_1 ODR_3: Output data register_3
ODR_2: Output data register_2 ODR_4: Output data register_4
STR_1: Status register_1 STR_3: Status register_3
STR_2: Status register_2 STR_4: Status register_4
HICR: Host interface control register HICR2: Host interface control register 2

Figure 18.1 Block Diagram of XBS
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18.2

Input/Output Pins

Table 18.1 lists the input and output pins of the XBS module.

Table 18.1 Pin Configuration

Name Abbreviation Port /O Function

1/0 read IOR P93 Input Host interface read signal

1/0 write IOW P94 Input Host interface write signal

Chip select 1 CSt P95 Input Host interface chip select signal for IDR_1,
ODR_1,STR 1

Chip select 2* CSs2 P81 Input Host interface chip select signal for IDR_2,

o P90 ODR_2, STR_2

Chip select 3 CS3 PB2 Input Host interface chip select signal for IDR_3,
ODR_3, STR_3

Chip select 4 CS4 PB3 Input Host interface chip select signal for IDR_4,
ODR 4, STR 4

Command/data  HAO P80 Input Host interface address select signal
In host read access, this signal selects the
status registers (STR_1 to STR_4) or data
registers (ODR_1 to ODR_4). In host write
access to the data registers (IDR_1 to
IDR_4), this signal indicates whether the
host is writing a command or data.

Data bus HDB7 to HDBO P37to /O Host interface data bus

P30

Host interrupt 11 HIRQ11 P43 Output  Interrupt output 11 to host

Hostinterrupt1  HIRQ1 P44 Output  Interrupt output 1 to host

Host interrupt 12 HIRQ12 P45 Output  Interrupt output 12 to host

Host interrupt 3  HIRQ3 PBO Output  Interrupt output 3 to host

Hostinterrupt4  HIRQ4 PB1  Output Interrupt output 4 to host

Gate A20 GA20 P81 Output  A20 gate control signal output

HIF shutdown HIFSD P82 Input Host interface shutdown control signal

Note:* Selection of CS2 or ECS2 is by means of the CS2E bit in STCR and the FGA20E bit in
HICR. XBS channel 2 and the CS2 pin can be used when CS2E = 1. When CS2E = 1, CS2
is used when FGA20E =0, and ECS2 is used when FGA20E = 1. In this manual, both are
referred to as CS2.
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18.3  Register Descriptions

XBS has the following registers. XBS registers HICR, IDR_1, IDR_2, ODR_1, ODR_2, STR_1,
and STR_2 can only be accessed when the HIE bit is set to 1 in SYSCR. For details on SYSCF
refer to section 3.2.2, System Control Register (SYSCR).

» System control register 2 (SYSCR2)

« Host interface control register (HICR)

» Host interface control register 2 (HICR2)
« Input data register (IDR)

« Output data register (ODR)

e Status register (STR)

18.3.1 System Control Register 2 (SYSCR2)

SYSCR?2 controls the operations of port 6 and host interface.

Bit Bit Name Initial Value R/W  Description
7 KwWuUL1 0 R/W  Key Wakeup Level 1 and 0
6 KWULO 0 R/W  Sets the port 6 input level. The input level of port-6

multiplexing pins is also changed by these settings.
00: Port 6 is in the standard input level

01: Port 6 is in input level 1

10: Port 6 is in input level 2

11: Port 6 is in input level 3

5 P6PUE 0 R/W  Port 6 Input Pull-Up MOS Extra (P6PUE)

Controls and selects the current specification for the
port 6 input pull-up MOS.

0: Standard current specification
1: Current limited specification

4 O 0 O Reserved
Only 0 should be written to this bit.
3 SDE 0 R/W  Shutdown Enable

0: Host interface pin shutdown function disabled
1: Host interface pin shutdown function enabled

When the shutdown function is enabled, host
interface pin functions can be halted, and the pins
placed in the high-impedance state, according to the
state of the HIFSD pin.
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Bit Bit Name Initial Value R/W  Description

2 CS4E 0 R/W  CS4 Enable
0: Channel 4 functions disabled

1: Channel 4 functions enabled (channel 4 pin is
enabled)

Enabling setting is valid when the HI12E bit is 1.

1 CS3E 0 R/W  CS3 Enable
0: Channel 3 functions disabled

1: Channel 3 functions enabled (channel 3 pin is
enabled)

Enabling setting is valid when the HI12E bit is 1.

0 HI12E 0 R/W  Host Interface Enable Bit
0: Host interface functions are disabled

1: Host interface functions are enabled (settings of
bits CS2E to CS4E, FGA20E, and SDE are enabled)

Enabling setting is valid in single-chip mode.
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18.3.2 Host Interface Control Register (HICR)
Host Interface Control Register 2 (HICR2)

HICR controls host interface channel 1 and 2 interrupts and the fast A20 gate function. HICR2
controls host interface channel 3 and 4 interrupts.

« HICR

Bit Initial RIW
Bit Name Value Slave Host Description

7t03 0O All 1 O O Reserved

These bits are always read as 1 and cannot be
modified.

2 IBFIE2 0 R/W O Input Data Register Full Interrupt Enable 2

Enables or disables the IBF2 interrupt to the
internal CPU.

0: Input data register (IDR_2) reception
completed interrupt request disabled

1: Input data register (IDR_2) reception
completed interrupt request enabled

1 IBFIE1 0 R/W O Input Data Register Full Interrupt Enable 1

Enables or disables the IBF1 interrupt to the
internal CPU.

0: Input data register (IDR_1) reception
completed interrupt request disabled

1: Input data register (IDR_1) reception
completed interrupt request enabled
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R/W

Bit Initial
Bit Name Value Slave Host Description
0 FGA20E O R/W O Fast A20 Gate Function Enable

When P81DDR=0:

0: XBS fast A20 gate function disabled
1: Setting prohibited

When P81DDR=1:

0: XBS fast A20 gate function disabled
1: XBS fast A20 gate function enabled

When the fast A20 gate is disabled, the normal
A20 gate can be implemented by the firmware
operation of the P81 output.

When the host interface (XBS) fast A20 gate
function is enabled, the DDR bit for P81 must
be set to 1. Therefore, the state of the
P81/GA20 pin cannot be monitored by reading
the DR bit for P81.

A fast A20 gate function is also provided in the
LPC. The state of the P81/GA20 pin can be
monitored by reading the LPC’s GA20 bit.
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« HICR2

Bit Initial RIW
Bit Name Value Slave Host Description

7t03 O All 1 O O Reserved

These bits are always read as 1, and cannot be
modified.

2 IBFIE4 0 R/W O Input Data Register Full Interrupt Enable 4

Enables or disables the IBF4 interrupt to the
internal CPU.

0: Input data register (IDR_4) reception
completed interrupt request disabled

1: Input data register (IDR_4) reception
completed interrupt request enabled

1 IBFIE3 0 R/W O Input Data Register Full Interrupt Enable 3

Enables or disables the IBF3 interrupt to the
internal CPU.

0: Input data register (IDR_3) reception
completed interrupt request disabled

1: Input data register (IDR_3) reception
completed interrupt request enabled

0 O 0 O O Reserved
The initial value should not be changed.

Rev. 2.0, 08/02, page 490 of 788
RENESAS



18.3.3 Input Data Register (IDR)

IDR is a register in which data to be input from the host processor to the slave processor (this
is stored.

Bit Initial RIW
Bit Name Value Slave Host Description
7 IDR7 O R W When CSn (n = 1 to 4) is low, information on the
6 IDR6 0 R W host data bus is written into IpR_n at the risi.ng
edge of IOW. The HAO state is also latched into
S IDRS5 0 R w the C/D bit in STR_n to indicate whether the
4 IDR4 O R w written information is a command or data.
3 IDR3 O R W
2 IDR2 g R W
1 IDR1 a R W
0 IDRO g R W

18.3.4  Output Data Register 1 (ODR)

ODR is a register in which data to be output from the slave processor (this LSI) to the host
processor is stored.

Bit Initial RIW
Bit Name Value Slave Host Description
7 ODR7 O R/W R The ODR_n contents are output on the host
6 ODR6 0 RIW R data bus Whep HAOQ is low, CSn (n=1to 4) is
low, and IOR is low.
5 ODR5 0 R/W R
4 ODR4 g R/W R
3 ODR3 0 R/W R
2 ODR2 g R/W R
1 ODR1 O R/W R
0 ODRO g R/W R
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18.3.5 Status Register (STR)

STR indicates status information during host interface processing.

Bit
Bit Name

Initial
Value

R/W

Slave

Host

Description

7to4 DBU

AllO

R/W

Defined by User
The user can use these bits as necessary.

3 c/D

Command/Data

Receives the HAO input when the host
processor writes to IDR, and indicates whether
IDR contains data or a command.

0: Contents of input data register (IDR) are data

1: Contents of input data register (IDR) are a
command

2 DBU

R/W

Defined by User
The user can use these bits as necessary.

1 IBF

Input Buffer Full

This bit is an internal interrupt source to the
slave processor (this LSI).

The IBF flag setting and clearing conditions are
different when the fast A20 gate is used. For
details see table 18.5.

[Clearing Condition]

0: When the slave processor reads IDR
[Setting Condition]

1: When the host processor writes to IDR

0 OBF

0

RI(W)*

R

Output Buffer Full
[Clearing Condition]

0: When the host processor reads ODR or the
slave writes 0 in the OBF bit

[Setting Condition]
1: When the slave processor writes to ODR

Note:* Only O can be written, to clear the flag.
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Table 18.2 shows the conditions for setting and clearing the STR flags.

Table 18.2 Set/Clear Timing for STR Flags

Flag Setting Condition Clearing Condition

C/D Rising edge of host’s write signal Rising edge of host’s write signal (IOW) when
(IOW) when HAO is high HAO is low

IBF* Rising edge of host’s write signal Falling edge of slave’s internal read signal when
(IOW) when writing to IDR1 reading IDR1

OBF Falling edge of slave’s internal write Rising edge of host’s read signal (IOR) when
signal when writing to ODR1 reading ODR1

Note:* The IBF flag setting and clearing conditions are different when the fast A20 gate is used.
For details see table 18.5.

18.4  Operation

18.4.1 Host Interface Activation

The host interface is activated by setting the HI12E bit in SYSCR2 to 1 in single-chip mode.
When the host interface is activated, all related 1/0O ports (data port 3, control ports 8 and 9, ar
host interrupt request port 4) become dedicated host interface ports. Setting the CS3E bit and
CSA4E bit to 1 enables the number of host interface channels to be extended to four, and make
channel 3 and 4 related 1/O port (part of port B for control and host interrupt requests) a dedic:
host interface port.
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Table 18.3 shows HIF host interface channel selection and pin operation.

Table 18.3 Host Interface Channel Selection and Pin Operation

HI12E CS2E CS3E CS4E Operation

0 — — — Host interface functions halted

1 0 0 0 Host interface channel 1 only operating
Operation of channels 2 to 4 halted

Pins P43, P81, P90, and PBO to PB3 operate as I/O ports. CS2
or ECS2, CS3, and CS4 inputs do not operate.

1 Host interface channel 1 and 4 functions operating
Operation of channels 2 and 3 halted

Pins P43, P81, P90, PBO, and PB2 operate as I/O ports. CS2
or ECS2 and CS3 inputs do not operate.

1 0 Host interface channel 1 and 3 functions operating
Operation of channels 2 and 4 halted

Pins P43, P81, P90, PB1, and PB3 operate as I/O ports. CS2
or ECS2 and CS4 inputs do not operate.

1 Host interface channel 1, 3, and 4 functions operating
Operation of channel 2 halted

Pins P43, P81, and P90 operate as I/O ports. CS2 or ECS2
input does not operate.

1 0 0 Host interface channel 1 and 2 functions operating
Operation of channels 3 and 4 halted

Pins PBO to PB3 operate as I/0O ports. CS3 and CS4 inputs do
not operate.

1 Host interface channel 1, 2, and 4 functions operating
Operation of channel 3 halted

Pins PBO and PB2 operate as I/O ports. CS3 input does not
operate.

1 0 Host interface channel 1 to 3 functions operating
Operation of channel 4 halted

Pins PB1 and PB3 operate as I/O ports. CS4 input does not
operate.

1 Host interface channel 1 to 4 functions operating
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18.4.2  Control States
Table 18.4 shows host interface operations from the HIF host, and slave (this LSI) operation.

Table 18.4 Host Interface Operations from HIF Host, and Slave Operation

Otherthan _ o
CSn CSn IOR IOW HAO  Operation
1 0 0 0 0 Setting prohibited
1 Setting prohibited
1 0 Data read from output data register n (ODR_n)
1 Status read from status register n (STR_n)
1 0 0 Data written to input data register n (IDR_n)
1 Command written to input data register n (IDR_n)
1 0 Idle state
1 Idle state

(n=1to4)

18.4.3 A20 Gate

The A20 gate signal can mask address A20 to emulate an addressing mode used by persona
computers with an 8086*-family CPU. A regular-speed A20 gate signal can be output under
firmware control. Fast A20 gate output is enabled by setting the FGA20E bit (bit 0) to 1 in HIC
(H'FFFO0).

Note: *: Intel microprocessor.

Regular A20 Gate Operation:Output of the A20 gate signal can be controlled by an H'D1
command followed by data. When the slave processor (this LSI) receives data, it normally use
interrupt routine activated by the IBF1 interrupt to read IDR1. If the data follows an H'D1
command, software copies bit 1 of the data and outputs it at the gate A20 pin.

Fast A20 Gate Operation:When the FGA20E bit is set to 1, P81/GA20 is used for output of a
fast A20 gate signal. Bit PB1DDR must be set to 1 to assign this pin for output. When the DDF
for P81 is set to 1, the state of the P81/GA20 pin cannot be monitored by reading the DR bit fc
P81. The state of the P81/GA20 pin can be monitored by reading the GA20 bit in the LPC'’s
HICR2 register. The initial output from this pin will be a logic 1, which is the initial value.
Afterward, the host processor can manipulate the output from this pin by sending commands :
data. This function is available only when register IDR1 is accessed@SIndhe slave

processor (this LSI) decodes the commands input from the host processor. When an H'D1 ho
command is detected, bit 1 of the data following the host command is output from the GA20
output pin. This operation does not depend on firmware or interrupts, and is faster than the re
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processing using interrupts. Table 18.5 lists the conditions that set and clear GA20 (P81). Figul
18.2 shows the GA20 output in flowchart form. Table 18.6 indicates the GA20 output signal
values.

Table 18.5 GAZ20 (P81) Set/Clear Timing

Pin Name  Setting Condition Clearing Condition
GA20 Rising edge of the host’s write signal Rising edge of the host’s write signal
(P81) (IOW) when bit 1 of the written datais 1  (IOW) when bit 1 of the written data is 0
and the data follows an H'D1 host and the data follows an H'D1 host
command command
Also, when bit FGA20E in HICR is cleared
to 0

s )

Host write

No H'D1 command

received?

Yes

Wait for next byte

Host write

Data byte?

Write bit 1 of data byte
to DR bit of P81/GA20

Figure 18.2 GAZ20 Output
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Table 18.6 Fast A20 Gate Output Signal

Internal CPU

Interrupt Flag GA20
HAO  Data/Command (IBF) (P81) Remarks
1 H'D1 command 0 Q Turn-on sequence
0 1 data** 0 1
1 H'FF command 0 Q)
1 H'D1 command 0 Q Turn-off sequence
0 0 data*? 0 0
1 H'FF command 0 Q (0)
1 H'D1 command 0 Q Turn-on sequence
0 1 data** 0 1 (abbreviated form)
1/0 Command other than H'FF 1 Q)

and H'D1
1 H'D1 command 0 Q Turn-off sequence
0 0 data*? 0 0 (abbreviated form)
1/0 Command other than H'FF 1 Q (0)
and H'D1

1 H'D1 command 0 Q Cancelled sequence
1 Command other than H'D1 1 Q
1 H'D1 command 0 Q Retriggered sequence
1 H'D1 command 0 Q
1 H'D1 command 0 Q Consecutively executed
0 Any data 0 1/0 seguences
1 H'D1 command 0 Q (1/0)

Notes: 1. Arbitrary data with bit 1 set to 1.
2. Arbitrary data with bit 1 cleared to 0.

18.4.4 Host Interface Pin Shutdown Function

Host interface output can be placed in the high-impedance state according to the state of the
HIFSD pin. Setting the SDE bit to 1 in the SYSCR2 register when the HI12E bit is set to 1 ena
the HIFSD pin. The HIF constantly monitors the HIFSD pin, and when this pin goes low, place
the host interface output pins (HIRQ1, HIRQ11, HIRQ12, HIRQ3, HIRQ4, and GA20) in the
high-impedance state. At the same time, the host interface inpuSinsdS2 or ECS2, CS3,

CS4, IOW, IOR, and HAO) are disabled (fixed at the high input state internally) regardless of th
pin states, and the signals of the multiplexed functions of these pins (input block) are similarly
fixed internally. As a result, the host interface 1/0 pins (HDB7 to HDBO) also go to the high-

impedance state.

This state is maintained while the HIFSD pin is low, and when the HIFSD pin returns to the hi
level state, the pins are restored to their normal operation as host interface pins.
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Table 18.7 shows the scope of HIF pin shutdown.

Table 18.7 Scope of HIF Pin Shutdown

Scope of
Shutdown in
Abbreviation Port Slave Mode 1/0 Selection Conditions
IOR P93 0 Input HI12E = 1
ow P94 0 Input HI12E =1
CS1 P95 0 Input HI12E =1
cs2 P81 A Input HI12E = 1 and CS2E = 1 and FGA20E =0
ECS2 P90 A Input HI12E = 1 and CS2E = 1 and FGA20E = 1
CS3 PB2 A Input HI12E = 1 and CS3E = 1
Cs4 PB3 A Input HI12E = 1 and CS4E = 1
HAO P80 o} Input HI12E =1
HDB7 to P37to O I/O HI12E=1
HDBO P30
HIRQ11 P43 A Output  HI12E = 1 and CS2E = 1 and P43DDR =1
HIRQ1 P44 A Output  HI12E =1 and P44DDR = 1
HIRQ12 P45 A Output  HI12E = 1 and P45DDR = 1
HIRQ3 PBO A Output  HI12E =1 and CS3E = 1 and PBODDR =1
HIRQ4 PB1 A Output  HI12E = 1 and CS4E = 1 and PB1DDR =1
GA20 P81 A Output  HI12E = 1 and FGA20E = 1
HIFSD P82 — Input HI12E = 1 and SDE = 1
Legend:
O: Pins shut down by shutdown function

The IRQ2/ADTRG input signal is also fixed in the case of P90 shutdown, the
TMCI1/HSYNCI signal in the case of P43 shutdown, and the TMRI/CSYNCI in the case of
P45 shutdown.

A: Pins shut down only when the XBS function is selected by means of a register setting
— Pin not shut down
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18.5 Interrupt Sources

18.5.1 IBF1, IBF2, IBF3, and IBF4

The host interface can issue four interrupt requests to the slave processor: IBF1, IBF2, IBF3 ¢
IBF4. They are input buffer full interrupts for input data registers IDR_1, IDR_2, IDR_3 and
IDR_4 respectively. Each interrupt is enabled when the corresponding enable bit is set.

Table 18.8 Input Buffer Full Interrupts

Interrupt Description

IBF1 Requested when IBFIE1 is setto 1 and IDR_1 is full
IBF2 Requested when IBFIE2 is set to 1 and IDR_2 is full
IBF3 Requested when IBFIE3 is set to 1 and IDR_3 is full
IBF4 Requested when IBFIE4 is setto 1 and IDR_4 is full

18.5.2 HIRQ11, HIRQ1, HIRQ12, HIRQ3, and HIRQ4

Bits P45DR to P43DR in the port 4 data register (P4DR) and bits PBLODR and PBOODR in th
port B data register (PBODR) can be used as host interrupt request latches. When they are u:
host interrupt request output, set each bit in the data direction register (DDR) of the pin to 1.

The corresponding bits in PADR are cleared to 0 by the host processor’s read®@Rpaf CS1

and HAQ are low, whefOR goes low and the host reads ODR_1, HIRQ1 and HIRQ12 are cleal
to 0. IfCS2 and HAO are low, whefOR goes low and the host reads ODR_2, HIRQ11 is clearec
to 0. The corresponding bit in PBODR is cleared to 0 by the host's read $@Ral If CS3 and

HAO are low, wherOR goes low and the host reads ODR_3, HIRQ3 is cleared t@84land

HAO are low, wherOR goes low and the host reads ODR_4, HIRQ4 is cleared to 0. To genere
a host interrupt request, normally on-chip firmware writes 1 in the corresponding bit. In proces
the interrupt, the host’s interrupt handling routine reads the output data register (ODR_1, ODF
ODR_3, or ODR_4) and this clears the host interrupt latch to 0.

Table 18.9 indicates how these bits are set and cleared. Figure 18.3 shows the processing in
flowchart form.
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Table 18.9 HIRQ Setting/Clearing Conditions

Host Interrupt

Signal Setting Condition Clearing Condition

HIRQ11 Internal CPU reads 0 from bit PA3DR, Internal CPU writes 0 in bit PA3DR, or

(P43) then writes 1 host reads output data register_2
(ODR_2)

HIRQ1 Internal CPU reads 0 from bit P44DR, Internal CPU writes 0 in bit P44DR, or

(P44) then writes 1 host reads output data register_1
(ODR_1)

HIRQ12 Internal CPU reads 0 from bit P45DR, Internal CPU writes 0 in bit PA5DR, or

(P45) then writes 1 host reads output data register_1
(ODR_1)

HIRQ3 Internal CPU reads 0 from bit PBOODR, Internal CPU writes 0 in bit PBOODR,

(PBO) then writes 1 or host reads output data register_3
(ODR_3)

HIRQ4 Internal CPU reads 0 from bit PB1ODR, Internal CPU writes 0 in bit PB1ODR,

(PB1) then writes 1 or host reads output data register_4
(ODR_4)

Slave CPU , Master CPU

| Write to ODR |

ST S

| Write 1 to P4DR |—>- HIRQ output hlgh -—‘—>— Interrupt initiation :

All bytes
transferred?

Software operationsl

Figure 18.3 HIRQ Output Flowchart (Example of Channels 1 and 2)

HIRQ Setting/Clearing Conflict: If there is conflict between a PADR or PBODR read/write by
the CPU and P4DR (HIRQ11, HIRQ1, HIRQ12) or PBODR (HIRQ3, HIRQ4) clearing by the
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host, clearing by the host is held pending during the PADR or PBODR read/write by the CPU.
P4DR or PBODR clearing is executed after completion of the read/write.

18.6  Usage Notes

18.6.1 Note on Host Interface

The host interface provides buffering of asynchronous data from the host processor and slave
processor (this LSI), but an interface protocol must be followed to implement necessary functi
and avoid data contention. For example, if the host and slave processors try to access the sal
input or output data register simultaneously, the data will be corrupted. Interrupts can be used
design a simple and effective protocol.

Also, if two or more of pin€S1 to CS4 are driven low simultaneously in attempting IDR or ODR
access, signal contention will occur within the chip, and a through-current may result. This use
must therefore be avoided.

18.6.2 Module Stop Mode Setting

XBS operation can be enabled or disabled using the module stop control register. The initial
setting is for XBS operation to be halted. Register access is enabled by canceling module stoj
mode. For details, refer to section 26, Power-Down Modes.
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Section 19 Host Interface LPC Interface (LPC)

This LSI has an on-chip LPC interface.

The LPC performs serial transfer of cycle type, address, and data, synchronized with the 33 M
PCI clock. It uses four signal lines for address/data, and one for host interrupt requests. This L
module supports only 1/O read cycle and I/O write cycle transfers.

It is also provided with power-down functions that can control the PCI clock and shut down the
host interface.

19.1

Features

Supports LPC interface I/O read cycles and 1/O write cycles

0
0

Uses four signal lines (LAD3 to LADO) to transfer the cycle type, address, and data.
Uses three control signals: clock (LCLK), redeRESET), and framel(FRAME).

Has three register sets comprising data and status registers

0

O

O

The basic register set comprises three bytes: an input register (IDR), output register (Ol
and status register (STR).

Channels 1 and 2 have fixed 1/0O addresses of H'60/H'64 and H'62/H'66, respectively. A
A20 gate function is also provided.

The 1/0O address can be set for channel 3. Sixteen bidirectional data register bytes can |
manipulated in addition to the basic register set.

Supports SERIRQ

O Ooogooo

Host interrupt requests are transferred serially on a single signal line (SERIRQ).
On channel 1, HIRQ1 and HIRQ12 can be generated.

On channels 2 and 3, SMI, HIRQ6, and HIRQ9 to HIRQ11 can be generated.
Operation can be switched between quiet mode and continuous mode.

The CLKRUN signal can be manipulated to restart the PCI clock (LCLK).

Eleven interrupt sources

0
0

The LPC module can be shut down by inputtingltREPD signal.
Three pinsPME, LSMI, and LSCI, are provided for general input/output.
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Figure 19.1 shows a block diagram of the LPC.

7\
TWROMW IDR3 | Parallel — serial conversion
= — IDR2 -
TWR1-15
- = IDR1
SIRQCRO
Cycle detection SIRQCR1
—>| Serial — parallel conversion : Control logic E
! HISEL ,
Address match : E
: LSCIE :
LADO- ' :
LaDz O~ P : LsCIB :
H'0060/64 ' LSClinput b~ ¢
L |  H0062/66 E PB1 /0 —
LADR3 L —> i LSMIE |
LSMIB N
! LSMIinput L7 1
: , E PBO 1/0 —
—<—| Serial — parallel conversion I PMEE .
: PMEB N
E PMEinput L~ !
| SYNC output | E P80 1/0 —
: HICRO '
TWROSW ODR3 . HICR1 !
= = ODR2 . HICR2 !
TWR1-15 H
= = ODR1 : HICR3 '
STR3 < [EpE i_ ------------------ !
STR2 —— IBFI1
STR1 Internal interrupt |——— IBFI2
control —— IBFI3
—— ERRI
Legend
HICRO to HICR3: Host interface control registers 0 to 3 TWROMW: Two-way register OMW

Module data bus

LADR3H, 3L: LPC channel 3 address register 3H and 3L
IDR1 to IDR3: Input data registers 1 to 3
ODRL1 to DORS3: Output data registers 1 to 3
STR1 to STR3: Status registers 1 to 3

TWROSW: Two-way register 0SW

SERIRQ

CLKRUN

LPCPD

LFRAME

LRESET

LCLK

LSCI

GA20

TWR1 to TWR15: Two-way data registers 1 to 15
SERIRQO, 1: SERIEQ control registers 0 and 1

HISEL: Host interface select register

Figure 19.1 Block Diagram of LPC
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19.2  Input/Output Pins

Table 19.1 lists the input and output pins of the LPC module.

Table 19.1 Pin Configuration

Name Abbreviation Port I/0 Function

LPC address/ LAD3 to LADO P33 to P30 Input/ Serial (4-signal-line) transfer cycle

data3to0 output type/address/data signals,
synchronized with LCLK

LPC frame LFRAME P34 Input** Transfer cycle start and forced
termination signal

LPC reset LRESET P35 Input** LPC interface reset signal

LPC clock LCLK P36 Input 33 MHz PCI clock signal

Serialized interrupt SERIRQ P37 Input/ Serialized host interrupt request

request output** signal, synchronized with LCLK
(SMI, IRQ1, IRQ6, IRQ9 to IRQ12)

LSCI general LScClI PB1 Output***?  General output

output

LSMI general LSMI PBO Output***?  General output

output

PME general PME P80 Output***?  General output

output

GATE A20 GA20 P81 Output***?  A20 gate control signal output

LPC clock run CLKRUN P82 Input/ LCLK restart request signal in case

output***?  of serial host interrupt request
LPC power-down LPCPD P83 Input** LPC module shutdown signal

Notes: 1. Pin state monitoring input is possible in addition to the LPC interface control

input/output function.

2. Only 0 can be output. If 1 is output, the pin goes to the high-impedance state, so an
external resistor is necessary to pull the signal up to V...

RENESAS
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19.3 Register Descriptions

The LPC has the following registers. The settings of XBS related bits do not affect the operatio
of this LSI's LPC. However, for reasons relating to the configuration of the program developme
tool (emulator), when the LPC is used, bit HI12E in SYSCR2 should not be set to 1. For details
see section 3.2.2, System Control Register (SYSCR), and section 18.3.1, System Control Regi
2 (SYSCR2).

Host interface control register 0 (HICRO)

Host interface control register 1 (HICR1)

Host interface control register 2 (HICR2)

Host interface control register 3 (HICR3)

LPC channel 3 address registers (LADR3H, LADR3L)
Input data register 1 (IDR1)

Output data register 1 (ODR1)

Status register 1 (STR1)

Input data register 2 (IDR2)

Output data register 2 (ODR2)

Status register 2 (STR2)

Input data register 3 (IDR3)

Output data register 3 (ODR3)

Status register 3 (STR3)

Bidirectional data registers 0 to 15 (TWRO0 to TWR15)
SERIRQ control register 0 (SIRQCRO)

SERIRQ control register 1 (SIRQCR1)

Host interface select register (HISEL)
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19.3.1 Host Interface Control Registers 0 and 1 (HICRO, HICR1)

HICRO and HICR1 contain control bits that enable or disable host interface functions, control |
that determine pin output and the internal state of the host interface, and status flags that mor
the internal state of the host interface.

« HICRO
R/W
Bit  Bit Name Initial Value Slave Host Description
LPC3E O RW — LPCEnable3tol
LPC2E O R/W —  Enable or disable the host interface function in
LPC1IE 0O RW —  single-chip mode. When the host interface is enabled

(one of the three bits is set to 1), processing for data
transfer between the slave processor (this LSI) and
the host processor is performed using pins LAD3 to
LADO, LFRAME, LRESET, LCLK, SERIRQ,
CLKRUN, and LPCPD.

e LPC3E
0: LPC channel 3 operation is disabled

No address (LADR3) matches for IDR3, ODR3,
STRS3, or TWRO to TWR15

1: LPC channel 3 operation is enabled
e LPC2E
0: LPC channel 2 operation is disabled

No address (H'0062, 66) matches for IDR2, ODR2, or
STR2

1: LPC channel 2 operation is enabled
e LPC1E
0: LPC channel 1 operation is disabled

No address (H'0060, 64) matches for IDR1, ODRL1, or
STR1

1: LPC channel 1 operation is enabled
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R/W
Bit  Bit Name Initial Value Slave Host Description
4 FGA20E O RW — Fast A20 Gate Function Enable

Enables or disables the fast A20 gate function. When
the fast A20 gate is disabled, the normal A20 gate
can be implemented by firmware operation of the
P81 output.

When the fast A20 gate function is enabled, the DDR
bit for P81 must not be set to 1.

0: Fast A20 gate function disabled
Other function of pin P81 is enabled

GA20 output internal state is initialized to 1
1: Fast A20 gate function enabled

GA20 pin output is open-drain (external VCC pull-
up resistor required)

3 SDWNE O RW — LPC Software Shutdown Enable

Controls host interface shutdown. For details of the
LPC shutdown function, and the scope of initialization
by an LPC reset and an LPC shutdown, see section
19.4.4, Host Interface Shutdown Function (LPCPD).

0: Normal state, LPC software shutdown setting
enabled

[Clearing conditions]
e Writing O
¢ LPC hardware reset or LPC software reset

e LPC hardware shutdown release (rising edge of
LPCPD signal)
1: LPC hardware shutdown state setting enabled

Hardware shutdown state when LPCPD signal is
low

[Setting condition]
e Writing 1 after reading SDWNE =0
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Bit

R/W

Bit Name Initial Value Slave Host Description

2

PMEE

0

R/W

PME output Enable

Controls PME output in combination with the PMEB
bit in HICR1. PME pin output is open-drain, and an
external pull-up resistor is needed to pull the output
upto V.

When the PME output function is used, the DDR bit
for P80 must not be set to 1.

PMEE PMEB

0 x: PME output disabled, other function of
pin is enabled

1 0: PME output enabled, PME pin output
goes to O level

1 1: PME output enabled, PME pin output is
high-impedance

1

LSMIE

0

R/W

LSMI output Enable

Controls LSMI output in combination with the LSMIB
bit in HICR1. LSMI pin output is open-drain, and an

external pull-up resistor is needed to pull the output

up to V.

When the LSMI output function is used, the DDR bit
for PBO must not be set to 1.

LSMIE  LSMIB

0 x: LSMI output disabled, other function of
pin is enabled

1 0: LSMI output enabled, LSMI pin output
goes to 0 level

1 1: LSMI output enabled, LSMI pin output is

high-impedance
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R/W

Bit  Bit Name Initial Value Slave Host Description

0 LSCIE 0 R/W  —  LSCI output Enable

Controls LSCI output in combination with the LSCIB
bit in HICR1. LSCI pin output is open-drain, and an

external pull-up resistor is needed to pull the output
upto V.

When the LSCI output function is used, the DDR bit
for PB1 must not be set to 1.

LSCIE LSCIB

0 x: LSCI output disabled, other function of
pin is enabled
1 0: LSCI output enabled, LSCI pin output
goes to O level
1 1: LSCI output enabled, LSCI pin output is
high-impedance
Legend
X: Don't care
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Bit

HICR1

R/W

Bit Name Initial Value Slave Host Description

7

LPCBSY O

R/W

LPC Busy

Indicates that the host interface is processing a
transfer cycle.

0: Host interface is in transfer cycle wait state

Bus idle, or transfer cycle not subject to
processing is in progress
Cycle type or address indeterminate during

transfer cycle

[Clearing conditions]

LPC hardware reset or LPC software reset
LPC hardware shutdown or LPC software
shutdown

Forced termination (abort) of transfer cycle
subject to processing

Normal termination of transfer cycle subject to
processing

1: Host interface is performing transfer cycle
processing

[Setting condition]

Match of cycle type and address
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Bit

R/W

Bit Name Initial Value Slave Host Description

6

CLKREQ 0

R

LCLK Request

Indicates that the host interface’s SERIRQ output is
requesting a restart of LCLK.

0: No LCLK restart request
[Clearing conditions]
e LPC hardware reset or LPC software reset

¢ LPC hardware shutdown or LPC software
shutdown

e SERIRQ is set to continuous mode

* There are no further interrupts for transfer to the
host in quiet mode

1: LCLK restart request issued

[Setting condition]

e In quiet mode, SERIRQ interrupt output
becomes necessary while LCLK is stopped

5

IRQBSY 0

SERIRQ Busy

Indicates that the host interface’s SERIRQ signal is
engaged in transfer processing.

0: SERIRQ transfer frame wait state
[Clearing conditions]
e LPC hardware reset or LPC software reset

¢ LPC hardware shutdown or LPC software
shutdown

« End of SERIRQ transfer frame

1: SERIRQ transfer processing in progress
[Setting condition]

e Start of SERIRQ transfer frame
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Bit

Bit Name Initial Value Slave Host Description

4

LRSTB

0

LPC Software Reset Bit

Resets the host interface. For the scope of
initialization by an LPC reset, see section 19.4.4,
Host Interface Shutdown Function (LPCPD).

0: Normal state

[Clearing conditions]

e Writing O

e LPC hardware reset

1: LPC software reset state

[Setting condition]

e Writing 1 after reading LRSTB =0

3

SDWNB 0

R/W

LPC Software Shutdown Bit

Controls host interface shutdown. For details of the
LPC shutdown function, and the scope of
initialization by an LPC reset and an LPC shutdown,
see section 19.4.4, Host Interface Shutdown
Function (LPCPD).

0: Normal state
[Clearing conditions]
e Writing O
e LPC hardware reset or LPC software reset
e LPC hardware shutdown
e LPC hardware shutdown release
(rising edge of LPCPD signal when SDWNE = 0)
1: LPC software shutdown state
[Setting condition]
* Writing 1 after reading SDWNB =0

2

PMEB

0

R/W

PME Output Bit

Controls PME output in combination with the PMEE
bit. For details, refer to description on the PMEE bit
in HICRO.

1

LSMIB

0

R/W

LSMI Output Bit

Controls LSMI output in combination with the LSMIE
bit. For details, refer to description on the LSMIE bit
in HICRO.
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R/W
Bit  Bit Name Initial Value Slave Host Description

0 LSCIB 0 RW — LSCI output Bit

Controls LSCI output in combination with the LSCIE
bit. For details, refer to description on the LSCIE bit
in HICRO.

19.3.2 Host Interface Control Registers 2 and 3 (HICR2, HICR3)

Bits 6 to 0 in HICR2 control interrupts from the host interface (LPC) module to the slave
processor (this LSI). Bit 7 in HICR2 and HICR3 monitor host interface pin states.

The pin states can be monitored regardless of the host interface operating state or the operatin
state of the functions that use pin multiplexing.

¢ HICR2
R/W
Bit  Bit Name Initial Value Slave Host Description
7 GA20 Undefined R —  GAZ20 Pin Monitor
6 LRST 0 R/(W)* — LPC Reset Interrupt Flag

This bit is a flag that generates an ERRI interrupt
when an LPC hardware reset occurs.

0: [Clearing conditions]

e Writing O after reading LRST =1

1: [Setting condition]

* LRESET pin falling edge detection
5 SDWN 0 R/(W)* — LPC Shutdown Interrupt Flag

This bit is a flag that generates an ERRI interrupt
when an LPC hardware shutdown request is
generated.

0: [Clearing conditions]
e Writing O after reading SDWN =1
LPC hardware reset and LPC software reset

1: [Setting condition]

LPCPD pin falling edge detection
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Bit

R/W

Bit Name Initial Value Slave Host Description

ABRT

0

RI(W)* —

LPC Abort Interrupt Flag

This bit is a flag that generates an ERRI interrupt
when a forced termination (abort) of an LPC transfer
cycle occurs.

0: [Clearing conditions]
e Writing O after reading ABRT =1
* LPC hardware reset and LPC software reset

¢ LPC hardware shutdown and LPC software
shutdown

1: [Setting condition]
LFRAME pin falling edge detection during LPC
transfer cycle

IBFIE3

0

RW —

IDR3 and TWR Receive Completion Interrupt
Enable

Enables or disables IBFI3 interrupt to the slave
processor (this LSI).

0: Input data register IDR3 and TWR receive
completed interrupt requests disabled

1: [When TWRIE = 0 in LADR3]

Input data register (IDR3) receive completed
interrupt requests enabled
[When TWRIE = 1 in LADR3]

Input data register (IDR3) and TWR receive
completed interrupt requests enabled

IBFIE2

0

RW —

IDR2 Receive Completion Interrupt Enable

Enables or disables IBFI2 interrupt to the slave
processor (this LSI).

0: Input data register (IDR2) receive completed
interrupt requests disabled

1: Input data register (IDR2) receive completed
interrupt requests enabled

IBFIE1

0

RW —

IDR1 Receive Completion Interrupt Enable

Enables or disables IBFI1 interrupt to the slave
processor (this LSI).

0: Input data register (IDR1) receive completed
interrupt requests disabled

1: Input data register (IDR1) receive completed
interrupt requests enabled
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R/W

Bit  Bit Name Initial Value Slave Host Description

0 ERRIE

0

R/W

Error Interrupt Enable

Enables or disables ERRI interrupt to the slave
processor (this LSI).

0: Error interrupt requests disabled
1: Error interrupt requests enabled

Note:* Only 0 can be written to bits 6 to 4, to clear the flag.

« HICR3

R/W
Bit  Bit Name Initial Value Slave Host Description
7 LFRAME Undefined R —  LFRAME Pin Monitor
6 CLKRUN Undefined R —  CLKRUN Pin Monitor
5 SERIRQ Undefined R — SERIRQ Pin Monitor
4 LRESET Undefined R —  LRESET Pin Monitor
3 LPCPD  Undefined R —  LPCPD Pin Monitor
2 PME Undefined R —  PME Pin Monitor
1 LSMI Undefined R —  LSMI Pin Monitor
0 LSCI Undefined R —  LSCI Pin Monitor
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19.3.3 LPC Channel 3 Address Register (LADR3)

LADR3 comprises two 8-bit readable/writable registers that perform LPC channel-3 host addre
setting and control the operation of the bidirectional data registers. The contents of the addres
field in LADR3 must not be changed while channel 3 is operating (while LPC3E is set to 1).

« LADR3H

Bit  Bit Name Initial Value R/W  Description

7 Bit 15 0 R/W  Channel 3 Address Bits 15 to 8:
6 Bit 14 0 R/W  When LPC3E =1, an I/O address received in an LPC I/O
5 Bit 13 0 RWwW  cycle ig cpmpared with the contents of LADR3. When .

) determining an IDR3, ODR3, or STR3 address match, bit 0
4 Bit 12 0 RIW  of LADR3 is regarded as 0, and the value of bit 2 is ignored.
3 Bit 11 0 R/W  When determining a TWRO to TWR15 address match, bit 4
2 Bit 10 0 RIW pf LADRS3 is |‘nverted, apd the valugs of bits 3.to 0 are

_ ignored. Register selection according to the bits ignored in
1 Bit 9 0 R/W  address match determination is as shown in table 19.2.
0 Bit 8 0 R/W
e LADR3L

Bit  Bit Name Initial Value R/W  Description

7 Bit 7 0 R/W  Channel 3 Address Bits 7 to 3
6 Bit 6 0 R/W

5 Bit5 0 R/W

4 Bit 4 0 R/W

3 Bit 3 0 R/W

2 ad 0 R/W  Reserved

This bit is readable/writable, however, only 0 should be
written to this bit.

R/W  Channel 3 Address Bit 1
R/W  Bidirectional Data Register Enable

Bit 1
0 TWRE

o

o

Enables or disables bidirectional data register operation.
0: TWR operation is disabled

TWR-related /O address match determination is halted
1: TWR operation is enabled
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Table 19.2 Register Selection

I/O Address Transfer
Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Cycle Host Register Selection
Bit 4 Bit 3 0 Bit 1 0 I/O write IDR3 write, C/D3 — 0
Bit 4 Bit 3 1 Bit 1 0 I/O write IDR3 write, C/D3 — 1
Bit 4 Bit 3 0 Bit 1 0 I/O read ODR3 read
Bit 4 Bit 3 1 Bit 1 0 I/O read STR3 read
Bit 4 0 0 0 0 /0 write TWROMW write
Bit 4 0 0 0 1 /0 write TWR1 to TWR15 write
1 1

Bit4 I/O read TWROSW read
Bit 4 /0 read TWR1 to TWR15 read

1 1 1 1

19.3.4 Input Data Registers 1 to 3 (IDR1 to IDR3)

The IDR registers are 8-bit read-only registers for the slave processor (this LSI), and 8-bit write
only registers for the host processor. The registers selected from the host according to the I/O
address are shown in the following table. For information on IDR3 selection, see section 19.3.3
LPC Channel 3 Address Register (LADR3). Data transferred in an LPC I/O write cycle is writtel
to the selected register. The state of bit 2 of the 1/O address is latched intd thi¢ i6/STR, to
indicate whether the written information is a command or data. The initial values of IDR1 to IDF

are undefined.

I/0 Address Transfer
Bits 15t0 4 Bit3 Bit2 Bitl BitO Cycle Host Register Selection
0000 0000 0110 0 0 0 0 I/O write  IDR1 write, C/D1 — O
0000 0000 0110 0 1 0 0 I/O write  IDR1 write, C/D1 ~ 1
0000 0000 0110 0 0 1 0 I/O write  IDR2 write, C/D2 ~ 0
0000 0000 0110 0 1 1 0 I/O write  IDR2 write, C/D2 ~ 1
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19.3.5 Output Data Registers 1 to 3 (ODR1 to ODR3)

The ODR registers are 8-bit readable/writable registers for the slave processor (this LSI), and
read-only registers for the host processor. The registers selected from the host according to tt
address are shown in the following table. For information on ODR3 selection, see section 19.:
LPC Channel 3 Address Register (LADR3). In an LPC I/O read cycle, the data in the selected
register is transferred to the host. The initial values of ODR1 to ODRS3 are undefined.

1/0 Address

Transfer
Bits 15to 4 Bit3 Bit2 Bitl BitO Cycle Host Register Selection
0000 0000 0110 0 0 0 0 I/O read ODR1 read
0000 0000 0110 0 0 1 0 I/O read ODR2 read

19.3.6  Bidirectional Data Registers 0 to 15 (TWRO to TWR15)

The TWR registers are sixteen 8-bit readable/writable registers to both the slave processor (tt
LSI) and the host processor. In TWRO, however, two registers (TWROMW and TWROSW) are
allocated to the same address for both the host address and the slave address. TWROMW is
write-only register for the host processor, and a read-only register for the slave processor, whi
TWROSW is a write-only register for the slave processor and a read-only register for the host

processor. When the host and slave processors begin a write, after the respective TWRO regi:
have been written to, access right arbitration for simultaneous access is performed by checkir
status flags to see if those writes were valid. For the registers selected from the host accordin
the I/O address, see section 19.3.3, LPC Channel 3 Address Register (LADR3).

Data transferred in an LPC 1/O write cycle is written to the selected register; in an LPC 1/O rea
cycle, the data in the selected register is transferred to the host. The initial values of TWRO to
TWR15 are undefined.
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19.3.7 Status Registers 1 to 3 (STR1 to STR3)

The STR registers are 8-bit registers that indicate status information during host interface
processing. Bits 3, 1, and 0 of STR1 to STR3, and bits 7 to 4 of STR3, are read-only bits for bo
the host processor and the slave processor (this LSI). However, only O can be written to bit 0 o
STR1 to STR3 and bits 6 and 4 of STR3, from the slave processor (this LSI), in order to clear t
flags to 0. The registers selected from the host processor according to the 1/0 address are sho
the following table. For information on STR3 selection, see section 19.3.3, LPC Channel 3
Address Register (LADR3). In an LPC I/O read cycle, the data in the selected register is
transferred to the host processor. The initial values of STR1 to STR3 are H'00.

1/0 Address Transfer
Bits 15t0 4 Bit3 Bit2 Bitl BitO Cycle Host Register Selection
0000 0000 0110 0 1 0 0 I/0O read STR1 read
0000 0000 0110 0 1 1 0 I/0O read STR2 read
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« STR1

R/W

Bit  Bit Name Initial Value Slave Host Description

DBU17
DBU16
DBU15
DBU14

0

R/W
R/W
R/W
R/W

Pyl

Defined by User
The user can use these bits as necessary.

Wl o0 0o

c/D1

ol O O o

R

Command/Data

When the host processor writes to an IDR register,
bit 2 of the 1/O address is written into this bit to
indicate whether IDR contains data or a command.

0: Contents of data register (IDR) are data
1: Contents of data register (IDR) are a command

2 DBU12

RW R

Defined by User
The user can use this bit as necessary.

1 IBF1

Input Buffer Full

Set to 1 when the host processor writes to IDR. This
bit is an internal interrupt source to the slave
processor (this LSI). IBF is cleared to 0 when the
slave processor reads IDR.

The IBF1 flag setting and clearing conditions are
different when the fast A20 gate is used. For details
see table 19.3.

0: [Clearing condition]
When the slave processor reads IDR
1: [Setting condition]

When the host processor writes to IDR using 1/O
write cycle

0 OBF1

0

RI(W)* R

Output Buffer Full

Set to 1 when the slave processor (this LSI) writes to
ODR. Cleared to 0 when the host processor reads
ODR.

0: [Clearing condition]

When the host processor reads ODR using I/O read
cycle, or the slave processor writes 0 to the OBF bit

1: [Setting condition]
When the slave processor writes to ODR

Note:* Only 0 can be written to clear the flag.
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« STR2

R/W

Bit  Bit Name Initial Value Slave Host Description

7 DBU27 O RW R Defined by User

6 DBU26 O RW R The user can use these bits as necessary.

5 DBU25 0 RW R

4 DBU24 0 R/W R

3 C/D2 0 R R Command/Data
When the host processor writes to an IDR register, bit
2 of the 1/0 address is written into this bit to indicate
whether IDR contains data or a command.
0: Contents of data register (IDR) are data
1: Contents of data register (IDR) are a command

2 DBU22 O RW R Defined by User
The user can use this bit as necessary.

1 IBF2 0 R R Input Buffer Full
Set to 1 when the host processor writes to IDR. This
bit is an internal interrupt source to the slave
processor (this LSI). IBF is cleared to 0 when the
slave processor reads IDR.
The IBF1 flag setting and clearing conditions are
different when the fast A20 gate is used. For details
see table 19.3.
0: [Clearing condition]
When the slave processor reads IDR
1: [Setting condition]
When the host processor writes to IDR using 1/O write
cycle

0 OBF2 0 R/(W)* R Output Buffer Full

Set to 1 when the slave processor (this LSI) writes to
ODR. Cleared to 0 when the host processor reads
ODR.

0: [Clearing condition]

When the host processor reads ODR using I/O read
cycle, or the slave processor writes 0 to the OBF bit

1: [Setting condition]
When the slave processor writes to ODR

Note:* Only 0 can be written to clear the flag.
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Bit

STR3 (TWRE =1 or SELSTR3 = 0)

R/W

Bit Name Initial Value Slave Host Description

7

IBF3B

0

R R

Bidirectional Data Register Input Buffer Full

Set to 1 when the host processor writes to TWR15.
This is an internal interrupt source to the slave
processor (this LSI). IBF3B is cleared to 0 when the
slave processor reads TWR15.

0: [Clearing condition]
When the slave processor reads TWR15
1: [Setting condition]

When the host processor writes to TWR15 using 1/O
write cycle

6

OBF3B

0

RI(W)* R

Bidirectional Data Register Output Buffer Full

Set to 1 when the slave processor (this LSI) writes to
TWR15. OBF3B is cleared to 0 when the host
processor reads TWR15.

0: [Clearing condition]

When the host processor reads TWR15 using /O
read cycle, or the slave processor writes 0 to the
OBF3B bit

1: [Setting condition]
When the slave processor writes to TWR15

5

MWMF

0

Master Write Mode Flag

Set to 1 when the host processor writes to TWRO.
MWMF is cleared to 0 when the slave processor
(this LSI) reads TWR15.

0: [Clearing condition]
When the slave processor reads TWR15
1: [Setting condition]

When the host processor writes to TWRO using 1/0
write cycle while SWMF =0
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Bit

R/W

Bit Name Initial Value Slave Host Description

SWMF

0

RI(W)* R

Slave Write Mode Flag

Set to 1 when the slave processor (this LSI) writes to
TWRO. In the event of simultaneous writes by the
master and the slave, the master write has priority.
SWMF is cleared to 0 when the host reads TWR15

0: [Clearing condition]

When the host processor reads TWR15 using /O
read cycle, or the slave processor writes 0 to the
SWMF bit

1: [Setting condition]

When the slave processor writes to TWRO while
MWMF =0

C/D3

0

Command/Data

When the host processor writes to an IDR register,
bit 2 of the 1/O address is written into this bit to
indicate whether IDR contains data or a command.

0: Contents of data register (IDR) are data
1: Contents of data register (IDR) are a command

DBU32

0

R/W

R

Defined by User
The user can use this bit as necessary.

IBF3A

0

Input Buffer Full

Set to 1 when the host processor writes to IDR. This
bit is an internal interrupt source to the slave
processor (this LSI). IBF is cleared to 0 when the
slave processor reads IDR.

The IBF1 flag setting and clearing conditions are
different when the fast A20 gate is used. For details
see table 19.3.

0: [Clearing condition]
When the slave processor reads IDR
1: [Setting condition]

When the host processor writes to IDR using 1/0
write cycle
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R/W
Bit  Bit Name Initial Value Slave Host Description
0 OBF3A 0 R/(W)* R Output Buffer Full

Set to 1 when the slave processor (this LSI) writes to
ODR. OBF3A is cleared to 0 when the host
processor reads ODR.

0: [Clearing condition]

When the host processor reads ODR using I/O read
cycle, or the slave processor writes 0 to the OBF bit

1: [Setting condition]
When the slave processor writes to ODR
Note:* Only O can be written to clear the flag.

e STR3 (TWRE =0 and SELSTR3 = 1)

R/W
Bit  Bit Name Initial Value Slave Host Description
7 DBU37 O RW R Defined by User
6 DBU36 O RW R The user can use these bits as necessary.
5 DBU35 O RW R
4 DBU34 0 RW R
3 C/D3 0 R R  Command/Data

When the host processor writes to an IDR register,
bit 2 of the 1/0 address is written into this bit to
indicate whether IDR contains data or a command.

0: Contents of data register (IDR) are data

1: Contents of data register (IDR) are a command
2 DBU32 O RW R Defined by User

The user can use this bit as necessary.
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R/W

Bit  Bit Name Initial Value Slave Host Description

1 IBF3A 0 R R Input Buffer Full
Set to 1 when the host processor writes to IDR. This
bit is an internal interrupt source to the slave
processor (this LSI). IBF is cleared to 0 when the
slave processor reads IDR.
The IBF1 flag setting and clearing conditions are
different when the fast A20 gate is used. For details
see table 19.3.
0: [Clearing condition]
When the slave processor reads IDR
1: [Setting condition]
When the host processor writes to IDR using 1/0
write cycle

0 OBF3A 0 R/(W)* R Output Buffer Full

Set to 1 when the slave processor (this LSI) writes to
ODR. OBF3A is cleared to 0 when the host
processor reads ODR.

0: [Clearing condition]

When the host processor reads ODR using I/O read
cycle, or the slave processor writes 0 to the OBF bit

1: [Setting condition]
When the slave processor writes to ODR

Note:* Only 0 can be written to clear the flag.
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19.3.8 SERIRQ Control Registers 0 and 1 (SIRQCRO, SIRQCR1)

The SIRQCR registers contain status bits that indicate the SERIRQ operating mode and bits t
specify SERIRQ interrupt sources.

« SIRQCRO

R/W
Bit  Bit Name Initial Value Slave Host Description
7 QIC 0 R —  Quiet/Continuous Mode Flag

Indicates the mode specified by the host at the end
of an SERIRQ transfer cycle (stop frame).

0: Continuous mode

[Clearing conditions]

e LPC hardware reset, LPC software reset

» Specification by SERIRQ transfer cycle stop
frame

1: Quiet mode

[Setting condition]

» Specification by SERIRQ transfer cycle stop
frame.

6 SELREQ O R/W —  Start Frame Initiation Request Select

Selects whether start frame initiation is requested
when one or more interrupt requests are cleared, or
when all interrupt requests are cleared, in quiet
mode.

0: Start frame initiation is requested when all
interrupt requests are cleared in quiet mode.

1: Start frame initiation is requested when one or
more interrupt requests are cleared in quiet mode.

5 IEDIR 0 RW — Interrupt Enable Direct Mode

Specifies whether LPC channel 2 and channel 3
SERIRQ interrupt source (SMI, IRQ6, IRQ9 to
IRQ11) generation is conditional upon OBF, or is
controlled only by the host interrupt enable bit.

0: Host interrupt is requested when host interrupt
enable bit and corresponding OBF are both set to 1

1: Host interrupt is requested when host interrupt
enable bit is set to 1
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Bit

R/W

Bit Name Initial Value Slave Host Description

4

SMIE3B O

R/W

Host SMI Interrupt Enable 3B

Enables or disables a host SMI interrupt request
when OBF3B is set by a TWR15 write.

0: Host SMI interrupt request by OBF3B and
SMIE3B is disabled

[Clearing conditions]

e Writing 0 to SMIE3B

* LPC hardware reset, LPC software reset
* Clearing OBF3B to 0 (when IEDIR = 0)
1: [When IEDIR = 0]

Host SMI interrupt request by setting OBF3B to 1
is enabled

[When IEDIR = 1]

Host SMI interrupt is requested
[Setting condition]
e Writing 1 after reading SMIE3B = 0

3

SMIE3A 0

R/W

Host SMI Interrupt Enable 3A

Enables or disables a host SMI interrupt request
when OBF3A is set by an ODR3 write.

0: Host SMI interrupt request by OBF3A and
SMIE3A is disabled

[Clearing conditions]

e Writing 0 to SMIE3A

e LPC hardware reset, LPC software reset
e Clearing OBF3A to 0 (when IEDIR = 0)
1: [When IEDIR = 0]

Host SMI interrupt request by setting OBF3A to 1
is enabled

[When IEDIR = 1]

Host SMI interrupt is requested
[Setting condition]
e Writing 1 after reading SMIE3A =0
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Bit

R/W

Bit Name Initial Value Slave Host Description

2

SMIE2 0

R/W

Host SMI Interrupt Enable 2

Enables or disables a host SMI interrupt request
when OBF2 is set by an ODR2 write.

0: Host SMI interrupt request by OBF2 and SMIE2 is
disabled

[Clearing conditions]

e Writing 0 to SMIE2

e LPC hardware reset, LPC software reset
* Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

Host SMI interrupt request by setting OBF2 to 1
is enabled

[When IEDIR = 1]

Host SMI interrupt is requested
[Setting condition]
e Writing 1 after reading SMIE2 =0

1

IRQ12E1 0

R/W

Host IRQ12 Interrupt Enable 1

Enables or disables a host IRQ12 interrupt request
when OBF1 is set by an ODR1 write.

0: Host IRQ12 interrupt request by OBF1 and
IRQ12E1 is disabled

[Clearing conditions]

e Writing 0 to IRQ12E1

e LPC hardware reset, LPC software reset
e Clearing OBF11to 0

1: Host IRQ12 interrupt request by setting OBF1 to 1
is enabled

[Setting condition]
* Writing 1 after reading IRQ12E1 =0

Rev. 2.0, 08/02, page 529 of 788

RENESAS



R/W
Bit  Bit Name Initial Value Slave Host Description
0 IRQIE1 O RIW — Host IRQL1 Interrupt Enable 1

Enables or disables a host IRQ1 interrupt request
when OBF1 is set by an ODR1 write.

0: Host IRQ1 interrupt request by OBF1 and IRQ1E1
is disabled

[Clearing conditions]

e Writing 0 to IRQ1E1

* LPC hardware reset, LPC software reset
e Clearing OBF1t00

1: Host IRQ1 interrupt request by setting OBF1 to 1
is enabled

[Setting condition]
e Writing 1 after reading IRQ1E1 =0

« SIRQCR1
R/W
Bit  Bit Name Initial Value Slave Host Description
7 IRQ11E3 O RW — Host IRQ11 Interrupt Enable 3

Enables or disables a host IRQ11 interrupt request
when OBF3A is set by an ODR3 write.

0: Host IRQ11 interrupt request by OBF3A and
IRQ11E3 is disabled

[Clearing conditions]

e Writing 0 to IRQ11E3

* LPC hardware reset, LPC software reset
* Clearing OBF3A to 0 (when IEDIR = 0)
1: [When IEDIR = 0]

Host IRQ11 interrupt request by setting OBF3A
to 1 is enabled

[When IEDIR = 1]

Host IRQ11 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ11E3 =0
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Bit

R/W

Bit Name Initial Value Slave Host Description

6

IRQ10E3 0

R/W

Host IRQ10 Interrupt Enable 3

Enables or disables a host IRQ10 interrupt request
when OBF3A is set by an ODR3 write.

0: Host IRQ10 interrupt request by OBF3A and
IRQ10E3 is disabled

[Clearing conditions]

e Writing O to IRQ10E3

e LPC hardware reset, LPC software reset
* Clearing OB3FA to 0 (when IEDIR = 0)
1: [When IEDIR = 0]

Host IRQ10 interrupt request by setting OBF3A
to 1 is enabled

[When IEDIR = 1]

Host IRQ10 interrupt is requested.
[Setting condition]
* Writing 1 after reading IRQ10E3 =0

5

IRQ9E3

0

R/W

Host IRQ9 Interrupt Enable 3

Enables or disables a host IRQ9 interrupt request
when OBF3A is set by an ODR3 write.

0: Host IRQ9 interrupt request by OBF3A and
IRQ9ES3 is disabled

[Clearing conditions]

e Writing 0 to IRQ9E3

e LPC hardware reset, LPC software reset
e Clearing OBF3A to 0 (when IEDIR = 0)
1: [When IEDIR = 0]

Host IRQ9 interrupt request by setting OBF3A to
1is enabled

[When IEDIR = 1]

Host IRQ9 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ9E3 = 0
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Bit

R/W

Bit Name Initial Value Slave Host Description

4

IRQBE3 0

R/W

Host IRQ6 Interrupt Enable 3

Enables or disables a host IRQ6 interrupt request
when OBF3A is set by an ODR3 write.

0: Host IRQ6 interrupt request by OBF3A and
IRQ6ES is disabled

[Clearing conditions]

e Writing 0 to IRQ6E3

* LPC hardware reset, LPC software reset
* Clearing OBF3A to 0 (when IEDIR = 0)
1: [When IEDIR = 0]

Host IRQ6 interrupt request by setting OBF3A to
1is enabled

[When IEDIR = 1]

Host IRQ6 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ6E3 = 0

3

IRQ11E2 0

R/W

Host IRQ11 Interrupt Enable 2

Enables or disables a host IRQ11 interrupt request
when OBF2 is set by an ODR2 write.

0: Host IRQ11 interrupt request by OBF2 and
IRQ11E2 is disabled

[Clearing conditions]

e Writing 0 to IRQ11E2

e LPC hardware reset, LPC software reset
e Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

Host IRQ11 interrupt request by setting OBF2 to
1is enabled

[When IEDIR = 1]

Host IRQ11 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ11E2 =0
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Bit

R/W

Bit Name Initial Value Slave Host Description

2

IRQ1O0E2 0

R/W

Host IRQ10 Interrupt Enable 2

Enables or disables a host IRQ10 interrupt request
when OBF2 is set by an ODR2 write.

0: Host IRQ10 interrupt request by OBF2 and
IRQ10E2 is disabled

[Clearing conditions]

e Writing O to IRQ10E2

e LPC hardware reset, LPC software reset
* Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

Host IRQ10 interrupt request by setting OBF2 to
1is enabled

[When IEDIR = 1]

Host IRQ10 interrupt is requested.
[Setting condition]
* Writing 1 after reading IRQ10E2 =0

1

IRQOE2

0

R/W

Host IRQ9 Interrupt Enable 2

Enables or disables a host IRQ9 interrupt request
when OBF2 is set by an ODR2 write.

0: Host IRQ9 interrupt request by OBF2 and IRQ9E2
is disabled

[Clearing conditions]

e Writing 0 to IRQ9E2

e LPC hardware reset, LPC software reset
e Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

Host IRQ9 interrupt request by setting OBF2 to 1
is enabled

[When IEDIR = 1]

Host IRQ9 interrupt is requested.
[Setting condition]
e Writing 1 after reading IRQ9E2 = 0
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R/W
Bit  Bit Name Initial Value Slave Host Description
0 IRQ6E2 O RIW — Host IRQ6 Interrupt Enable 2

Enables or disables a host IRQ6 interrupt request
when OBF2 is set by an ODR2 write.

0: Host IRQ6 interrupt request by OBF2 and IRQ6E2
is disabled

[Clearing conditions]

Writing 0 to IRQ6E2

LPC hardware reset, LPC software reset
Clearing OBF2 to 0 (when IEDIR = 0)

1: [When IEDIR = 0]

Host IRQ6 interrupt request by setting OBF2to 1 is
enabled

[When IEDIR = 1]
Host IRQ6 interrupt is requested.

[Setting condition]
e Writing 1 after reading IRQ6E2 =0
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19.3.9 Host Interface Select Register (HISEL)

HISEL selects the function of bits 7 to 4 in STR3 and specifies the output of the host interrupt
request signal of each frame.

R/W
Bit  Bit Name Initial Value Slave Host Description
7 SELSTR3 0 w STR3 Register Function Select 3

Selects the function of bits 7 to 4 in STR3 in
combination with the TWRE bit in LADR3L. See
description on STR3 in section 19.3.7, Status
Registers 1 to 3 (STR1 to STR3), for details.

0: Bits 7 to 4 in STR3 are status bits of the host
interface.

1: [When TWRE = 1]

Bits 7 to 4 in STR3 are status bits of the host
interface.

[When TWRE = 0]
Bits 7 to 4 in STR3 are user bits.

6 SELIRQ110 W —  SERIRQ Output Select
5 SELIRQ100 w —  Selects the pin output status of host interrupt
4 SELIRQ9 0 W __ requests (HIRQ11, HIRQ10, HIRQY, HIRQSE, SMI,
HIRQ12, and HIRQ1) of the LPC.
3 SELIRQ6 0 w — . i
0: [When host interrupt request is cleared]
2 SELSMI O W — . .. Lo
SERIRQ pin output is in the high-impedance
1 SELIRQ121 W — state.
0 SELIRQ1 1 w — [When host interrupt request is set]

SERIRQ pin output is 0.

1: [When host interrupt request is cleared]
SERIRQ pin output is 0.
[When host interrupt request is set]

SERIRQ pin output is in the high-impedance
state.
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19.4  Operation

19.4.1 Host Interface Activation

The host interface is activated by setting one of bits LPC3E to LPC1E in HICRO to 1 in single-
chip mode. When the host interface is activated, the related 1/O ports (ports 37 to 30, ports 83 «
82) function as dedicated host interface input/output pins. In addition, setting the FGA20E, PMI
LSMIE, and LSCIE bits to 1 adds the related 1/O ports (ports 81 and 80, ports BO and B1) to the
host interface’s input/output pins.

Use the following procedure to activate the host interface after a reset release.

1. Read the signal line status and confirm that the LPC module can be connected. Also check
the LPC module is initialized internally.

2. When using channel 3, set LADR3 to determine the channel 3 I/O address and whether
bidirectional data registers are to be used.
3. Set the enable bit (LPC3E to LPC1E) for the channel to be used.

4. Setthe enable bits (GA20E, PMEE, LSMIE, and LSCIE) for the additional functions to be
used.

5. Set the selection bits for other functions (SDWNE, IEDIR).

6. As a precaution, clear the interrupt flags (LRST, SDWN, ABRT, OBF). Read IDR or TWR15
to clear IBF.

7. Set interrupt enable bits (IBFIE3 to IBFIE1, ERRIE) as necessary.
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19.4.2 LPC /O Cycles

There are ten kinds of LPC transfer cycle: memory read, memory write, 1/O read, 1/0 write, DN
read, DMA write, bus master memory read, bus master memory write, bus master 1/O read, ar
bus master I/O write. Of these, the chip's LPC supports only I/O read and I/O write cycles.

An LPC transfer cycle is started when tHEERAME signal goes low in the bus idle state. If the
LFRAME signal goes low when the bus is not idle, this means that a forced termination (abort
the LPC transfer cycle has been requested.

In an I/O read cycle or I/O write cycle, transfer is carried out using LAD3 to LADO in the
following order, in synchronization with LCLK. The host can be made to wait by sending back
value other than'B00O in the slave’s synchronization return cycle, but with the chip’s LPC a
value of BO0OOO is always returned.

If the received address matches the host address in an LPC register (IDR, ODR, STR, TWR),
host interface enters the busy state; it returns to the idle state by output of a state count 12
turnaround. Register and flag changes are made at this timing, so in the event of a transfer cy
forced termination (abort) before state #12, registers and flags are not changed.

I/0O Read Cycle I/O Write Cycle

State Drive Value Drive Value

Count Contents Source (3to0) Contents Source (3to0)

1 Start Host 0000 Start Host 0000

2 Cycle type/direction Host 0000 Cycle type/direction Host 0010

3 Address 1 Host Bits 15 to Address 1 Host Bits 15 to

12 12

4 Address 2 Host Bits 11t0 8 Address 2 Host Bits 11 to 8

5 Address 3 Host Bits 7to 4 Address 3 Host Bits 7to 4

6 Address 4 Host Bits 3to O Address 4 Host Bits 3to O

7 Turnaround Host 1111 Data 1 Host Bits 3to 0
(recovery)

8 Turnaround None 72777 Data 2 Host Bits 7to 4
Synchronization Slave 0000 Turnaround Host 1111

(recovery)

10 Data 1 Slave Bits 3to O Turnaround None 72777

11 Data 2 Slave Bits 7 to 4 Synchronization Slave 0000

12 Turnaround Slave 1111 Turnaround Slave 1111
(recovery) (recovery)

13 Turnaround None 772727 Turnaround None 272727
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The timing of theLFRAME, LCLK, and LAD signals is shown in figures 19.2 and 19.3.

LCLK | | | | |

e T\ S

LAD3-LADO \ Start / XADDRX TAR XSyncX Data / TAR \ Start !

Cycle type,
direction,
and size

Number of clocks 1 1 4 2 1 2 2 1

Figure 19.2 TypicalLFRAME Timing

LCLK
N I I I B
e i [

(«
LAD3—LADO_SS_\ stat / YADDRY TAR XsyncX / Master wil

Cycle type, Slave must stop driving drive high
direction,
and size

Too many Syncs
cause timeout

Figure 19.3 Abort Mechanism
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19.4.3 A20 Gate

The A20 gate signal can mask address A20 to emulate an addressing mode used by persona
computers with an 8086*-family CPU. A regular-speed A20 gate signal can be output under
firmware control. The fast A20 gate function that is speeded up by hardware is enabled by set
the FGA20E bit to 1 in HICRO.

Note: An Intel microprocessor

Regular A20 Gate Operation:Output of the A20 gate signal can be controlled by an H'D1
command followed by data. When the slave processor (this LSI) receives data, it normally us
interrupt routine activated by the IBF1 interrupt to read IDR1. At this time, firmware copies bit
of data following an H'D1 command and outputs it at the gate A20 pin.

Fast A20 Gate Operation:The internal state of GA20 output is initialized to 1 when FGA20E =
0. When the FGA20E bit is set to 1, P81/GA20 is used for output of a fast A20 gate signal. Thi
state of the P81/GA20 pin can be monitored by reading the GA20 bit in HICR2.

The initial output from this pin will be a logic 1, which is the initial value. Afterward, the host
processor can manipulate the output from this pin by sending commands and data. This func
is only available via the IDR1 register. The host interface decodes commands input from the |
When an H'D1 host command is detected, bit 1 of the data following the host command is out,
from the GA20 output pin. This operation does not depend on firmware or interrupts, and is fe
than the regular processing using interrupts. Table 19.3 shows the conditions that set and cle
GA20 (P81). Figure 19.4 shows the GA20 output in flowchart form. Table 19.4 indicates the
GA20 output signal values.

Table 19.3 GAZ20 (P81) Set/Clear Timing

Pin Name Setting Condition Clearing Condition
GA20 (P81) When bit 1 of the data that follows an When bit 1 of the data that follows an
H'D1 host command is 1 H'D1 host command is 0
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C Start )

o

Host write

No H'D1 command
received?

Yes

Wait for next byte

Host write

Data byte?

Write bit 1 of data byte
to DR bit of P81/GA20

Figure 19.4 GA20 Output
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Table 19.4 Fast A20 Gate Output Signals

Internal CPU

Interrupt Flag GA20
HAO Data/Command (IBF) (P81) Remarks
1 H'D1 command 0 Q Turn-on sequence
0 1 data** 0 1
1 H'FF command 0 QM)
1 H'D1 command 0 Q Turn-off sequence
0 0 data*? 0 0
1 H'FF command 0 Q (0)
1 H'D1 command 0 Q Turn-on sequence
0 1 data*! 0 1 (abbreviated form)
1/0 Command other than H'FF and 1 Q@)

H'D1
1 H'D1 command 0 Q Turn-off sequence
0 0 data* 0 (abbreviated form)
1/0 Command other than H'FF and 1 Q (0)
H'D1

1 H'D1 command 0 Q Cancelled sequence
1 Command other than H'D1 1 Q
1 H'D1 command 0 Q Retriggered sequence
1 H'D1 command 0 Q
1 H'D1 command 0 Q Consecutively executed
0 Any data 0 1/0 sequences
1 H'D1 command 0 Q (1/0)

Notes: 1. Arbitrary data with bit 1 set to 1.
2. Arbitrary data with bit 1 cleared to 0.
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19.4.4  Host Interface Shutdown Function (LPCPD)

The host interface can be placed in the shutdown state according to the state?@Pibepin.

There are two kinds of host interface shutdown state: LPC hardware shutdown and LPC softwe
shutdown. The LPC hardware shutdown state is controlled QyPBD pin, while the software
shutdown state is controlled by the SDWNB bit. In both states, the host interface enters the res
state by itself, and is no longer affected by external signals other theRES&T andLPCPD
signals.

Placing the slave processor in sleep mode or software standby mode is effective in reducing
current dissipation in the shutdown state. If software standby mode is set, some means must b
provided for exiting software standby mode before clearing the shutdown state WitrCiPie

signal.

If the SDWNE bit has been set to 1 beforehand, the LPC hardware shutdown state is entered &
same time as tHePCPD signal falls, and prior preparation is not possible. If the LPC software
shutdown state is set by means of the SDWNB bit, on the other hand, the LPC software shutdc
state cannot be cleared at the same time as the riseld?@®® signal. Taking these points into
consideration, the following operating procedure uses a combination of LPC software shutdowr
and LPC hardware shutdown.

1. Clear the SDWNE bit to 0.

2. Setthe ERRIE bit to 1 and wait for an interrupt by the SDWN flag.

3. When an ERRI interrupt is generated by the SDWN flag, check the host interface internal
status flags and perform any necessary processing.

4. Setthe SDWNB bit to 1 to set LPC software standby mode.

5. Set the SDWNE bit to 1 and make a transition to LPC hardware standby mode. The SDWN
bit is cleared automatically.

6. Check the state of tiePCPD signal to make sure that th®CPD signal has not risen during
steps 3 to 5. If the signal has risen, clear SDWNE to 0 to return to the state in step 1.

7. Place the slave processor in sleep mode or software standby mode as necessary.

8. If software standby mode has been set, exit software standby mode by some means
independent of the LPC.

9. When arising edge is detected in HRCPD signal, the SDWNE bit is automatically cleared
to 0. If the slave processor has been placed in sleep mode, the mode is exited by means of
LRESET signal input, on completion of the LPC transfer cycle, or by some other means.
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Table 19.5 shows the scope of the host interface pin shutdown.

Table 19.5 Scope of Host Interface Pin Shutdown

Scope of
Abbreviation  Port Shutdown I/O Notes
LAD3 to LADO P33-P30 (0] I/O Hi-Z
LFRAME P34 o] Input Hi-z
LRESET P35 x Input LPC hardware reset function is active
LCLK P36 (0] Input Hi-Z
SERIRQ P37 (@) 1/0 Hi-Z
LSCI PB1 A I/0 Hi-Z, only when LSCIE =1
LSMmI PBO A 110 Hi-Z, only when LSMIE = 1
PME P80 A 1’0 Hi-Z, only when PMEE = 1
GA20 P81 A I/0 Hi-Z, only when FGA20E = 1
CLKRUN P82 ¢} 110 Hi-Z
LPCPD P83 x Input Needed to clear shutdown state
Legend
O: Pin that is shutdown by the shutdown function
A: Pin that is shutdown only when the LPC function is selected by register setting
X: Pin that is not shutdown

In the LPC shutdown state, the LPC's internal state and some register bits are initialized. The
order of priority of LPC shutdown and reset states is as follows.

1. System reset (reset BYBY or RES pin input, or WDTO overflow)
O All register bits, including bits LPC3E to LPCL1E, are initialized.
2. LPC hardware reset (resetbRESET pin input)
0 LRSTB, SDWNE, and SDWNB bits are cleared to 0.
3. LPC software reset (reset by LRSTB)
0 SDWNE and SDWNB bits are cleared to 0.
4. LPC hardware shutdown
0 SDWNB bit is cleared to 0.
5. LPC software shutdown
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The scope of the initialization in each mode is shown in table 19.6.

Table 19.6 Scope of Initialization in Each Host Interface Mode

System LPC
Items Initialized Reset LPC Reset  Shutdown
LPC transfer cycle sequencer (internal state), LPCBSY Initialized Initialized Initialized
and ABRT flags
SERIRQ transfer cycle sequencer (internal state), Initialized Initialized Initialized
CLKREQ and IRQBSY flags
Host interface flags B _ B Initialized  Initialized Retained
(IBF1, IBF2, IBF3A, IBF3B, MWMF, C/D1, C/D2, C/D3,
OBF1, OBF2, OBF3A, OBF3B, SWMF, DBU), GA20
(internal state)
Host interrupt enable bits Initialized  Initialized Retained
(IRQ1E1, IRQ12E1, SMIE2, IRQ6E2,
IRQ9E2 to IRQ11E2, SMIE3B, SMIE3A, IRQ6E3, IRQIE3
to IRQ11E3), Q/C flag, SELREQ bit
LRST flag Initialized Can be Can be
0) set/cleared set/cleared
SDWN flag Initialized Initialized Can be
(0) (0) set/cleared
LRSTB bit Initialized HR: 0 0 (can be
()] SR: 1 set)
SDWNB bit Initialized  Initialized HS: 0
(0) (0) SS:1
SDWNE bit Initialized Initialized HS: 1
0) 0) SS:0or1l
Host interface operation control bits Initialized Retained Retained
(LPC3E to LPC1E, FGA20E, LADR3,
IBFIE1 to IBFIE3, PMEE, PMEB, LSMIE, LSMIB, LSCIE,
LSCIB, TWRE, SELSTR3, SELIRQ1, SELSMI, SELIRQS,
SELIRQY, SELIRQ10, SELIRQ11, SELIRQ12)
LRESET signal Input (port Input Input
function
LPCPD signal Input Input
LAD3 to LADO, LFRAME, LCLK, SERIRQ, Input Hi-Z
CLKRUN signals
PME, LSMI, LSCI, GA20 signals (when function Output Hi-Z

is selected)

PME, LSMI, LSCI, GA20 signals (when function
is not selected)

Port function Port function

Note: System reset: Reset by STBY input, RES input, or WDT overflow
LPC reset: Reset by LPC hardware reset (HR) or LPC software reset (SR)
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LPC shutdown: Reset by LPC hardware shutdown (HS) or LPC software shutdown (SS)

Figure 19.5 shows the timing of th€ CPD andLRESET signals.

oo . .
)) ' '

(- i 5 5
LAD3-LADO D))~ \ ! ! : / :
LFRAME | : ( : : :
' At least 30 us ! 1 At least 100 ps ! :
- .
—S( ! At least 60 ps !
[RESET J o - y

Figure 19.5 Power-Down State Termination Timing
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19.4.5 Host Interface Serialized Interrupt Operation (SERIRQ)

A host interrupt request can be issued from the host interface by means of the SERIRQ pin. In
host interrupt request via the SERIRQ pin, LCLK cycles are counted from the start frame of the
serialized interrupt transfer cycle generated by the host or a peripheral function, and a request
signal is generated by the frame corresponding to that interrupt. The timing is shown in figure
19.6.

%& Start frame IRQO frame IRQ1 frame IRQ2 frame
H | H |R|T|s|rR|T|s|rR|T|s|rR]|T
SERIRQ | START | L]
Drive source |IRQ1| Host controller | None | IRQ1 | None
H = Host control, SL = Slave control, R = Recovery, T = Turnaround, S = Sample
IRQ14 frame | IRQ15 frame [IOCHCK frame Stop frame Next cycle
s|R|T|s|rR|T|s|RrR|[T|1]| H |R|T
SERIRQ | I | STOP I | | START
Driver None | IRQ15 | None | Host controller |
H = Host control, R = Recovery, T = Turnaround, S = Sample, | = Idle

Figure 19.6 SERIRQ Timing

The serialized interrupt transfer cycle frame configuration is as follows. Two of the states

comprising each frame are the recover state in which the SERIRQ signal is returned to the 1-le
at the end of the frame, and the turnaround state in which the SERIRQ signal is not driven. The
recover state must be driven by the host or slave processor that was driving the preceding stat
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Serial Interrupt Transfer Cycle

Frame Drive Number

Count  Contents Source of States Notes

0 Start Slave 6 In quiet mode only, slave drive possible in first
Host state, then next 3 states 0-driven by host

1 IRQO Slave 3

2 IRQ1 Slave 3 Drive possible in LPC channel 1

3 SMI Slave 3 Drive possible in LPC channels 2 and 3

4 IRQ3 Slave 3

5 IRQ4 Slave 3

6 IRQ5 Slave 3

7 IRQ6 Slave 3 Drive possible in LPC channels 2 and 3

8 IRQ7 Slave 3

9 IRQ8 Slave 3

10 IRQ9 Slave 3 Drive possible in LPC channels 2 and 3

11 IRQ10 Slave 3 Drive possible in LPC channels 2 and 3

12 IRQ11 Slave 3 Drive possible in LPC channels 2 and 3

13 IRQ12 Slave 3 Drive possible in LPC channel 1

14 IRQ13 Slave 3

15 IRQ14 Slave 3

16 IRQ15 Slave 3

17 IOCHCK Slave 3

18 Stop Host Undefined  First, 1 or more idle states, then 2 or 3 states

0-driven by host
2 states: Quiet mode next
3 states: Continuous mode next

There are two modes—continuous mode and quiet mode—for serialized interrupts. The mode
initiated in the next transfer cycle is selected by the stop frame of the serialized interrupt trans
cycle that ended before that cycle.

In continuous mode, the host initiates host interrupt transfer cycles at regular intervals. In quie
mode, the slave processor with interrupt sources requiring a request can also initiate an interr
transfer cycle, in addition to the host. In quiet mode, since the host does not necessarily initiat
interrupt transfer cycles, it is possible to suspend the clock (LCLK) supply and enter the powe
down state. In order for a slave to transfer an interrupt request in this case, a request to restar
clock must first be issued to the host. For details see section 19.4.6, Host Interface Clock Star
Request (CLKRUN).
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19.4.6 Host Interface Clock Start Request (CLKRUN)

A request to restart the clock (LCLK) can be sent to the host processor by mearGIA RN

pin. With LPC data transfer and SERIRQ in continuous mode, a clock restart is never requeste
since the transfer cycles are initiated by the host. With SERIRQ in quiet mode, when a host
interrupt request is generated tieKRUN signal is driven and a clock (LCLK) restart request is
sent to the host. The timing for this operation is shown in figure 19.7.

CLK

-
N

R

I O N
)]
it il e

CIKRUN "\ : : i : a

TN 1
A U WA

A
y

\
|

Pull-up enable D Drive by the host processor

-

-
-

Drive by the slave processor

Figure 19.7 Clock Start Request Timing

Cases other than SERIRQ in quiet mode when clock restart is required must be handled with a
different protocol, using thBeME signal, etc.

19.5 Interrupt Sources

19.5.1 IBFI1, IBFI2, IBFI3, and ERRI

The host interface has four interrupt requests for the slave processor (this LSI): IBF1, IBF2, IBF
and ERRI. IBFI1, IBFI2, and IBFI3 are IDR receive complete interrupts for IDR1, IDR2, and
IDR3 and TWR, respectively. The ERRI interrupt indicates the occurrence of a special state su
as an LPC reset, LPC shutdown, or transfer cycle abort. An interrupt request is enabled by sett
the corresponding enable bit.

Table 19.7 Receive Complete Interrupts and Error Interrupt

Interrupt Description

IBFI1 When IBFIE1 is set to 1 and IDR1 reception is completed

IBFI2 When IBFIE2 is set to 1 and IDR2 reception is completed

IBFI3 When IBFIE3 is set to 1 and IDR3 reception is completed, or when TWRE and
IBFIE3 are set to 1 and reception is completed up to TWR15

ERRI When ERRIE is set to 1 and one of LRST, SDWN and ABRT is setto 1
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19.5.2 SMI, HIRQ1, HIRQ6, HIRQ9, HIRQ10, HIRQ11, and HIRQ12

The host interface can request seven kinds of host interrupt by means of SERIRQ. HIRQ1 an
HIRQ12 are used on LPC channel 1 only, while SMI, HIRQ6, HIRQ9, HIRQ10, and HIRQ11 c
be requested from LPC channel 2 or 3.

There are two ways of clearing a host interrupt request.

When the IEDIR bit is cleared to 0 in SIRQCRO, host interrupt sources and LPC channels are
linked to the host interrupt request enable bits. When the OBF flag is cleared to 0 by a read of
ODR or TWR15 by the host in the corresponding LPC channel, the corresponding host interru
enable bit is automatically cleared to 0, and the host interrupt request is cleared.

When the IEDIR bit is set to 1 in SIRQCRO, LPC channel 2 and 3 interrupt requests are deper
only upon the host interrupt enable bits. The host interrupt enable bit is not cleared when OBF
channel 2 or 3 is cleared. Therefore, SMIE2, SMIE3A and SMIE3B, IRQ6E2 and IRQ6ES3,
IRQ9E2 and IRQ9E3, IRQ10E2 and IRQ10ES3, and IRQ11E2 and IRQ11E3 lose their respecii
functional differences. In order to clear a host interrupt request, it is necessary to clear the hos
interrupt enable bit.
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Table 19.8 summarizes the methods of setting and clearing these bits, and figure 19.8 shows tl
processing flowchart.

Table 19.8 HIRQ Setting and Clearing Conditions

Host Interrupt

Setting Condition

Clearing Condition

HIRQ1 Internal CPU writes to ODR1, then reads Internal CPU writes 0 to bit IRQ1E1,
(independent 0 from bit IRQ1E1 and writes 1 or host reads ODR1
from IEDIR)
HIRQ12 Internal CPU writes to ODR1, then reads Internal CPU writes 0 to bit IRQ12E1,
(independent 0 from bit IRQ12E1 and writes 1 or host reads ODR1
from IEDIR)
SMI Internal CPU Internal CPU
(IEDIR =0) * writes to ODRZ2, then reads O from bit « writes 0 to bit SMIE2, or host
SMIE2 and writes 1 reads ODR2
* writes to ODR3, then reads O from bit ¢ writes O to bit SMIE3A, or host
SMIE3A and writes 1 reads ODR3
* writes to TWR15, then reads 0 from « writes O to bit SMIE3B, or host
bit SMIE3B and writes 1 reads TWR15
SMI Internal CPU Internal CPU
(IEDIR =1) * reads O from bit SMIE2, then writes 1 + writes O to bit SMIE2
* reads O from bit SMIE3A, then writes ¢ writes 0 to bit SMIE3A
1 + writes 0 to bit SMIE3B
e reads 0 from bit SMIE3B, then writes
1
HIRQi Internal CPU Internal CPU
(i=6,9,10,11) . . . . .
(EDIR = 0) writes to ODR2, then reads 0 from bit « writes 0 to bit IRQIE2, or host
- IRQIE2 and writes 1 reads ODR2
e writes to ODR3, then reads 0 from bit ¢ CPU writes 0 to bit IRQIE3, or
IRQIE3 and writes 1 host reads ODR3
HIRQi Internal CPU Internal CPU
(i=6,9,10,11) . . . . . .
(IEDIR = 1) e reads O from bit IRQIE2, then writes 1 « writes 0 to bit IRQIE2

e reads O from bit IRQIE3, then writes 1 «

writes 0 to bit IRQIE3
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Slave CPU Master CPU

O

| ODR1 write |

1

| Write 1 to IRQ1E1 :SERIRQ IRQ1 output-—;—»—i Interrupt initiation
H .

" "SERIRQIRQL :_ ! '
: source clearance I~ ! ODR1 read

OBF1 =0?

All bytes
transferred?

| Software operation

Figure 19.8 HIRQ Flowchart (Example of Channel 1)
19.6  Usage Notes

19.6.1 Module Stop Mode Setting

LPC operation can be enabled or disabled using the module stop control register. The initial
setting is for LPC operation to be halted. Register access is enabled by canceling module stoy
mode. For details, refer to section 26, Power-Down Modes.

19.6.2  Notes on Using Host Interface

The host interface provides buffering of asynchronous data from the host processor and slave
processor (this LSI), but an interface protocol that uses the flags in STR must be followed to &
data contention. For example, if the host and slave processor both try to access IDR or ODR
same time, the data will be corrupted. To prevent simultaneous accesses, IBF and OBF must
used to allow access only to data for which writing has finished.

Unlike the IDR and ODR registers, the transfer direction is not fixed for the bidirectional data
registers (TWR). MWMF and SWMF are provided in STR to handle this situation. After writing
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to TWRO, MWMF and SWMF must be used to confirm that the write authority for TWR1 to
TWR15 has been obtained.

Table 19.9 shows host address examples for LADR3 and registers, IDR3, ODR3, STR3,
TWROMW, TWROSW, and TWR1 to TWR15 when LADR3 = H'A24F and LADR3 = H'3FDO.

Table 19.9 Host Address Example

Register Host Address when LADR3 = H'A24F Host Address when LADR3 = H'3FDO
IDR3 H'A24A and H'A24E H'3FDO and H'3FD4
ODR3 H'A24A H'3FDO
STR3 H'A24E H'3FD4
TWROMW H'A250 H'3FCO
TWROSW H'A250 H'3FCO
TWR1 H'A251 H'3FC1
TWR2 H'A252 H'3FC2
TWR3 H'A253 H'3FC3
TWR4 H'A254 H'3FC4
TWR5 H'A255 H'3FC5
TWR6 H'A256 H'3FC6
TWR7 H'A257 H'3FC7
TWRS8 H'A258 H'3FC8
TWR9 H'A259 H'3FC9
TWR10 H'A25A H'3FCA
TWR11 H'A25B H'3FCB
TWR12 H'A25C H'3FCC
TWR13 H'A25D H'3FCD
TWR14 H'A25E H'3FCE
TWR15 H'A25F H'3FCF
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Section 20 D/A Converter

20.1 Features

e 8-bit resolution

« Two output channels

e Conversion time: Max. 10 us (when load capacitance is 20 pF)
e Output voltage: 0 V to AVref

« D/A output retaining function in software standby mode

Module data bus Internal data bus

>
U U

Bus interface

AVref ——m

AVCC ———»

DAL . 8-bit D/A

oXnVU>»0
—~X0O0X>»0
TO>0

DAO --—rif

AVSS ———»

| ‘ ’

Control circuit

Legend

DACR : D/A control register
DADRO : D/A data register 0
DADRL1 : D/A data register 1

Figure 20.1 Block Diagram of D/A Converter
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20.2  Input/Output Pins
Table 20.1 summarizes the input/output pins used by the D/A converter.

Table 20.1 Pin Configuration

Pin Name Symbol I/O Function

Analog power supply pin AVCC Input Analog block power supply

Analog ground pin AVSS Input Analog block ground and reference voltage
Analog output pin 0 DAO Output Channel 0 analog output

Analog output pin 1 DAl Output Channel 1 analog output

Reference power supply AVref Input Analog block reference voltage

pin

20.3  Register Descriptions
The D/A converter has the following registers.

« DJ/A data register 0 (DADRO)
« D/A data register 1 (DADR1)
« DJ/A control register (DACR)

20.3.1 D/A Data Registers 0 and 1 (DADRO, DADR1)

DADRO and DADRL1 are 8-bit readable/writable registers that store data for D/A conversion.
When analog output is permitted, D/A data register contents are converted and output to analo
output pins. DADRO and DADR1 are initialized to0d.
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20.3.2 DI/A Control Register (DACR)

DACR controls D/A converter operation.

Bit Bit Name Initial Value

R/W  Description

7 DAOE1 0 R/W  D/A Output Enable 1
Controls D/A conversion and analog output.
0: Analog output DAL is disabled
1: D/A conversion for channel 1 and analog output DA1

are enabled

6 DAOEO 0 R/W  D/A Output Enable 0
Controls D/A conversion and analog output.
0: Analog output DAQ is disabled
1: D/A conversion for channel 0 and analog output DAO

are enabled

5 DAE 0 R/W D/A Enable
Controls D/A conversion in conjunction with the DAOEO
and DAOEL1 bits. When the DAE bit is cleared to 0, D/A
conversion for channels 0 and 1 is controlled individually.
When the DAE bit is set to 1, D/A conversion for
channels 0 and 1 are controlled as one. Conversion
result output is controlled by the DAOEO and DAOE1
bits. For details, see table 20.2 below.

4 — All1 R Reserved

E)O These bits are always read as 1 and cannot be modified.

Table 20.2 D/A Channel Enable

Bit 7 Bit 6 Bit 5
DAOE1 DAOEO DAE Description
0 0 — Disables D/A conversion
1 0 Enables D/A conversion for channel 0
Disables D/A conversion for channel 1
Enables D/A conversion for channels 0 and 1
1 0 0 Disables D/A conversion for channel O
Enables D/A conversion for channel 1
1 Enables D/A conversion for channels 0 and 1
1 — Enables D/A conversion for channels 0 and 1
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20.4  Operation

The D/A converter incorporates two channels of the D/A circuits and can be converted
individually.

When the DAOE bit in DACR is set to 1, D/A conversion is enabled and conversion results are
output.

An example of D/A conversion of channel 0 is shown below. The operation timing is shown in
figure 20.2.

1. Write conversion data to DADRO.

2. When the DAOEDO bit in DACR is set to 1, D/A conversion starts. After the interval f t
conversion results are output from the analog output pin DAO. The conversion results are
output continuously until DADRO is modified or the DAOEDO bit is cleared to 0. The output
value is calculated by the following formula:

DADR contents/256 x AVref

3. Conversion starts immediately after DADRO is modified. After the interval Qf.t
conversion results are output.
4. When the DAOEDO bit is cleared to 0, analog output is disabled.

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
1 1
o I
Address
DADRO X Conversion data (1) Conversion data (2)
DAOEO |
L - CCREEEE Conversion
DAQ P Conversion result (1) Seell result (2) ——
. N N —
High impedance state
tDCONV tDCONV
Legend
tDCONYV: D/A conversion time

Figure 20.2 D/A Converter Operation Example
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20.5 Usage Note

When this LSI enters software standby mode with D/A conversion enabled, the D/A output is
retained, and the analog power supply current is equal to as during D/A conversion. If the ana
power supply current needs to be reduced in software standby mode, clear the DAOE1, DAOI
and DAE bits all to 0 to disable D/A output.

20.5.1 Module Stop Mode Setting

D/A converter operation can be enabled or disabled using the module stop control register. T
initial setting is for D/A converter operation to be halted. Register access is enabled by cancel
module stop mode. For details, refer to section 26, Power-Down Modes.
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Section 21 A/D Converter

This LSI includes a successive-approximation-type 10-bit A/D converter that allows up to eigh
analog input channels and up to 16 digital input to be selected. A/D conversion for digital inpu
effective as a comparator in multiple input testing.

21.1 Features

e 10-bit resolution
« Input channels: eight analog input channels and 16 digital input channels

* Analog conversion voltage range can be specified using the reference power supply voltag
pin (AVref) as an analog reference voltage.

« Conversion time: 13.4 us per channel (at 10-MHz operation)
e Two kinds of operating modes

O Single mode: Single-channel A/D conversion

0 Scan mode: Continuous A/D conversion on 1 to 4 channels
« Four data registers

O Conversion results are held in a 16-bit data register for each channel
e Sample and hold function
e Three kinds of conversion start

O Software, 8-bit timer (TMR) conversion start trigger, or external trigger signal.
¢ Interrupt request

O A/D conversion end interrupt (ADI) request can be generated
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A block diagram of the A/D converter is shown in figure 21.1.

AVcc

AVt

AVss

Module data bus

Internal data bus

ATANATARNN

0

—

—

19181631

suonewixoidde anlssadong
>DV0O0>

10-bit D/IA |

WDVOO>»

OXOO>»

OXxoOo>»
ITLOO>

aoeyIBIUI SNg

TO0>

—

ANO——

ANl —p
AN2—
AN3—*
AN4—>

ANS—>

ANG/CINO to CIN7—™
AN7/CIN8 to CIN15—™

ADTRG

! % 1 Comparator

Jaxa|dninn

Sample-and-hold
circuit

- (

Control circuit

l«—— 2/8

la— /16

Legend

ADCR
ADCSR :
ADDRA :
ADDRB :
ADDRC :
ADDRD :

: A/D control register
A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

I—, ADI interrupt signal

Conversion start trigger from 8-bit timer

Figure 21.1 Block Diagram of A/D Converter
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21.2  Input/Output Pins

Table 21.1 summarizes the pins used by the A/D converter. The 8 analog input pins are divide
into two groups consisting of four channels. Analog input pins 0 to 3 (ANO to AN3) comprising
group 0 and analog input pins 4 to 7 (AN4 to AN7) comprising group 1. Expanded A/D
conversion input pins (CINO to CIN15) can be selected with the AN6 and AN7 pins. The AVcc
and AVss pins are the power supply pins for the analog block in the A/D converter.

Table 21.1 Pin Configuration

Pin Name Symbol 1/0 Function

Analog power AV . Input Analog block power supply and reference voltage
supply pin

Analog ground pin AV Input Analog block ground and reference voltage
Reference power AVref Input Reference voltage for A/D conversion

supply pin

Analog input pin 0 ANO Input Group 0 analog input pins

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Group 1 analog input pins

Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

A/D external trigger ADTRG Input External trigger input pin for starting A/D
input pin conversion

Expanded A/D CINO to Input Expanded A/D conversion input (digital input)
conversion input CIN15 channels 0 to 15

pins 0 to 15

Can be used as digital input pins
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21.3  Register Descriptions
The A/D converter has the following registers.

e A/D data register A (ADDRA)

e A/D data register B (ADDRB)

e A/D data register C (ADDRC)

e A/D data register D (ADDRD)

e A/D control/status register (ADCSR)

» A/D control register (ADCR)

« Keyboard comparator control register (KBCOMP)

21.3.1 A/D Data Registers A to D (ADDRA to ADDRD)

There are four 16-bit read-only ADDR registers, ADDRA to ADDRD, used to store the results o
A/D conversion. The ADDR registers, which store a conversion result for each channel, are shc
in table 21.2.

The converted 10-bit data is stored to bits 15 to 6. The lower 6-bit data is always read as 0.

The data bus between the CPU and the A/D converter is 8-bit width. The upper byte can be ree
directly from the CPU, but the lower byte should be read via a temporary register. The tempora
register contents are transferred from the ADDR when the upper byte data is read. When readi
the ADDR, read the upper byte before lower byte or in word units.

Table 21.2 Analog Input Channels and Corresponding ADDR Registers

Analog Input Channel A/D Data Register to Store A/D Conversion

Group 0 Group 1 Results
ANO AN4 ADDRA
Anl ANS ADDRB
AN2 ANG, or CINO to CIN7 ADDRC
AN3 AN7, or CIN8 to CIN15 ADDRD
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21.3.2 A/D Control/Status Register (ADCSR)

ADCSR controls A/D conversion operations.

Bit  Bit Name

Initial Value

R/W

Description

7 ADF

0

RI(W)*

A/D End Flag

A status flag that indicates the end of A/D conversion.

[Setting conditions]

e When A/D conversion ends in single mode

e When A/D conversion ends on all channels
specified in scan mode

[Clearing conditions]

e When 0 is written after reading ADF = 1

e When DTC starts by an ADI interrupt and ADDR is
read

6 ADIE

RIW

A/D Interrupt Enable
Enables ADI interrupt by ADF when this bit is set to 1

5 ADST

R/W

A/D Start

Setting this bit to 1 starts A/D conversion. Clearing this
bit to 0 stops A/D conversion. In single mode, this bit
is cleared to 0 automatically when conversion on the
specified channel ends. In scan mode, conversion
continues sequentially on the specified channels until
this bit is cleared to 0 by software, a reset, or a
transition to standby mode or module stop mode.

4 SCAN

R/W

Scan Mode

Selects the A/D conversion operating mode. The
setting of this bit must be made when conversion is
halted (ADST = 0).

0: Single mode
1: Scan mode

3 CKS

R/IW

Clock Select

Sets A/D conversion time. The input channel setting
must be made when conversion is halted (ADST = 0).

0: Conversion time is 266 states (max)
1: Conversion time is 134 states (max)
Switch conversion time while ADST is 0.
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Bit Bit Name |Initial Value R/W

Description

2 CH2 0 R/W
CH1 0 R/W
0 CHO 0 R/W

Channel Select 2to 0

Select analog input channels. The input channel
setting must be made when conversion is halted
(ADST = 0).

When SCAN = 0: When SCAN =1:

000: ANO 000: ANO

001: AN1 001: ANO and AN1

010: AN2 010: ANO to AN2

011: AN3 011: ANO to AN3

100: AN4 100: AN4

101: AN5 101: AN4 and AN5

110: ANG, or CINO to 110: AN4 to AN6 or CINO

CIN7 to CIN7

111: AN7, or CIN8 to 111: AN4 to ANG6 or CINO

CIN15 to CIN7, or AN7 or CIN8
to CIN15

Note:* Only 0 can be written for clearing the flag.

21.3.3 A/D Control Register (ADCR)

ADCR enables A/D conversion started by an external trigger signal.

Bit Bit Name |Initial Value R/W

Description

7 TRGS1 0 R/W
6 TRGSO 0 R/W

Timer Trigger Select 1 and 0

Enable the start of A/D conversion by a trigger signal.
Only set bits TRGS1 and TRGSO0 when conversion is
halted (ADST = 0).

00: A/D conversion start by external trigger is disabled
01: A/D conversion start by external trigger is disabled

10: A/D conversion start by conversion trigger from
TMR is enabled

11: A/D conversion start by ADTRG pin is enabled

5t0 — All 1 R

Reserved

These bits are always read as 1 and cannot be
modified.
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21.3.4 Keyboard Comparator Control Register (KBCOMP)

KBCOMP selects the CIN input channel for which A/D conversion is performed and enables o
disables the comparator scan function of CIN7 to CINO.

Bit Bit Name Initial Value R/W  Description

7 IrE 0 R/W  These bits are related to the SCI. For details, refer to

6 IrCKS2 0 RIW section 15.3.10, Keyboard Comparator Control Register
(KBCOMP).

5 IrCKS1 0 R/W

4 IrCKSO 0 R/W

3 KBADE 0 R/W  Keyboard A/D Enable (AN6, AN7)
Selects whether channels 6 and 7 of the A/D converter
are used as analog pins or digital pins, in combination
with the KBCH2 to KBCHO bits. For details, refer to
description for bits 2 to 0. Analog pins of the A/D
converter are set to digital pins (CINO to CIN7 and CIN8
to CIN15).

2 KBCH2 0 R/W  Keyboard A/D Channel Select2to 0

KBCH1 0 R/W  These bits select a channel of digital input pins for A/D

0 KBCHO 0 RIW conversion, in combination with the KBADE bit. The
input channel setting must be made while conversion is
halted.

Channel 6 Channel 7

Oxxx: Selects AN6 AN7
1000: Selects CINO CIN8
1001: Selects CIN1 CIN9
1010: Selects CIN2 CIN10
1011: Selects CIN3 CIN11
1100: Selects CIN4 CIN12
1101: Selects CIN5 CIN13
1110: Selects CIN6 CIN14
1111: Selects CIN7 CIN15

Legend

X: Don't care
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21.4  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes: single mode and scan mode. When changing the operating mode or analog i
channel, to prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D
conversion. The ADST bit can be set at the same time as the operating mode or analog input
channel is changed.

21.4.1 Single Mode

In single mode, A/D conversion is to be performed only once on the specified single channel.
Operations are as follows.

1. A/D conversion on the specified channel is started when the ADST bit in ADCSR is set to 1,
by software or an external trigger input.

2. When A/D conversion is completed, the result is transferred to the A/D data register
corresponding to the channel.

3. On completion of A/D conversion, the ADF bit in ADCSR is set to 1. If the ADIE bit is set to
1 at this time, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion. When conversion ends, the ADST bi
automatically cleared to 0, and the A/D converter enters wait state.

21.4.2 Scan Mode

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When th
ADST bit is set to 1 by software, or by timer or external trigger input, A/D conversion starts on t
first channel in the group (ANO when CH2 = 0; AN4 when CH2 = 1).

When two or more channels are selected, after conversion of the first channel ends, conversior
the second channel (AN1 or AN5) starts immediately. A/D conversion continues cyclically on tt
selected channels until the ADST bit is cleared to 0. The conversion results are transferred for
storage into the ADDR registers corresponding to the channels.

Typical operations when three channels (ANO to AN2) are selected in scan mode are describe
below.
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Figure 21.2 shows the operation timing.

1.

Scan mode is selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input chan
ANO to AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).
When A/D conversion of the first channel (ANO) is completed, the result is transferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

Conversion proceeds in the same way through the third channel (AN2).

When conversion of all the selected channels (ANO to AN2) is completed, the ADF flag is
to 1 and conversion of the first channel (ANO) starts again. If the ADIE bit is set to 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion
starts again from the first channel (ANO).

State of channel 0 (ANO) Idle ] AID conversion 1§ Idle ] AID conversion 4 [ ldle ]
State of channel 1 (AN1) [ Idle YA/D conversion 24 Idle JAJD conversion 5[*2__Idle ]
State of channel 2 (AN2) [ Idle /

State of channel 3 (AN3) [

| Continuous A/D conversion execution |
i Set+1 i Clear*!

ADST
i | Clear*1
ADF N / | I

\AID conversion time
e ——

1

1dle |

/ Idle | |

|
\ Transfer / /

ADDRA X A/D conversion result 1 X__AJD conversion result 4

/’_\\

ADDRB X [ A/D conversion result 2

ADDRC X A/D conversion result 3

ADDRD

Notes: 1. Vertical arrows (| ) indicate instructions executed by software.
2. Data currently being converted is ignored.

Figure 21.2 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)
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21.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analo
input when the A/D conversion start delay timg lasses after the ADST bit in ADCSR is set to

1, then starts A/D conversion. Figure 21.3 shows the A/D conversion timing. Table 21.3 indicat
the A/D conversion time.

As indicated in figure 21.3, the A/D conversion timg,() includes § and the input sampling time
(t,-)- The length of fvaries depending on the timing of the write access to ADCSR. The total
conversion time therefore varies within the ranges indicated in table 21.3.

In scan mode, the values given in table 21.3 apply to the first conversion time. In the second ar
subsequent conversions, the conversion time is 256 state (fixed) when CKS = 0 and 128 states
(fixed) when CKS = 1.

Address 2)

Write signal | | |

Input sampling
timing

ADF

D tspPL

tCONV

Legend

(1) :ADCSR write cycle

(2) :ADCSR address

tp : A/D conversion start delay
tgp.  : Input sampling time

tcony : A/D conversion time

Figure 21.3 A/D Conversion Timing
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Table 21.3 A/D Conversion Time (Single Mode)

CKS=0 CKs=1
Item Symbol min typ max min typ max
A/D conversion start delay time  t, 10 — 17 6 — 9
Input sampling time ten — 63 — — 31 —
A/D conversion time t 259 — 266 131 — 134

CONV

Note:* Values in the table indicate the number of states.

21.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bits are set to B'11
ADCR, external trigger input is enabled at KIBTRG pin. A falling edge at thaDTRG pin sets
the ADST bit to 1 in ADCSR, starting A/D conversion. Other operations, in both single and sce
modes, are the same as when the ADST bit has been set to 1 by software. Figure 21.4 shows
timing.

Internal trigger
signal

ADST | )
| A/D conversion

Figure 21.4 External Trigger Input Timing

21.5 Interrupt Sources

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D convers
Setting the ADIE bit to 1 enables ADI interrupt requests while the ADF bit in ADCSR is set to :
after A/D conversion is completed.
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21.6  A/D Conversion Accuracy Definitions

This LSI's A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 21.5).

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 21.6).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 21.6).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristics between the zero voltage
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error
(see figure 21.6).

Absolute accuracy

The deviation between the digital value and the analog input value. Includes the offset error
full-scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —»

H'3FF |- characteristic

H'3FE |-

H'3FD |-

H'004 |-

H'003 |-

H'002 |- L Quantization error

H'001 |-

H000 KA—— e —.

12 10221023 FS
1024 1024 1024 1024

Analog
input voltage

Figure 21.5 A/D Conversion Accuracy Definitions

Full-scale error

Ry

Digital output

Ideal A/D conversion
characteristic 7

q
"y

/ Nonlinearity
error

«~ Actual A/D conversion
K characteristic

FS

Analog
Offset error input voltage

Figure 21.6 A/D Conversion Accuracy Definitions
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21.7 Usage Notes

21.7.1 Permissible Signal Source Impedance

This LSI's analog input (3-V version) is designed so that the conversion accuracy is guarantee
for an input signal for which the signal source impedance {3 brdess. This specification is
provided to enable the A/D converter's sample-and-hold circuit input capacitance to be chargec
within the sampling time; if the sensor output impedance excee@s éhlarging may be

insufficient and it may not be possible to guarantee the A/D conversion accuracy. However, if a
large capacitance is provided externally in single mode, the input load will essentially comprise
only the internal input resistance of 1Q kand the signal source impedance is ignored. However,
since a low-pass filter effect is obtained in this case, it may not be possible to follow an analog
signal with a large differential coefficient (e.qg., voltage fluctuation ratio of 5 mV/us or greater)
(see figure 21.7). When converting a high-speed analog signal or converting in scan mode, a Ic
impedance buffer should be inserted. For details on the 5-V version, refer to section 28, Electrit
Characteristics.

21.7.2 Influences on Absolute Accuracy

Adding capacitance results in coupling with ground, and therefore noise in ground may adverse
affect the absolute accuracy. Be sure to make the connection to an electrically stable ground si
as AVss.

Care is also required to insure that filter circuits do not communicate with digital signals on the
mounting board, so acting as antennas.

This LSI - —
A/D converter equivalent circuit
Sensor output
impedance
to 5 kQ 10 kQ
Sensor input—\f\f\(A MA
Ll e Cin= J_ J—
' Low-pass ! 20 pF
! flter I : 15pF I I
1 Cto 0.1 pF :
P :

Figure 21.7 Example of Analog Input Circuit
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21.7.3 Setting Range of Analog Power Supply and Other Pins
If conditions shown below are not met, the reliability of this LS| may be adversely affected.

« Analog input voltage range

The voltage applied to analog input pin ANn during A/D conversion should be in the range
AVss< ANn < AVref (n=0to 7).

« Digital input voltage range
The voltage applied to digital input pin CINn should be in the range A\G&N < AVref
and Vs CINn< Vcce (n =0 to 15).

* Relation between AVcc, AVss and Vcc, Vss

For the relationship between AVcc, AVss and Vcc, Vss, set AVss = Vss. If the A/D convert
is not used, the AVcc and AVss pins must on no account be left open.

« AVref pin reference voltage specification range
The reference voltage of the AVref pin should be in the range A¥/fafcc.

21.7.4 Notes on Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible
and layout in which digital circuit signal lines and analog circuit signal lines cross or are in clos
proximity should be avoided as far as possible. Failure to do so may result in incorrect operati
of the analog circuitry due to inductance, adversely affecting A/D conversion values. Also, dig
circuitry must be isolated from the analog input signals (ANO to AN7), analog reference voltag
(AV ), and analog power supply (AY by the analog ground (AY. Also, the analog ground
(AV ) should be connected at one point to a stable digital grougdafvthe board.

21.7.5 Notes on Noise Countermeasures

A protection circuit connected to prevent damage due to an abnormal voltage such as an exce
surge at the analog input pins (ANO to AN7) and analog reference voltagg@ $Avuld be
connected between AVcc and AVss as shown in figure 21.8. Also, the bypass capacitors
connected to AVcc and AY, and the filter capacitor connected to AN2 to AN7, must be
connected to AY,

If a filter capacitor is connected, the input currents at the analog input pins (ANO to AN7) are
averaged, and so an error may arise. Also, when A/D conversion is performed frequently, as il
scan mode, if the current charged and discharged by the capacitance of the sample-and-hold
in the A/D converter exceeds the current input via the input impedangea(Rerror will arise in

the analog input pin voltage. Careful consideration is therefore required when deciding the cir
constants.
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(e}

(o}

ol

11

L]

100 Q

I
T

0.1 uFT E

/\/

AVce
AVref
ANO to AN7

AVss

Notes: Values are reference values.

*1

-

10 uF ZZ

—T

0.01 pF

*2 Rjp: Input impedance

/\/

Figure 21.8 Example of Analog Input Protection Circuit

10 kQ

ANO to AN7 O—WI—~ To A/D converter
I 20 pF

Note:* Values are reference values.

Figure 21.9 Equivalent Circuit of Analog Input Pin

21.7.6  Module Stop Mode Setting

A/D converter operation can be enabled or disabled using the module stop control register. The
initial setting is for A/D converter operation to be halted. Register access is enabled by cancelir

module stop mode. For details, refer to section 26, Power-Down Modes.
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Section 22 RAM

This LSI has an on-chip high-speed static RAM. The RAM is connected to the CPU by a 16-bi
data bus, enabling one-state access by the CPU to both byte data and word data.

The on-chip RAM can be enabled or disabled by means of the RAME bit in the system control
register (SYSCR). For details on SYSCR, refer to section 3.2.2, System Control Register
(SYSCR).

Product Classification RAM Capacitance  RAM Address
Flash memory version H8S/2161B 4 kbytes H'EO80-H'EFFF, H'FFOO-H'FF7F
H8S/2160B 4 kbytes H'E080-H'EFFF, H'FFOO-H'FF7F
H8S/2141B 4 kbytes H'EO80-H'EFFF, H'FFOO-H'FF7F
H8S/2140B 4 kbytes H'E080-H'EFFF, H'FFOO-H'FF7F
H8S/2145B 8 kbytes H'DO80—-H'EFFF, H'FFOO-H'FF7F
H8S/2148B 4 kbytes H'EO80-H'EFFF, H'FFOO-H'FF7F
Masked ROM version H8S/2161B 4 kbytes H'E080-H'EFFF, H'FFOO-H'FF7F
H8S/2160B 4 kbytes H'EO80-H'EFFF, H'FFOO-H'FF7F
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Section 23 ROM

This LSI has an on-chip ROM (flash memory or masked ROM). The features of the flash mem
are summarized below.

A block diagram of the flash memory is shown in figure 23.1.

23.1 Features

e Size

Product Classification RAM Capacitance RAM Address

H8S/2161B 128 kbytes H’000000-H'01FFFF (mode 2)
H'0000-H'DFFF (mode 3)

H8S/2160B 64 kbytes H’000000-H’00FFFF (mode 2)
H’0000-H'DFFF (mode 3)

H8S/2141B 128 kbytes H’000000-H'01FFFF (mode 2)
H'0000-H'DFFF (mode 3)

H8S/2140B 64 kbytes H’000000—-H’00FFFF (mode 2)
H'0000-H'DFFF (mode 3)

H8S/2145B 256 kbytes H’000000-H'03FFFF (mode 2)
H’0000-H'DFFF (mode 3)

H8S/2148B 128 kbytes H’000000-H'01FFFF (mode 2)

H’0000-H'DFFF (mode 3)

» Programming/erase methods

The flash memory is programmed 128 bytes at a time. Erase is performed in single-block t
The flash memory is configured as follows:

O 64-kbyte version: 8 kbytes 2 blocks, 16 kbyteg 1 block, 28 kbytes 1 block, and 1
kbyte x 4 blocks

O 128-kbyte version: 32 kbytes2 blocks, 8 kbytes 2 blocks, 16 kbytes 1 block, 28
kbytesx 1 block, and 1 kbyte 4 blocks

O 256-kbyte version: 64 kbytes3 blocks, 32 kbyteg 1 block, and 4 kbytes 8 blocks.
To erase the entire flash memory, each block must be erased in turn.
* Programming/erase time

It takes 10 ms (typ.) to program the flash memory 128 bytes at a time; 80 us (typ.) per 1 by
Erasing one block takes 100 ms (typ.).

* Reprogramming capability
The flash memory can be reprogrammed up to 100 times.
« Two flash memory on-board programming modes

ROMF254A_010020020700 Rev. 2.0, 08/02, page 577 of 788
RENESAS



00 Boot mode

O User program mode
On-board programming/erasing can be done in boot mode in which the boot program built i
the chip is started for erase or programming of the entire flash memory. In user program mc

individual blocks can be erased or programmed.
Automatic bit rate adjustment

With data transfer in boot mode, this LSI's bit rate can be automatically adjusted to match tt

transfer bit rate of the host.
Programming/erasing protection

Sets protection against flash memory programming/erasing via hardware, software, or error

protection.
e Programmer mode

In addition to on-board programming mode, programmer mode is supported to program or

erase the flash memory using a PROM programmer.

Internal address bus

Internal data bus (16 bits)

Legend
FLMCR1
FLMCR2
EBR1
EBR2

< >[FLmcr1 O
< >[FLMCR2 Operati
Bus interface/controller . |Operatingl,, Mode pin
é - EBRL mode P
e e
8
=
Flash memory

(64/128/256 kbytes)

: Flash memory control register 1
: Flash memory control register 2
: Erase block register 1
: Erase block register 2

Figure 23.1 Block Diagram of Flash Memory
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23.2 Mode Transitions

When the mode pins are set in the reset state and a reset-start is executed, this LSI enters an

operating mode as shown in figure 23.2. In user mode, flash memory can be read but not

programmed or erased. The boot, user program, and programmer modes are provided as mo
write and erase the flash memory.

The differences between boot mode and user program mode are shown in table 23.1. Figure :

shows the boot mode and figure 23.4 shows the user program mode.

User mode
(on-chip ROM
enabled)

FLSHE =0
FLSHE =1 SWE =0

SWE=1

program

On-board programming mode

Programmer
mode

Notes: Only make a transition between user mode

and user program mode when the CPU is not
accessing the flash memory.

1. MD1=MD0=0,P92=P91=P90=1
2.MD1=MD0=0,P92=0,P91=P90=1

Figure 23.2 Flash Memory State Transitions

Table 23.1 Differences between Boot Mode and User Program Mode

User Program Mode

Total erase Yes
Block erase Yes
Programming control program*  Program/program-verify Program/program-verify

Erase/erase-verify

Note:* Should be provided by the user, in accordance with the recommended algorithm.
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1. Initial state

The flash memory is erased at shipment.
The following describes how to write over

an old-version application program or data in
the flash memory. The user should prepare
the programming control program and

new application program beforehand in the host.

<Host>

Programming
control program
_ New )
application program

<This LSI>

N\ 8ootpragram\ scl

<Flash memory> <RAM>

Application
program
(old version)

. Flash memory initialization
The erase program in the boot program area
(in RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, total flash
merrllory erasure is performed, without regard to
ocks.

<Host>

New
application program

<This LSI>

SCI
Boot program

<Flash memory> <RAM>

Flash memory

erase Programming
control program

2. SCI communication check
When boot mode is entered, the boot program in
this LSI (originally incorporated in the chip) is started
and SCI communication is checked. Then the boot
program required for flash memory erasing is
automatically transferred to the RAM boot program
area.

New
application program

<This LSI>

Neetwa\N__ >
<Flash memory> <RAM>

Boot program area

Application
program Programming
(old version) control program

4. Writing new application program

The programming control program transferred from
the host to RAM via SCI communication is executed,
and the new application program in the host is written
into the flash memory.

<Host>
<This LSI>
SCI
Boot program
<Flash memory> <RAM>
Boot program area
New
application
program

N Program execution state

Figure 23.3 Boot Mode
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1. Initial state

(1) The program that will transfer the programming/erase
control program from flash memory to on-chip RAM
should be written into the flash memory by the user
beforehand.

(2) The programming/erase control program should be
prepared in the host or in the flash memory.

<Host>

Programming/
erase control program

New )
application program

<This LSI>

Boot program

<Flash memory>

Transfer program

SCI

<RAM>

Application
program
(old version)

w

Flash memory initialization

The programming/erase program in RAM is executed, and
the flash memory is initialized (to H'FF). Erasing can be
performed in block units, but not in byte units.

<Host>

New )
application program

<This LSI>

Boot program

<Flash memory>

SCI

<RAM>

Transfer program

Flash memory
erase

2. Programming/erase control program transfer
The transfer program in the flash memory is executed and
the programming/erase control program is transferred to RAM.

<Host>
New
application program
<This LSI>
SCI
s
<Flash memory> <RAM> 1

Programming/
erase control program

Application
program
(old version)

4. Writing new application program

Next, the new application program in the host is written into

the erased flash memory blocks. Do not write to unerased
blocks.

<Host>

<This LSI>

SCI
/
<RAM>

<Flash memory>

Transfer program

New
application
program

& Program execution state

Figure 23.4 User Program Mode (Example)
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23.3  Block Configuration

23.3.1  Block Configuration of 64-Kbyte Flash Memory

Figure 23.5 shows the block configuration of 64-kbyte flash memory. The thick lines indicate
erasing units, the narrow lines indicate programming units, and the values are addresses. The
memory is divided into 8 kbytes (2 blocks), 16 kbytes (1 block), 28 kbytes (1 block), and 1 kbyt:
(4 blocks). Erasing is performed in these divided units. Programming is performed in 128-byte
units starting from an address whose lower bits are H'00 or H'80.

4 EBO | H'000000 : H'000001 : H'000002 ! <— Programming unit: 128 bytes —> . H'00007F
Erase unit: 1 kbyte =~ ' ! | 1 A=

 j H'000380 ; H'000381 ; H'000382 E —————————————— | H0003FF

4 EB1 H'000400 ; H'000401 ; H'000402 E «— Programming unit: 128 bytes—> | H'00047F
Erase unit: 1 kbyte  =L_ ' ! | 1 N

\ H'000780 ; H000781 i H000782 ! W ———————=——————— \ H'O007FF

| W) H000800 | H000801 | H000802 ! . Programming unit: 128 bytes —> | H00087F
Erase unit: 1 kbyte <L ! ! j : ~L

\ H'000B80 : H'000B8L : H'000B82 ! ~ — —— = —————————~— 1 HO00BFF

4 EB3 H'000C00 ; H'000CO1 | H'000C02 E «— Programming unit: 128 bytes—> | H000C7F
Erase unit: 1 kbyte == : : E i ~

A\ H'000F80 : H'000F81 : H'000F82 E —————————————— : H'000FFF

A EB4 H'001000 | H'001001 | H'001002 E <«— Programming unit: 128 bytes —y | H'00107F
Erase unit: 28 kbytes =~ ' ' } ' N

A H'007F80 ; H'007F81 , H'007F82 E —————————————— \ HOO7FFF

4 EBS H'008000 ; H'008001 : H008002 ! €— Programming unit: 128 bytes—> 1 H00807F
Erase unit: 16 kbytes ~= ' ' E ' ~L_

Y HOOBF80 | HOOBF8L ! HOOBFS2|  — ————————————-— i HOOBFFF

4 EB6 H'00C000 ; H'00C001 ; H'00C002 ! «— Programming unit: 128 bytes— | H'00CO7F
Erase unit: 8 kbytes =~ : : E : ~

Y HOODFS0! HOODFS1! HOODF82!  — - ————————— - — - ! HOODFFF

4 EB7 H'00E000 : H'00E001 : H'00E002 «— Programming unit: 128 bytes —> | HO00EO07F
Erase unit: 8 kbytes ~N= : : E : ~N=

y HOOFFS0 | HOOFF81 | HOOFF82:  ———————-——--——-— ; HOOFFFF

Figure 23.5 64-Kbyte Flash Memory Block Configuration
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23.3.2  Block Configuration of 128-Kbyte Flash Memory

Figure 23.6 shows the block configuration of 128-kbyte flash memory. The thick lines indicate
erasing units, the narrow lines indicate programming units, and the values are addresses. The
memory is divided into 32 kbytes (2 blocks), 8 kbytes (2 blocks), 16 kbytes (1 block), 28 kbyte
block), and 1 kbyte (4 blocks). Erasing is performed in these divided units. Programming is
performed in 128-byte units starting from an address whose lower bits are H'00 or H'80.

4 EBO | H'000000 : H'000001 : H'000002 ! <— Programming unit: 128 bytes —> . H'00007F |
Erase unit: 1 kbyte =~ ' ' | ' ~No
Y H'000380 ! H'000381 ! H'000382 ______________ i HO003FF
4 EB1 H'000400 ; H'000401 ; H'000402 E <— Programming unit: 128 bytes — | H'00407F
Erase unit: 1 kbyte =L ' ! | 1 N
Y H'000780 : H'000781 : H'000782 ! W — ———————— — — — — — , H0007FF
| =Y H'000800 ; H'000801 | H'000802 <«— Programming unit: 128 bytes — | H'00087F
Erase unit: 1 kbyte <L ! ! j : L
y H'000B80 : H000B81 . HO000B82 ! W — ——————————— — — i H'000BFF
4 EB3 H000C00 | H000COL | H000C02 ! <— Programming unit: 128 bytes —> | HO000C7F
Erase unit: 1 kbyte = : : E : ~N=
y H000F80 | HO0OF81 ! H‘OOOFBZE —————————————— ! H'000FFF
A EB4 H'001000 | H'001001 | H'001002 E «— Programming unit: 128 bytes —y | H'00107F
Erase unit: 28 kbytes = ' ' | 1 N
y H'007F80 | H'007F81 | H‘007F825 —————————————— ' H007FFF
4 EBS H'008000 : H'008001 : H'008002 E <— Programming unit: 128 bytes — | H'00807F
Erase unit: 16 kbytes =~ ' ' E ' ~L
y H'00BF80: HOOBF81 ., HOOBF82!  ——-——-———-—————————— i H'00BFFF
4 EB6 H'00C000 ; H'00C001 ; H'00C002 ! <— Programming unit: 128 bytes —  H'00CO7F
Erase unit: 8 kbytes =~ : ! E : -
Y H'00DF80!| HOODFSL ! H‘OODFBZE —————————————— ! HOODFFF
4 EB7 H'00EO00 | H'OOEQO1 i HOOEQ02 ! < Programming unit: 128 bytes —> : HOOEO7F
Erase unit: 8 kbytes == : : E ! ~=
Y HOOFF80 | HOOFFSL | HOOFF82}  ———---—-—--—--——- | HOOFFFF
A EB8 H'010000 ; H010001 ; H'010002 E <— Programming unit: 128 bytes — 1 H'01007F
Erase unit: 32 kbytes =L : ! E 1 ~=
Y HO17F80 | HO17F81 | HO17F82 —————————————— ! HOL7FFF
4 EB9 H'018000 : H'018001 : H'018002 <— Programming unit: 128 bytes __y , H01807F
Erase unit: 32 kbytes ~N= : : E ! ~
Y HOLFFBO | HOLFF8L | HOIFFE2}  ——-----—-—---- - | HOIFFFF

Figure 23.6 128-Kbyte Flash Memory Block Configuration
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23.3.3  Block Configuration of 256-Kbyte Flash Memory

Figure 23.7 shows the block configuration of 256-kbyte flash memory. The thick lines indicate
erasing units, the narrow lines indicate programming units, and the values are addresses. The
memory is divided into 64 kbytes (3 blocks), 32 kbytes (1 block), and 4 kbytes (8 blocks). Erasi
is performed in these divided units. Programming is performed in 128-byte units starting from a
address whose lower bits are H'00 or H'80.
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4 EBO H'000000 : H000001 | HO000002 | < Programming unit: 128 bytes —> | H00007F
Erase unit: 4 kbytes =< ' ' . ' N
y H'000F80 ; H'O00F81 , H'OOOFBZE —————————————— \ H'000FFF
4 EBL H'001000 ; H'001001 ; H'001002 E «— Programming unit: 128 bytes — 1 H'00107F
Erase unit: 4 kbytes =L ' ! | H ~
\ H'001F80 | H'001F81 . H'001F825 —————————————— i HOO01FFF
| = H'002000 ; H'002001 : H'002002 «— Programming unit: 128 bytes — | H00207F
Erase unit: 4 kbytes =L ' ' j ' N
\ H'002F80 | H'002F81 . H'002F825 —————————————— i H'002FFF
A EB3 H'003000 ; H'003001 ; H'003002 E «— Programming unit: 128 bytes — | H'00307F
Erase unit: 4 kbytes ~= ! ! E . ~N=
\ H'003F80 ; H'003F81 | H‘003F825 —————————————— 1 H'003FFF
4 EB4 H'004000 | H004001 | H004002 ! < Programming unit: 128 bytes —> | H00407F
Erase unit: 32 kbytes ~_ : ' | H ~N=
\ H'00BF80 ; H'00BF81 | H'OOBFBZE —————————————— \ H'00BFFF
A EBS H00C000 | H00C001 | H00C002 ! «— Programming unit: 128 bytes—» | H00CO7F
Erase unit: 4 kbytes = ! ! E , ~N
Y HOOCF80! HOOCF8L| HOOCF82!  ————-—------——~- ' HOOCFFF
4 EB6 H'00D000 ; H'00D001 ; H'00D002 E «— Programming unit: 128 bytes — | H'00DO7F
Erase unit: 4 kbytes =~ ! ! E 1 N
Y HOODF80! HOODFS1! HOODF82!  — - —— —————— — — — - ! HOODFFF
[ =Y H'00EO00 | HOOEQOL | HOOE002 ! ¢ Programming unit: 128 bytes > | HOOEO7F
Erase unit: 4 kbytes == ' ! E \ =
\ H'00EF80 , H'00EF81 , H'OOEFBZE —————————————— ! H'OOEFFF
4 eBs HOOF000 | HOOF001 | HOOF002 ! «— Programming unit; 128 bytes > | HOOFO7F
Erase unit: 4 kbytes =~ ! ! E 1 ~N
v HOOFFS0 | HOOFF81 | HOOFF82 |  —— —— ———— —— — — — — ! HOOFFFF
A EB9 H'010000 | H010001 ; H010002 «— Programming unit: 128 bytes_» , H'01007F
Erase unit: 64 kbytes = ' ! E 1 N
Y HOLFF80 | HOIFF8L | HOLFF82 1  — == ——————— =~ \ HOLFFFF
4 EB10 H'020000 | H020001 : H020002 | ¢ Programming unit: 128 bytes —> : H02007F
Erase unit: 64 kbytes ~ ' ' E ' o
v HO2FF80 | HO2FF81 | HO2FF82 ! - ——— —————— —— — — | HO2FFFF
A EBL1 H'030000 : H'030001 : H'030002 ! <« Programming unit: 128 bytes — . H'03007F
Erase unit: 64 kbytes == ! ! E H ~N=
i HO3FF80 | HO3FF8L | HO3FFE2!  ———————-—————- ! HO3FFFF

Figure 23.7 256-Kbyte Flash Memory Block Configuration

23.4  Input/Output Pins

The flash memory is controlled by means of the pins shown in table 23.2.
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Table 23.2 Pin Configuration

Pin Name I/10 Function

RES Input Reset

MD1 Input Sets this LSI's operating mode
MDO Input Sets this LSI's operating mode
P92 Input Sets this LSI's operating mode
Po1 Input Sets this LSI's operating mode
P90 Input Sets this LSI's operating mode
TxD1 Output Serial transmit data output
RxD1 Input Serial receive data input

23.5 Register Descriptions

The flash memory has the following registers. To access FLMCR1, FLMCR2, EBR1, or EBR2,
the FLSHE bit in the serial/timer control register (STCR) should be set to 1. For details on the
serial/timer control register, refer to section 3.2.3, Serial/Timer Control Register (STCR).

e Flash memory control register 1 (FLMCR1)
» Flash memory control register 2 (FLMCR2)
« Erase block register 1 (EBR1)
» Erase block register 2 (EBR2)
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23.5.1 Flash Memory Control Register 1 (FLMCR1)

FLMCRZ1, used together with FLMCR2, makes the flash memory transit to program mode,
program-verify mode, erase mode, or erase-verify mode. For details on register setting, refer t
section 23.8, Flash Memory Programming/Erasing.

FLMCR1 is initialized to H'80 by a reset, or in hardware standby mode, software standby mod
sub-active mode, sub-sleep mode, or watch mode.

Bit Bit Name Initial Value R/W  Description

7 FWE 1 R Flash Write Enable

Controls programming/erasing of on-chip flash
memory. This bit is always read as 0, and cannot be
modified.

6 SWE 0 R/W  Software Write Enable

When this bit is set to 1, flash memory
programming/erasing is enabled. When this bit is
cleared to 0, the EV, PV, E, and P bits in this
register, the ESU and PSU bits in FLMCR2, and all
EBR1 and EBR2 bits cannot be set to 1. Do not
clear these bits and SWE to 0 simultaneously.

5 — 0 R Reserved
— 0 R These bits are always read as 0 and cannot be
modified.
3 EV 0 R/W  Erase-Verify

When this bit is set to 1 while SWE = 1, the flash
memory transits to erase-verify mode. When it is
cleared to 0, erase-verify mode is cancelled.

2 PV 0 R/W  Program-Verify

When this bit is set to 1 while SWE = 1, the flash
memory transits to program-verify mode. When it is
cleared to 0, program-verify mode is cancelled.

1 E 0 R/W  Erase

When this bit is set to 1 while SWE =1 and ESU =
1, the flash memory transits to erase mode. When it
is cleared to 0, erase mode is cancelled.

0 P 0 R/W  Program

When this bit is set to 1 while SWE = 1 and PSU =
1, the flash memory transits to program mode. When
it is cleared to 0, program mode is cancelled.
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23.5.2  Flash Memory Control Register 2 (FLMCR2)

FLMCR2 monitors the state of flash memory programming/erasing protection (error protection)
and sets up the flash memory to transit to programming/erasing mode. FLMCR?2 is initialized tc
H’00 by a reset or in hardware standby mode. The ESU and PSU bits are cleared to 0 in softw:
standby mode, sub-active mode, sub-sleep mode, or watch mode, or when the SWE bit in
FLMCR1 is cleared to 0.

Bit  Bit Name Initial Value  R/W Description

7 FLER 0 R Flash memory error

Indicates that an error has occurred during flash
memory programming/erasing. When this bit is set
to 1, flash memory goes to the error-protection state.

For details, see section 23.9.3, Error Protection.

6to — All 0 R/(W)  Reserved
The initial values should not be modified.

1 ESU 0 R/W Erase Setup

When this bit is set to 1 while SWE = 1, the flash

memory transits to the erase setup state. When it is
cleared to 0, the erase setup state is cancelled. Set
this bit to 1 before setting the E bit in FLMCR1 to 1.

0 PSU 0 R/W Program Setup

When this bit is set to 1 while SWE = 1, the flash
memory transits to the program setup state. When it
is cleared to 0, the program setup state is cancelled.
Set this bit to 1 before setting the P bit in FLMCR1 to
1.

23.5.3 Erase Block Registers 1 and 2 (EBR1, EBR2)

EBR1 and EBR?2 are used to specify the flash memory erase block. EBR1 and EBR2 are
initialized to H’'00 by a reset, or in hardware standby mode, software standby mode, sub-active
mode, sub-sleep mode, or watch mode, or when the SWE bit in FLMCRL is cleared to 0. Set ol
one bit to 1 at a time, otherwise all bits in EBR1 and EBR2 are automatically cleared to 0.

« EBR1 (64-kbyte version)

Bit Bit Name Initial Value R/W Description

7t00 — All0 R/(W) Reserved
The initial values should not be modified.
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« EBRZ2 (64-kbyte version)

Bit Bit Name Initial Value R/W Description

7 EB7 0 R/W*  When this bit is set to 1, 8 kbytes of EB7 (H'00E000
to H'OOFFFF) are to be erased.

6 EB6 0 R/W When this bit is set to 1, 8 kbytes of EB6 (H'00C000
to H'OODFFF) are to be erased.

5 EB5 0 R/W When this bit is set to 1, 16 kbytes of EB5 (H'008000
to H'OOBFFF) are to be erased.

4 EB4 0 R/W When this bit is set to 1, 28 kbytes of EB4 (H'001000
to H'0O07FFF) are to be erased.

3 EB3 0 R/W When this bit is set to 1, 1 kbyte of EB3 (H'000C00
to H'OO0FFF) is to be erased.

2 EB2 0 R/W When this bit is set to 1, 1 kbyte of EB2 (H'000800 to
H'000BFF) is to be erased.

1 EB1 0 R/W When this bit is set to 1, 1 kbyte of EB1 (H'000400 to
H'0007FF) is to be erased.

0 EBO 0 R/W When this bit is set to 1, 1 kbyte of EBO (H'000000 to

H'0003FF) is to be erased.

Note:* In normal mode, this bit is always read as 0 and cannot be modified.

« EBR1 (128-kbyte version)

Bit Bit Name Initial Value R/W Description
702 — All0 R/(W) Reserved
The initial values should not be modified.
1 EB9 0 R/W*  When this bit is set to 1, 32 kbytes of EB9
(H'018000 to H'01FFFF) are to be erased.
0 EB8 0 R/W*  When this bit is set to 1, 32 kbytes of EB8

(H'010000 to H'017FFF) are to be erased.
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 EBRZ2 (128-kbyte version)

Bit Bit Name Initial Value R/W Description

7 EB7 0 R/W*  When this bit is set to 1, 8 kbytes of EB7 (H'O0E000
to H'OOFFFF) are to be erased.

6 EB6 0 R/W When this bit is set to 1, 8 kbytes of EB6 (H'00C000
to H'OODFFF) are to be erased.

5 EB5 0 R/W When this bit is set to 1, 16 kbytes of EB5 (H'008000
to H'OOBFFF) are to be erased.

4 EB4 0 R/W When this bit is set to 1, 28 kbytes of EB4 (H'001000
to H'0O07FFF) are to be erased.

3 EB3 0 R/W When this bit is set to 1, 1 kbyte of EB3 (H'000C00
to H'O0O0FFF) is to be erased.

2 EB2 0 R/W When this bit is set to 1, 1 kbyte of EB2 (H'000800 to
H'000BFF) is to be erased.

1 EB1 0 R/W When this bit is set to 1, 1 kbyte of EB1 (H'000400 to
H'0007FF) is to be erased.

0 EBO 0 R/W When this bit is set to 1, 1 kbyte of EBO (H'000000 to

H'0003FF) is to be erased.

Note:* In normal mode, this bit is always read as 0 and cannot be modified.

» EBR1 (256-kbyte version)

Bit Bit Name Initial Value R/W Description

7t04 — All0 R/(W) Reserved
The initial values should not be modified.

3 EB11 0 R/W*  When this bit is set to 1, 64 kbytes of EB11
(H'030000 to H'03FFFF) are to be erased.

2 EB10 0 R/W*  When this bit is set to 1, 64 kbytes of EB10
(H'020000 to H'02FFFF) are to be erased.

1 EB9 0 R/W*  When this bit is set to 1, 64 kbytes of EB9
(H'010000 to H'01FFFF) are to be erased.

0 EB8 0 R/W#*  When this bit is set to 1, 4 kbytes of EB8 (H'00F000

to H'OOFFFF) are to be erased.
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 EBRZ2 (256-kbyte version)

Bit Bit Name Initial Value R/W Description

7 EB7 0 R/W*  When this bit is set to 1, 4 kbytes of EB7 (H'O0OEO0O
to H'OOEFFF) are to be erased.

6 EB6 0 R/W When this bit is set to 1, 4 kbytes of EB6 (H'00D000
to H'OODFFF) are to be erased.

5 EB5 0 R/W When this bit is set to 1, 4 kbytes of EB5 (H'00C000
to H'OOCFFF) are to be erased.

4 EB4 0 R/W When this bit is set to 1, 32 kbytes of EB4 (H'004000
to H'OOBFFF) are to be erased.

3 EB3 0 R/W When this bit is set to 1, 4 kbytes of EB3 (H'003000
to H'O03FFF) is to be erased.

2 EB2 0 R/W When this bit is set to 1, 4 kbytes of EB2 (H'002000
to H'0O02FFF) is to be erased.

1 EB1 0 R/W When this bit is set to 1, 4 kbytes of EB1 (H'001000
to H'O01FFF) is to be erased.

0 EBO 0 R/W When this bit is set to 1, 4 kbytes of EBO (H'000000

to H'OO0FFF) is to be erased.

Note:* In normal mode, this bit is always read as 0 and cannot be modified.
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23.6  Operating Modes

The flash memory is connected to the CPU via a 16-bit data bus, enabling byte data and word
to be accessed in a single state. Even addresses are connected to the upper 8 bits and odd ad
are connected to the lower 8 bits. Note that word data must start from an even address.

On-chip ROM is enabled or disabled by the mode select pins (MD1 and MDOQ) and the EXPE b
in MDCR, as summarized in table 23.3.

In normal mode (mode 3), up to 56 kbytes of ROM can be used.

Table 23.3 Operating Modes and ROM

Operating Modes Mode Pins MDCR
MCU CPU
Operating  Operating On-Chip
Mode Mode Mode MD1 MDO EXPE ROM
Mode 1 Normal Expanded mode with 0 1 1 Disabled
on-chip ROM disabled
Mode 2 Advanced Single-chip mode 1 0 0 Enabled
Advanced Expanded mode with 1 0 1 (k?)4/ 128/256
on-chip ROM enabled ytes)
Mode 3 Normal Single-chip mode 1 1 0 Enabled
Normal Expanded mode with 1 1 1 (56 kbytes)

on-chip ROM enabled

23.7  On-Board Programming Modes

An on-board programming mode is used to perform on-chip flash memory programming, erasir
and verification. This LSI has two on-board programming modes: boot mode and user program
mode. Table 23.4 shows pin settings for boot mode. In user program mode, operation by softw
is enabled by setting control bits. For details on flash memory mode transitions, see figure 23.2

Table 23.4 On-Board Programming Mode Settings

Mode Setting MD1 MDO P92 P91 P90
Boot mode 0 0 1* 1* 1*
User program  Mode 2 (advanced mode) 1 0 ad O O
mode Mode 3 (normal mode) 1 1 O

Note:* Can be used as an I/O port after the boot mode activation.
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23.7.1 Boot Mode

Table 23.5 shows the boot mode operations between reset end and branching to the program
control program.

1.

When boot mode is used, the flash memory programming control program must be prepar
the host beforehand. Prepare a programming control program in accordance with the
description in section 23.8, Flash Memory Programming/Erasing. In boot mode, if any data
exists in the flash memory (except in the case that all data are 1), all blocks in the flash
memory are erased. Use boot mode at initial writing in the on-board state, or forced recove
when user program mode cannot be executed because the program to be initiated in user
program mode was mistakenly erased.

The SCI_1 should be set to asynchronous mode, and the transfer format as follows: 8-bit c
1 stop bit, and no parity.

When the boot program is initiated, this LS| measures the low-level period of asynchronou
SCI communication data (H'00) transmitted continuously from the host. This LSI then
calculates the bit rate of transmission from the host, and adjusts the SCI_1 bit rate to matc
that of the host. The reset should end with the RxD1 pin high. The RxD1 and TxD1 pins
should be pulled up on the board if necessary. After the reset ends, it takes approximately
states before this LSl is ready to measure the low-level period.

After matching the bit rates, this LSI transmits one H'00 byte to the host to indicate the enc
bit rate adjustment. The host should confirm that this adjustment end indication (H'00) has
been received normally, and transmit one H'55 byte to this LSI. If reception could not be
performed normally, initiate boot mode again by a reset. Depending on the host’s transfer |
rate and system clock frequency of this LSI, there will be a discrepancy between the bit rat
of the host and this LSI. To operate the SCI properly, set the host’s transfer bit rate and sy:
clock frequency of this LSI within the ranges listed in table 23.6.

In boot mode, a part of the on-chip RAM area is used by the boot program. Addresses
H'FFEO080 to H'FFE87Fs the area to which the programming control program is transferre
from the host. Note, however, that ID codes are assigned to addresses H'FFE080 to
H'FFE087*. The boot program area cannot be used until the execution state in boot mode
switches to the programming control program. Figure 23.8 shows the on-chip RAM area in
boot mode.

Before branching to the programming control program (H'FFEG88he RAM area), this

LSI terminates transfer operations by the SCI_1 (by clearing the RE and TE bits in SCR to
but the adjusted bit rate value remains set in BRR. Therefore, the programming control
program can still use it for transfer of write data or verify data with the host. The TxD1 pin i
in high-level output state. The contents of the CPU general registers are undefined immedi
after branching to the programming control program. These registers must be initialized at
beginning of the programming control program, since the stack pointer (SP), in particular, i
used implicitly in subroutine calls, etc.
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7. Boot mode can be cleared by a reset. Cancel the fraftet*driving the reset pin low, waiting
at least 20 states, and then setting the mode pins. Boot mode is also cleared when a WDT
overflow occurs.

8. Do not change the mode pin input levels in boot mode. If mode pin input levels are changec
from low to high during reset, operating modes are switched and the state of ports that are «
used for address output and bus control output sigA8IsRD, andHWR) are changed?*
Therefore, set these pins carefully not to be output signals during reset or not to conflict witt

LSI external signals.
9. Allinterrupts are disabled during programming or erasing of the flash memory.

Notes: 1. Address area for the H8S/2140B, H8S/2141B, H8S/2148B, H8S/2160B, and
H8S/2161B. On the H8S/2145B, the address area is from H'FFD080 to H'FFD87F.

2. Address area for the H8S/2140B, H8S/2141B, H8S/2148B, H8S/2160B, and
H8S/2161B. On the H8S/2145B, the address area is from H'FFD080 to H'FFDO087.

3. RAM address for the H8S/2140B, H8S/2141B, H8S/2148B, H8S/2160B, and
H8S/2161B. On the H8S/2145B, the address is H'FFD088.

4. After reset is cancelled, mode pin input settings must satisfy the mode programming
setup time (f,, = 4 states).

5. The ports that also have address output functions output low as address output whel
the mode pins are set to mode 1 during a reset. In modes other than mode 1, it enter
the high impedance state. Bus control output signals output high when the mode pin:
are set to mode 1 during a reset. In modes other than mode 1, it enters the high
impedance state.
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Table 23.5 Boot Mode Operation

Receives data H'AA.«

£ Host Operation Communications Contents LSI Operation
Q
= Processing Contents Processing Contents
5 Branches to boot program at reset-start.
7]
[0}
°
o
E Boot program start
3
® !
\j
Continuously transmits data H'00 H'00, H'00 - - - H'00 . .

i p : » « Measures low-level period of receive data H'00.
= at specified bit rate. ’ P -
g « Calculates bit rate and sets it in BRR of SCI_1.
3 * Transmits data H'00 to host as adjustment end
3, . P
T | Transmits data H'55 when data H'00 < H'00 indication.
@ is received error-free. H'55 - l
2 >

HAA

After receiving data H'55, transmits data

H'AA to host. |

v
Transmits number of bytes (N) of
programming control program to be

High-order byte and
low-order byte

transferred as 2-byte data (low-order byte

l

Echobacks the 2-byte data received to host.

Receives data HAA. <

H'FF to host and aborts operation.)

£

g

=4 . .

g_ following high-order byte). Echoback

s ) l

§ H'XX o

o | Transmits 1-byte of programming control " Echobacks received data to host and also
g program (repeated for N times). < Echoback transfers it to RAM (repeated for N times).
€

I

[=2)

<

Qo

ks

3

[%2]

j

o

'_

°  /

3 HFF

5 Boot program Checks flash memory data, erases all flash
> erase error memory blocks in case of written data

g existing, and transmits data H'AA to host.
4] v (If erase could not be done, transmits data
£ H'AA ,

<

[%]

b

[

v
Branches to programming control program
transferred to on-chip RAM and starts
execution.
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Table 23.6 System Clock Frequencies for which Automatic Adjustment of LSI Bit Rate is
Possible

Host Bit Rate

System Clock Frequency Range of
LSI (3-V Version)

System Clock Frequency Range of
LSI (5-V Version)

19200 bps 8 to 10 MHz 8 to 20 MHz
9600 bps 4to 10 MHz 4 to 20 MHz
4800 bps 2t0 10 MHz 2t0 18 MHz
H8S/2140B, H8S/2141B, H8S/2148B,
H8S/21608B, and H8S/2161B H8S/21458
H'FFE080 H'FFD080
ID code area ID code area
H'FFE088 H'FFD088
Programming control program area Programming control program area
(2040 bytes) (6136 bytes)
H'FFE880 H'FFE880
Boot program area* (1920 bytes) Boot program area* (1920 bytes)
H'FFEFFF H'FFEFFF
H'FFFF00 H'FFFFO0
Boot program area* (128 bytes) | | Boot program area* (128 bytes)
H'FFFF7F H'FFFFTF

Note: The boot program area and area which is not used cannot be used until a transition is made
to the execution state for the programming control program transferred to RAM.
Note that the contents of the boot program area in RAM are remained after a branch is made to

the programming control program.

Figure 23.8 On-Chip RAM Area in Boot Mode

In boot mode, this LSI checks the contents of the 8-byte ID code area as shown below to confil
that the programming control program corresponds with this LSI. To originally write a

programming control program to be used in boot mode, the above 8-byte ID code must be add
the beginning of the program.

H'FFE080 | 40 FE 64 66 32

H'FFE088 | Instruction codes of the programming control program |

31 34 39 |

t (Product ID) H8S/2140B, H8S/2141B, H8S/2148B, H8S/2160B, or H8S/2161B

H'FFD080 | 40 FE 64 66 32

H'FFD088 | Instruction codes of the programming control program |

31 34 35 |

1 (Product ID) H8S/2145B

Figure 23.9 ID Code Area
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23.7.2  User Program Mode

On-board programming/erasing of an individual flash memory block can also be performed in
program mode by branching to a user program/erase control program. The user must set brar
conditions and provide on-board means of supplying programming data. The flash memory m
contain the user program/erase control program or a program which provides the user
program/erase control program from external memory. Because the flash memory itself cannc
read during programming/erasing, transfer the user program/erase control program to on-chip
RAM, as like in boot mode. Figure 23.10 shows a sample procedure for programming/erasing
user program mode. Prepare a user program/erase control program in accordance with the
description in section 23.8, Flash Memory Programming/Erasing.

Reset-start

No

Program/erase?

Transfer user program/ Branch to flash memory
erase control program to RAM application program

Branch to user program/
erase control program in RAM

Execute user program/erase control
program (flash memory rewrite)

Branch to flash memory
application program

Figure 23.10 Programming/Erasing Flowchart Example in User Program Mode
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23.8  Flash Memory Programming/Erasing

A software method, using the CPU, is employed to program and erase flash memory in the on-
board programming modes. Depending on the FLMCR1 and FLMCR?2 settings, the flash memc
operates in one of the following four modes: program mode, program-verify mode, erase mode
and erase-verify mode. The programming control program in boot mode and the user
program/erase control program in user program mode use these operating modes in combinati
perform programming/erasing. Flash memory programming and erasing should be performed il
accordance with the descriptions in section 23.8.1, Program/Program-Verify and section 23.8.2
Erase/Erase-Verify, respectively.

23.8.1 Program/Program-Verify

When writing data or programs to the flash memory, the program/program-verify flowchart sho
in figure 23.11 should be followed. Performing programming operations according to this
flowchart will enable data or programs to be written to the flash memory without subjecting this
LSI to voltage stress or sacrificing program data reliability.

1. Programming must be done to an empty address. Do not reprogram an address to which
programming has already been performed.

2. Programming should be carried out 128 bytes at a time. A 128-byte data transfer must be
performed even if writing fewer than 128 bytes. In this case, H'FF data must be written to th
extra addresses.

3. Prepare the following data storage areas in RAM: a 128-byte programming data area, a 12¢
byte reprogramming data area, and a 128-byte additional-programming data area. Perform
reprogramming data computation and additional programming data computation according 1
figure 23.11.

4. Consecutively transfer 128 bytes of data in byte units from the reprogramming data area or
additional-programming data area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 bits of the start address in the flash mem
destination area must be H'00 or H'80.

5. The time during which the P bit is set to 1 is the programming time. Figure 23.11 shows the
allowable programming times.

6. The watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc
The overflow cycle should be longer than (y + z& + 3) pus.

7. For a dummy write to a verify address, write 1-byte data H'FF to an address whose lower 2
are B'00. Verify data can be read in words from the address to which a dummy write was
performed.

8. The maximum number of repetitions of the program/program-verify sequence to the same
is (N).
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‘Write pulse application subroutine Start of programming

Perform programming in the erased state.
Sub-Routine Write Pulse START Do not perform additional programming

| on previously programmed addresses.

| [ Set SWE bit in FLMCRL
T

[ WDT enable
[ Wait (x) ps |
[ Set PSU bit in FLMCR2 | ¥
Store 128-byte program data in program a
| Wait (y) ps | data area and re;;mgram data area
. | (! |
[ Set P bit in FLMCRL | 7
[ m=0 ]
[ Wait (z1) s, (z2) ps or (z3) ps__|*5 ¥
| Write 128-byte data in RAM reprogram | “

[ Clear P bitin FLMCR1 |

data area consecutively to flash memory

Sub-Routine-Call

[ Wait (o) ps | [ Apply wiite puise z1 ps or z2 ps__|| See Note 7 for pulse width

i

[ Clear PSU bit in FLMCR2

| [ Set PV bit in FLMCR1 |

]
Wait
[ Wait (B) Hs | I = :w = !
) [ HFF dummy write to verify address |

[ Disable WDT | 1]
I Walt (9 15 I S S

]
End Sub [ Read verify data | +2

Note 7: Write Pulse Width

1

Increment address

Write data =

Number of Writes n | Write Time (2) s
1 21
2 21
3 21
4 21 [ aditonat I
5 21 p data
6 21 i
> > Transfer additional-programming data to
z additional-programming data area *a
8 22 T
9 22 .
0 22 [ Reprogram data computation | *3
11 22 I - - - Jes
2 22 Transfer reprogram data to reprogram data area
13 22
- - 128-byte
. . data verification completed?
998 22
999 22 [ Clear PV bit in FLMCR1 |
1000 22 1]
] ’ [ Wait (n) ps |
Note: Use a z3 s write pulse for additional programming.
e =t
RAM oK
Successively write 128-byte data from additional- 1
Program data storage data area in RAM to flash memory
area (128 bytes)

” Apply write pulse (Additional programming) H’3

us

area

Reprogram data storage

OK

[Additional-programming
data storage area [
(128 bytes)

OK
Clear SWE bit in FLMCR1 || Clear SWE bit in FLMCR1 |

Notes: 1.

[ Wait (6) ps ] | Wait (6) ps |

¥
End of programming Programming failure

Data transfer is performed by byte transfer. The lower 8 bits of the first address written to must be H'00 or H'80. A 128-byte data transfer must be performed even if
writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.

2. Verify data is read in 16-bit (word) units.
3. Even bits for which pi has been will be to 1g once again if the result of the subsequent verify operation is NG.
4. A 128-byte area for storing program data, a 128-byte area for storing reprogram data, and a 128-byte area for storing additional data must be provided in RAM.
The contents of the reprogram data area and additional data area are modified as programming proceeds.
5. A write pulse of z1 ps or z2 ps is applied according to the progress of the programming operation. See Note7 for details of the pulse widths. When writing of
additional-programming data is executed, a z3 s write pulse should be applied. Reprogram data X' means reprogram data when the write pulse is applied.
6. The values of x, y, z1, 22, 23, «, B, 7. & 1, 6, and N are shown in section 28, Flash Memory Characteristics.
Data C Table Data C Table
Original Data | Verify Data Reprogram Data Reprogram Data | Verify Data Additional-
Comments . Comments
) W) ) x) W) Data (Y)
0 0 1 Programming completed 0 0 0 Additional programming
to be executed
0 1 0 Programming incomplete; 0 1 1 Additional programming
reprogram not to be executed
1 0 1 1 0 1
1 1 1 Still in erased state; no action 1 1 1 Additional programming
not to be executed

Figure 23.11 Program/Program-Verify Flowchart

Rev. 2.0, 08/02, page 599 of 788

RENESAS




23.8.2 Erase/Erase-Verify

When erasing flash memory, the erase/erase-verify flowchart shown in figure 23.12 should be
followed.

1. Prewriting (setting erase block data to all 0) is not necessary.

2. Erasing is performed in block units. Make only a single-block specification in erase block
registers 1 and 2 (EBR1 and EBR2). To erase multiple blocks, each block must be erased i
turn.

3. The time during which the E bit is set to 1 is the flash memory erase time.

4. The watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc
An overflow cycle of approximately (y + zo++ 3) ms is allowed.

5. For a dummy write to a verify address, write 1-byte data H'FF to an address whose lower tw
bits are B'00. Verify data can be read in longwords from the address to which a dummy writ
was performed.

6. If the read data is unerased, set erase mode again, and repeat the erase/erase-verify sequt
before. The maximum number of repetitions of the erase/erase-verify sequence is N.
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Set SWE bit in FLMCR1 |

|
1]

| Wait (x) us | +2
i1

| n=1 |
]

| Set EBR1 and EBR2 | <2
]

| Enable WDT |
]

| Set ESU bit in FLMCR2 |
]

| Wait (y) s | <2
1

| Set E bitin FLMCR1 | start of erasing
1

| Wait (z) ms |2

| Clear E bitin FLMCR1 | End of erasing
1]

| Wait (a) ps | 2
]

| Clear ESU bit in FLMCR2 |
1

| Wait (B) ps | +2
]

| Disable WDT |

| Set EV bit in FLMCR1 |
]

' ol (p s |2 e

Set block start address
as verify address

| H'EF dummy write to verify address |

| Wait (g) us | 2

| Read verify data | «3

Increment
address

Verify data NG
=all"1"?
Last address
of block?
| Clear EV bit in FLMCR1 | | Clear EV bit in FLMCR1 |
| Wait (n) ps || Wait (n) ps ]
*2 *2

NG NG
All erase blocks erased?
OK
| Clear SWE bit in FLMCR1 | Clear SWE bit in FLMCR1 |
] ¥
| Wait (6) us | | Wait (6) ps |

Notes: 1. Prewriting (writing O to all data in erased block) is not necessary.

. Thevalues of x,y, z, a, B, v, € n, 6, and N are shown in section 28, Flash Memory Characteristics.
. Verify data is read in 16-bit (word) units.

. Set only a single bit in EBR1 and EBR2. Do not set more than one bit.

. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.

OAWN P

Figure 23.12 Erase/Erase-Verify Flowchart
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23.9 Program/Erase Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

23.9.1 Hardware Protection

Hardware protection is a state in which programming/erasing of flash memory is forcibly disabls
or aborted by a reset (including WDT overflow reset), or a transition to hardware standby mode
software standby mode, sub-active mode, sub-sleep mode or watch mode. Flash memory cont
registers 1 and 2 (FLMCR1 and FLMCR2) and erase block registers 1 and 2 (EBR1 and EBR2
are initialized. In a reset via tiRES pin, the reset state is not entered unles&Egepin is held

low until oscillation stabilizes after powering on. In the case of a reset during operation, hold the
RES pin low for theRES pulse width specified in the AC Characteristics section.

23.9.2 Software Protection

Software protection can be implemented against programming/erasing of all flash memory bloc
by clearing the SWE bit in FLMCRL1 to 0. When software protection is in effect, setting the P or
bit in FLMCR1 does not cause a transition to program mode or erase mode. By setting the eras
block registers 1 and 2 (EBR1 and EBR2), erase protection can be set for individual blocks. Wt
EBR1 and EBR2 are set to H'00, erase protection is set for all blocks.

23.9.3  Error Protection

In error protection, an error is detected when the CPU’s runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLEF
bit in FLMCR2 is set to 1, and the error protection state is entered.

e When the flash memory of is read during programming/erasing (including vector read and
instruction fetch)

« Immediately after exception handling (excluding a reset) during programming/erasing

« When a SLEEP instruction is executed (transits to software standby mode, sleep mode, sut
active mode, sub-sleep mode, or watch mode) during programming/erasing

* When the bus ownership is released during programming/erasing

The FLMCR1, FLMCR2, EBR1, and EBR?2 settings are retained, but program mode or erase
mode is aborted at the point at which the error occurred. Program mode or erase mode cannot
entered by setting the P or E bit to 1. However, because the PV and EV bit settings are retaine
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transition to verify mode can be made. The error protection state can be cancelled by a reset
hardware standby mode.

23.10 Interrupts during Flash Memory Programming/Erasing

In order to give the highest priority to programming/erasing operations, disable all interrupts
including NMI input during flash memory programming/erasing (the P or E bit in FIMCRL1 is se
to 1) or boot program execution*

1. If an interrupt is generated during programming/erasing, operation in accordance with the
program/erase algorithm is not guaranteed.

2. CPU runaway may occur because normal vector reading cannot be performed in interrupt
exception handling during programming/erasfng*

3. If an interrupt occurs during boot program execution, the normal boot mode sequence can
be executed.

Notes: 1. Interrupt requests must be disabled inside and outside the CPU until the programn

control program has completed programming.
2. The vector may not be read correctly for the following two reasons:

If flash memory is read while being programmed or erased (while the P or E bit
FLMCR1 is set to 1), correct read data will not be obtained (undefined values will
returned).
If the interrupt entry in the vector table has not been programmed yet, interr
exception handling will not be executed correctly.
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23.11 Programmer Mode

In programmer mode, the on-chip flash memory can be programmed/erased by a PROM
programmer via a socket adapter, just like for a discrete flash memory. Use a PROM programn
that supports the Hitachi 64/128/256-kbyte flash memory on-chip MCU device*. Figure 23.13
shows a memory map in programmer mode.

Note: For 3-V and 5-V version products, set the programming voltage of the PROM programn

to 3.3V.
H8S/2141B, H8S/2148B, and H8S/2161B
MCU mode H8S/2140B and H8S/2160B Programmer mode MCU mode Programmer mode
H'000000 H'00000 H'000000 H'00000
On-chip ROM area On-chip ROM area
H'00FFFF H'OFFFF H'01FFFF H'1FFFF

MCU mode H8S/21458 Programmer mode

H'000000 H'00000

1
1
1
Undefined value output 1
1
1
1

________________ I H1FFFF

On-chip ROM area

H'O3FFFF H'3FEFF

Figure 23.13 Memory Map in Programmer Mode

23.12 Usage Notes
The following lists notes on the use of on-board programming modes and programmer mode.

1. Perform programming/erasing with the specified voltage and timing.
If a voltage higher than the rated voltage is applied, the product may be fatally damaged. Fc
3-V and 5-V version products, use a PROM programmer that supports the Hitachi 64/128/2!
kbyte flash memory on-chip MCU device at 3.3 V. Do not set the programmer to HN28F101
or the programming voltage to 5.0 V.

2. Notes on power on/off
At powering on or off the Vcc power supply, fix tRES pin to low and set the flash memory
to hardware protection state. This power on/off timing must also be satisfied at a power-off
power-on caused by a power failure and other factors.

3. Perform flash memory programming/erasing in accordance with the recommended algorithr
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In the recommended algorithm, flash memory programming/erasing can be performed with
subjecting this LSI to voltage stress or sacrificing program data reliability. When setting the
or E bitin FLMCR1 to 1, set the watchdog timer against program runaway.

. Do not set/clear the SWE bit during program execution in the flash memory.

Do not set/clear the SWE bit during program execution in the flash memory. An interval of
least 10Qus is necessary between program execution or data reading in flash memory and
SWE bit clearing. When the SWE bit is set to 1, flash memory data can be modified, howe
flash memory data can be read only in program-verify or erase-verify mode. Do not access
flash memory for a purpose other than verification during programming/erasing. Do not cle
the SWE bit during programming, erasing, or verifying.

. Do not use interrupts during flash memory programming/erasing

In order to give the highest priority to programming/erasing operation, disable all interrupts
including NMI input when the flash memory is programmed or erased.

. Do not perform additional programming. Programming must be performed in the erased st
Program the area with 128-byte programming-unit blocks in on-board programming or
programmer mode only once. Perform programming in the state where the programming-u
block is fully erased.

. Ensure that the PROM programmer is correctly attached before programming.

If the socket, socket adapter, or product index does not match the specifications, too much
current flows and the product may be damaged.

. Do not touch the socket adapter or LS| while programming.

Touching either of these can cause contact faults and write errors.

Rev. 2.0, 08/02, page 605 of 788
RENESAS



Rev. 2.0, 08/02, page 606 of 788
RENESAS



Section 24 Masked ROM

This series incorporates a 64-kbyte or 128-kbyte masked ROM. The on-chip ROM is connecte
the CPU and data transfer controller (DTC) via the 16-bit data bus. The CPU and DTC can ac
the on-chip ROM with 8- or 16-bit width. Data in the on-chip ROM can always be accessed in

state.

< Internal data bus (upper 8 bits) > < Internal data bus (upper 8 bits) >
< Internal data bus (lower 8 bits) > < Internal data bus (lower 8 bits) >

|| N | N

H'000000 H'000001 H'0000 H'0001

H'000002 H'000003 H'0002 H'0003

H'01FFFE H'01FFFF H'DFFE H'DFFF
Mode 2 Mode 3

Figure 24.1 Block Diagram of 128-Kbyte Masked ROM (HD6432161BV)

< Internal data bus (upper 8 bits) > < Internal data bus (upper 8 bits) >
< Internal data bus (lower 8 bits) > < Internal data bus (lower 8 bits) >

|| N | N

H'000000 H'000001 H'0000 H'0001

H'000002 H'000003 H'0002 H'0003

H'00FFFE H'00FFFF H'DFFE H'DFFF
Mode 2 Mode 3

Figure 24.2 Block Diagram of 64-Kbyte Masked ROM (HD6432160BV)

The on-chip ROM is enabled or disabled according to the operating mode. The operating moc
selected by the mode select pins MD1 and MDO as indicated in table 3.1. Select mode 2 or 3
enable the on-chip ROM; whereas mode 1 to disable the on-chip ROM. The on-chip ROM is

allocated in area 0.
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Section 25 Clock Pulse Generator

This LSI incorporates a clock pulse generator, which generates the system clock (), bus mas
clock, and internal clock.

The clock pulse generator consists of an oscillator, duty correction circuit, clock select circuit,
medium-speed clock divider, bus master clock select circuit, subclock input circuit, and wavef
forming circuit. Figure 25.1 shows a block diagram of the clock pulse generator.

EXTAL —j Duty Medium-
Oscillator [— correction L —1speed clock |
XTAL —] circuit divider | 272 Bus master
Clock select 0 /32 | clock select
circuit ’ | circuit
o
2SUB
Subclock Waveform Y
EXCL T input circuit [ | forming
circuit System clock Internal clock Bus master clock
to @ pin to peripheral to CPU and DTC
modules
WDT_1
count clock

Figure 25.1 Block Diagram of Clock Pulse Generator

The bus master clock is selected as either high-speed mode or medium-speed mode by softw
according to the settings of the SCK2 to SCKO bits in the standby control register. For details
the standby control register, refer to section 26.1.1, Standby Control Register (SBYCR).

The subclock input is controlled by software according to the EXCLE bit setting in the low pow
control register. For details on the low power control register, refer to section 26.1.2, Low Pow
Control Register (LPWRCR).
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25.1  Oscillator

Clock pulses can be supplied either by connecting a crystal resonator, or by providing external

clock input.

25.1.1 Connecting Crystal Resonator

Figure 25.2 shows a typical method of connecting a crystal resonator. An appropriate damping
resistance Rgiven in table 25.1, should be used. An AT-cut parallel-resonance crystal resonatc

should be used.

Figure 25.3 shows the equivalent circuit of a crystal resonator. A resonator having the

characteristics given in table 25.2 should be used.

A crystal resonator with frequency identical to that of the system clock (@) should be used.

L1
|1
EXTAL
T
=
XTAL _WL'
Ry CLo C1=C»,=10to0 22 pF

Figure 25.2 Typical Connection to Crystal Resonator

Table 25.1 Damping Resistance Values

Frequency (MHz) 2 4 8 10 12 16 20
R, (Q) 1k 500 200 0 0 0 0
Co
L R
XTAL ° — EXTAL
|1
:::) AT-cut parallel-resonance crystal resonator

Figure 25.3 Equivalent Circuit of Crystal Resonator
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Table 25.2 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 20
R, (max) (Q) 500 120 80 70 60 50 40
C, (max) (pF) 7

25.1.2 External Clock Input Method

Figure 25.4 shows a typical method of connecting an external clock signal. To leave the XTAL

open, incidental capacitance should be 10 pF or less.

To input an inverted clock to the XTAL pin, the external clock should be set to high in standby
mode, subactive mode, subsleep mode, and watch mode. External clock input conditions are
shown in table 25.3. The frequency of the external clock should be the same as that of the sy

clock (2).

EXTAL J-I_l-l_l-l_ External clock input

XTAL Open

(a) Example of external clock input when XTAL pin left open

EXTAL ;
XTAL

(b) Example of external clock input when an inverted clock is input to XTAL pin

J-I_l-l_l-l_ External clock input

Figure 25.4 Example of External Clock Input
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Table 25.3 External Clock Input Conditions

V=27 V, =50V
036V  *£10%

Item Symbol Min Max Min Max Unit Test Conditions
External clock input t. 40 — 20 — ns Figure 25.5
pulse width low level
External clock input te 40 — 20 — ns
pulse width high level
External clock rising time  t_ — 10 — 5 ns
External clock falling t — 10 — 5 ns
time
Clock pulse width low - 04 06 04 06 t, #>=5MHz  Figure
level 80 — 80 — ns wo<5MHz 286
Clock pulse width high - 04 06 04 06 't @25 MHz
level 80 — 80 — ns B<5MHz
texH texe

EXTAL

Figure 25.5 External Clock Input Timing

The oscillator and duty correction circuit have a function to adjust the waveform of the external
clock input that is input to the EXTAL pin. When a specified clock signal is input to the EXTAL
pin, internal clock signal output is determined after the external clock output stabilization delay
time (,.,;) has passed. As the clock signal output is not determined during,iteytle, a reset
signal should be set to low to hold it in reset state. Table 25.4 shows the external clock output
stabilization delay time. Figure 25.6 shows the timing of the external clock output stabilization
delay time.
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Table 25.4 External Clock Output Stabilization Delay Time

Condition: V,.=2.7V1t0 55V, A, =27V1t055V, \(=AV =0V

Item Symbol  Min. Max. Unit Remarks
External clock output stabilization e 500 — ps Figure 25.6
delay time

Note:* t__ . includes a RES pulse width (t

RESW) :

Vce 2.7 V_7

sTBY Vw 7

S AVATATAYAVAVATATAVATAY
: i AYAVAVAVAVAVAYAY

(Internal and external)

8
m
(7]
~

toext*

Note:* The external clock output stabilization delay time (toexr) includes a RES pulse width (tresw).

Figure 25.6 Timing of External Clock Output Stabilization Delay Time

25.2  Duty Correction Circuit

The duty correction circuit is valid when the oscillating frequency is 5 MHz or more. It corrects

the duty of a clock that is output from the oscillator, and generates the system clock ().

25.3  Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock (@), and generates @/2, a/4, @/8, @/’

and @/32 clocks.
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25.4 Bus Master Clock Select Circuit

The bus master clock select circuit selects a clock to supply the bus master with either the syst
clock (@) or medium-speed clock (8/2, @/4, 8/8, a/16, or 8/32) by the SCK2 to SCKO bits in
SBYCR.

25.5  Subclock Input Circuit

The subclock input circuit controls subclock input from the EXCL pin. To use the subclock, a
32.768-kHz external clock should be input from the EXCL pin. At this time, the P96DDR bit in
PODDR should be cleared to 0, and the EXCLE bit in LPWRCR should be set to 1.

Subclock input conditions are shown in table 25.5. When the subclock is not used, subclock ing
should not be enabled.

Table 25.5 Subclock Input Conditions

Vecc=2.7t055V

Measurement
Item Symbol  Min Typ Max Unit Condition
Subclock input pulse width  t_ — 15.26 — us Figure 25.7
low level
Subclock input pulse width  t_, — 15.26 — ps
high level
Subclock input rising time  t_ . — — 10 ns
Subclock input falling time  t_, — — 10 ns
. texcLr . texcLL .
EXCL Ve x 05

i
texcr™ ~— ltexcur

Figure 25.7 Subclock Input Timing

25.6  Subclock Waveform Forming Circuit

To remove noise from the subclock input at the EXCL pin, the subclock is sampled by a dividec
clock. The sampling frequency is set by the NESEL bit in LPWRCR.

The subclock is not sampled in subactive mode, subsleep mode, or watch mode.
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25.7  Clock Select Circuit
The clock select circuit selects the system clock that is used in this LSI.

A clock generated by an oscillator to which the EXTAL and XTAL pins are input is selected as
system clock when returning from high-speed mode, medium-speed mode, sleep mode, reset
or standby mode.

A subclock input from the EXCL pin is selected as a system clock in subactive mode, subslee
mode, or watch mode. At this time, modules such as the CPU, TMR_0, TMR_1, WDT_0,
WDT_1, ports, and interrupt controller and their functions operate depending on the gSUB. TF
count clock and sampling clock for each timer are divided gSUB clocks.

25.8  Processing for X1 and X2 Pins

The X1 and X2 pins should be open as shown in figure 25.8.

X1 Open

X2 Open

Figure 25.8 Processing for X1 and X2 Pins
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25.9 Usage Notes

25.9.1 Note on Resonator

Since all kinds of characteristics of the resonator are closely related to the board design by the
user, use the example of resonator connection in this document for only reference; be sure to
an resonator that has been sufficiently evaluated by the user. Consult with the resonator
manufacturer about the resonator circuit ratings which vary depending on the stray capacitance
the resonator and installation circuit. Make sure the voltage applied to the oscillator pins does r
exceed the maximum rating.

25.9.2 Notes on Board Design

When using a crystal resonator, the crystal resonator and its load capacitors should be placed
close as possible to the XTAL and EXTAL pins.

Other signal lines should be routed away from the oscillator circuit to prevent inductive
interference with the correct oscillation as shown in figure 25.9.

Avoid SignlaIA Signlal B
Ci This LS
& | 1 XTAL
=
|1 T EXTAL
CYR

Figure 25.9 Note on Board Design of Oscillator Circuit Section
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Section 26 Power-Down Modes

For operating modes after the reset state is cancelled, this LSI has not only the normal progra
execution state but also seven power-down modes in which power dissipation is significantly
reduced. In addition, there is also module stop mode in which reduced power dissipation can |
achieved by individually stopping on-chip peripheral modules.

e Medium-speed mode
System clock frequency for the CPU operation can be selected as @/2, g/4, @/8, @/16,0r gl.
e Subactive mode
The CPU operates based on the subclock and on-chip peripheral modules other than TMR
TMR_1, WDT_0, and WDT_1 stop operating.
e Sleep mode
The CPU stops but on-chip peripheral modules continue operating.
e Subsleep mode
The CPU and on-chip peripheral modules other than TMR_0, TMR_1, WDT_0, and WDT _
stop operating.
e Watch mode
The CPU and on-chip peripheral modules other than WDT _1 stop operating.
« Software standby mode
Clock oscillation stops, and the CPU and on-chip peripheral modules stop operating.
e Hardware standby mode
Clock oscillation stops, and the CPU and on-chip peripheral modules enter reset state.
e Module stop mode

Independently of above operating modes, on-chip peripheral modules that are not used ca
stopped individually.

26.1 Register Descriptions

Power-down modes are controlled by the following registers. To access SBYCR, LPWRCR,
MSTPCRH, and MSTPCRL, the FLSHE bit in the serial timer control register (STCR) must be
cleared to 0. For details on STCR, see section 3.2.3, Serial Timer Control Register (STCR).

« Standby control register (SBYCR)

» Low power control register (LPWRCR)

* Module stop control register H (MSTPCRH)
« Module stop control register L (MSTPCRL)
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26.1.1  Standby Control Register (SBYCR)

SBYCR controls power-down modes.

Bit  Bit Name Initial Value R/W

Description

7 SSBY

0 R/W

Software Standby

Specifies the operating mode to be entered after executing
the SLEEP instruction.

When the SLEEP instruction is executed in high-speed
mode or medium-speed mode:

0: Shifts to sleep mode

1: Shifts to software standby mode, subactive mode, or
watch mode

When the SLEEP instruction is executed in subactive
mode:

0: Shifts to subsleep mode
1: Shifts to watch mode or high-speed mode

Note that the SSBY bit is not changed even if a mode
transition occurs by an interrupt.

STS2
STS1
STSO

R/W
R/W
R/W

Standby Timer Select 2to 0

Selects the wait time for clock stabilization from clock
oscillation start when canceling software standby mode,
watch mode, or subactive mode. Select a wait time of 8 ms
(oscillation stabilization time) or more, depending on the
operating frequency. Table 26.1 shows the relationship
between the STS2 to STSO values and wait time.

With an external clock, there are no specific wait
requirements. Normally the minimum value is
recommended.

Reserved
This bit is always read as 0, and cannot be modified.
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Bit  Bit Name Initial Value R/W

Description

SCK2
SCK1
0 SCKO

0
0
0

R/W
R/W
R/W

System Clock Select 2 to 0
Selects a clock for the bus master in high-speed mode or

medium-speed mode.

When making a transition to subactive mode or watch
mode, SCK2 to SCKO must be cleared to 0.

000:
001:
010:
011:
100:
101:
11X:

High-speed mode
Medium-speed clock: /2
Medium-speed clock: g/4
Medium-speed clock: /8
Medium-speed clock: g/16
Medium-speed clock: /32

Legend

X: Don't care

Table 26.1 Operating Frequency and Wait Time

STS2 STS1 STSO Wait Time 20MHz 10MHz 8 MHz 6MHz 4MHz 2MHz Unit
0 0 0 8192 states 0.4 0.8 1.0 1.3 20. 4.1 ms
0 0 1 16384 states 0.8 1.6 2.0 2.7 4.1 8.2

0 1 0 32768 states 2.0 3.3 4.1 5.5 8.2 16.4

0 1 1 65536 states 4.1 6.6 8.2 10.9 16.4 32.8

1 0 0 131072 states 8.2 13.1 16.4 21.8 32.8 65.5

1 0 1 262144 states 16.4 26.2 32.8 43.6 65.6 131.2

1 1 0 Reserved O O O O O O O

1 1 1 16 states* 0.8 1.6 2.0 2.7 4.0 8.0 [V

Shaded cells indicate the recommended specification.
Note:* This setting cannot be made in the flash-memory version of this LSI.

RENESAS
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26.1.2 Low-Power Control Register (LPWRCR)
LPWRCR controls power-down modes.

Bit  Bit Name Initial Value R/W  Description
7 DTON 0 R/W  Direct Transfer On Flag

Specifies the operating mode to be entered after executing
the SLEEP instruction.

When the SLEEP instruction is executed in high-speed
mode or medium-speed mode:

0: Shifts to sleep mode, software standby mode, or watch
mode

1: Shifts directly to subactive mode, or shifts to sleep mode
or software standby mode

When the SLEEP instruction is executed in subactive
mode:

0: Shifts to subsleep mode or watch mode

1: Shifts directly to high-speed mode, or shifts to subsleep
mode

6 LSON 0 R/W  Low-Speed On Flag

Specifies the operating mode to be entered after executing
the SLEEP instruction. This bit also controls whether to shift
to high-speed mode or subactive mode when watch mode
is cancelled.

When the SLEEP instruction is executed in high-speed
mode or medium-speed mode:

0: Shifts to sleep mode, software standby mode, or watch
mode

1: Shifts to watch mode or subactive mode

When the SLEEP instruction is executed in subactive
mode:

0: Shifts directly to watch mode or high-speed mode
1: Shifts to subsleep mode or watch mode

When watch mode is cancelled:

0: Shifts to high-speed mode

1: Shifts to subactive mode
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Bit  Bit Name Initial Value R/W  Description

5 NESEL O R/W  Noise Elimination Sampling Frequency Select

Selects the frequency by which the subclock (gSUB) input
from the EXCL pin is sampled using the clock (g) generated
by the system clock pulse generator. Clear this bit to 0
when g is 5 MHz or more.

0: Sampling using @/32 clock
1: Sampling using @/4 clock
4 EXCLE O R/W  Subclock Input Enable
Enables/disables subclock input from the EXCL pin.

0: Disables subclock input from the EXCL pin
1: Enables subclock input from the EXCL pin

3 O 0 R/W  Reserved
An undefined value is read from this bit. This bit should not
be setto 1.

2to0 O AllO R Reserved

These bits are always read as 0 and cannot be modified.

26.1.3 Module Stop Control Registers H and L (MSTPCRH, MSTPCRL)

MSTPCRH and MSTPCRL specify on-chip peripheral modules to shift to module stop mode ir
module units. Each module can enter module stop mode by setting the corresponding bit to 1.

« MSTPCRH

@
~—+

Bit Name Initial Value R/W  Corresponding Module

MSTP15 O* R/W

MSTP14 O R/W  Data transfer controller (DTC)

MSTP13 1 R/W  16-bit free-running timer (FRT)

MSTP12 1 R/W  8-bit timers (TMR_0, TMR_1)
1
1
1

MSTP11 R/W  8-bit PWM timer (PWM), 14-bit PWM timer (PWMX)
MSTP10 R/W  D/A converter

MSTP9 R/W  A/D converter

MSTP8 1 R/W  8-bit timers (TMR_X, TMR_Y), timer connection
Note:* Do not set this bit to 1.

ORI N W|A~O|O| N
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« MSTPCRL

Bit  Bit Name Initial Value R/W  Corresponding Module

7 MSTP7 1 R/W  Serial communication interface_0 (SCI_0)

6 MSTP6 1 R/W  Serial communication interface_1 (SCI_1)

5 MSTPS 1 R/W  Serial communication interface_2 (SCI_2)

4 MSTP4 1 R/W  I°C bus interface_0 (IIC_0)

3 MSTP3 1 R/W  I°C bus interface_1 (IIC_1)

2 MSTP2 1 R/W  Host interface (XBS), keyboard buffer controller, keyboard
matrix interrupt mask register (KMIMR), keyboard matrix
interrupt mask register A (KMIMRA), port 6 pull-up MOS
control register (KMPCR)

MSTP1 1* RW O
0 MSTPO 1 R/W  Host interface (LPC), wake-up event interrupt mask register

B (WUEMRB)

Note:* This bit can be read from or written to, however, operation is not affected.

26.2 Mode Transitions and LSI States

Figure 26.1 shows the enabled mode transition diagram. The mode transition from program
execution state to program halt state is performed by the SLEEP instruction. The mode transitic
from program halt state to program execution state is performed by an interrufTB Yienput
causes a mode transition from any state to hardware standby mo®ES mput causes a mode
transition from a state other than hardware standby mode to the reset state. Table 26.2 shows
LSl internal states in each operating mode.
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Program halt state

Hardware
standby mode

Reset state -

STBY pin = High
RES pin = Low
. RES pin = High
Program execution state
Sleep mode
(main clock)

High-speed mode

3 (main clock)

1SCK2 to SCK2 to

SLEEP

'SCKO are | | SCKO are | W PSS =0,LSON=0
0 not 0 3 \\ Software

SSBY =1,

standby mode

Medium-speed

mode
(main clock)

SSBY =1,

' Interrupt *1
 meerup PSS =1, DTON =0

. LSON bit=0
SLEEP instruction SLEEP instruction Watch mode
SSBY =1,PSS =1, SSBY =1,PSS=1, (subclock)
DTON =1,LSON =0 DTON=1,LSON =1 SLEEP
After the oscillation Clock switching
stabilization time exception handling

(STS2 to STS0), clock
switching exception
handling \

SSBY = 0,
PSS=1,LSON=1

Interrupt *1
LSON bit=1

SLEEP instruction

Subactive mode

Subsleep mode
(subclock) -

(subclock)

Interrupt *2

— : Transition after exception processing C) : Power-down mode

Notes: 1. NMI, IRQO to IRQ2, IRQ6, IRQ7, and WDT1 interrupts
2. NMI, IRQO to IRQ7, WDTO, WDT1, TMRO, and TMRL1 interrupts
3. NMI, IRQO to IRQ2, IRQ6, and IRQ7 interrupts

« When a transition is made between modes by means of an interrupt, the transition cannot be made
on interrupt source generation alone. Ensure that interrupt handling is performed after accepting the
interrupt request.

« Always select high-speed mode before making a transition to watch mode or sub-active mode.

Figure 26.1 Mode Transition Diagram
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Table 26.2 LSI Internal States in Each Mode

High- Medium- Module Sub- Sub- Software Hardware
Function Speed Speed  Sleep Stop Watch Active Sleep Standby  Standby
System clock pulse Function-  Function- Function- Function- Halted Halted Halted Halted Halted
generator ing ing ing ing
Subclock pulse Function- Function- Function- Function- Function- Function- Function- Halted Halted
generator ing ing ing ing ing ing ing
CPU Instruction  Function- Medium- Halted Function-  Halted Subclock  Halted Halted Halted
execution ing speed ing operation
Registers operation Retained Retained Retained Retained  Undefined
External  NMI Function-  Function- Function-  Function- Function-  Function-  Function- Function-  Halted
interrupts i i i i i i i i
p! IRQO to ing ing ing ing ing ing ing ing
IRQ7
KINO to
KIN15
WUEQO to
WUE7
Peripheral DTC Function- Medium- Function- Function- Halted Halted Halted Halted Halted
modules ing speed ing ing/Halted (retained) (retained) (retained) (retained) (reset)
operation (retained)
WDT_1 Function- Function-  Subclock  Subclock  Subclock
ing ing operation operation operation
WDT_0 Halted
TMR_0, Function-  (etained)
TMR_1 ing/Halted
retained
FRT (retained) Halted  Halted
TMR_X, (retained) (retained)
TMR_Y
Timer
connection
IIC_0
Inc_1
LPC
SCI_0 Function-  Halted Halted Halted Halted
ing/Halted (reset) (reset) (reset) (reset)
SCI_1
- (reset)
SCl_2
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High- Medium- Module Sub- Sub- Software Hardware

Function Speed Speed Sleep Stop Watch Active Sleep Standby  Standby
Peripheral PWM Function-  Function- Function-  Function- Halted Halted Halted Halted Halted
modules PWMX ing ing ing ing/Halted (reset) (reset) (reset) (reset) (reset)
(reset)
XBS,
Keyboard
buffer
controller
D/IA
A/D
RAM Function-  Function- Retained Function- Retained Retained Retained
ing (DTC) ing ing
110 Function- Function- Retained Function- Function- Retained High
ing ing ing ing impedance

Note:* “Halted (retained)” means that internal register values are retained. The internal state is
“operation suspended.”

“Halted (reset)” means that internal register values and internal states are initialized.

In module stop mode, only modules for which a stop setting has been made are halted
(reset or retained).

26.3 Medium-Speed Mode

The CPU makes a transition to medium-speed mode as soon as the current bus cycle ends
according to the setting of the SCK2 to SCKO bits in SBYCR. In medium-speed mode, the CP
operates on the operating clock (a/2, g/4, /8, 8/16, or @/32). On-chip peripheral modules othe
than the bus masters always operate on the system clock ().

In medium-speed mode, a bus access is executed in the specified number of states with respt
the bus master operating clock. For example, if @/4 is selected as the operating clock, on-chip
memory is accessed in 4 states, and internal I/O registers in 8 states.

By clearing all of bits SCK2 to SCKO to 0, a transition is made to high-speed mode at the end
the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBYCR is cleared to 0, and the LSOI
bit in LPWRCR is cleared to 0, a transition is made to sleep mode. When sleep mode is clear
an interrupt, medium-speed mode is restored. When the SLEEP instruction is executed with tt
SSBY bit set to 1, the LSON bit cleared to 0, and the PSS bit in TCSR (WDT_1) cleared to O,
operation shifts to software standby mode. When software standby mode is cleared by an ext:
interrupt, medium-speed mode is restored.

When theRES pin is set low and medium-speed mode is cancelled, operation shifts to the rese
state. The same applies in the case of a reset caused by overflow of the watchdog timer.

Rev. 2.0, 08/02, page 625 of 788
RENESAS



When theSTBY pin is driven low, medium-speed mode is cancelled and a transition is made to
hardware standby mode.

Figure 26.2 shows an example of medium-speed mode timing.

Medium-speed mode

oy UUyL
U L

Bus master clock

Internal address bus ( SBYCR X X X SBYCR X X )
Internal write signal

Figure 26.2 Medium-Speed Mode Timing

26.4  Sleep Mode

The CPU makes a transition to sleep mode if the SLEEP instruction is executed when the SSB
bit in SBYCR is cleared to 0 and the LSON bit in LPWRCR is cleared to 0. In sleep mode, CPU
operation stops but the peripheral modules do not stop. The contents of the CPU’s internal
registers are retained.

Sleep mode is exited by any interrupt, RES pin, or theSTBY pin.

When an interrupt occurs, sleep mode is exited and interrupt exception handling starts. Sleep r
is not exited if the interrupt is disabled, or interrupts other than NMI are masked by the CPU.

Setting theRES pin level low cancels sleep mode and selects the reset state. After the oscillatiol
stabilization time has passed, driving RieS pin high causes the CPU to start reset exception
handling.

When theSTBY pin level is driven low, sleep mode is cancelled and a transition is made to
hardware standby mode.
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26.5 Software Standby Mode

The CPU makes a transition to software standby mode when the SLEEP instruction is execut:
while the SSBY bit in SBYCR is set to 1, the LSON bit in LPWRCR is cleared to 0, and the PS
bit in TCSR (WDT _1) is cleared to 0.

In software standby mode, the CPU, on-chip peripheral modules, and clock pulse generator al
stop. However, the contents of the CPU’s internal registers, on-chip RAM data, 1/0O ports, and
states of on-chip peripheral modules other than the SCI, PWM, and PWMX, are retained as Io
as the prescribed voltage is supplied.

Software standby mode is cleared by an external interrupt (NMI, IRQO to IRQ2, IRQ6, or IRQ7
theRES pin input, orSTBY pin input.

When an external interrupt request signal is input, system clock oscillation starts, and after the
elapse of the time set in bits STS2 to STSO in SBYCR, software standby mode is cleared, anc
interrupt exception handling is started. When clearing software standby mode with an IRQO to
IRQ2, IRQ6, or IRQ7 interrupt, set the corresponding enable bit to 1 and ensure that no interrt
with a higher priority than interrupts IRQO to IRQ2, IRQ6, and IRQ7 is generated. Software
standby mode cannot be cleared if an interrupt enable bit corresponding to an IRQO to IRQ2,
IRQB6, or IRQ7 interrupt is cleared to O or if the interrupt has been masked on the CPU side.

When theRES pin is driven low, system clock oscillation is started. At the same time as systerr
clock oscillation starts, the system clock is supplied to the entire LSI. Note tiRaStgn must

be held low until clock oscillation stabilizes. When RS pin goes high after clock oscillation
stabilizes, the CPU begins reset exception handling.

When theSTBY pin is driven low, software standby mode is cancelled and a transition is made
hardware standby mode.

Figure 26.3 shows an example in which a transition is made to software standby mode at the
falling edge of the NMI pin, and software standby mode is cleared at the rising edge of the NV

pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in SYSCR cleared to 0 (fallin
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is <
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge of the NMI pin.
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NMI exception Software standby mode | NMI exception
handling (power-down mode) Oscillation handling
NMIEG =1 stabilization

SSBY =1 time togco

SLEEP instruction

Figure 26.3 Application Example in Software Standby Mode

26.6  Hardware Standby Mode

The CPU makes a transition to hardware standby mode from any mode wK&@Bthein is
driven low.

In hardware standby mode, all functions enter the reset state. As long as the prescribed voltag
supplied, on-chip RAM data is retained. The 1/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SYSCR should be cleared to 0 before
driving theSTBY pin low. Do not change the state of the mode pins (MD1 and MDO) while this
LSl is in hardware standby mode.

Hardware standby mode is cleared bySA8Y pin input or theRES pin input.

When theSTBY pin is driven high while th&ES pin is low, clock oscillation is started. Ensure
that theRES pin is held low until system clock oscillation stabilizes. WherRiB8 pin is
subsequently driven high after the clock oscillation stabilization time has passed, reset exceptic
handling starts.
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Figure 26.4 shows an example of hardware standby mode timing.

oscitator [ | | | [{[[]]]]] ’ il
))

))

. i

))

Oscillation Reset
stabilization exception
time handling

Figure 26.4 Hardware Standby Mode Timing

26.7 Watch Mode

The CPU makes a transition to watch mode when the SLEEP instruction is executed in high-s
mode or subactive mode with the SSBY bit in SBYCR set to 1, the DTON bit in LPWRCR
cleared to 0, and the PSS bitin TCSR (WDT_1) setto 1.

In watch mode, the CPU is stopped and peripheral modules other than WDT _1 are also stopp
The contents of the CPU's internal registers, several on-chip peripheral module registers, and
chip RAM data are retained and the 1/O ports retain their values before transition as long as tt
prescribed voltage is supplied.

Watch mode is exited by an interrupt (WOVI1, NMI, IRQO to IRQ2, IRQ6, or IRREY, pin
input, orSTBY pin input.

When an interrupt occurs, watch mode is exited and a transition is made to high-speed mode
medium-speed mode when the LSON bit in LPWRCR cleared to 0 or to subactive mode wher
LSON bit is set to 1. When a transition is made to high-speed mode, a stable clock is suppliec
the entire LSI and interrupt exception handling starts after the time set in the STS2 to STSO bi
SBYCR has elapsed. In the case of an IRQO to IRQ2, IRQ6, or IRQ7 interrupt, watch mode is
exited if the corresponding enable bit has been cleared to 0. In the case of interrupts from the
chip peripheral modules, watch mode is not exited if the interrupt enable register has been se
disable the reception of that interrupt, or the interrupt is masked by the CPU.

When theRES pin is driven low, system clock oscillation starts. Simultaneously with the start
system clock oscillation, the system clock is supplied to the entire LSI. Note tfRaEShEn must
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be held low until clock oscillation is stabilized. If tRES pin is driven high after the clock
oscillation stabilization time has passed, the CPU begins reset exception handling.

If the STBY pin is driven low, the LSI enters hardware standby mode.

26.8  Subsleep Mode

The CPU makes a transition to subsleep mode when the SLEEP instruction is executed in
subactive mode with the SSBY bit in SBYCR cleared to 0, the LSON bit in LPWRCR setto 1,
and the PSS bitin TCSR (WDT_1) set to 1.

In subsleep mode, the CPU is stopped. Peripheral modules other than TMR_0, TMR_1, WDT _
and WDT _1 are also stopped. The contents of the CPU'’s internal registers, several on-chip
peripheral module registers, and on-chip RAM data are retained and the I/O ports retain their
values before transition as long as the prescribed voltage is supplied.

Subsleep mode is exited by an interrupt (interrupts by on-chip peripheral modules, NMI, IRQO t
IRQ7), theRES pin input, or theSTBY pin input.

When an interrupt occurs, subsleep mode is exited and interrupt exception handling starts.

In the case of an IRQO to IRQ7 interrupt, subsleep mode is not exited if the corresponding enal
bit has been cleared to 0. In the case of interrupts from the on-chip peripheral modules, subsle
mode is not exited if the interrupt enable register has been set to disable the reception of that
interrupt, or the interrupt is masked by the CPU.

When theRES pin is driven low, system clock oscillation starts. Simultaneously with the start of
system clock oscillation, the system clock is supplied to the entire LSI. Note tiRStgn must

be held low until clock oscillation is stabilized. If tRES pin is driven high after the clock
oscillation stabilization time has passed, the CPU begins reset exception handling.

If the STBY pin is driven low, the LSI enters hardware standby mode.
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26.9 Subactive Mode

The CPU makes a transition to subactive mode when the SLEEP instruction is executed in hic
speed mode with the SSBY bit in SBYCR set to 1, the DTON bit and LSON bit in LPWRCR se
to 1, and the PSS bitin TCSR (WDT_1) set to 1. When an interrupt occurs in watch mode, an
the LSON bit in LPWRCR is 1, a direct transition is made to subactive mode. Similarly, if an
interrupt occurs in subsleep mode, a transition is made to subactive mode.

In subactive mode, the CPU operates at a low speed based on the subclock and sequentially
executes programs. Peripheral modules other than TMR_0, TMR_1, WDT_0, and WDT _1 are
also stopped.

When operating the CPU in subactive mode, the SCK2 to SCKO bits in SBYCR must be clear
0.

Subactive mode is exited by the SLEEP instructRES pin input, ofSTBY pin input.

When the SLEEP instruction is executed with the SSBY bit in SBYCR set to 1, the DTON bit i
LPWRCR cleared to 0, and the PSS bit in TCSR (WDT_1) set to 1, the CPU exits subactive n
and a transition is made to watch mode. When the SLEEP instruction is executed with the SS
bit in SBYCR cleared to 0, the LSON bit in LPWRCR set to 1, and the PSS bit in TCSR (WDT
set to 1, a transition is made to subsleep mode. When the SLEEP instruction is executed with
SSBY bitin SBYCR set to 1, the DTON bit and LSON bit in LPWRCR set to 10, and the PSS
in TCSR (WDT_1) set to 1, a direct transition is made to high-speed mode.

For details of direct transitions, see section 26.11, Direct Transitions.

When theRES pin is driven low, system clock oscillation starts. Simultaneously with the start c
system clock oscillation, the system clock is supplied to the entire LSI. Note tiREShEn must
be held low until the clock oscillation is stabilized. If RS pin is driven high after the clock
oscillation stabilization time has passed, the CPU begins reset exception handling.

If the STBY pin is driven low, the LSI enters hardware standby mode.
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26.10 Module Stop Mode
Module stop mode can be individually set for each on-chip peripheral module.

When the corresponding MSTP bit in MSTPCR is set to 1, module operation stops at the end ©
the bus cycle and a transition is made to module stop mode. In turn, when the corresponding
MSTP bit is cleared to 0, module stop mode is cancelled and the module operation resumes at
end of the bus cycle. In module stop mode, the internal states of modules other than the SCI, L
converter, A/D converter, PWM, and PWMX are retained.

After the reset state is cancelled, all modules other than DTC are in module stop mode.

While an on-chip peripheral module is in module stop mode, read/write access to its registers i
disabled.

26.11 Direct Transitions

The CPU executes programs in three modes: high-speed, medium-speed, and subactive. Whe
direct transition is made from high-speed mode to subactive mode, there is no interruption of
program execution. A direct transition is enabled by setting the DTON bit in LPWRCR to 1 and
then executing the SLEEP instruction. After a transition, direct transition exception handling
starts.

The CPU makes a transition to subactive mode when the SLEEP instruction is executed in higl
speed mode with the SSBY bit in SBYCR set to 1, the LSON bit and DTON bit in LPWRCR set
to 11, and the PSS bitin TSCR (WDT_1) set to 1.

To make a direct transition to high-speed mode after the time set in the STS2 to STSO bits in
SBYCR has elapsed, execute the SLEEP instruction in subactive mode with the SSBY bit in
SBYCR set to 1, the LSON bit and DTON bit in LPWRCR set to 01, and the PSS bit in TSCR
(WDT_1) set to 1.
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26.12 Usage Notes

26.12.1 1/O Port Status

The status of the 1/O ports is retained in software standby mode. Therefore, when a high leve
output, the current consumption is not reduced by the amount of current to support the high le
output.

26.12.2 Current Consumption when Waiting for Oscillation Stabilization

The current consumption increases during oscillation stabilization.

26.12.3 DTC Module Stop Mode

If the DTC module stop mode specification and DTC bus request occur simultaneously, the bt
released to the DTC and the MSTP bit cannot be set to 1. After completing the DTC bus cycle
the MSTP bit to 1 again.
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Section 27 List of Registers

The register list gives information on the on-chip 1/O register addresses, how the register bits
configured, and the register states in each operating mode. The information is given as showr
below.

1.

Register Addresses (address order)

Registers are listed from the lower allocation addresses.
The MSB-side address is indicated for 16-bit addresses.
Registers are classified by functional modules.

The access size is indicated.

Register Bits

Bit configurations of the registers are described in the same order as the Register Address
(address order) above.

Reserved bits are indicated By in the bit name column.

The bit number in the bit-name column indicates that the whole register is allocated as a
counter or for holding data.

16-bit registers are indicated from the bit on the MSB side.

Register States in Each Operating Mode

Register states are described in the same order as the Register Addresses (address order
above.

The register states described here are for the basic operating modes. If there is a specific |
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.
Register Select Conditions

Register states are described in the same order as the Register Addresses (address order
above.

For details on the register select conditions, refer to section 3.2.2, System Control Registel
(SYSCR), 3.2.3, Serial Timer Control Register (STCR), 26.1.3, Module Stop Control Regis
H, L (MSTPCRH, MSTPCRL), and the register descriptions for each module.

27.1 Register Addresses (Address Order)

The data bus width indicates the numbers of bits by which the register is accessed.

The number of access states indicates the number of states based on the specified reference
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Number

Data  of
Number Bus Access

Register Name Abbreviation of Bits ~ Address Module Width  States
Port G open drain control register PGNOCR** 8 H'FE16 PORT 8 3
Port E open drain control register PENOCR** 8 H'FE18 PORT 8 3
Port F open drain control register PFNOCR*! 8 H'FE19 PORT 8 3
Port C open drain control register PCNOCR** 8 H'FE1C PORT 8 3
Port D open drain control register PDNOCR** 8 H'FE1D PORT 8 3
Bidirectional data register OMW TWROMW 8 H'FE20 LPC 8 3
Bidirectional data register OSW TWROSW 8 H'FE20 LPC 8 3
Bidirectional data register 1 TWR1 8 H'FE21 LPC 8 3
Bidirectional data register 2 TWR2 8 H'FE22 LPC 8 3
Bidirectional data register 3 TWR3 8 H'FE23 LPC 8 3
Bidirectional data register 4 TWR4 8 H'FE24 LPC 8 3
Bidirectional data register 5 TWR5 8 H'FE25 LPC 8 3
Bidirectional data register 6 TWR6 8 H'FE26 LPC 8 3
Bidirectional data register 7 TWR7 8 H'FE27 LPC 8 3
Bidirectional data register 8 TWRS8 8 H'FE28 LPC 8 3
Bidirectional data register 9 TWR9 8 H'FE29 LPC 8 3
Bidirectional data register 10 TWR10 8 H'FE2A LPC 8 3
Bidirectional data register 11 TWR11 8 H'FE2B LPC 8 3
Bidirectional data register 12 TWR12 8 H'FE2C LPC 8 3
Bidirectional data register 13 TWR13 8 H'FE2D LPC 8 3
Bidirectional data register 14 TWR14 8 H'FE2E LPC 8 3
Bidirectional data register 15 TWR15 8 H'FE2F LPC 8 3
Input data register 3 IDR3 8 H'FE30 LPC 8 3
Output data register 3 ODR3 8 H'FE31 LPC 8 3
Status register 3 STR3 8 H'FE32 LPC 8 3
LPC channel address register H LADR3H 8 H'FE34 LPC 8 3
LPC channel address register L LADR3L 8 H'FE35 LPC 8 3
SERIRQ control register 0 SIRQCRO 8 H'FE36 LPC 8 3
SERIRQ control register 1 SIRQCR1 8 H'FE37 LPC 8 3
Input data register 1 IDR1 8 H'FE38 LPC 8 3
Output data register 1 ODR1 8 H'FE39 LPC 8 3
Status register 1 STR1 8 H'FE3A LPC 8 3
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Number

Data  of
Number Bus Access

Register Name Abbreviation of Bits  Address Module Width  States

Input data register 2 IDR2 8 H'FE3C LPC 8 3

Output data register 2 ODR2 8 H'FE3D LPC 8 3

Status register 2 STR2 8 H'FE3E LPC 8 3

Host interface select register HISEL 8 H'FE3F LPC 8 3

Host interface control register O HICRO 8 H'FE40 LPC 8 3

Host interface control register 1 HICR1 8 H'FE41 LPC 8 3

Host interface control register 2 HICR2 8 H'FE42 LPC 8 3

Host interface control register 3 HICR3 8 H'FE43 LPC 8 3

Wakeup event interrupt mask register ~ WUEMRB** 8 H'FE44 INT 8 3

B

Port G output data register PGODR** 8 H'FE46 PORT 8 3

Port G input data register PGPIN** 8 H'FE47 PORT 8 3
(read)

Port G data direction register PGDDR** 8 H'FE47 PORT 8 3
(write)

Port E output data register PEODR** 8 H'FE48 PORT 8 3

Port F output data register PFODR*! 8 H'FE49 PORT 8 3

Port E input data register PEPIN** 8 H'FE4A PORT 8 3
(read)

Port E data direction register PEDDR*! 8 H'FE4A PORT 8 3
(write)

Port F input data register PFPIN** 8 H'FE4B PORT 8 3
(read)

Port F data direction register PFDDR** 8 H'FE4B PORT 8 3
(write)

Port C output data register PCODR** 8 HFE4C  PORT 8 3

Port D output data register PDODR** 8 H'FE4D PORT 8 3

Port C input data register PCPIN*! 8 H'FE4E PORT 8 3
(read)

Port C data direction register PCDDR** 8 H'FE4E PORT 8 3
(write)

Port D input data register PDPIN*! 8 H'FE4F PORT 8 3
(read)

Port D data direction register PDDDR** 8 H'FE4F PORT 8 3
(write)

RENESAS
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Number

of
Number Bus Access

Register Name Abbreviation of Bits ~ Address Module Width  States
Host interface control register 2 HICR2 8 H'FE80 XBS 8 2
Input data register_3 IDR_3 8 H'FE81 XBS 8 2
Output data register_3 ODR_3 8 H'FE82 XBS 8 2
Status register_3 STR_3 8 H'FE83 XBS 8 2
Input data register_4 IDR_4 8 H'FE84 XBS 8 2
Output data register_4 ODR_4 8 H'FE85 XBS 8 2
Status register_4 STR_4 8 H'FE86 XBS 8 2
I’C bus extended control register_0 ICXR_0 8 H'FED4 IIC_0 8 2
I’C bus extended control register_1 ICXR_1 8 H'FED5 IIC_1 8 2
Keyboard control register H_0 KBCRH_O 8 H'FED8 Keyboard 8 2

buffer

controller_

0
Keyboard control register L_0 KBCRL_O 8 H'FED9 Keyboard 8 2

buffer

controller_

0
Keyboard data buffer register_0 KBBR_0O 8 H'FEDA  Keyboard 8 2

buffer

controller_

0
Keyboard control register H_1 KBCRH_1 8 H'FEDC Keyboard 8 2

buffer

controller_

1
Keyboard control register L_1 KBCRL_1 8 H'FEDD Keyboard 8 2

buffer

controller_

1
Keyboard data buffer register_1 KBBR_1 8 H'FEDE  Keyboard 8 2

buffer

controller_

1
Keyboard control register H_2 KBCRH_2 8 H'FEEO Keyboard 8 2

buffer

controller_

2
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Number

Data  of
Number Bus Access

Register Name Abbreviation of Bits ~ Address Module Width  States
Keyboard control register L_2 KBCRL_2 8 H'FEE1 Keyboard 8 2

buffer

controller_

2
Keyboard data buffer register_2 KBBR_2 8 H'FEE2 Keyboard 8 2

buffer

controller_

2
Keyboard comparator control register KBCOMP 8 H'FEE4 IrDA/ 8 2

Extended

A/ID
DDC switch register DDCSWR 8 H'FEE6 IIC_0 8 2
Interrupt control register A ICRA 8 H'FEES8 INT 8 2
Interrupt control register B ICRB 8 H'FEE9 INT 8 2
Interrupt control register C ICRC 8 H'FEEA INT 8 2
IRQ status register ISR 8 H'FEEB INT 8 2
IRQ sense control register H ISCRH 8 HFEEC  INT 8 2
IRQ sense control register L ISCRL 8 H'FEED INT 8 2
DTC enable register A DTCERA 8 H'FEEE DTC 8 2
DTC enable register B DTCERB 8 H'FEEF DTC 8 2
DTC enable register C DTCERC 8 H'FEFO DTC 8 2
DTC enable register D DTCERD 8 H'FEF1 DTC 8 2
DTC enable register E DTCERE 8 H'FEF2 DTC 8 2
DTC vector register DTVECR 8 H'FEF3 DTC 8 2
Address break control register ABRKCR 8 H'FEF4 INT 8 2
Break address register A BARA 8 H'FEF5 INT 8 2
Break address register B BARB 8 H'FEF6 INT 8 2
Break address register C BARC 8 H'FEF7 INT 8 2
Flash memory control register 1 FLMCR1 8 H'FF80 FLASH 8 2
Flash memory control register 2 FLMCR2 8 H'FF81 FLASH 8 2
Peripheral clock select register PCSR 8 H'FF82 PWM 8 2
Erase block register 1 EBR1 8 H'FF82 FLASH 8 2
System control register 2 SYSCR2 8 H'FF83 SYSTEM 8 2
Erase block register 2 EBR2 8 H'FF83 FLASH 8 2
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Number

Data  of
Number Bus Access

Register Name Abbreviation of Bits ~ Address Module Width  States
Standby control register SBYCR 8 H'FF84 SYSTEM 8 2
Low power control register LPWRCR 8 H'FF85 SYSTEM 8 2
Module stop control register H MSTPCRH 8 H'FF86 SYSTEM 8 2
Module stop control register L MSTPCRL 8 H'FF87 SYSTEM 8 2
Serial mode register_1 SMR_1 8 H'FF88 SCI_1 8 2
I’C bus control register_1 ICCR_1 8 H'FF88 IIC_1 8 2
Bit rate register_1 BRR_1 8 H'FF89 SCI_1 8 2
I’C bus status register_1 ICSR_1 8 H'FF89 IIC_1 8 2
Serial control register_1 SCR_1 8 H'FF8A SCI_1 8 2
Transmit data register_1 TDR_1 8 HFF8B  SCI_1 8 2
Serial status register_1 SSR_ 1 8 H'FF8C SCI_1 8 2
Receive data register_1 RDR_1 8 H'FF8D SCI_1 8 2
Smart card mode register_1 SCMR_1 8 H'FF8E SCI_1 8 2
I’C bus data register_1 ICDR_1 8 H'FF8E IIC_1 8 2
Second slave address register_1 SARX_1 8 H'FF8E IIC_1 8 2
I’C bus mode register_1 ICMR_1 8 H'FF8F IIC_1 8 2
Slave address register_1 SAR 1 8 H'FF8F IIC_1 8 2
Timer interrupt enable register TIER 8 H'FF90 FRT 8 2
Timer control/status register TCSR 8 H'FF91 FRT 8 2
Free running counter H FRCH 8 H'FF92 FRT 8 2
Free running counter L FRCL 8 H'FF93 FRT 8 2
Output control register AH OCRAH 8 H'FF94 FRT 8 2
Output control register BH OCRBH 8 H'FF94 FRT 8 2
Output control register AL OCRAL 8 H'FF95 FRT 8 2
Output control register BL OCRBL 8 H'FF95 FRT 8 2
Timer control register TCR 8 H'FF96 FRT 8 2
Timer output compare control register TOCR 8 H'FF97 FRT 8 2
Input capture register AH ICRAH 8 H'FF98 FRT 8 2
QOutput control register ARH OCRARH 8 H'FF98 FRT 8 2
Input capture register AL ICRAL 8 H'FF99 FRT 8 2
QOutput control register ARL OCRARL 8 H'FF99 FRT 8 2
Input capture register BH ICRBH 8 H'FF9A FRT 8 2
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Number

Data  of
Number Bus Access
Register Name Abbreviation of Bits ~ Address Module Width  States
Output control register AFH OCRAFH 8 H'FFOA FRT 8 2
Input capture register BL ICRBL 8 H'FFOB FRT 8 2
Output control register AFL OCRAFL 8 H'FF9B FRT 8 2
Input capture register CH ICRCH 8 H'FF9C FRT 8 2
Output compare register DMH OCRDMH 8 H'FFOC FRT 8 2
Input capture register CL ICRCL 8 H'FFID FRT 8 2
Output compare register DML OCRDML 8 H'FFOD FRT 8 2
Input capture register DH ICRDH 8 H'FF9E FRT 8 2
Input capture register DL ICRDL 8 H'FFOF FRT 8 2
Serial mode register_2 SMR_2 8 H'FFAQ SCI_2 8 2
PWM (D/A) control register DACR 8 H'FFAOQ PWMX 8 2
PWM (D/A) data register AH DADRAH 8 H'FFAO PWMX 8 2
PWM (D/A) data register AL DADRAL 8 H'FFAl PWMX 8 2
Bit rate register_2 BRR_2 8 H'FFAl SCI_2 8 2
Serial control register_2 SCR_2 8 H'FFA2 SCI_2 8 2
Transmit data register_2 TDR_2 8 H'FFA3 SCI_2 8 2
Serial status register_2 SSR 2 8 H'FFA4 SCI_2 8 2
Receive data register_2 RDR_2 8 H'FFA5 SCI_2 8 2
Smart card mode register_2 SCMR_2 8 H'FFA6 SCI_2 8 2
PWM (D/A) counter H DACNTH 8 H'FFA6 PWMX 8 2
PWM (D/A) data register BH DADRBH 8 H'FFAG PWMX 8 2
PWM (D/A) counter L DACNTL 8 H'FFA7 PWMX 8 2
PWM (D/A) data register BL DADRBL 8 H'FFA7 PWMX 8 2
Timer control/status register_0 TCSR_O 8 H'FFA8 WDT 8 2
Timer counter_0 TCNT_O 8 H'FFA8 WDT_O0 8 2
(write)
Timer counter_0 TCNT_O 8 H'FFA9 WDT_O 8 2
(read)

Port A output data register PAODR 8 H'FFAA PORT 8 2
Port A input data register PAPIN 8 H'FFAB PORT 8 2
Port A data direction register PADDR 8 H'FFAB PORT 8 2
Port 1 pull-up MOS control register P1PCR 8 H'FFAC  PORT 8 2
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Number

Data  of
Number Bus Access
Register Name Abbreviation of Bits ~ Address Module Width  States
Port 2 pull-up MOS control register P2PCR 8 H'FFAD  PORT 8 2
Port 3 pull-up MOS control register P3PCR 8 H'FFAE PORT 8 2
Port 1 data direction register P1DDR 8 H'FFBO PORT 8 2
Port 2 data direction register P2DDR 8 H'FFB1 PORT 8 2
Port 1 data register P1DR 8 H'FFB2 PORT 8 2
Port 2 data register P2DR 8 H'FFB3 PORT 8 2
Port 3 data direction register P3DDR 8 H'FFB4 PORT 8 2
Port 4 data direction register PADDR 8 H'FFB5 PORT 8 2
Port 3 data register P3DR 8 H'FFB6 PORT 8 2
Port 4 data register P4ADR 8 H'FFB7 PORT 8 2
Port 5 data direction register P5DDR 8 H'FFB8 PORT 8 2
Port 6 data direction register P6DDR 8 H'FFB9 PORT 8 2
Port 5 data register P5DR 8 H'FFBA PORT 8 2
Port 6 data register P6DR 8 H'FFBB PORT 8 2
Port B output data register PBODR 8 H'FFBC PORT 8 2
Port B input data register PBPIN 8 HFFBD  PORT 8 2
(read)
Port 8 data direction register P8DDR 8 H'FFBD  PORT 8 2
(write)
Port 7 input data register P7PIN 8 H'FFBE PORT 8 2
(read)
Port B data direction register PBDDR 8 H'FFBE PORT 8 2
(write)
Port 8 data register P8DR 8 H'FFBF PORT 8 2
Port 9 data direction register PODDR 8 H'FFCO PORT 8 2
Port 9 data register PODR 8 H'FFC1 PORT 8 2
Interrupt enable register IER 8 H'FFC2 INT 8 2
Serial timer control register STCR 8 H'FFC3 SYSTEM 8 2
System control register SYSCR 8 H'FFC4 SYSTEM 8 2
Mode control register MDCR 8 H'FFC5 SYSTEM 8 2
Bus control register BCR 8 H'FFC6 BSC 8 2
Wait state control register WSCR 8 H'FFC7 BSC 8 2
Timer control register_0 TCR_O 8 H'FFC8 TMR_O 8 2
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Number

Data  of
Number Bus Access
Register Name Abbreviation of Bits ~ Address Module Width  States
Timer control register_1 TCR_1 8 H'FFC9 TMR_1 8 2
Timer control/status register_0 TCSR_O 8 HFFCA TMR_ O 8 2
Timer control/status register_1 TCSR_1 8 HFFCB TMR_1 16 2
Time constant register A_0 TCORA_O 8 HFFCC TMR_O 16 2
Time constant register A_1 TCORA_1 8 HFFCD TMR_1 16 2
Time constant register B_0 TCORB_0 8 HFFCE TMR_O 16 2
Time constant register B_1 TCORB_1 8 HFFCF  TMR_1 16 2
Timer counter_0 TCNT_O 8 H'FFDO TMR_O 16 2
Timer counter_1 TCNT_1 8 H'FFD1 TMR_1 16 2
PWM output enable register B PWOERB 8 H'FFD2 PWM 8 2
PWM output enable register A PWOERA 8 H'FFD3 PWM 8 2
PWM data polarity register B PWDPRB 8 H'FFD4 PWM 8 2
PWM data polarity register A PWDPRA 8 H'FFD5 PWM 8 2
PWM register select PWSL 8 H'FFD6 PWM 8 2
PWM data registers 0 to 15 PWDRO to 8 H'FFD7 PWM 8 2
PWDR15
Serial mode register_0 SMR_0 8 H'FFD8 SCI_0 8 2
I°C bus control register_0 ICCR_O 8 HFFD8 1IC 0 8 2
Bit rate register_0 BRR_O 8 H'FFD9 SCI_0 8 2
I’C bus status register_0 ICSR_0 8 HFFD9 1IC_0 8 2
Serial control register_0 SCR_O 8 H'FFDA  SCI_O 8 2
Transmit data register_0 TDR_O 8 H'FFDB  SCI_O 8 2
Serial status register_0 SSR 0 8 HFFDC  SCI_0 8 2
Receive data register_0 RDR_O 8 H'FFDD  SCI_0 8 2
Smart card mode register_0 SCMR_0 8 H'FFDE SCI_0 8 2
I’C bus data register_0 ICDR_O 8 H'FFDE IIC_0 8 2
Second slave address register_0 SARX_0 8 H'FFDE 1IC_0 8 2
I’C bus mode register_0 ICMR_0 8 H'FFDF IIC_0 8 2
Slave address register_0 SAR 0 8 H'FFDF IIC_0 8 2
A/D data register AH ADDRAH 8 H'FFEO A/ID 8 2
converter
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Number Bus Access
Register Name Abbreviation of Bits ~ Address Module Width  States
A/D data register AL ADDRAL 8 H'FFE1 A/D 8 2
converter
A/D data register BH ADDRBH 8 H'FFE2 A/ID 8 2
converter
A/D data register BL ADDRBL 8 H'FFE3 A/D 8 2
converter
A/D data register CH ADDRCH 8 H'FFE4 A/D 8 2
converter
A/D data register CL ADDRCL 8 H'FFE5 A/D 8 2
converter
A/D data register DH ADDRDH 8 H'FFE6 A/D 8 2
converter
A/D data register DL ADDRDL 8 H'FFE7 A/ID 8 2
converter
A/D control/status register ADCSR 8 H'FFES8 A/D 8 2
converter
A/D control register ADCR 8 H'FFE9Q A/D 8 2
converter
Timer control/status register_1 TCSR_1 8 HFFEA  WDT_1 8 2
Timer counter_1 TCNT_1 8 H'FFEA WDT_1 8 2
(write)
Timer counter_1 TCNT_1 8 HFFEB  WDT_1 8 2
(read)
Host interface control register HICR 8 H'FFFO XBS 8 2
Timer control register_X TCR_X 8 H'FFFO TMR_X 16 2
Timer control register_Y TCR_Y 8 H'FFFO TMR_Y 16 2
Keyboard matrix interrupt register 6 KMIMR 8 H'FFF1 INT 8 2
Timer control/status register_X TCSR_X 8 H'FFF1 TMR_X 16 2
Timer control/status register_Y TCSR_Y 8 H'FFF1 TMR_Y 16 2
Pull-up MOS control register KMPCR 8 H'FFF2 PORT 8 2
Input capture register R TICRR 8 H'FFF2 TMR_X 16 2
Time constant register A_Y TCORA_Y 8 H'FFF2 TMR_Y 16 2
Keyboard matrix interrupt register A KMIMRA 8 H'FFF3 INT 8 2
Input capture register F TICRF 8 H'FFF3 TMR_X 16 2
Time constant register B_Y TCORB_Y 8 H'FFF3 TMR_Y 16 2
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Number Bus Access
Register Name Abbreviation of Bits ~ Address Module Width  States
Input data register_1 IDR_1 8 H'FFF4 XBS 8 2
Timer counter_X TCNT_X 8 H'FFF4 TMR_X 16 2
Timer counter_Y TCNT_Y 8 H'FFF4 TMR_Y 16 2
Output data register_1 ODR_1 8 H'FFF5 XBS 8 2
Timer constant register C TCORC 8 H'FFF5 TMR_X 16 2
Timer input select register TISR 8 H'FFF5 TMR_Y 16 2
Status register_1 STR_ 1 8 H'FFF6 XBS 8 2
Timer constant register A_X TCORA_X 8 H'FFF6 TMR_X 16 2
Timer constant register B_X TCORB_X 8 H'FFF7 TMR_X 16 2
D/A data register 0 DADRO 8 H'FFF8 D/A 8 2
converter
D/A data register 1 DADR1 8 H'FFF9 D/IA 8 2
converter
D/A control register DACR 8 H'FFFA D/IA 8 2
converter
Input data register_2 IDR_2 8 H'FFFC  XBS 8 2
Timer connection register | TCONRI 8 H'FFFC  Timer 8 2
connection
Output data register_2 ODR_2 8 H'FFFD XBS 8 2
Timer connection register O TCONRO 8 H'FFFD  Timer 8 2
connection
Status register_2 STR_ 2 8 H'FFFE XBS 8 2
Timer connection register S TCONRS 8 H'FFFE Timer 8 2
connection
Edge sense register SEDGR 8 H'FFFF Timer 8 2
connection

Notes: 1. Can be used on the H8S/2160B and H8S/2161B.
2. Not supported by the H8S/2148B.
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27.2  Register Bits
Register addresses and bit names of the on-chip peripheral modules are described below.
16-bit registers are shown as 2 lines.

Register
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

PGNOCR** PG7NOCR PG6NOCR PG5NOCR PG4NOCR PG3NOCR PG2NOCR PGINOCR PGONOCR PORT

PENOCR** PE7NOCR  PEG6NOCR PESNOCR PE4NOCR PE3NOCR PE2NOCR PEINOCR  PEONOCR

PFNOCR** PF7NOCR PF6NOCR PF5NOCR PF4NOCR PF3NOCR PF2NOCR PFINOCR  PFONOCR

PCNOCR*! PC7NOCR PC6NOCR PC5NOCR PC4NOCR PC3NOCR PC2NOCR PCINOCR PCONOCR

PDNOCR** PD7NOCR PD6NOCR PD5NOCR PD4NOCR PD3NOCR PD2NOCR PDINOCR PDONOCR
TWROMW Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 LPC
TWROSW Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR2 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR3 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR4 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR5 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR6 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR7 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWRS8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR9 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR10 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR11 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR12 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR13 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR14 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TWR15 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IDR3 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ODR3 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STR3*? IBF3B OBF3B MWMF SWMF C/D3 DBU32 IBF3A OBF3A
STR3*® DBU37 DBU36 DBU35 DBU34 C/D3 DBU32 IBF3A OBF3A
LADR3H Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
LADR3L Bit 7 Bit 6 Bit5 Bit 4 Bit 3 m] Bit 1 TWRE
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Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
SIRQCRO QIC SELREQ IEDIR SMIE3B SMIE3A  SMIE2 IRQ12E1 IRQI1E1 LPC
SIRQCR1 IRQ11E3 IRQI0E3 IRQ9E3 IRQ6E3 IRQ11E2 IRQ10E2 IRQ9E2 IRQ6E2

IDR1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

ODR1 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

STR1 DBU17 DBU16 DBU15 DBU14 Cc/D1 DBU12 IBF1 OBF1

IDR2 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

ODR2 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

STR2 DBU27 DBU26 DBU25 DBU24 Cc/D2 DBU22 IBF2 OBF2

HISEL SELSTR3 SELIRQ11 SELIRQ10 SELIRQ9 SELIRQ6 SELSMI SELIRQ12  SELIRQ1
HICRO LPC3E LPC2E LPC1E FGA20E SDWNE  PMEE LSMIE LSCIE

HICR1 LPCBSY CLKREQ IRQBSY LRSTB SDWNB  PMEB LSMIB LSCIB

HICR2 GA20 LRST SDWN ABRT IBFIE3 IBFIE2 IBFIEL ERRIE

HICR3 LFRAME CLKRUN SERIRQ LRESET LPCPD PME LSMI LSCI

WUEMRB*® WUEMR7 WUEMR6 WUEMR5 WUEMR4 WUEMR3 WUEMR2 WUEMR1 WUEMRO INT

PGODR*! PG7ODR PG60ODR PG50DR PG40DR PG30ODR PG20DR PG10ODR PGOODR PORT
PGPIN** PGT7PIN PG6PIN PG5PIN PGA4PIN PG3PIN PG2PIN PG1PIN PGOPIN
PGDDR** PG7DDR PG6DDR PG5DDR PG4DDR PG3DDR PG2DDR PGI1DDR PGODDR
PEODR*! PE7ODR PE6ODR PE50DR PE4ODR PE3ODR PE20DR PEI1ODR PEOODR
PFODR** PF7ODR PF6ODR PF50DR PF4ODR PF30ODR PF20DR PF10ODR PFOODR
PEPIN** PE7PIN PEG6PIN PE5SPIN PE4PIN PE3PIN PE2PIN PE1PIN PEOPIN
PEDDR** PE7TDDR PE6DDR PE5DDR PE4DDR PE3DDR PE2DDR PEIDDR PEODDR
PFPIN** PF7PIN PF6PIN PF5PIN PF4PIN PF3PIN PF2PIN PF1PIN PFOPIN
PFDDR*! PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PFIDDR  PFODDR
PCODR** PC70DR PC60ODR PC50DR PC40DR PC30DR PC20DR PC1ODR PCOODR
PDODR** PD70DR PD60ODR PD50DR PD4ODR PD3ODR PD20DR PD1ODR PDOODR
PCPIN** PC7PIN PC6PIN PC5PIN PC4PIN PC3PIN PC2PIN PC1PIN PCOPIN
PCDDR*! PC7DDR PC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PCI1DDR PCODDR
PDPIN** PD7PIN PD6PIN PD5PIN PD4PIN PD3PIN PD2PIN PD1PIN PDOPIN
PDDDR** PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PDI1DDR PDODDR

HICR2 — — — — — IBFIE4 IBFIE3 — XBS
IDR_3 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO

ODR_3 ODRY7 ODRG6 ODR5 ODR4 ODR3 ODR2 ODR1 ODRO

STR_3 DBU DBU DBU DBU c/D DBU IBF OBF
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Abbreviation  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

IDR_4 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDRL IDRO XBS

ODR_4 ODR? ODR6 ODRS5 ODR4 ODR3 ODR2 ODR1 ODRO

STR_4 DBU DBU DBU DBU cib DBU IBF OBF

ICXR_O STOPIM  HNDS ICDRF  ICDRE  ALIE ALSL FNC1 FNCO lic_o

ICXR_1 STOPIM  HNDS ICDRF  ICDRE  ALIE ALSL FNC1 FNCO lc_1

KBCRH_0 KBIOE  KCLKI KDI KBFSEL  KBIE KBF PER KBS Keyboard

KBCRL_0 KBE KCLKO  KDO — RXCR3 RXCR2 RXCR1 Rxcro  buffer
controller

KBBR_0 KB7 KB6 KBS KB4 KB3 KB2 KB1 KBO 0

KBCRH_1 KBIOE  KCLKI KDI KBFSEL  KBIE KBF PER KBS Keyboard

KBCRL_1 KBE KCLKO  KDO — RXCR3  RXCR2 RXCRL Rxcro  Puffer
controller

KBBR_1 KB7 KB6 KBS KB4 KB3 KB2 KB1 KBO 1

KBCRH_2 KBIOE  KCLKI KDI KBFSEL  KBIE KBF PER KBS Keyboard

KBCRL_2 KBE KCLKO  KDO — RXCR3 RXCR2 RXCR1  Rxcro  Puffer
controller

KBBR_2 KB7 KB6 KBS KB4 KB3 KB2 KB1 KBO P

KBCOMP IrE IICKS2 ~ I'CKS1  I'CKSO ~ KBADE  KBCH2  KBCHL  KBCHO  IrDA/
expanded
AID

DDCSWR SWE sw IE IF CLR3 CLR2 CLR1 CLRO lic_o

ICRA ICRA7  ICRA6  ICRA5  ICRA4  ICRA3  ICRA2  ICRAL  ICRAO  INT

ICRB ICRB7  ICRB6  ICRB5  ICRB4 ICRB3  ICRB2  ICRB1  ICRBO

ICRC ICRC7  ICRC6  ICRC5  ICRC4  ICRC3  ICRC2  ICRCL  ICRCO

ISR IRQ7F  IRQ6F  IRQSF  IRQ4F  IRQ3F  IRQ2F  IRQIF  IRQOF

ISCRH IRQ7SCB IRQ7SCA IRQ6SCB IRQ6SCA IRQ5SCB IRQSSCA IRQ4SCB  IRQ4ASCA

ISCRL IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQISCB IRQISCA IRQOSCB IRQOSCA

DTCERA DTCEA7 DTCEA6 DTCEA5 DTCEA4 DTCEA3 DTCEA2 DTCEAL DTCEAO0 DTC

DTCERB DTCEB7 DTCEB6 DTCEBS DTCEB4 DTCEB3 DTCEB2 DTCEBL DTCEBO

DTCERC DTCEC7 DTCEC6 DTCEC5 DTCEC4 DTCEC3 DTCEC2 DTCECL DTCECO

DTCERD DTCED7 DTCED6 DTCED5 DTCED4 DTCED3 DTCED2 DTCEDL DTCEDO

DTCERE DTCEE7 DTCEE6 DTCEE5S DTCEE4 DTCEE3 DTCEE2 DTCEEL DTCEEQ

DTVECR SWDTE DTVEC6 DTVECS DTVEC4 DTVEC3 DTVEC2 DTVECL DTVECO

ABRKCR CMF — — — — — — BIE INT

BARA A23 A22 A21 A20 A19 A18 AL7 Al6

BARB Al5 Al4 A13 Al2 All A10 A9 A8
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Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
BARC A7 A6 A5 A4 A3 A2 Al — INT
FLMCR1 FWE SWE — — EV PV E P FLASH
FLMCR2 FLER — — — — — ESU PSU

PCSR — — — — — PWCKB PWCKA  — PWM
EBR1** — — — — EB11 EB10 EB9 EB8 FLASH
SYSCR2 KwuL1 KWULO P6PUE — SDE CS4E CS3E HI12E SYSTEM
EBR2 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO FLASH
SBYCR SSBY STS2 STS1 STSO — SCK2 SCK1 SCKO SYSTEM
LPWRCR DTON LSON NESEL EXCLE — — — —

MSTPCRH MSTP15 MSTP14  MSTP13 MSTP12 MSTP11  MSTP10  MSTP9 MSTP8

MSTPCRL MSTP7 MSTP6 MSTPS5 MSTP4 MSTP3 MSTP2 MSTP1 MSTPO
SMR_1 C/A CHR PE OE STOP MP CKsS1 CKSO0 SCl_1
ICCR_1 ICE IEIC MST TRS ACKE BBSY IRIC scP nc_1
BRR_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 scl_1
ICSR_1 ESTP STOP IRTR AASX AL AAS ADZ ACKB nc_1
SCR_1 TIE RIE TE RE MPIE TEIE CKE1 CKEO SCI_1
TDR_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SSR_1 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SCMR_1 — — — — SDIR SINV — SMIF

ICDR_1 ICDR7 ICDR6 ICDR5 ICDR4 ICDR3 ICDR2 ICDR1 ICDRO Inc_1
SARX_1 SVAX6 SVAX5 SVAX4 SVAX3 SVAX2 SVAX1 SVAXO0 FSX

ICMR_1 MLS WAIT CKS2 CKS1 CKS0 BC2 BC1 BCO

SAR_1 SVA6 SVA5 SVA4 SVA3 SVA2 SVAL SVAO FS

TIER ICIAE ICIBE ICICE ICIDE OCIAE OCIBE OVIE — FRT
TCSR ICFA ICFB ICFC ICFD OCFA OCFB OVF CCLRA

FRCH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

FRCL Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

OCRAH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

OCRBH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

OCRAL Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

OCRBL Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCR IEDGA IEDGB IEDGC IEDGD BUFEA BUFEB CKS1 CKSO0
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Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TOCR ICRDMS OCRAMS ICRS OCRS OEA OEB OLVLA OLVLB FRT
ICRAH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

OCRARH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

ICRAL Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

OCRARL Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

ICRBH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

OCRAFH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

ICRBL Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

OCRAFL Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

ICRCH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

OCRDMH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

ICRCL Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

OCRDML Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

ICRDH Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

ICRDL Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SMR_2 C/A CHR PE OE STOP MP CKsS1 CKSO0 SCI_2
DACR TEST PWME — — OEB OEA 0s CKS PWMX
DADRAH DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6

DADRAL DA5 DA4 DA3 DA2 DAl DAO CFS —

BRR_2 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 SCI_2
SCR_2 TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_2 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SSR_2 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_2 Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0

SCMR_2 — — — — SDIR SINV — SMIF

DACNTH ucr uce ucs uca ucs uc2 uc1 uco PWMX
DADRBH DA13 DA12 DA11 DA10 DA9 DA8 DA7 DA6

DACNTL ucs uc9 UC10 uc11 uc12 uc13 — REGS

DADRBL DA5 DA4 DA3 DA2 DA1 DAO CFS REGS

TCSR_0 OVF WT/T TME — RST/NMI  CKS2 CKS1 CKSO0 WDT_0
TCNT_O Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0

PAODR PA7ODR PA60ODR PAS0DR PA40DR PA30ODR PA20DR PA1ODR PAOODR PORT
PAPIN PA7PIN  PAG6PIN  PASPIN  PA4PIN  PA3PIN  PA2PIN  PAIPIN  PAOPIN
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Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
PADDR PATDDR PA6DDR PASDDR PA4DDR PA3DDR PA2DDR PA1DDR PAODDR PORT
P1PCR P17PCR P16PCR P15PCR P14PCR P13PCR P12PCR P11PCR P10PCR

P2PCR P27PCR  P26PCR  P25PCR  P24PCR P23PCR P22PCR P21PCR  P20PCR

P3PCR P37PCR  P36PCR P35PCR P34PCR P33PCR P32PCR P31PCR P30PCR

P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR  P10DDR

P2DDR P27DDR  P26DDR  P25DDR  P24DDR  P23DDR P22DDR P21DDR  P20DDR

P1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR

P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR

P3DDR P37DDR  P36DDR P35DDR  P34DDR P33DDR P32DDR P31DDR  P30DDR

P4DDR P47DDR  P46DDR  P45DDR  P44DDR  P43DDR  P42DDR  P41DDR  P40DDR

P3DR P37DR P36DR P35DR P34DR P33DR P32DR P31DR P30DR

P4DR P47DR P46DR P45DR P44DR P43DR P42DR P41DR P40DR

P5DDR — — — — — P52DDR  P51DDR  P50DDR

P6DDR P67DDR P66DDR P65DDR  P64DDR P63DDR P62DDR  P61DDR  P60DDR

P5DR — — — — — P52DR P51DR P50DR

P6DR P67DR P66DR P65DR P64DR P63DR P62DR P61DR P60DR

PBODR PB70ODR PB60ODR PB50DR PB4ODR PB30ODR PB20ODR PB1ODR PBOODR

PBPIN PB7PIN PB6PIN PB5PIN PB4PIN PB3PIN PB2PIN PB1PIN PBOPIN

P8DDR — P86DDR  P85DDR  P84DDR  P83DDR P82DDR  P81DDR  P8ODDR

P7PIN P77PIN P76PIN P75PIN P74PIN P73PIN P72PIN P71PIN P70PIN

PBDDR PB7DDR PB6DDR PB5DDR PB4DDR PB3DDR PB2DDR PBI1DDR PBODDR

P8DR — P86DR P85DR P84DR P83DR P82DR P81DR P8ODR

PO9DDR P97DDR  P96DDR  P95DDR P94DDR  P93DDR P92DDR P91DDR  P90DDR

P9DR P97DR P96DR P95DR P94DR P93DR P92DR P91DR P90ODR

IER IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE INT
STCR Ics lICX1 1IICX0 IICE FLSHE — ICKS1 ICKS0 SYSTEM
SYSCR CS2E IOSE INTM1 INTMO XRST NMIEG HIE RAME

MDCR EXPE — — — — — MDS1 MDSO0

BCR — ICISO BRSTRM BRSTS1 BRSTSO — 10s1 10S0 BSC
WSCR — — ABW AST WMS1 WMSO0 WC1 WCO0

TCR_O CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 TMR_O,
TCR_1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKs1 CKSO0 TMR_1
TCSR_O CMFB CMFA OVF ADTE 0S3 0S2 Os1 0S0
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Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCSR_1 CMFB CMFA OVF — 0S3 0S2 0s1 0S0 TMR_O,
TCORA_O Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_1
TCORA_1 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCORB_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCORB_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCNT_O Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCNT_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PWOERB OE15 OE14 OE13 OE12 OE11 OE10 OE9 OE8 PWM
PWOERA OE7 OE6 OES5 OE4 OE3 OE2 OE1 OEO0

PWDPRB 0Ss15 0S14 0S13 0S12 0s11 0S10 0Ss9 0s8

PWDPRA 0s7 0S6 0S5 0s4 0S3 0S2 0s1 0S0

PWSL PWCKE PWCKS — — RS3 RS2 RS1 RSO

PWDRO0-15 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

SMR_0 C/A CHR PE OE STOP MP CKsS1 CKSO0 SCL0
ICCR_O ICE IEIC MST TRS ACKE BBSY IRIC scP Ic_o
BRR_O Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 SCI_0
ICSR_0 ESTP STOP IRTR AASX AL AAS ADZ ACKB lc_o
SCR_0 TIE RIE TE RE MPIE TEIE CKE1 CKEO SCI_0
TDR_O Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SSR_0 TDRE RDRF ORER FER PER TEND MPB MPBT

RDR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SCMR_0 — — — — SDIR SINV — SMIF

ICDR_0 ICDR7 ICDR6 ICDR5 ICDR4 ICDR3 ICDR2 ICDR1 ICDRO Ic_o
SARX_0 SVAX6 SVAX5 SVAX4 SVAX3 SVAX2 SVAX1 SVAXO0 FSX

ICMR_O MLS WAIT CKS2 CKS1 CKS0 BC2 BC1 BCO

SAR_0 SVA6 SVA5 SVA4 SVA3 SVA2 SVAL SVAO FS

ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD
ADDRAL AD1 ADO — — — — — — converter
ADDRBH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

ADDRBL AD1 ADO — — — — — —

ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

ADDRCL AD1 ADO — — — — — —

ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
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Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
ADDRDL AD1 ADO — — — — — — AID
ADCSR ADF ADIE ADST SCAN CKS CH2 CH1 CHO converter
ADCR TRGS1  TRGSO  — — — — — —
TCSR_1 OVF WTAT TME PSS RST/NMI  CKS2 CKs1 CKSO0 WDT_1
TCNT_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
HICR — — — — — IBFIE2 IBFIE1 FGA20E  XBS
TCR_X CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 TMR_X
TCR_Y CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 TMR_Y
KMIMR KMIMR7  KMIMR6  KMIMR5 KMIMR4 KMIMR3 KMIMR2 KMIMR1 KMIMRO  INT
TCSR_X CMFB CMFA OVF ICF 0S3 0S2 0S1 0S0 TMR_X
TCSR_Y CMFB CMFA OVF ICIE 0S3 0S2 0Ss1 0S0 TMR_Y
KMPCR KMIMR7  KMIMR6  KMIMR5 KMIMR4 KMIMR3 KMIMR2 KMIMR1 KMIMRO  PORT
TICRR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TCORA_Y Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_Y
KMIMRA KMIMR15 KMIMR14 KMIMR13 KMIMR12 KMIMR11 KMIMR10 KMIMR9 KMIMR8  INT
TICRF Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TCORB_Y Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_Y
IDR_1 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO XBS
TCNT_X Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TCNT_Y Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_Y
ODR_1 ODR7? ODR6 ODR5 ODR4 ODR3 ODR2 ODR1 ODRO XBS
TCORC Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TISR — — — — — — — IS TMR_Y
STR_1 DBU17 DBU16 DBU15 DBU14 c/b1 DBU12 IBF1 OBF1 XBS
TCORA_X Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 TMR_X
TCORB_X Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
DADR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 D/A
DADR_1 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 converter
DACR DAOE1  DAOEO  DAE — — — — —
IDR_2 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO XBS
TCONRI SIMOD1  SIMODO SCONE  ICST HFINV VFINV HIINV VIINV Timer
connection
ODR_2 ODR7? ODR6 ODR5 ODR4 ODR3 ODR2 ODR1 ODRO XBS
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Abbreviation  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCONRO HOE VOE CLOE CBOE HOINV ~ VOINV ~ CLOINV  CBOINV  Timer
connection
STR_ 2 DBU27  DBU26  DBU25  DBU24  C/D2 DBU22  IBF2 OBF2 XBS
TCONRS TMRX/Y ISGENE HOMOD1 HOMODO VOMOD1 VOMODO CLMOD1 CLMODO  Timer
SEDGR VEDG HEDG CEDG HFEDG VFEDG  PREQF  IHI VI connection

Notes: 1. Can be used on the H8S/2160B and H8S/2161B.
2. When TWRE =1 or SELSTR3 =0 in LADR3L
3. When TWRE =0 and SELSTR3 =1 in LADR3L
4. All bits are reserved in the 64-kbyte flash memory version.
The EB11 and EB10 bits are reserved in the 128-kbyte flash memory version.
5. Not supported by the H8S/2148B.
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27.3 Register States in Each Operating Mode

Register High-Speed/
Abbrevia- Medium- Sub- Module Software Hardware
tion Reset Speed Watch Sleep Active Sub-Sleep ~ Stop Standby Standby Module

PGNOCR*! Initialized — — — — — — — — Initialized PORT

PENOCR** Initialized — — — — — — — Initialized

PFNOCR** Initialized — — — — — — — — Initialized

PCNOCR** Initialized — — — — — — — Initialized

PDNOCR** Initialized — — — — — — — Initialized

TWROMW ~— — — — — — — — — — LPC

TWROSW — — — — — — — — — —

TWR1 — — — — — — — — —

TWR2 — — — — — — — — —

TWR3 — — — — — — — — —

TWR4 — — — — — — — — —

TWRS — — — — — — — — —

TWR6 — — — — — — — — —

TWR7 — — — — — — — — —

TWRS — — — — — — — — —

TWR9 — — — — — — — — —

TWR10 — — — — — — — — —

TWR11 — — — — —_ J— — — —

TWR12 — — — — — — — — —

TWR13 — — — — — — — — —

TWR14 — — — — — — — — —

TWRI15 — — — — — — — — —

IDR3 — — — — — — — — —

ODR3 — — — — — — — — —

STR3 Initialized — — — — — — — — Initialized

LADR3H Initialized  — — — — — — — Initialized

LADR3L Initialized — — — — — — — — Initialized

SIRQCRO Initialized —— — — — — — — Initialized

SIRQCR1 Initialized —— — — — — — — Initialized

IDR1 — — — — — — — — —

ODR1 — — — — — — — — —
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Abbrevia- Medium- Sub- Module Software Hardware

tion Reset Speed Watch Sleep Active Sub-Sleep ~ Stop Standby Standby Module
STR1 Initialized  — — — — — — — Initialized LPC
IDR2 — — — — — — — — —

ODR2 — — — — — — — — —

STR2 Initialized — — — — — — — — Initialized

HISEL Initialized — — — — — — — — Initialized

HICRO Initialized — — — — — — — Initialized

HICR1 Initialized  — — — — — — — Initialized

HICR2 Initialized — — — — — — — — Initialized

HICR3 — — — — — — — — —

WUEMRB** Initialized — — — — — — — — Initialized INT
PGODR** Initialized — — — — — — — — Initialized PORT
PGPIN** — — — — — — — — —

PGDDR** Initialized —— — — — — — — Initialized
PEODR** Initialized — — — — — — — — Initialized
PFODR** Initialized — — — — — — — Initialized

PEPIN** — — — — — — — — —

PEDDR*! Initialized — — — — — — — Initialized

PFPIN** — — — — — — — — —

PFDDR*" Initialized — — — — — — — — Initialized
PCODR*! Initialized —— — — — — — — Initialized
PDODR** Initialized — — — — — — — — Initialized

PCPIN** — — — — — — — — —

PCDDR** Initialized — — — — — — — — Initialized

PDPIN** — — — — — — — — —

PDDDR** Initialized — — — — — — — Initialized

HICR2 Initialized  — — — — — — — Initialized XBS
IDR_3 — — — — — — — — —

ODR_3 — — — — — — — — —

STR_3 Initialized —— — — — — — — Initialized

IDR_4 — — — — — — — — Initialized

ODR_4 — — — — — — — — Initialized

STR_4 Initialized —— — — — — — — Initialized
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Abbrevia- Medium- Sub- Module Software Hardware
tion Reset Speed Watch Sleep Active Sub-Sleep ~ Stop Standby Standby Module
ICXR_0 Initialized — — — — — — — — Initialized IIC_0
ICXR_1 Initialized — — — — — — — — Initialized lIC_1
KBCRH_O Initialized —— Initialized — Initialized Initialized Initialized  Initialized Initialized Keyboard
buffer
KBCRL_O Initialized —— Initialized — Initialized  Initialized Initialized  Initialized Initialized
controller_0
KBBR_O Initialized —— Initialized — Initialized Initialized Initialized  Initialized Initialized
KBCRH_1 Initialized —— Initialized —— Initialized  Initialized Initialized  Initialized Initialized Keyboard
buffer
KBCRL_1 Initialized —— Initialized —— Initialized  Initialized Initialized  Initialized Initialized
controller_1
KBBR_1 Initialized —— Initialized —— Initialized Initialized Initialized  Initialized Initialized
KBCRH_2 Initialized —— Initialized —— Initialized  Initialized Initialized  Initialized Initialized Keyboard
buffer
KBCRL_2 Initialized — Initialized —— Initialized Initialized Initialized  Initialized Initialized
controller_2
KBBR_2 Initialized —— Initialized —— Initialized  Initialized Initialized  Initialized Initialized
KBCOMP Initialized — — — — — — — — Initialized IrDA/
AD
converter
DDCSWR Initialized —— — — — — — — Initialized IIC_0
ICRA Initialized — — — — — — — — Initialized INT
ICRB Initialized — — — — — — — Initialized
ICRC Initialized — — — — — — — — Initialized
ISR Initialized — — — — — — — — Initialized
ISCRH Initialized  — — — — — — — Initialized
ISCRL Initialized — — — — — — — — Initialized
DTCERA Initialized  — — — — — — — Initialized DTC
DTCERB Initialized — — — — — — — — Initialized
DTCERC Initialized  — — — — — — — Initialized
DTCERD Initialized  — — — — — — — Initialized
DTCERE Initialized — — — — — — — — Initialized
DTVECR Initialized  — — — — — — — Initialized
ABRKCR Initialized — — — — — — — — Initialized INT
BARA Initialized  — — — — — — — Initialized
BARB Initialized — — — — — — — — Initialized
BARC Initialized — — — — — — — — Initialized
FLMCR1 Initialized  — Initialized — Initialized  Initialized — Initialized Initialized FLASH
FLMCR2 Initialized — — Initialized — — Initialized Initialized — Initialized Initialized
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Register High-Speed/

Abbrevia- Medium- Sub- Module Software Hardware

tion Reset Speed Watch Sleep Active Sub-Sleep ~ Stop Standby Standby Module
PCSR Initialized —— — — — — — — Initialized PWM
EBR1 Initialized — — Initialized —— Initialized  Initialized — Initialized Initialized FLASH
SYSCR2 Initialized — — — — — — — — Initialized SYSTEM
EBR2 Initialized — — Initialized — — Initialized  Initialized — Initialized Initialized FLASH
SBYCR Initialized — — — — — — — — Initialized SYSTEM
LPWRCR Initialized — — — — — — — — Initialized

MSTPCRH Initialized —— — — — — — — Initialized

MSTPCRL Initialized —— — — — — — — Initialized

SMR_1 Initialized — — Initialized —— Initialized  Initialized Initialized  Initialized Initialized SCI_1
ICCR_1 Initialized —— — — — — — — Initialized IIC_1
BRR_1 Initialized — — Initialized —— Initialized  Initialized Initialized  Initialized Initialized SCI_1
ICSR_1 Initialized —— — — — — — — Initialized IIC_1
SCR_1 Initialized — — Initialized  — Initialized  Initialized Initialized  Initialized Initialized SCI_1
TDR_1 Initialized —— Initialized —— Initialized  Initialized Initialized  Initialized Initialized

SSR_1 Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized

RDR_1 Initialized — — Initialized — Initialized  Initialized Initialized  Initialized Initialized

SCMR_1 Initialized —— Initialized —— Initialized Initialized Initialized  Initialized Initialized

ICDR_1 — — — — — — — — — lic_1
SARX_1 Initialized —— — — — — — — Initialized

ICMR_1 Initialized —— — — — — — — Initialized

SAR_1 Initialized — — — — — — — Initialized

TIER Initialized —— — — — — — — Initialized FRT
TCSR Initialized — — — — — — — Initialized

FRCH Initialized — — — — — — — — Initialized

FRCL Initialized — — — — — — — Initialized

OCRAH Initialized — — — — — — — — Initialized

OCRBH Initialized — — — — — — — — Initialized

OCRAL Initialized — — — — — — — Initialized

OCRBL Initialized — — — — — — — — Initialized

TCR Initialized — — — — — — — Initialized

TOCR Initialized — — — — — — — — Initialized

ICRAH Initialized —— — — — — — — Initialized

OCRARH Initialized — — — — — — — Initialized
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ICRAL Initialized — — — — — — — Initialized FRT
OCRARL Initialized — — — — — — — Initialized

ICRBH Initialized — — — — — — — — Initialized

OCRAFH Initialized — — — — — — — Initialized

ICRBL Initialized — — — — — — — — Initialized

OCRAFL Initialized — — — — — — — Initialized

ICRCH Initialized —— — — — — — — Initialized

OCRDMH Initialized — — — — — — — — Initialized

ICRCL Initialized —— — — — — — — Initialized

OCRDML Initialized — — — — — — — — Initialized

ICRDH Initialized —— — — — — — — Initialized

ICRDL Initialized — — — — — — — — Initialized

SMR_2 Initialized —— Initialized —— Initialized Initialized Initialized  Initialized Initialized SCI_2
DACR Initialized  — Initialized  — Initialized  Initialized Initialized  Initialized Initialized PWMX
DADRAH Initialized — — Initialized — — Initialized Initialized Initialized  Initialized Initialized

DADRAL Initialized — — Initialized — — Initialized  Initialized Initialized  Initialized Initialized

BRR_2 Initialized —— Initialized —— Initialized Initialized Initialized Initialized Initialized SCI_2
SCR_2 Initialized — — Initialized — — Initialized  Initialized Initialized  Initialized Initialized

TDR_2 Initialized — — Initialized — — Initialized  Initialized Initialized  Initialized Initialized

SSR_2 Initialized — Initialized — Initialized Initialized Initialized Initialized Initialized

RDR_2 Initialized — — Initialized —— Initialized  Initialized Initialized  Initialized Initialized

SCMR_2 Initialized —— — — — — — — Initialized

DACNTH Initialized  — Initialized  — Initialized  Initialized Initialized  Initialized Initialized PWMX
DADRBH Initialized — — Initialized — — Initialized Initialized Initialized  Initialized Initialized

DACNTL Initialized — — Initialized — — Initialized Initialized Initialized  Initialized Initialized

DADRBL Initialized — — Initialized — — Initialized  Initialized Initialized  Initialized Initialized

TCSR_O Initialized —— — — — — — — Initialized WDT_0
TCNT_O Initialized —— — — — — — — Initialized

PAODR Initialized — — — — — — — — Initialized PORT
PAPIN — — — — — — — — —

PADDR Initialized — — — — — — — — Initialized

P1PCR Initialized — — — — — — — — Initialized

P2PCR Initialized  — — — — — — — Initialized
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P3PCR Initialized  — — — — — — — Initialized PORT
P1DDR Initialized  — — — — — — — Initialized

P2DDR Initialized — — — — — — — — Initialized

P1DR Initialized  — — — — — — — Initialized

P2DR Initialized — — — — — — — — Initialized

P3DDR Initialized  — — — — — — — Initialized

P4DDR Initialized  — — — — — — — Initialized

P3DR Initialized — — — — — — — — Initialized

P4DR Initialized  — — — — — — — Initialized

P5DDR Initialized — — — — — — — — Initialized

P6DDR Initialized  — — — — — — — Initialized

P5DR Initialized —— — — — — — — Initialized

P6DR Initialized —— — — — — — — Initialized

PBODR Initialized — — — — — — — Initialized

PBPIN — — — — — — — — —

P8DDR Initialized — — — — — — — Initialized

P7PIN — — — — — — — — —

PBDDR Initialized — — — — — — — Initialized

P8DR Initialized — — — — — — — Initialized

PODDR Initialized —— — — — — — — Initialized

PO9DR Initialized — — — — — — — Initialized

IER Initialized — — — — — — — — Initialized INT
STCR Initialized — — — — — — — Initialized SYSTEM
SYSCR Initialized — — — — — — — — Initialized

MDCR Initialized — — — — — — — — Initialized

BCR Initialized — — — — — — — Initialized BSC
WSCR Initialized —— — — — — — — Initialized

TCR_O Initialized — — — — — — — Initialized TMR_O,
TCR_1 Initialized —— — — — — — — Initialized TMR_1
TCSR_O Initialized — — — — — — — Initialized

TCSR_1 Initialized —— — — — — — — Initialized

TCORA_O Initialized — — — — — — — Initialized

TCORA_1 Initialized — — — — — — — Initialized
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TCORB_0 Initialized —— — — — — — — Initialized TMR_O,
TCORB_1 Initialized —— — — — — — — Initialized TMR_1
TCNT_O Initialized — — — — — — — Initialized

TCNT_1 Initialized —— — — — — — — Initialized

PWOERB Initialized —— — — — — — — Initialized PWM
PWOERA Initialized — — — — — — — Initialized

PWDPRB Initialized — — — — — — — Initialized

PWDPRA Initialized —— — — — — — — Initialized

PWSL Initialized — Initialized — Initialized  Initialized Initialized  Initialized Initialized

PWDRO to Initialized — — Initialized — — Initialized Initialized Initialized  Initialized Initialized

PWDR15

SMR_0 Initialized — Initialized — Initialized  Initialized Initialized  Initialized Initialized SCI_0
ICCR_O Initialized — — — — — — — Initialized 1IC_0
BRR_0O Initialized — Initialized —— Initialized  Initialized Initialized  Initialized Initialized SCI_0
ICSR_0 Initialized — — — — — — — Initialized 1IC_0
SCR_0 Initialized — — Initialized — — Initialized  Initialized Initialized  Initialized Initialized SCI_0
TDR_O Initialized  — Initialized  — Initialized Initialized Initialized  Initialized Initialized

SSR_0O Initialized — — Initialized — — Initialized  Initialized Initialized  Initialized Initialized

RDR_0 Initialized  — Initialized  — Initialized  Initialized Initialized  Initialized Initialized

SCMR_0 Initialized — — Initialized — — Initialized  Initialized Initialized  Initialized Initialized

ICDR_0 — — — — — — — — — IIC_0
SARX_0 Initialized — — — — — — — Initialized

ICMR_0 Initialized — — — — — — — — Initialized

SAR_O Initialized — — — — — — — Initialized

ADDRAH Initialized — — Initialized — — Initialized Initialized Initialized  Initialized Initialized AID
ADDRAL Initialized — Initialized ~ — hniialized  Initialized  Initialized Initialized  Initialized O oo
ADDRBH Initialized — — Initialized — — Initialized Initialized Initialized  Initialized Initialized

ADDRBL Initialized — — Initialized — — Initialized Initialized Initialized  Initialized Initialized

ADDRCH Initialized — — Initialized  — Initialized  Initialized Initialized  Initialized Initialized

ADDRCL Initialized — — Initialized — — Initialized Initialized Initialized  Initialized Initialized

ADDRDH Initialized — — Initialized  — Initialized  Initialized Initialized  Initialized Initialized

ADDRDL Initialized  — Initialized  — Initialized Initialized Initialized  Initialized Initialized

ADCSR Initialized — — Initialized — — Initialized  Initialized Initialized  Initialized Initialized
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ADCR Initialized  — Initialized  — Initialized  Initialized Initialized  Initialized Initialized AID
converter
TCSR_1 Initialized —— — — — — — — Initialized WDT_1
TCNT_1 Initialized —— — — — — — — Initialized
HICR Initialized — — — — — — — — Initialized XBS
TCR_X Initialized —— — — — — — — Initialized TMR_X
TCR_Y Initialized — — — — — — — — Initialized TMR_Y
KMIMR Initialized — — — — — — — — Initialized INT
TCSR_X Initialized — — — — — — — — Initialized TMR_X
TCSR_Y Initialized — — — — — — — — Initialized TMR_Y
KMPCR Initialized — — — — — — — — Initialized PORT
TICRR Initialized —— — — — — — — Initialized TMR_X
TCORALY Initialized —— — — — — — — Initialized TMR_Y
KMIMRA Initialized  — — — — — — — Initialized INT
TICRF Initialized —— — — — — — — Initialized TMR_X
TCORB_Y Initialized —— — — — — — — Initialized TMR_Y
IDR_1 — — — — — — — — — XBS
TCNT_X Initialized —— — — — — — — Initialized TMR_X
TCNT_Y Initialized —— — — — — — — Initialized TMR_Y
ODR_1 — — — — — — — — — XBS
TCORC Initialized —— — — — — — — Initialized TMR_X
TISR Initialized — — — — — — — — Initialized TMR_Y
STR_1 Initialized —— — — — — — — Initialized XBS
TCORA_X Initialized —— — — — — — — Initialized TMR_X
TCORB_X Initialized — — — — — — — Initialized
DADRO Initialized — — — — — — — — Initialized D/A
DADR1L Initialized  — - - - - - - nitialized """
DACR Initialized — — — — — — — — Initialized
IDR_2 — — — — — — — — — XBS
TCONRI Initialized — — — — — — — — Initialized Timer
connection
ODR_2 — — — — — — — — — XBS
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TCONRO Initialized — — — — — — — Initialized Timer
connection

STR_2 Initialized —— — — — — — — Initialized XBS
TCONRS Initialized — — — — — — — — Initialized Timer

- o connection
SEDGR Initialized — — — — — — — — Initialized

Notes: 1. Can be used on the H8S/2160B and H8S/2161B.
2. Not supported by the H8S/2148B.
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27.4  Register Select Conditions

H8S/2140B,
H8S/2141B,
H8S/2145B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FE16 PGNOCR — No condition PORT
H'FE18 PENOCR
H'FE19 PFNOCR
H'FE1C PCNOCR
H'FE1D PDNOCR
H'FE20 TWROMW MSTP =0, MSTP =0, LPC
TWROSW (HI12E = 0)* (HI12E = 0)*
H'FE21 TWR1
H'FE22 TWR2
H'FE23 TWR3
H'FE24 TWR4
H'FE25 TWR5
H'FE26 TWR6
H'FE27 TWR7
H'FE28 TWRS8
H'FE29 TWR9
H'FE2A TWR10
H'FE2B TWR11
H'FE2C TWR12
H'FE2D TWR13
H'FE2E TWR14
H'FE2F TWR15

Rev. 2.0, 08/02, page 664 of 790
RENESAS



H8S/2140B,

H8S/2141B,
H8S/2145B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FE30 IDR3 MSTP =0, MSTP =0, LPC
H'FE31 ODR3 (HI12E = 0)* (HI12E = 0)*
H'FE32 STR3
H'FE34 LADR3H
H'FE35 LADR3L
H'FE36 SIRQCRO
H'FE37 SIRQCR1
H'FE38 IDR1
H'FE39 ODR1
H'FE3A STR1
H'FE3C IDR2
H'FE3D ODR2
H'FE3E STR2
H'FE3F HISEL
H'FE40 HICRO
H'FE41 HICR1
H'FE42 HICR2
H'FE43 HICR3
H'FE44 WUEMRB No condition — INT
H'FE46 PGODR — No condition PORT
H'FE47 PGPIN (read)
PGDDR (write)
H'FE48 PEODR
H'FE49 PFODR
H'FE4A PEPIN (read)
PEDDR (write)
H'FE4B PFPIN (read)
PFDDR (write)
H'FE4C PCODR
H'FE4D PDODR

RENESAS
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H8S/2141B,
H8S/2145B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FE4E PCPIN (read) — No condition PORT
PCDDR (write)
H'FE4F PDPIN (read)
PDDDR (write)
H'FE80 HICR2 MSTP2 =0 MSTP2 =0 XBS
H'FE81 IDR_3
H'FE82 ODR_3
H'FE83 STR_3
H'FE84 IDR_4
H'FE85 ODR_4
H'FE86 STR_4
H'FED4 ICXR_O No condition No condition IIC_0
H'FEDS ICXR_1 IIC_1
H'FED8 KBCRH_O MSTP2 =0 MSTP2 =0 Keyboard buffer
H'FED9 KBCRL_0 controller
H'FEDA KBBR_0O
H'FEDC KBCRH_1
H'FEDD KBCRL_1
H'FEDE KBBR_1
H'FEEO KBCRH_2
H'FEE1 KBCRL_2
H'FEE2 KBBR_2
H'FEE4 KBCOMP No condition No condition IrDA/expanded
A/D
H'FEE6 DDCSWR MSTP4 =0 MSTP4 =0 IIC_0
H'FEES ICRA No condition No condition INT
H'FEE9 ICRB
H'FEEA ICRC
H'FEEB ISR
H'FEEC ISCRH
H'FEED ISCRL
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H8S/2140B,

H8S/2141B,
H8S/21458B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FEEE DTCERA No condition No condition DTC
H'FEEF DTCERB
H'FEFO DTCERC
H'FEF1 DTCERD
H'FEF2 DTCERE
H'FEF3 DTVECR
H'FEF4 ABRKCR No condition No condition INT
H'FEF5 BARA
H'FEF6 BARB
H'FEF7 BARC
H'FF80 FLMCR1 FLSHE =1in FLSHE =1in FLASH
H'FF81 FLMCR2 STCR STCR
H'FF82 PCSR FLSHE =0in FLSHE =0in PWM
STCR STCR
EBR1 FLSHE =1in FLSHE =1in FLASH
STCR STCR
H'FF83 SYSCR2 FLSHE =0in FLSHE =0in SYSTEM
STCR STCR
EBR2 FLSHE =1in FLSHE =1in FLASH
STCR STCR
H'FF84 SBYCR FLSHE =0in FLSHE =0in SYSTEM
H'FF85 LPWRCR STCR STCR
H'FF86 MSTPCRH
H'FF87 MSTPCRL
H'FF88 SMR_1 MSTP6 =0, IICE MSTP6 =0,lICE SCI 1
=0in STCR =0in STCR
ICCR_1 MSTP3=0,IICE MSTP3=0,IICE IIC_1
=1in STCR =1in STCR
H'FF89 BRR_1 MSTP6 =0, IICE MSTP6=0,IICE SCI_1
=0in STCR =0in STCR
ICSR_1 MSTP3=0,IICE MSTP3=0,IICE IIC_1
=1in STCR =1in STCR
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H8S/21408B,

H8S/2141B,
H8S/21458B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FF8A SCR_1 MSTP6 =0 MSTP6 =0 SCl_1
H'FF8B TDR_1
H'FF8C SSR_1
H'FF8D RDR_1
H'FF8E SCMR_1 MSTP6 =0, IICE MSTP6 =0, IICE
=0in STCR =0in STCR
ICDR_1 MSTP3= ICE=1 MSTP3= ICE=1 IIC_1
0,IICE= inICCR1 0,IICE= inICCR1L
SARX_1 Lin icE=0 1M ICE=0
STCR iniccrl ~ STCR in ICCR1
H'FF8F ICMR_1 ICE=1 ICE=1
in ICCR1 in ICCR1
SAR_1 ICE=0 ICE=0
in ICCR1 in ICCR1
H'FF90 TIER MSTP13 =0 MSTP13 =0 FRT
H'FF91 TCSR
H'FF92 FRCH
H'FF93 FRCL
H'FF94 OCRAH MSTP13= OCRS=0 MSTP13= oOCRs=0 FRT
0 in TOCR 0 in TOCR
OCRBH OCRS =1 OCRS =1
in TOCR in TOCR
H'FF95 OCRAL OCRS =0 OCRS =0
in TOCR in TOCR
OCRBL OCRS =1 OCRS =1
in TOCR in TOCR
H'FF96 TCR
H'FF97 TOCR
H'FF98 ICRAH ICRS=0 ICRS =0
in TOCR in TOCR
OCRARH ICRS = 1 ICRS = 1
in TOCR in TOCR
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H8S/2140B,

H8S/2141B,
H8S/21458B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FF99 ICRAL MSTP13=  ICRS=0 MSTP13= ICRS=0 FRT
0 in TOCR 0 in TOCR
OCRARL ICRS = 1 ICRS = 1
in TOCR in TOCR
H'FF9A ICRBH ICRS =0 ICRS =0
in TOCR in TOCR
OCRAFH ICRS = 1 ICRS = 1
in TOCR in TOCR
H'FF9B ICRBL ICRS =0 ICRS =0
in TOCR in TOCR
OCRAFL ICRS = 1 ICRS = 1
in TOCR in TOCR
H'FFOC ICRCH ICRS =0 ICRS =0
in TOCR in TOCR
OCRDMH ICRS =1 ICRS =1
in TOCR in TOCR
H'FF9D ICRCL ICRS = 0 ICRS = 0
in TOCR in TOCR
OCRDML ICRS =1 ICRS =1
in TOCR in TOCR
H'FF9E ICRDH
H'FFIOF ICRDL
H'FFAO SMR_2 MSTP5=0,IICE MSTP5=0,IICE SCI_2
=0in STCR =0in STCR
DADRAH MSTP11= REGS=0 MSTPi1= REGS=0 PWMX
0,ICE=1 inDACNT/ O,IICE=1  in DACNT/
in STCR DADRB in STCR DADRB
DACR REGS =1 REGS =1
in DACNT/ in DACNT/
DADRB DADRB
H'FFA1 BRR_2 MSTP5=0,IICE MSTP5=0,IICE SCI_2
=0in STCR =0in STCR
DADRAL MSTP11= REGS=0 MSTPi1= REGS=0 PWMX
0,ICE=1 inDACNT/ O,IICE=1  in DACNT/
in STCR DADRB in STCR DADRB

RENESAS

Rev. 2.0, 08/02, page 669 of 790



H8S/21408B,

H8S/2141B,
H8S/21458B, H8S/21608B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FFA2 SCR_2 MSTP5=0 MSTP5=0 SCl_2
H'FFA3 TDR_2
H'FFA4 SSR 2
H'FFA5 RDR_2
H'FFA6 SCMR_2 MSTP5=0,lICE MSTP5=0,IICE SCI_2
=0in STCR =0in STCR
DADRBH MSTP11= REGS=0 MSTP11= REGS=0 PWMX
0,lICE=1 in DACNT/ 0,lICE=1 in DACNT/
in STCR DADRB in STCR DADRB
DACNTH REGS =1 REGS =1
in DACNT/ in DACNT/
DADRB DADRB
H'FFA7 DADRBL REGS =0 REGS =0
in DACNT/ in DACNT/
DADRB DADRB
DACNTL REGS =1 REGS = 1
in DACNT/ in DACNT/
DADRB DADRB
H'FFA8 TCSR_O No condition No condition WDT_0
TCNT_O (write)
H'FFA9 TCNT_O (read)
H'FFAA PAODR No condition No condition PORT
H'FFAB PAPIN (read)
PADDR (write)
H'FFAC P1PCR
H'FFAD P2PCR
H'FFAE P3PCR
H'FFBO P1DDR
H'FFB1 P2DDR
H'FFB2 P1DR
H'FFB3 P2DR
H'FFB4 P3DDR
H'FFB5 P4DDR
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H8S/2140B,

H8S/2141B,
H8S/2145B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FFB6 P3DR No condition No condition PORT
H'FFB7 P4DR
H'FFB8 P5DDR
H'FFB9 P6DDR
H'FFBA P5DR
H'FFBB P6DR
H'FFBC PBODR
H'FFBD P8DDR (write)
PBPIN (read)
H'FFBE P7PIN (read)
PBDDR (write)
H'FFBF P8DR
H'FFCO P9DDR
H'FFC1 PODR
H'FFC2 IER No condition No condition INT
H'FFC3 STCR No condition No condition SYSTEM
H'FFC4 SYSCR
H'FFC5 MDCR
H'FFC6 BCR No condition No condition BSC
H'FFC7 WSCR
H'FFC8 TCR_O MSTP12 =0 MSTP12 =0 TMR_O, TMR_1
H'FFC9 TCR_1
H'FFCA TCSR_0O
H'FFCB TCSR_1
H'FFCC TCORA_O
H'FFCD TCORA_1
H'FFCE TCORB_O0
H'FFCF TCORB_1
H'FFDO TCNT_O
H'FFD1 TCNT_1
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H8S/21408B,

H8S/2141B,
H8S/2145B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FFD2 PWOERB No condition No condition PWM
H'FFD3 PWOERA
H'FFD4 PWDPRB
H'FFD5 PWDPRA
H'FFD6 PWSL MSTP11 =0 MSTP11 =0 PWM
H'FFD7 PWDRO to
PWDR15
H'FFD8 SMR_0 MSTP7 =0, lICE MSTP7=0,lICE SCI_0
=0in STCR =0in STCR
ICCR_O MSTP4 =0, lICE MSTP4=0,lICE IIC_0O
=1in STCR =1in STCR
H'FFD9 BRR_O MSTP7 =0, lICE MSTP7=0,lICE SCI_0
=0in STCR =0in STCR
ICSR_O MSTP4=0,lICE MSTP4=0,IICE IIC_0
=1in STCR =1in STCR
H'FFDA SCR_0 MSTP7 =0 MSTP7 =0 SCI_0
H'FFDB TDR_O
H'FFDC SSR 0
H'FFDD RDR_O
H'FFDE SCMR_O MSTP7 =0, lICE MSTP7 =0, IICE
=0in STCR =0in STCR
ICDR_O MSTP4=  ICE=1in MSTP4= IcE=1in IIC_O
0,lICE=1 ICCRO 0,lICE=1 ICCRO
SARX_0 MSTCR cg=oin "SR \ce=oin
ICCRO ICCRO
H'FFDF ICMR_O MSTP4=  ICE=1in  MSTP4=  ICE=1lin
0,lICE=1 ICCRO 0,lICE=1 ICCRO
SAR 0 MSTCR cg=oin ST \ce=oin

ICCRO

ICCRO
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H8S/2140B,

H8S/2141B,
H8S/2145B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FFEO ADDRAH MSTP9 =0 MSTP9 =0 A/D
H'FFE1 ADDRAL
H'FFE2 ADDRBH
H'FFE3 ADDRBL
H'FFE4 ADDRCH
H'FFES5 ADDRCL
H'FFE6 ADDRDH
H'FFE7 ADDRDL
H'FFE8 ADCSR
H'FFE9 ADCR
H'FFEA TCSR_1 No condition No condition WDT_1
TCNT_1 (write)
H'FFEB TCNT_1 (read)
H'FFFO HICR MSTP2 =0, HIE MSTP2 =0, HIE XBS
=1in SYSCR =1in SYSCR
TCR_X MSTP8 = TMRX/Y=  MSTP8 = ™RxY=  TMR_X
0,HE=0  0in O,HE=0  0in
inSYSCR  TCONRS  inSYSCR  TCONRS
TCR_Y TMRX/Y = ™RXxY= TMR_Y
lin lin
TCONRS TCONRS
H'FFF1 KMIMR MSTP2 =0, HIE MSTP2 =0, HIE INT
=1in SYSCR =1in SYSCR
TCSR_X MSTP8=  TMRX/Y= MsTP8=  TMRXY= TMR_X
0,HE=0  0in O,HE=0  0in
iNnSYSCR  TCONRS  inSYSCR  TCONRS
TCSR_Y TMRX/Y = ™RXxY= TMR_Y
lin lin
TCONRS TCONRS
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H8S/21408B,

H8S/2141B,
H8S/2145B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FFF2 KMPCR MSTP2 =0, HIE MSTP2 =0, HIE PORT
=1in SYSCR =1in SYSCR
TICRR MSTP8 = TMRX/Y=  MSTP8 = ™RxY=  TMR_X
0,HE=0  0in 0,HE=0  0in
iNSYSCR ~ TCONRS  inSYSCR  TCONRS
TCORALY TMRX/Y = ™RXxY= TMR_Y
1lin 1lin
TCONRS TCONRS
H'FFF3 KMIMRA MSTP2 =0, HIE MSTP2 =0, HIE INT
=1in SYSCR =1in SYSCR
TICRF MSTP8 = TMRX/Y=  MSTP8 = ™RxY=  TMR_X
0,HE=0  0in 0,HE=0  0in
iNSYSCR ~ TCONRS  inSYSCR  TCONRS
TCORB_Y TMRX/Y = ™RXY= TMR_Y
1lin 1lin
TCONRS TCONRS
H'FFF4 IDR_1 MSTP2 =0, HIE MSTP2 =0, HIE XBS
=1in SYSCR =1in SYSCR
TCNT_X MSTP8 = TMRX/Y=  MSTP8 = ™RxY=  TMR_X
0,HE=0  0in 0,HE=0  0in
iNSYSCR ~ TCONRS  inSYSCR  TCONRS
TCNT_Y TMRX/Y = ™RXxY= TMR_Y
1lin 1lin
TCONRS TCONRS
H'FFF5 ODR_1 MSTP2 =0, HIE MSTP2 =0, HIE XBS
=1in SYSCR =1in SYSCR
TCORC MSTP8=  TMRX/Y= MSTP8=  TMRXY= TMR_X
0,HE=0  0in 0,HE=0  0in
iNSYSCR ~ TCONRS  inSYSCR  TCONRS
TISR TMRX/Y = ™RXY= TMR_Y
lin lin
TCONRS TCONRS
H'FFF6 STR_1 MSTP2 =0, HIE MSTP2 =0, HIE XBS
=1in SYSCR =1in SYSCR
TCORA X MSTP8=  TMRX/Y= MSTP8=  TMRXY= TMR_X
H'EEE7 TCORB X 0,HE=0  0in 0,HE=0  0in

in SYSCR TCONRS

in SYSCR TCONRS
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H8S/2140B,

H8S/2141B,
H8S/2145B, H8S/2160B,
H8S/2148B H8S2161B
Register Select Register Select
Lower Address Register Name Condition Condition Module Name
H'FFF8 DADRO MSTP10=0 MSTP10=0 D/A
H'FFF9 DADR1
H'FFFA DACR
H'FFFC IDR_2 MSTP2 =0, HIE MSTP2 =0, HIE XBS
=1in SYSCR =1in SYSCR
TCONRI MSTPS8 =0, HIE MSTPS8 =0, HIE Timer connection
=0in SYSCR =0in SYSCR
H'FFFD ODR_2 MSTP2 =0, HIE MSTP2 =0, HIE XBS
=1in SYSCR =1in SYSCR
TCONRO MSTPS8 =0, HIE MSTPS8 =0, HIE Timer connection
=0in SYSCR =0in SYSCR
H'FFFE STR_2 MSTP2 =0, HIE MSTP2 =0, HIE XBS
=1in SYSCR =1in SYSCR
TCONRS MSTP8 =0, HIE MSTP8 =0, HIE Timer connection
H'EFFF SEDGR =0in SYSCR =0in SYSCR

Note: * Although setting the XBS corresponding bits does not affected to the LPC operation,
the HI12E bit in SYSCR2 must not be set to 1 to use the LPC according to the limitation
depending on the program development tool (emulator) configuration.
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Section 28 Electrical Characteristics

28.1  Electrical Characteristics of H8S/2140B, H8S/2141B, H8S/2160B, and
H8S/2161B

28.1.1  Absolute Maximum Ratings

Table 28.1 lists the absolute maximum ratings.

Table 28.1 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Ve Vo -0.3t0 +4.3 \
1/0 buffer power supply voltage V. B -0.3to +7.0 \Y,
Input voltage (except ports 6, 7, and A, P97, P86,V, —0.3t0V_+0.3 \%

P52, and P42)
(Ports C to F are added in the H8S/2160B and

H8S/2161B.)

Input voltage (CIN input not selected for port6) V, -0.3toV_+0.3 \%

Input voltage (CIN input not selected for port A) V,_ -0.3toV_B +0.3 \%

Input voltage (CIN input selected for port 6) vV, -0.3 Vto lower of voltages V
Vi, +03and AV +0.3

Input voltage (CIN input selected for port A) A —0.3 V to lower of voltages  V
V. B+0.3and AV +0.3

Input voltage (P97, P86, P52, P42) A -0.3t0 +7.0 \%

(Port G is added in the H8S/2160B and

H8S/2161B.)

Input voltage (port 7) vV, —0.3t0 AV +0.3 \%

Reference supply voltage AV -0.3t0 AV +0.3 \

Analog power supply voltage AV -0.3to +4.3 \Y,

Analog input voltage ' -0.3t0 AV  +0.3 \

Operating temperature T —-20t0 +75 °C

Operating temperature (flash memory T, —-20to +75 °C

programming/erasing)

Storage temperature T -551t0 +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.

Ensure so that the impressed voltage does not exceed 4.3 V for pins for which the
maximum rating is determined by the voltage on the V_, AV, and V_ pins, or 7.0 V for
pins for which the maximum rating is determined by V_B.

The V. and V pins must be connected to the Vcc power supply.

cc?
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28.1.2 DC Characteristics

Table 28.2 lists the DC characteristics. Permitted output current values and bus drive
characteristics are shown in tables 28.3 and 28.4, respectively.

Table 28.2 DC Characteristics (1)

V,

cc

AV _*'=2.7Vto A,

Conditions:

cc

=27V103.6V5V B=27V1055V,AV**=2.7V103.6V,

V= AV *'=0V, T,= 20 to +75°C

Test
Item Symbol Min Typ Max Unit Conditions
- re—
S.chmltt P67 to @) Vv, V.. x0.2 —_ - \%
trlg:i;tger input PEO*2, *°. VB x0.2
voltage KINT5 to KIN8*, A — —  V_.x07
IRQ2 to IRQO*’, VB x0.7
IRQ5 to IRQ3 V) -V. V_x005 — —
VB x 0.05
Schmitt P67 to P60 V. V,.x02 — — Y
trigger input  (KWUL = 00) v — V. _x07
voltage (in . - cc -
level VT - VT Vcc x0.05 - -
switching)** p67 1o P60 V. vV, x03 — —
KWUL =01 B
( ) v, — — V_x07
V. =V~ V., .x005 — —
P67 to P60 V., Vex04  — —
KWUL =10 B
( ) v, — — V_x08
V. =V, V,.x003 — —
P67 to P60 V. V. x045 — —
KWUL =11 N
( ) v, — —  V_x09
V"=V, 0.05 - —
Input high  RES, STBY, 2 Vv, V., *x0.9 — V103 V
voltage NMI, MD1, MDO
EXTAL V,x07  — V_+03
PA7 to PAQ* V. Bx07 — V_ B+03
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Item

Symbol

Min

Typ Max

Unit

Test
Conditions

Input high
voltage

Port 7 (2)

P97, P86, P52,
P42(Port G is
added in the
H8S/2160B and
H8S/2161B.)

Input pins except (1)
and (2) above
(Ports Cto F are
added in the
H8S/2160B and
H8S/2161B.)

\Y/

H

V. x0.7

—  AV_+03V

V. x0.7

— 5.5

V. x0.7

— VvV, +03

Input low
voltage

RES, STBY, (3)
MD1, MDO

PA7 to PAO

NMI, EXTAL,

input pins except (1)
and (3) above
(Ports Cto G are
added in the
H8S/2160B and
H8S/2161B.)

— V_x01 V

— VB x0.2

V. B=27V
to 4.0V

0.8

V. B=4.0V
t0 5.5V

x 0.2

cc

V_=27Vto
3.6V

Output high
voltage

All output pins
(except P97,
P86, P52, and
P42) **, *° *°
(Ports Cto F are
added in the
H8S/2160B and
H8S/2161B.)

P97, P86, P52, and
P42+

(Port G is added in the

H8S/2160B and
H8S/2161B.)

OH

V. -05
V. B-05

=-200 pA

IOH -

V,-10
V. B-10

I, = —1 mA,
(V.=27V
to 3.6V,
V. B=27V
to 4.5V)

0.5

=-200 pA

IOH

RENESAS
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Test

Item Symbol Min Typ Max Unit Conditions
Output low All output pins V. — — 0.4 \% l,,=1.6 mA
voltage (except RESO)*®
(Ports Cto G are
added in the
H8S/2160B and
H8S/2161B.)
Ports 1to 3 — — 1.0 \ lo. =5 mMA
RESO — — 04 vV 1, ,=16mA
Notes: 1. Do not leave the AVcc, AVref, and AVss pins open even if the A/D converter and D/A
converter are not used.
Even if the A/D converter and D/A converter are not used, apply a value in the range 2.0
Vto 3.6 Vto AV and AV_, pins by connection to the power supply (V..), or some other
method. Ensure that AV < AV_..

2. P67 to P60 include peripheral module inputs multiplexed on those pins.

3. TRQ2 includes the ADTRG signal multiplexed on that pin.

4. P52/SCKO0/SCLO, P97/SDAO0, P86/SCK1/SCL1, P42/SCK2/SDA1, and port G are
NMOS push-pull outputs.

When the SCLO, SDAO, SCL1, or SDA1 (ICE = 1) pin is used as an output, it is NMOS
open-drain output. Therefore, an external pull-up resistor must be connected in order to
output high level.

P52/SCKO, P97, P86/SCK1, P42/SCK2 (ICE = 0), and port G high levels are driven by
NMOS.

An external pull-up resistor is necessary to provide high-level output from SCKO0, SCK1,
and SCK2.

5. When IICS =0, ICE =0, and KBIOE = 0. Low-level output when the bus drive function
is selected is determined separately.

6. The upper limit of the port 6 applied voltage is V. + 0.3 V when CIN input is not
selected, and the lower of V. + 0.3 V and AV + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

7. The upper limit of the port A applied voltage is V_B + 0.3 V when CIN input is not
selected, and the lower of V B + 0.3 V and AV__ + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

8. The port A characteristics depend on VB, and the other pins characteristics depend
onV..

9. For flash memory programming/erasure, the applicable range is V. = 3.0 Vt0 3.6 V.
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Table 28.2 DC Characteristics (2)

Conditions: \,,=2.7Vt03.6 V¥, V. B=27V1t055V,AY*'=2.7Vt03.6V,
AV *'=27V1t0AV,, Vi =AV X' =0V, T =-20to +75°C
Test
Item Symbol Min Typ Max Unit Conditions
Input RES 0,0 — — 100 MA  V =05to
leakage  "STRY, NMmI, MD1, — — 10 Ve =05V
current MDO
Port 7 — — 1.0 V,=0510
AV_-05V
Three-state Ports 1t0 6, 8,9, A**, 0.0 — — 1.0 MA V, =05to0
leakage and B (Ports Cto G V,.—0.5V,
current (off are added in the VvV, =05to
state) H8S/2160B and V..B-05V
H8S/2161B.)
Input Ports 1to 3 =l 5 — 150 MA V=0V,
pull-up Ports 6 (P6PUE = 0) 30 — 300 Ve =27V 10
MOS and B 3.6V
current (Ports C to F are VCCSBSZVZ'7 v
added in the to 5.
H8S/2160B and
H8S/2161B.)
Ports A** 30 — 600
Port 6 (P6PUE = 1) 3 — 100
Input RES 4 c, — — 80 pF VvV, =0V,
capacitance "y, — — 50 F=1MHz
" 1 =25C
P52, P97, P42, — — 20 pF
P86, PA7 to PA2
Input pins except (4) — — 15 pF
above
(Ports Cto G are
added in the
H8S/2160B and
H8S/2161B.)
Current Normal operation lee — 30 40 mA =10 MHz
T
dissipation* Sleep mode — 20 32 mA =10 MHz
Standby mode*® — 1 5.0 MA T, <50°C
— — 20.0 50°C<T,

RENESAS
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Test

ltem Symbol Min Typ Max Unit Conditions
Analog During A/D, D/A Al — 12 20 mA
power conversion
supply Idle — 001 5.0 LA AV_=20V
current 3¢
t0 3.6 V
Reference  During A/D conversion Al — 0.5 1.0 mA
po""elr During A/D, D/A — 20 5.0
supply conversion
current
Idle — 0.01 5.0 HA AV _ =20V
to AV,
Analog power supply voltage** AV . 2.7 — 3.6 \% Operating
2.0 — 3.6 Idle/not used
RAM standby voltage Ve 2.0 — — \
Notes: 1. Do not leave the AV ., AV, and AV pins open even if the A/D converter and D/A
converter are not used.
Even if the A/D converter and D/A converter are not used, apply a value in the range 2.0
Vto 3.6 Vto AV and AV, pins by connection to the power supply (V..), or some other
method. Ensure that AV < AV_..
2. Current dissipation values are for V,, min=V_-0.2V,V_B-0.2V, and
V, max = 0.2 V with all output pins unloaded and the on-chip pull-up MOSs in the off
state.
3. ThevaluesareforVv,, <V <27V,V, mn=V_~-02V,V _B-02V,and
V, max=0.2V.
4. The port A characteristics depend on VB, and the other pins characteristics depend
onV,.
5. For flash memory programming/erasure, the applicable range is V.. =3.0 Vt0 3.6 V.
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Table 28.2 DC Characteristics (3) When LPC Function is Used

Conditions: V..=3.0Vt03.6V,\{(B=27Vto55V,A{*=27Vt0o3.6V,
AV _*=27V1to AV, V= AV *' =0V, T,=-20to +75°C

cc

Test

Item Symbol  Min Max Unit Conditions
Input high P37 to P30, vV, Ve x05 — \
voltage P83 to P80,

PB1, PBO
Input low P37 to P30, vV, — V*x03 V
voltage P83 to P80,

PB1, PBO
Output high P37, P33 to P30, Vg, V%09 — \Y loy =—0.5mA
voltage P82 to P80,

PB1, PBO
Output low P37, P33 to P30, V. — V,.x01 V l,,=1.5mA
voltage P82 to P80,

PB1, PBO

Note:* Do not leave the AV, AV
converter are not used.
Even if the A/D converter and D/A converter are not used, apply a value in the range 2.0 V
to 3.6 V to AV_. and AV _,pins by connection to the power supply (V_.), or some other
method. Ensure that AV < AV_..

ref =

and AV pins open even if the A/D converter and D/A

ref!
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Table 28.3 Permissible Output Currents

Conditions: V,.=27Vto36V,{B=27Vto55V,\(=0V, T =-20to +75°C
Iltem Symbol  Min Typ Max Unit
Permissible output SCL1, SCLO, SDA1, SDAO, |, — — 10 mA

low current (per pin) PS2AC to PS2CC,
PS2AD to PS2CD,
PAY to PA4 (bus drive
function selected)

Ports 1, 2, 3 — _ 2

RESO — _

Other output pins — — 1
Permissible output Total of ports 1, 2, and 3 >l — — 40 mA
low current (total) Total of all output pins, — — 60

including the above

Permissible output All output pins - — — 2 mA
high current (per pin)

Permissible output Total of all output pins Y —loy — — 30 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 28.3.

2. When driving a Darlington pair or LED, always insert a current-limiting resistor in the
output line, as show in figures 28.1 and 28.2.

This LSI

Port

Darlington pair

Figure 28.1 Darlington Pair Drive Circuit (Example)
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This LSI

600 Q
ANAN

Ports 1to 3

LED

Figure 28.2 LED Drive Circuit (Example)

Table 28.4 Bus Drive Characteristics

Conditions: V.=27Vto3.6V,\{ =0V, Ta=-20to+75°C

Applicable Pins: SCL1, SCLO, SDA1, SDAO (bus drive function selected)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt trigger A V%03 — — \ Ve.=27V1t036V
input voltage v, — — Vv, x0.7 V.. =27V1036V
V. -V, V,.x005 — — V,=27V1t03.6V
Input high voltage  V, Vi x07 — 5.5 \ Ve.=27V1t036V
Input low voltage V. -0.5 — V. *x0.3 V=27V1to36V
Output low voltage  V, — — 0.5 \ lo,, =8 MA
— — 0.4 l,, =3 mMA
Input capacitance  C_ — — 20 pF V, =0V, f=1MHz,
T,=25°C
Three-state leakage | I | — — 1.0 HA V,=05t0V, -05V
current (off state)
SCL, SDA output  t, 20+0.1Cb — 250 ns V,.=27V1t036V

fall time
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Conditions:

Applicable Pins:
function selected)

V,.=27V1036V,\VB=27Vt055V,\,=0V, Ta=-20to +75°C

PS2AC, PS2AD, PS2BC, PS2BD, PS2CC, PS2CD, PA7 to PA4 (bus drive

Item Symbol  Min Typ Max Unit Test Conditions
Output low voltage V. — — 0.8 \ lo, =16 MA,
V. B=45Vt055V
— — 0.5 l,, =8 MA
— — 0.4 lo, =3 mA
28.1.3 AC Characteristics
Figure 28.3 shows the test conditions for the AC characteristics.
Vee
RL
. C =30 pF: All output ports
]
Ci:|p output | R, = 2.4 kO
P Ry = 12 kQ
I/0 timing test levels
C Ry * Low level: 0.8V
I * High level: 2.0V

Figure 28.3 Output Load Circuit
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Clock Timing: Table 28.5 shows the clock timing. The clock timing specified here covers clock
(2) output and clock pulse generator (crystal) and external clock input (EXTAL pin) oscillation
settling times. For details on external clock input (EXTAL pin and EXCL pin) timing, see sectic
25, Clock Pulse Generator.

Table 28.5 Clock Timing

Condition: V,.=27Vt03.6V,{B=27Vt055V,\ =0V, g=2MHztomaximum
operating frequency, E —20 to +75°C

Condition
10 MHz

ltem Symbol Min Max Unit Reference
Clock cycle time t. 100 500 ns Figure 28.6
Clock high pulse width tey 30 — ns Figure 28.6
Clock low pulse width te, 30 — ns
Clock rise time te, — 20 ns
Clock fall time ty — 20 ns
Oscillation settling time at reset (crystal)  t_ ., 20 — ms  Figure 28.7
Oscillation settling time in software toser 8 — ms rigure 2838
standby (crystal)
External clock output stabilization delay  t__, 500 — us
time
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Control Signal Timing: Table 28.6 shows the control signal timing. The only external interrupts
that can operate on the subclock (g = 32.768 kHz) are NMI and IRQO, 1, 2, 6, and 7.

Table 28.6 Control Signal Timing

Conditions: \,.=2.7Vt03.6V,\{B=27Vt055V,\(=0V, g=32768kHz, 2 MHz to
maximum operating frequency, ¥ —20 to +75°C

Condition
10 MHz Test

Item Symbol Min Max Unit  Conditions
RES setup time toees 300 — ns  Figure 28.9
RES pulse width tocsw 20 — t.
NMI setup time (NMI) tons 250 — ns Figure 28.10
NMI hold time (NMI) t o 10 — ns
NMI pulse width (exiting software standby t,,,, 200 — ns
mode)
IRQ setup time (IRQ7 to IRQD) tros 250 — ns
IRQ hold time(IRQ7 to IRQO) o 10 — ns
IRQ pulse width (IRQ7, IRQ6, IRQ2 to trow 200 — ns

IRQO) (exiting software standby mode)
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Bus Timing: Table 28.7 shows the bus timing. Operation in external expansion mode is not
guaranteed when operating on the subclock (g = 32.768 kHz).

Table 28.7 Bus Timing (1) (Normal Mode)

Conditions: V..=2.7Vt03.6V,\{B=27Vt055V,\(=0V, g =2 MHz to maximum
operating frequency, F —20 to +75°C

Condition
10 MHz Test

Item Symbol  Min Max Unit  Conditions
Address delay time ty — 40 ns Figures 28.11
Address setup time tye 05xt —-30 — ns t0 28.15
Address hold time o 05xt, —-20 — ns
CS delay time (IOS) (. — 40 ns
AS delay time teo — 60 ns
RD delay time 1 toco — 60 ns
RD delay time 2 tocos — 60 ns
Read data setup time teps 35 — ns
Read data hold time toon 0 — ns
Read data access time 1 e — 1.0xt, —60 ns
Read data access time 2 tee — 15xt —-50 ns
Read data access time 3 tyecs — 2.0xt, —60 ns
Read data access time 4 e — 25xt, —-50 ns
Read data access time 5 tyees — 3.0xt, —-60 ns
HWR, LWR delay time 1 toros — 60 ns
HWR, LWR delay time 2 tron — 60 ns
HWR, LWR pulse width 1 tyews 1.0xt —-40 — ns
HWR, LWR pulse width 2 tosus 15xt, —40 — ns
Write data delay time oo — 60 ns
Write data setup time tos 0 — ns
Write data hold time tvon 20 — ns
WAIT setup time tyrs 60 — ns
WAIT hold time tom 10 — ns
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Table 28.7 Bus Timing (2) (Advanced Mode)

Conditions: V..=2.7Vt03.6V,\{B=27Vt055V,\(=0V, g=2MHz to maximum
operating frequency, F —20 to +75°C

Condition
10 MHz Test

Item Symbol  Min Max Unit  Conditions
Address delay time ty — 60 ns Figures 28.11
Address setup time tye 05xt —-30 — ns t0 28.15
Address hold time o 05xt, —-20 — ns
CS delay time (IOS) - — 60 ns
AS delay time teo — 60 ns
RD delay time 1 toco — 60 ns
RD delay time 2 tocos — 60 ns
Read data setup time teps 35 — ns
Read data hold time toon 0 — ns
Read data access time 1 e — 1.0xt, —80 ns
Read data access time 2 tee — 15xt —-50 ns
Read data access time 3 tyecs — 20xt —80 ns
Read data access time 4 e — 25xt, —-50 ns
Read data access time 5 tyees — 3.0xt, —-80 ns
HWR, LWR delay time 1 toros — 60 ns
HWR, LWR delay time 2 tron — 60 ns
HWR, LWR pulse width 1 tyews 1.0xt —-40 — ns
HWR, LWR pulse width 2 tosus 15xt, —-40 — ns
Write data delay time oo — 60 ns
Write data setup time tos 0 — ns
Write data hold time tvon 20 — ns
WAIT setup time tyrs 60 — ns
WAIT hold time tom 10 — ns
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Timing of On-Chip Peripheral Modules: Tables 28.8 to 28.11 show the on-chip peripheral
module timing. The only on-chip peripheral modules that can operate in subclock operation (@
32.768 kHz) are the I/O ports, external interrupts (NMI and IRQO, 1, 2, 6, and 7), the watchdo
timer, and the 8-bit timer (channels 0 and 1).

Table 28.8 Timing of On-Chip Peripheral Modules (1)

Conditions: \,.=2.7V103.6V,\VB=27Vt055V,\ =0V, g =32.768 kHz

2 MHz to maximum operating frequency,3—-20 to +75°C

Condition
10 MHz
ltem Symbol  Min Max Unit  Test Conditions
I/0 ports  Output data delay time towo — 100 ns Figure 28.16
Input data setup time tors 50 —
Input data hold time ton 50 —
FRT Timer output delay time tron — 100 ns Figure 28.17
Timer input setup time trs 50 —
Timer clock input setup time  t_ 50 — Figure 28.18
Timer clock  Single edge b 15 — e
pulse width - “g o edges tercw 25 —
TMR Timer output delay time tvon — 100 ns Figure 28.19
Timer reset input setup time  t;,.. 50 — Figure 28.21
Timer clock input setup time  t, 50 — Figure 28.20
Timer clock  Single edge - 1.5 — t,
pulse width - “g o edges - 2.5 —
PWM, Pulse output delay time towon — 100 ns Figure 28.22
PWMX
SCI Inputclock  Asynchronous  tg 4 — t. Figure 28.23
cycle Synchronous 6 —
Input clock pulse width tocw 0.4 0.6 toye
Input clock rise time toor — 15 t.
Input clock fall time tocns — 15
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Condition

10 MHz
ltem Symbol  Min Max Unit  Test Conditions
SCI Transmit data delay time too — 100 ns Figure 28.24
(synchronous)
Receive data setup time tovs 100 — ns
(synchronous)
Receive data hold time tos 100 — ns
(synchronous)
A/D Trigger input setup time tires 50 — ns Figure 28.25
converter
WDT RESO output delay time teeso — 200 ns Figure 28.26
RESO output pulse width tocsow 132 —

cyc

Note:* Only peripheral modules that can be used in subclock operation

Table 28.8 Timing of On-Chip Peripheral Modules (2)

Condition: V.. =2.7Vt03.6V,\{B=27Vt055V,\(=0V, g=2MHz to maximum

operating frequency, E —20 to +75°C

Condition
10 MHz
Item Symbol Min Max Unit  Test Conditions
XBS read CS/HAO setup time ton 10 — ns  Figure 28.27
cycle  TS/HAO hold time t 10 — ns
10R pulse width t oo 220 — ns
HDB delay time tro — 200 ns
HDB hold time ter 0 40 ns
HIRQ delay time L — 200 ns
XBS write CS/HAO setup time tow 10 — ns
cycle  TS/HAO hold time to 10 — ns
IOW pulse width (- 100 — ns
HDB setup Fast A20 gate not t, 50 — ns
time used
Fast A20 gate 85 — ns
used
HDB hold time two 25 — ns
GA20 delay time trea — 180 ns
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Table 28.9 Keyboard Buffer Controller Timing

Conditions: V..=2.7Vt03.6V,\{B=27Vt055V,\(=0V, g=2MHz to maximum
operating frequency, F —20 to +75°C

Ratings Test
Item Symbol Min Typ Max Unit Conditions Notes
KCLK, KD output fall time b 20+0.1Cb — 250 ns Figure
KCLK, KD input data hold time 1., 150 —  — ns 28.28
KCLK, KD input data setup time  t 150 — — ns
KCLK, KD output delay time tson — — 450 ns
KCLK, KD capacitive load C, — — 400 pF

Table 28.10 fC Bus Timing

Conditions: V,.=2.7Vt03.6V,\ =0V, g=5MHzto maximum operating frequency,

T,=-20to +75°C

Ratings

Item Symbol Min  Typ Max Unit -Cl;isntditions Notes
SCL input cycle time tee 12 — — t, Figure
SCL input high pulse width tecun 3 — — e 28.29
SCL input low pulse width tee 5 — — e

SCL, SDA input rise time ts, — — 7.5% t,

SCL, SDA input fall time ty — — 300 ns

SCL, SDA input spike pulse te, — — 1 e

elimination time

SDA input bus free time toe 5 — — e

Start condition input hold time ~ t_, 3 — — t,

Retransmission start condition  t_ . 3 — — e

input setup time

Stop condition input setup time  t_ . 3 — — e

Data input setup time toons 05 — — t.

Data input hold time teom 0 — — ns

SCL, SDA capacitive load C, — — 400 pF

Note:* 17.5t__can be set according to the clock selected for use by the I°C module. For details,

cyc

see section 16.6, Usage Notes.
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Table 28.11 LPC Module Timing

Conditions: V..=3.0Vt03.6V, \(=0V, g =2 MHz to maximum operating frequency,
T,=-20to +75°C

Iltem Symbol Min  Typ Max Unit Test Conditions
LPC  Input clock cycle toe 30 — — ns Figure 28.30

Input clock pulse width (H) t okn 11 — —

Input clock pulse width (L) to 11 — —

Transmit signal delay time to 2 — 11

Transmit signal floating delay t_.. — — 28

time

Receive signal setup time toxs 7 — —

Receive signal hold time o 0 — —

28.1.4  A/D Conversion Characteristics
Tables 28.12 and 28.13 list the A/D conversion characteristics.

Table 28.12 A/D Conversion Characteristics (AN7 to ANO Input: 134/266-State Conversion)

Conditions: \,.=2.7Vt03.6V,A{ ,=2.7V103.6V, AV, =2.7Vto AV,
V. B=27Vt055V,\=AV =0V,
g = 2 MHz to maximum operating frequency=-20 to +75°C

Condition
10 MHz
Item Min Typ Max Unit
Resolution 10 bits
Conversion time — — 134 HSs
Analog input capacitance — — 20 pF
Permissible signal-source impedance — — 5 kQ
Nonlinearity error — — 7.0 LSB
Offset error — — 7.5 LSB
Full-scale error — — 7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
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Table 28.13 A/D Conversion Characteristics
(CIN15 to CINO Input: 134/266-State Conversion)

Conditions: V.

V. B=3.0Vto55V,\(=AV =0V,
@ = 2 MHz to maximum operating frequency=-20 to +75°C

=3.0V103.6V,AV,=3.0V103.6V,AV,=3.0VtoAV,

cc

Condition
10 MHz
Item Min Typ Max Unit
Resolution 10 bits
Conversion time — — 134 Us
Analog input capacitance — — 20 pF
Permissible signal-source impedance — — 5 kQ
Nonlinearity error — — +11.0 LSB
Offset error — — +11.5 LSB
Full-scale error — — +11.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +12.0 LSB

28.1.5 D/A Conversion Characteristics
Table 28.14 lists the D/A conversion characteristics.

Table 28.14 D/A Conversion Characteristics

Conditions: \,.=2.7Vt03.6V,A\{ ,=2.7V103.6V, AV, =27Vt AV,
V. B=27Vt055V,\=AV =0V,
g = 2 MHz to maximum operating frequency=-20 to +75°C

Condition
10 MHz
Iltem Min Typ Max Unit
Resolution 8 bits
Conversion time With 20 pF load capacitance — — 10 ps
Absolute accuracy With 2 MQ load resistance — +2.0 +3.0 LSB
With 4 MQ load resistance — — +2.0
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28.1.6  Flash Memory Characteristics

Table 28.15 shows the flash memory characteristics.

Table 28.15 Flash Memory Characteristics

Conditions: V.=3.0Vto36V,\ =0V, T =-20t0 +75°C
Test
Item Symbol Min Typ Max Unit Condition
Programming time**, *? ** t, — 10 200 ms/
128 bytes
Erase time**, *3 *° t — 100 1200 ms/
block
Reprogramming count wee — — 100 times
Programming Wait time after X 1 — — ps
SWE-bit setting**
Wait time after y 50 — — us
PSU-bit setting**
Wait time after z1 28 30 32 ps 1<n<6
. . 1 44
P-bit setting*’, ** 75 198 200 202 us 7<n <1000
z3 8 10 12 ps Additional
write
Wait time after a 5 — — ps
P-bit clear**
Wait time after B 5 — — ps
PSU-bit clear**
Wait time after y 4 — — ps
PV-bit setting**
Wait time after € 2 — — ps
dummy write**
Wait time after n 2 — — ps
PV-bit clear**
Wait time after 0 100 — — ps
SWE-bit clear**
Maximum N — — 1000 times

programming
countr?, ** *°

Rev. 2.0, 08/02, page 696 of 788

RENESAS



Test

ltem Symbol Min Typ Max Unit Conditions

Erase Wait time after X 1 — — us
SWE-bit setting**
Wait time after y 100 — — ps
ESU-bit setting**
Wait time after z 10 — 100 ms
E-bit setting**, *°
Wait time after a 10 — — us
E-bit clear**
Wait time after B 10 — — ps
ESU-bit clear**
Wait time after y 20 — — us
EV-bit setting**
Wait time after € 2 — — ps
dummy write**
Wait time after n 4 — — ps
EV-bit clear**
Wait time after 0 100 — — ps
SWE-bit clear**
Maximum erase N — — 120 times
countx*, *° *7

Notes: 1. Set the times according to the program/erase algorithms.

. Programming time per 128 bytes (Shows the total period for which the P-bit in FLMCR1

is set. It does not include the programming verification time.)

. Block erase time (Shows the total period for which the E-bit in FLMCRL is set. It does

not include the erase verification time.)

. Maximum programming time (t, (max))

t, (max) = (wait time after P-bit setting (z1) + (z3)) X 6
+ wait time after P-bit setting (z2) x ((N) — 6)

. The maximun number of writes (N) should be set according to the actual set value of

z1, z2 and z3 to allow programming within the maximum programming time (t, (max)).
The wait time after P-bit setting (z1, z2, and z3) should be alternated according to the
number of writes (n) as follows:
1<n<6 z1=30ys, z3=10us
7 <n <1000 z2 = 200ps

. Maximum erase time (t_ (max))

t_ (max) = Wait time after E-bit setting (z) x maximum erase count (N)

. The maximum number of erases (N) should be set according to the actual set value of z

to allow erasing within the maximum erase time (t_ (max)).
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28.1.7 Usage Note

The method of connecting an external capacitor is shown in figure 28.4. Connect the system
power supply to the VCL pin together with the VCC pins.

Vcc power supply

Bypass VCL
capacitor
10 pF 0.01 pF
VSS

<Vcc=27Vto3.6V>

Connect the Vcc power supply to the chip's VCL pin in the same
way as the VCC pins.

It is recommended that a bypass capacitor be connected to the
power supply pins. (Values are reference values.)

Figure 28.4 Connection of VCL Capacitor
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28.2 Electrical Characteristics of H8S/2145B and H8S/2148B

28.2.1  Absolute Maximum Ratings
Table 28.16 lists the absolute maximum ratings.

Table 28.16 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage** Ve -0.3t0+7.0 \%
I/0 buffer power supply voltage (power supply V. B  -0.3to +7.0 \Y,
for port A)
Power supply voltage (3-V version product)** V. -0.3t0 +4.3 \%
Power supply voltage (VCL pin)*? vV, -0.3t0 +4.3 \Y
Input voltage (except ports 6, 7, and A, P97,  V,_ —0.3t0V_+0.3 \%
P86, P52, P42)
Input voltage (CIN input not selected for port 6) V,, -0.3to V. +0.3 \Y,
Input voltage (CIN input not selected for port A) V,, —-0.3to0V_B +0.3 \
Input voltage (CIN input selected for port 6) vV, —0.3 V to lower of voltages \%

V. +03and AV +0.3
Input voltage (CIN input selected for port A) V., —0.3 V to lower of voltages \Y,

V. B+03and AV +0.3
Input voltage (P97, P86, P52, P42) V, -0.3to +7.0 \Y
Input voltage (port 7) o -0.3t0 AV_+0.3 \%
Reference supply voltage AV, -03toAV_+0.3 \
Analog power supply voltage AV . -0.3t0 +7.0 \%
Analog power supply voltage (3-V version AV -0.3t0 +4.3 \%
product)
Analog input voltage Vo -0.3t0 AV +0.3 \
Operating temperature Ton Normal specification product: —20 °C

to +75

Wide range temperature

specification product: —40 to +85
Operating temperature (flash memory Ton Normal specification product: —20 °C
programming/erasing) to +75

Wide range temperature

specification product: —40 to +85
Storage temperature T -55to +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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Ensure that for 5-V/4-V version products, the input pin voltage does not exceed 7.0 V,
and for 3-V version products, all the input voltage except for port A does not exceed 4.3
V.

Notes: 1. Voltage applied to the VCC1 pin. Since both the VCCL1 pin and VCL pin are connected
to the VCC power supply on low-power voltage (3-V) products, VCL ratings should not
be exceeded.

2. Power supply voltage pin used for operation within the chip. Do not apply power supply
voltage to the VCL pin on 5-V/4-V products. Be sure to insert an external capacitor
between the VCL pin and GND to regulate the internal voltage.
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28.2.2 DC Characteristics

Table 28.17 lists the DC characteristics. Permitted output current values and bus drive
characteristics are shown in tables 28.18 and 28.19, respectively.

Table 28.17 DC Characteristics (1)

Conditions: \[.= 5.0V +10 %, \.B = 5.0 V + 10 %, AV*' = 5.0 V + 10 %,
AV _*'=45V 1o AV, V=AV X' =0V, T =-20to +75°C (normal specification

product), T=—-40 to +85°C (wide range temperature specification product)

Test
Iltem Symbol Min Typ Max Unit Conditions
Schmitt P67 to P60 (KWUL (1) V. 1.0 - — \%
trigger input = 00)*?, *°,
voltage KIN15 to
KINg*", *®
IRQ2 to IRQO*°, A — — V%07
IRQ5 to IRQ3 VB x0.7
V. -V, 04 — —
Schmitt P67 to P60 VA Vex03 — — %
trigger input (KWUL = 01) v — . V_x07
voltage . - cc -
(in level Vi 7Vr Ve x005 — —
switching)*® P67 to P60 A V%04 — —
(KWUL = 10) VL — V. x08
T cC "
V. =V~ V,.x003 — —
P67 to P60 V., V,x045 — —
KWUL =11 T
( ) v, — —  V_x09
V. =V, 0.05 - —
Input high  RES, STBY, 2 Vv, V. —0.7 — V,t+t03 V
voltage NMI, MD1, MDO
EXTAL V,x07  — V_+03
PA7 to PAQ* V.Bx07 — V. B+03
Port 7 2.0 — AV_+03
P97, P86, P52, V,.x07 — 55
P42
Input pins except (1) 2.0 — V. +03

and (2) above
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Test

Item Symbol Min Typ Max Unit Conditions
Input low RES, STBY, 3 Vv, -0.3 — 0.5 \Y
voltage MD1, MDO
PA7 to PAO -0.3 — 1.0
NMI, EXTAL, -0.3 — 0.8
input pins except (1)
and (3) above
Output high  All output pins Vo, Vi—-05 — — \ Iy, =—200 pA
voltage (except P97, P86, P52, V..B-05
5 8
and P42)* ¥ 3.5 . . \V; lOH =—1 mA,
P97, P86, P52, and 2.0 — — \ l,, =—200 pA
P42**
Output low  All output pins Vo, — — 0.4 \Y, l,,=1.6 MA
voltage (except RESO)*®
Ports 1to 3 — — 10 \ lo. =10 MA
RESO — — 0.4 \Y, l,, = 2.6 MA
Notes: 1. Do not leave the AV, AV, and AV, pins open even if the A/D converter and D/A

w

converter are not used.

Even if the A/D converter and D/A converter are not used, apply a value in the range
2.0Vto5.5Vto AV  and AV _pins by connection to the power supply (V..), or some
other method. Ensure that AV, < AV_..

P67 to P60 include peripheral module inputs multiplexed on those pins.

IRQ2 includes the ADTRG signal multiplexed on that pin.

P52/SCKO0/SCLO, P97/SDAO, P86/SCK1/SCL1, P42/SCK2/SDA1, and port G are
NMOS push-pull outputs.

When the SCLO, SDAOQ, SCL1, or SDA1 (ICE = 1) pin is used as an output, it is NMOS
open-drain output. Therefore, an external pull-up resistor must be connected in order to
output high level.

P52/SCKO, P97, P86/SCK1, P42/SCK2 (ICE = 0), and port G high levels are driven by
NMOS.

When the SCKO, SCK1, or SCK2 pin is used as an output, an external pull-up resistor
must be connected in order to output high level.

. When IICS =0, ICE =0, and KBIOE = 0. Low-level output when the bus drive function

is selected is determined separately.

The upper limit of the port 6 applied voltage is V.. + 0.3 V when CIN input is not
selected, and the lower of V. + 0.3 V and AV + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

. The upper limit of the port A applied voltage is VB + 0.3 V when CIN input is not

selected, and the lower of VB + 0.3 V and AV + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.
The port A characteristics depend on V_B, and the other pins characteristics depend
on V. in output mode.

Rev. 2.0, 08/02, page 702 of 788

RENESAS



Table 28.17 DC Characteristics (2)

Conditions: \,.= 5.0V +10 %, B = 5.0 V + 10 %, AV*' = 5.0 V + 10 %,
AV _*'=45V 1o AV, V=AV X' =0V, T =-20to +75°C (normal specification

product), T=—40 to +85°C (wide range temperature specification product)

Test
ltem Symbol Min Typ Max Unit Conditions
Input RES oo — — 10.0 MA V, =05t0
leakage  "STRY NmI, MDL, — — 10 Vee =05V
current MDO
Port 7 — — 1.0 V,=05t10
AV, -0.5V
Three-state Ports 1to 6 a0 — — 1.0 MA V _=0.5to
leakage Ports 8, 9, A**, B V.,.-05V,
current V, =05t
(off state) V,.B-05V
Input pull-up Ports 1to 3 -, 30 — 300 MA V=0V
MOS current'po s ax* B, 60 — 600 UA
6 (P6PUE = 0)
Port 6 15 — 200 HA
(P6PUE = 1)
Input RES 4 cC, — — 80 pF Vv, =0V,
capacitance — — 50 f=1MHz,
T,=25°C
P52, P97, P42, — — 20
P86, PA7 to PA2
Input pins except (4) — — 15
above
Current Normal operation lee — 55 70 mA =20 MHz
el . 2
dissipation* Sleep mode — 36 55 mA =20 MHz
Standby mode*® — 1.0 5.0 MA T, <50°C
— — 20.0 50°C<T,
Analog During A/D, D/A Al — 12 20 mA
power conversion
supply Idle — 001 5.0 WA AV_=20V
current t0 5.5 \V
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Test

ltem Symbol Min Typ Max Unit Conditions
Reference  During A/D conversion Al — 0.5 1.0 mA
po""elr During A/D, D/A — 20 5.0
supply conversion
current
ldle — 001 5.0 HA  AV_ =20V
to AV,
Analog power supply voltage** AV 4.5 — 5.5 Y, Operating
2.0 — 55 ldle/not used
RAM standby voltage Ve 2.0 — — \
Notes: 1. Do not leave the AV ., AV, and AV pins open even if the A/D converter and D/A

converter are not used.

Even if the A/D converter and D/A converter are not used, apply a value in the range 2.0
Vto 5.5V to AV_ and AV_pins by connection to the power supply (V..), or some other
method. Ensure that AV < AV_..

Current dissipation values are for V,, min=V_-0.2V,V_,B-0.2V,and V, max=0.2
V with all output pins unloaded and the on-chip pull-up MOSs in the off state.

. The values are for V,, <V, .<45V,V, mn=V_-02V,V_B-02V,and

RAM —

V, max=0.2V.

The port A characteristics depend on V_B, and the other pins characteristics depend
on V.
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Table 28.17 DC Characteristics (3)

Conditions: V,.=4.0Vt055V,\B=40Vt055V, AV *'=40Vt055V,
AV _*'=4.0Vto AV, V=AV X' =0V, T, =-20to +75°C (normal specification

product), T = —40 to +85°C (wide range temperature specification product)

Test
Iltem Symbol Min Typ Max Unit Conditions
Schmitt P67 to P60 (KWUL (1) V., 1.0 — - \Y V=45V
trigger input = 00)*?, *°, + _ — to 5.5V,
voltage KIN15 to Vi xccé‘)?-O77 v V. B=45V
KIN8*”, *°, ce i to5.5V
IRQ2 to IRQO*°, V. -V~ 04 - —
IRQ5 to IRQ3 - —
Q v, 0.8 - — v VC(21 _541./0 v
" to 4.
\A — — V. x07 !
V. .B=4.0V
V_Bx0.7 &
< to4.5V
V.-V 03 — -
Schmitt P67 to P60 A V., *x0.3 —_- - \Y V=40V
trigger input (KWUL = 01) E — . V_x07 to5.5V
voltage (in . - cc =
level VT - VT Vcc x0.05 - -
switching)** pge7 to P60 Vv, V. x0.4 — —
(KWUL = 10) v — — V. _xo08
T Ccc "
V. -V~ V,.x003 — —
P67 to P60 A Ve x045 — —
(KWUL = 11) v — . V_x009
T cC "
V.-V 0.05 - -
Input high  RES, STBY, 2 Vv, V. —0.7 — V. 103 V
voltage NMI, MD1, MDO
EXTAL V. *x0.7 — V. +03
PA7 to PAO*’ V. .Bx07 — V., B+03
Port 7 2.0 — AV +03
P97, P86, P52, V.. x0.7 — 55
P42
Input pins except 2.0 — V103

(1) and (2) above

Rev. 2.0, 08/02, page 705 of 788
RENESAS



Test

Item Symbol Min Typ Max Unit  Conditions
Input low RES, STBY, 3) V. -0.3 — 0.5 \%
voltage MD1, MDO —
9 -0.3 — 10 V. B=45V
to55V
PA7 to PAO -0.3 — 0.8 V. .B=40V
to4.5V
NMI, EXTAL, -0.3 — 0.8
input pins except (1)
and (3) above
Output high  All output pins Vo Vi-05 — — \ lo,, =—200 pA
voltage (except P97, P86, P52, V..B-05
4 45 8
and P42)* R 3.5 . . \V; |OH =—1 mA,
V.=45Vto
55V,V B=
45Vt05.5
\%
3.0 — — Y, I, = —1 MA,
V.,.=40Vto
45V,V B=
40Vto45
\Y
P97, P86, P52, and 15 — — \Y, lo, =—200 pA
pP42**
Output low  All output pins Vo — — 0.4 \ lo, =1.6 MA
voltage (except RESO)*®
Ports 1to 3 — — 1.0 \ lo. =10 mA
RESO — — 0.4 Y, l,,=2.6 MA
Notes: 1. Do not leave the AV_,, AV, and AV pins open even if the A/D converter and D/A

w

converter are not used.

Even if the A/D converter and D/A converter are not used, apply a value in the range
2.0Vto5.5VtoAV_ and AV_pins by connection to the power supply (V..), or some
other method. Ensure that AV < AV .

P67 to P60 include peripheral module inputs multiplexed on those pins.

TRQ2 includes the ADTRG signal multiplexed on that pin.

P52/SCKO0/SCLO, P97/SDAO0, P86/SCK1/SCL1, P42/SCK2/SDA1, and port G are
NMOS push-pull outputs.

When the SCLO, SDAO, SCL1, or SDA1 (ICE = 1) pin is used as an output, it is NMOS
open-drain output. Therefore, an external pull-up resistor must be connected in order to
output high level.

P52/SCKO, P97, P86/SCK1, P42/SCK2 (ICE = 0), and port G high levels are driven by
NMOS.
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When the SCKO0, SCK1, or SCK2 pin is used as an output, an external pull-up resistor
must be connected in order to output high level.

. When IICS =0, ICE = 0, and KBIOE = 0. Low-level output when the bus drive function
is selected is determined separately.

. The upper limit of the port 6 applied voltage is V_. + 0.3 V when CIN input is not
selected, and the lower of V. + 0.3 V and AV + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.
. The upper limit of the port A applied voltage is VB + 0.3 V when CIN input is not
selected, and the lower of V_ B + 0.3 V and AV + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.
. The port A characteristics depend on V_B, and the other pins characteristics depend
onV,.
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Table 28.17 DC Characteristics (4)

Conditions: V,.=4.0Vt055V,\B=40Vt055V, AV *'=40Vt055V,
AV _*'=4.0V1to AV, V=AV X' =0V, T, =-20to +75°C (normal specification

product), T = —40 to +85°C (wide range temperature specification product)

Test
Iltem Symbol Min Typ Max Unit Conditions
Input RES a, o — — 10.0 MA V,_=0.5to
leakage  "STRY NmI, MD1, — — 10 Ve =05V
current MDO
Port 7 — — 1.0 V, =05t
AV . —-05V
Three-state Ports 1to 6 a0 — — 1.0 MA  V, =05t10
leakage Ports 8, 9, A**, B V.,.-05V,
current V, =05t
(off state) V.B-05V
Input pull-up Ports 1to 3 =l 30 — 300 MA V=0V,
MOS current 50 A** B, 60 — 600 V.. \=/4\./5 \é t?
6 (P6PUE = 0) 55V, V.B=
45Vto5.5
Port 6 15 — 200 \;
(P6PUE = 1)
Ports 1 to 3 20 — 200 MA V=0V,
Ports A**, B, 40 — 500 e SR
6 (P6PUE = 0) o V,V. B=
4.0Vto4.5
Port 6 10 — 150 V
(P6PUE = 1)
Input RES 4 cC, — — 80 pF vV, =0V,
capacitance "\ — — 50 f=1MHz,
T,=25°C
P52, P97, P42, — — 20
P86, PA7 to PA2
Input pins except (4) — — 15
above
Current Normal operation lee — 45 58 mA =16 MHz
L
dissipation* Sleep mode — 30 46 mA =16 MHz
Standby mode*® — 1.0 50 HA T ,<50°C
— — 20.0 50°C < T,
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Test

ltem Symbol Min Typ Max Unit Conditions
Analog During A/D, D/A Al — 12 20 mA
power conversion
supply Idle — 001 50 WA AV_=20V
current to 5.5V
Reference  During A/D conversion Al — 0.5 1.0 mA
po""elr During A/D, D/A — 20 5.0
supply conversion
current
ldle — 001 5.0 HA  AV_ =20V
to AV,
Analog power supply voltage** AV . 4.0 — 55 \% Operating
2.0 — 55 Idle/not used
RAM standby voltage Ve 2.0 — — \
Notes: 1. Do not leave the AV, AV, and AV pins open even if the A/D converter and D/A
converter are not used.
Even if the A/D converter and D/A converter are not used, apply a value in the range
2.0Vto5.5Vto AV  and AV _pins by connection to the power supply (V..), or some
other method. Ensure that AV, < AV
2. Current dissipation values are for V,, min=V_-0.2V,V_ B-0.2V, and V, max =0.2
V with all output pins unloaded and the on-chip pull-up MOSs in the off state.
3. Current dissipation values are for V,, min=V_-0.2V,V,B-0.2V,and V, max=0.2
V with all output pins unloaded and the on-chip pull-up MOSs in the off state.
4. The port A characteristics depend on VCCB, and the other pins characteristics depend

on VCC.
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Table 28.17 DC Characteristics (5)

Conditions: V,,=2.7Vt03.6 V¥, V. B=27V1t055V,A{*'=27V1t03.6V,

AV _=27V1t03.6V,\(=AV ' =0V, T =-20to +75°C

Test
Iltem Symbol Min Typ Max Unit Conditions

Schmitt P67 to P60 (KWUL (1) V., V. x0.2 — \Y
trigger input = 00)*?, *°, V. B x0.2
voltage KIN15 to ¥

Bhuthh vV — V. x0.7

KINg*', >, __ ' VB % 0.7

IRQ2 to IRQO*°, ce '

IRQ5 to IRQ3
Schmitt P67 to P60 A V., *x0.3 — \Y
trigger input (KWUL = 01) VE — V_x07
voltage (in T . cc * Y
level VT - VT Vcc x 0.05 —
switching)** 'pg7 to P60 A V. x 0.4 —

(KWUL = 10) v, — Vv x08

V. =V V,.x0.03 —
P67 to P60 A V. % 0.45 —
(KWUL = 11) v — V_x09
T cc "
V.'-V~ 0.05 —

Input high  RES, STBY, 2 Vv, V.. x0.9 V,+03 V
voltage NMI, MD1, MDO

EXTAL V.. x0.7 V. +0.3

PA7 to PAO*’ V. B x0.7 V.B+0.3

Port 7 V.. x0.7 AV +0.3

P97, P86, P52, V. *x0.7 55

P42

Input pins except (1) V., x0.7 V. 0.3

and (2) above
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Test

ltem Symbol Min Typ Max Unit Conditions
Input low RES, STBY, 3) Vv, -0.3 — Veex01 V
voltage MD1, MDO
PA7 to PAO -0.3 — VB x0.2 V. B=27V
to4.0V
0.8 V. B=40V
to5.5V
NMI, EXTAL, -0.3 — V. *x0.2 V,.=27Vto
input pins except (1) 36V
and (3) above
Output high  All output pins Vo, Vi-05 — — vV 1,,=-200 pA
voltage (except P97, P86, P52, V..B-05
4 5 8
and P42)* VL Vcc -1.0 _ . \V; IOH =—1 mA,
VecB—-1.0 V. =27Vto
36V,V . B=
27Vt04.0
Vv,
P97, P86, P52, and 0.5 — — vV 1, =-200 pA
P42**
Output low  All output pins Vo, — — 0.4 vV 1l,=16mA
voltage (except RESO)*®
Ports 1to 3 — — 10 vV I,=5mA
RESO — — 0.4 vV 1l,=16mA
Notes: 1. Do not leave the AV, AV, and AV, pins open even if the A/D converter and D/A

w

converter are not used.

Even if the A/D converter and D/A converter are not used, apply a value in the range 2.0
Vto 3.6 Vto AV . and AV, pins by connection to the power supply (V..), or some other
method. Ensure that AV < AV_..

P67 to P60 include peripheral module inputs multiplexed on those pins.

IRQ2 includes the ADTRG signal multiplexed on that pin.

P52/SCKO0/SCLO, P97/SDAO, P86/SCK1/SCL1, P42/SCK2/SDA1, and port G are
NMOS push-pull outputs.

When the SCLO, SDAO, SCL1, or SDA1 (ICE = 1) pin is used as an output, it is NMOS
open-drain output. Therefore, an external pull-up resistor must be connected in order to
output high level.

P52/SCKO, P97, P86/SCK1, P42/SCK2 (ICE = 0), and port G high levels are driven by
NMOS.

When the SCKO, SCK1, or SCK 2 pin is used as an output, an external pull-up resistor
must be connected in order to output high level.

When IICS = 0, ICE = 0, and KBIOE = 0. Low-level output when the bus drive function
is selected is determined separately.
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6. The upper limit of the port 6 applied voltage is V. + 0.3 V when CIN input is not
selected, and the lower of V. + 0.3 V and AV + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

7. The upper limit of the port A applied voltage is VB + 0.3 V when CIN input is not
selected, and the lower of V B + 0.3 V and AV, + 0.3 V when CIN input is selected.
When a pin is in output mode, the output voltage is equivalent to the applied voltage.

8. The port A characteristics depend on VB, and the other pins characteristics depend
onV,.

9. For flash memory programming/erasure, the applicable range is V.. =3.0Vt0 3.6 V.
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Table 28.17 DC Characteristics (6)

Conditions: \,,=2.7Vt03.6 V¥, V. B=27V1t055V,A{*'=27V1t03.6V,

AV _*'=27V103.6V,\ =AV *' =0V, T,=-20t0 +75°C

Test
Iltem Symbol Min Typ Max Unit Conditions
Input RES oo — — 10.0 MA V, =05t0
leakage  "STRY NmI, MDL1, — — 10 Vee =05V
current MDO
Port 7 — — 1.0 V,=05t10
AV_-05V
Three-state Ports 1to 6 a0 — — 1.0 MA V _=0.5to
leakage Ports 8, 9, A** B V_-05V,
current VvV, =05t
(off state) V,.B-05V
Input pull-up Ports 1to 3 -, 5 — 150 MA V=0V,
MOS current Ports A**. B, 30 — 300 ?3/% \:/ 2\./7 \ét:)
P6PUE = 2V Vb =
6 (P6PU 0 27Vto3.6
Port 6 3 — 100 Vv
(P6PUE = 1)
Input RES 4 cC, — — 80 pF Vv, =0V,
capacitance "\ — — 50 f=1MHz,
T,=25°C
P52, P97, P42, — — 20
P86, PA7 to PA2
Input pins except (4) — — 15
above
Current Normal operation lee — 30 40 mA =10 MHz
T,
dissipation* Sleep mode — 20 32 mA =10 MHz
Standby mode*® — 1.0 5.0 MA T, <50°C
— — 20.0 50°C < T,
Analog During A/D, D/A Al — 1.2 20 mA
power conversion
supply Idle — 0.01 5.0 LA AV =20V
current t0 3.6V
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Test

ltem Symbol Min Typ Max Unit Conditions
Reference  During A/D conversion Al — 0.5 1.0 mA
po""elr During A/D, D/A — 20 5.0
supply conversion
current
ldle — 001 5.0 HA  AV_ =20V
to AV,
Analog power supply voltage** AV 2.7 — 3.6 Y, Operating
2.0 — 3.6 ldle/not used
RAM standby voltage Ve 2.0 — — \
Notes: 1. Do not leave the AV ., AV, and AV pins open even if the A/D converter and D/A

converter are not used.

Even if the A/D converter and D/A converter are not used, apply a value in the range
2.0V 10 3.6 Vto AV . and AV _pins by connection to the power supply (V..), or some
other method. Ensure that AV < AV

ref —

Current dissipation values are for V,, min=V_-0.2V,V_,B-0.2V,and V, max=0.2
V with all output pins unloaded and the on-chip pull-up MOSs in the off state.

. The values are for V,, <V . <2.7V,V, mn=V_-02V,V . B-02V,and

RAM —

V, max=0.2V.

The port A characteristics depend on VCCB, and the other pins characteristics depend
on VCC.

For flash memory programming/erasure, the applicable range is V. =3.0 Vt0 3.6 V.
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Table 28.17 DC Characteristics (7) (3-V Version of H8S/2145BV)
When LPC Function is Used

Conditions: V.

cc

AV _*=2.7V to AV

cc

=30Vt03.6V,\VB=27Vt055V,AV*=2.7V1t03.6V,
V= AV *' =0V, T,= —20 to +75°C

Test

ltem Symbol Min Max Unit Conditions
Input high P37 to P30, vV, Ve x05 — \
voltage P83 to P80,

PB1, PBO
Input low P37 to P30, vV, — V%03 V
voltage P83 to P80,

PB1, PBO
Output high P37, P33 to P30, Vi, V%09 — \Y lo, =—0.5mA
voltage P82 to P80,

PB1, PBO
Output low P37, P33 to P30, ' — Vex01 V lo. =1.5mA
voltage P82 to P80,

PB1, PBO

Note:* Do not leave the AV _, AV, _, and AV _ pins open even if the A/D converter and D/A
converter are not used. B
Even if the A/D converter and D/A converter are not used, apply a value in the range 2.0 V
to 3.6 V to AV_. and AV _,pins by connection to the power supply (V_.), or some other
method. Ensure that AV < AV_..

ref =
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Table 28.18 Permissible Output Currents

Conditions: V..=4.0Vto55V,{B=40Vto55V,\(=0V,
.= —20 to +75°C (normal specification product) =T-40 to +85°C (wide range
temperature specification product)

Item Symbol  Min Typ Max Unit

Permissible output SCL1, SCLO, SDA1, SDAO, |, — — 20 mA
low current (per pin) PS2AC to PS2CC,

PS2AD to PS2CD,

PAY to PA4 (bus drive

function selected)

Ports 1, 2, 3 — — 10
RESO — — 3
Other output pins — —

Permissible output Total of ports 1, 2, and 3 Yl — — 80 mA
low current (total)

Total of all output pins, — — 120
including the above

Permissible output All output pins - — — 2 mA
high current (per pin)

Permissible output Total of all output pins > =l — — 40 mA
high current (total)
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Conditions: \,.=2.7V1t03.6V,VB=27Vt055V,\ =0V,

T,=-20to +75°C

Iltem Symbol Min Typ Max Unit

Permissible output SCL1, SCLO, SDA1, SDAO, |, — — 10 mA
low current (per pin) PS2AC to PS2CC,

PS2AD to PS2CD,

PA7 to PA4 (bus drive

function selected)

Ports 1, 2, 3 — _ 2

RESO — _

Other output pins — — 1
Permissible output Total of ports 1, 2, and 3 >l — — 40 mA
low current (total) Total of all output pins, — — 60 mA

including the above

Permissible output All output pins - — — 2 mA
high current (per pin)

Permissible output Total of all output pins > o — — 30 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 28.18.
2. When driving a Darlington pair or LED, always insert a current-limiting resistor in the
output line, as show in figures 28.1 and 28.2.
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Table 28.19 Bus Drive Characteristics

Conditions: V..=4.0Vto55V,\.=27Vto 3.6V (3-V version product),.\= 0 V

Applicable Pins: SCL1, SCLO, SDA1, SDAO (bus drive function selected)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt trigger A V%03 — — \
input voltage v, — — V_x0.7
V.-V, V. x005 — —
Input high voltage  V, V%07 — 5.5 \
Input low voltage V. -0.5 — V. *x0.3
Output low voltage  V, — — 0.8 \ l,, =16 mA,V =45
Vio 55V
— — 0.5 l,, =8 MA
— — 0.4 lo, =3 MA
Input capacitance  C_ — — 20 pF V,=0V,f=1MHz,
T,=25°C
Three-state leakage | | | — — 1.0 HA V,=05t0V, -05V
current (off state)
SCL, SDA output to; 20+ 0.1Cb — 250 ns
fall time
Conditions: V..=4.0Vtob55V,\ . =27Vto 3.6V (3-V version product),

V. B=27V1t055V,\ =0V

Applicable Pins: PS2AC, PS2AD, PS2BC, PS2BD, PS2CC, PS2CD, PA7 to PA4 (bus drive
function selected)

Item Symbol  Min Typ Max Unit Test Conditions
Output low voltage V. — — 0.8 \ lo, =16 MA,
V. B=45Vto55V
— — 0.5 l,, =8 mMA
— — 0.4 l,, =3 mA

Rev. 2.0, 08/02, page 718 of 788
RENESAS



28.2.3 AC Characteristics

The following shows the clock timing, control signal timing, bus timing, and on-chip peripheral
function timing. For the AC characteristics test conditions, see figure 28.3.

Clock Timing: Table 28.20 shows the clock timing. The clock timing specified here covers cloc
(9) output and clock pulse generator (crystal) and external clock input (EXTAL pin) oscillation
settling times. For details of external clock input (EXTAL pin and EXCL pin) timing, see sectio
25, Clock Pulse Generator.

Table 28.20 Clock Timing

Condition A: V,.=5.0V+10%, VB=5.0V *10%, \( =0V, g =2 MHz to maximum
operating frequency, F —20 to +75°C (normal specification product) =T
—40 to +85°C (wide range temperature specification product)

Condition B: V..=40Vto55V,{B=40Vto55V,\,=0V,g=2MHzto
maximum operating frequency, ¥ —20 to +75°C (normal specification
product), T = —40 to +85°C (wide range temperature specification product)

Condition C: V,.=27V1036V,¥YB=27Vto55V,\(=0V,g=2MHzto
maximum operating frequency, ¥ —20 to +75°C

Condition A Condition B Condition C

10 MHz 16 MHz 20 MHz Test
Item Symbol Min Max Min Max Min Max Unit Conditions
Clock cycle time t, 100 500 625 500 50 500 ns Figure 28.6
Clock high pulse width te, 30 — 20 — 17 — ns Figure 28.6
Clock low pulse width t., 30 — 20 — 17 — ns
Clock rise time t., — 20 — 10 — 8 ns
Clock fall time t. — 20 — 10 — 8 ns
Oscillation settling time at  t., 20 — 10 — 10 — ms Figure 28.7
reset (crystal)
Oscillation settling time in ~ t__, 8 — 8 — 8 — ms Figure 28.8
software standby (crystal)
External clock output toeer 500 — 500 — 500 — [V

stabilization delay time
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Control Signal Timing: Table 28.21 shows the control signal timing. The only external interrupt:
that can operate on the subclock (g = 32.768 kHz) are NMI and IRQO, 1, 2, 6, and 7.

Table 28.21 Control Signal Timing

Condition A: V,.=5.0V+10%, V{B=5.0V +10%, \(,;=0V, g =32.768 kHz,

2 MHz to maximum operating frequency,<—-20 to +75°C (normal
specification product), .= —40 to +85°C (wide range temperature
specification product)

Condition B: V..=40Vto55V,YyB=40Vto55V,\( =0V, g=232.768 kHz,
2 MHz to maximum operating frequency,<—-20 to +75°C (normal
specification product), .= —40 to +85°C (wide range temperature
specification product)

Condition C: V,.=27Vto36V,¥YB=27Vto55V,\ =0V, g=232.768 kHz,
2 MHz to maximum operating frequency,3—-20 to +75°C

Condition A Condition B Condition C
10 MHz 16 MHz 20 MHz Test

Iltem Symbol Min Max Min Max Min Max Unit Conditions

RES setup time toees 300 — 200 — 2000 — ns Figure 28.9

RES pulse width tocsw 20 — 20 — 20 — -

NMI setup time (NMI) ts 250 — 150 — 150 — ns Figure

NMI hold time (NMI) to 10 — 10 — 10 — ns 2810

NMI pulse width (NMI) o 200 — 200 — 200 — ns

(exiting software standby

mode)

IRQ setup time IRQ7 to  t, 250 — 150 — 150 — ns

IRQO)

IRQ hold time (IRQ7 to tron 10 — 10 — 10 — ns

IRQO)

IRQ pulse width (IRQ7, t 200 — 200 — 200 — ns

IRQ6, IRQ2 to IRQO)
(exiting software standby
mode)

IRQW
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Bus Timing: Table 28.22 shows the bus timing. Operation in external expansion mode is not
guaranteed when operating on the subclock (g = 32.768 kHz).

Table 28.22 Bus Timing (1) (Normal Mode)

Condition A: V=50V £10%, {B=50V*10%, \(=0V, g =2 MHz to maximum
operating frequency,, E —20 to +75°C (normal specification product) =T
—40 to +85°C (wide range temperature specification product)

Condition B: V..=40Vto55V,{B=40Vto55V,\{(=0V,g=2MHzto
maximum operating frequency, ¥ —20 to +75°C (normal specification
product), T=—-40 to +85°C (wide range temperature specification product)

Condition C: V.=27Vto36V,¥YB=27Vto55V,\{(=0V,g=2MHzto
maximum operating frequency, ¥ —20 to +75°C

Condition A Condition B Condition C

10 MHz 16 MHz 20 MHz Test
Item Symbol  Min Max  Min Max Min Max  Unit Conditions
Address delay time t,; — 40 — 30 — 20 ns Figures
Address setup time  t,¢ 05x — 05x — 05xt, — ns ;gié o
tcyc — t, - -15 :
30 20
Address hold time  t,, 05xt, — 05x — 05xt, — ns
-20 t,,— -10
15
CS delay time (IOS) t, — 40 — 30 — 20 ns
AS delay time teo — 60 — 45— 30 ns
RD delay time 1 toson — 60 — 45  — 30 ns
RD delay time 2 tocos — 60 — 45  — 30 ns
Read data setup teos 35 — 20 — 15 — ns
time
Read data hold time t_, 0 — 0 — 0 — ns
Read data access  t,, — 1.0x — 1.0x — 1.0x ns
time 1 t,.— t,.— t.—
cyc cyc cyc
60 40 30
Read data access  t,, — 15x — 15x — 15%x ns
time 2 t,.— t,.— t,.—
cyc cyc cyc
50 35 25
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Condition A Condition B Condition C

10 MHz 16 MHz 20 MHz Test

Item Symbol  Min Max Min  Max Min Max  Unit Conditions
Read data access  t,, — 20xt, — 20x — 2.0x ns Figures 28.9
time 3 —-60 te— .~ to 28.13

40 30
Read data access  t,, — 25xt, — 25x — 25x ns
time 4 -50 t,.— t,.—

35 25
Read data access  t,.., — 3.0xt, — 3.0x — 3.0x ns
time 5 - 60 t.— te—

40 30
HWR, LWR delay  t,.., — 60 — 45  — 30 ns
time 1
HWR, LWR delay  t,.., — 60 — 45 — 30 ns
time 2
HWR, LWR pulse  t,,, 10xt, — 10x — 10xt, — ns
width 1 - 40 t,,— -20

30
HWR, LWR pulse  t,,, 15xt, — 15x — 15xt, — ns
width 2 —40 t,,— -20
30

Write data delay oo — 60 — 45 — 30 ns
time
Write data setup tos 0 — 0 — 0 — ns
time
Write data hold time t,,, 20 — 15 — 10 — ns
WAIT setup time tors 60 — 45 — 30 — ns
WAIT hold time L 10 — 5 — 5 — ns
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Table 28.22 Bus Timing (2) (Advanced Mode)

Condition A: V.=50V+10%,{B=50V+10%,\,=0V,@=2MHzto
maximum operating frequency, ¥ —20 to +75°C (normal specification
product), T = —40 to +85°C (wide range temperature specification product)

Condition B: V..=40Vto55V,{B=40Vto55V,\(=0V,g=2MHzto
maximum operating frequency, ¥ —20 to +75°C (normal specification
product), T=—-40 to +85°C (wide range temperature specification product)

Condition C: V.=27Vto36V,¥YB=27Vto55V,\{(=0V,g=2MHzto
maximum operating frequency, ¥ —20 to +75°C

Condition A Condition B Condition C

10 MHz 16 MHz 20 MHz Test
Item Symbol  Min Max Min  Max Min Max  Unit Conditions
Address delay time t,; — 60 — 45 — 30 ns Figures
Address setup time  t,g 05xt, — 05%x — 05xt, — ns ;gié to
—-50 t,— -25 ‘
35
Address hold time  t,, 05xt, — 05%x — 05xt, — ns
-20 t,,— -10
15

CS delay time (IOS) t, — 60 — 45 — 30 ns
AS delay time teo — 60 — 45 — 30 ns
RD delay time 1 toson — 60 — 45— 30 ns
RD delay time 2 tocos — 60 — 45— 30 ns
Read data setup teos 35 — 20 — 15 — ns
time
Read data hold time t_, 0 — 0 — 0 — ns
Read data access  t,, — 1.0xt, — 1.0x — 1.0x ns
time 1 —-80 t,.— t,.—

55 40
Read data access t,, — 15xt, — 25x — 25x%x ns
time 2 -50 t.— t.—

35 25
Read data access  t,, — 20xt, — 3.0x — 3.0x ns
time 3 —-80 t.— .~

55 40
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Condition A Condition B Condition C

10 MHz 16 MHz 20 MHz Test
Item Symbol  Min Max Min Max Min Max  Unit Conditions
Read data access  t,, — 25x — 25x — 25x ns Figures
time 4 e e e 28.11to
50 35 25 28.15
Read data access  t, ., — 30x — 3.0x — 3.0x ns
time 5 t,.— t,.— t.—
cyc cyc cyc
80 55 40
HWR, LWR delay  t,.., — 60 — 45 — 30 ns
time 1
HWR, LWR delay  t,.., — 60 — 45 — 30 ns
time 2
HWR, LWR pulse  t,,, 10xt, — 10xt, — 10xt, — ns
width 1 —-40 -30 -20
HWR, LWR pulse  t,,, 15xt, — 15xt, — 15xt, — ns
width 2 —-40 -30 -20
Write data delay oo — 60 — 45 — 30 ns
time
Write data setup tos 0 — 0 — 0 — ns
time
Write data hold time t,,, 20 — 15 — 10 — ns
WAIT setup time tors 60 — 45 — 30 — ns
WAIT hold time L 10 — 5 — 5 — ns
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Timing of On-Chip Peripheral Modules: Tables 28.23 to 28.26 show the on-chip peripheral
module timing. The only on-chip peripheral modules that can operate in subclock operation (@
32.768 kHz) are the I/O ports, external interrupts (NMI and IRQO, 1, 2, 6, and 7), the watchdo
timer, and the 8-bit timer (channels 0 and 1).

Table 28.23 Timing of On-Chip Peripheral Modules (1)

Condition A: V,.=50V+10%,YB=50V+10%,\,=0V,
@ = 32.768 kHz*, 2 MHz to maximum operating frequency,
T,=-20 to +75°C (normal specification product) =40 to +85°C (wide
range temperature specification product)

Condition B: V..=40Vto55V,{B=40V1to55V,\ =0V,
g = 32.768 kHz*, 2 MHz to maximum operating frequency,
T,=-20 to +75°C (normal specification product) =40 to +85°C (wide
range temperature specification product)

Condition C: V,.=27Vto36V,¥YB=27Vto55V,\ =0V, g=232.768 kHz*
2 MHz to maximum operating frequency,-20 to +75°C

Condition Condition Condition

A B Cc
Sym- 10 MHz 16 MHz 20 MHz Test
Item bol Min  Max Min Max Min Max Unit Conditions
I/0 Output data delay time o — 100 — 50 — 50 ns Figure
ports Input data setup time tors 50 — 30 — 30 — 28.16
Input data hold time [ 50 — 30 — 30 —
FRT  Timer output delay time teron — 100 — 50 — 50 ns Figure
Timer input setup time s 50 — 30 — 30 — 28.17
Timer clock input setup tercs 50 — 30 — 30 — Figure
time 28.18
Timer clock  Single edge t.,, 1.5 — 15 — 15 — t_
pulse width “gopedges t._, 25 — 25 — 25 —
TMR  Timer output delay time oo — 100 — 50 — 50 ns Figure
28.19
Timer reset input setup s 50 — 30 — 30 — Figure
time 28.21
Timer clock input setup tocs 50 — 30 — 30 — Figure
time 28.20
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Condition Condition Condition

A B C
Sym- 10 MHz 16 MHz 20 MHz Test
Item bol Min  Max Min Max Min Max Unit Conditions

TMR Timer clock Single edge t,., 15 — 15 — 15 — 't Figure

pulsewidth “goedges t,_. 25 — 25 — 25 — 28.20
PWM, Pulse output delay time towon — 100 — 50 — 50 ns Figure
PWMX 28.22
SCI  Inputclock Asynchronous tg 4 — 4 — 4 — t, Figure

cycle Synchronous 6 — 6 — 6 — 28.23

Input clock pulse width teciw 04 06 04 06 04 06 t,

Input clock rise time b — 15 — 15 — 15 t,

Input clock fall time Yoo — 15 — 15 — 15

Transmit data delay time  t — 100 — 50 — 50 ns Figure

(clocked synchronous) 28.24

Receive data setup time  t_ . 100 — 50 — 650 —

(clocked synchronous)

Receive data hold time [ 100 — 50 — 50 —

(clocked synchronous)
AID Trigger input setup time tires 50 — 30 — 30 — ns Figure
converter 2825
WDT RESO output delay time  t. — 200 — 120 — 100 ns Figure

RESO output pulse width  t..,, 132 — 132 — 132 — 't 28.26

Note:* Only peripheral modules that can be used in subclock operation
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Table 28.23 Timing of On-Chip Peripheral Modules (2)

Condition A: V.=50V+10%,{B=50V+10%, \, =0V,
2 MHz to maximum operating frequency,
T, =-20 to +75°C (normal specification product) =40 to +85°C (wide
range temperature specification product)

Condition B: V..=40Vto55V,{B=40Vto55V,\(=0V,
2 MHz to maximum operating frequency,
T,=-20 to +75°C (normal specification product) =40 to +85°C (wide
range temperature specification product)

Condition C: V.=27V1036V,¥YB=27Vto55V,\(=0V,g=2MHzto
maximum operating frequency, ¥ —20 to +75°C

Condition Condition Condition

A B C
Sym- 10 MHz 16 MHz 20 MHz Test
Item bol Min Max Min Max Min Max Unit  Conditions
HIF read CS/HAO setup time t,., 10 — 10 — 0 — ns Figure
cycle  TSHAOhodtime t. 10 — 10 — 10 — 28.21
10R pulse width t., 220 — 120 — 120 —
HDB delay time twe — 200 — 100 — 100
HDB hold time t, O 40 0 25 0 25
HIRQ delay time b  — 200 — 120 — 120
HIF write CS/HAO setup time t,, 10 — 10 — 10 —
cycle  TSHAOholdtime t,, 10 — 10 — 10 —
IOW pulse width ~ t,,., 100 — 60 — 60 —
HDB FastA20 t, 50 — 30 — 30 —
setup  gate not
time used
Fast A20 85 — 55 — 45 —
gate used
HDB hold time t,w, 25 — 15 — 15 —
GA20 delay time t.,, — 180 — 90 — 90
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Table 28.24 Keyboard Buffer Controller Timing

Conditions: V..=4.0Vto55V,\{.=2.7V1t0 3.6V (3-Vproduct), \B=2.7Vto 55V, \,
=0V, g = 2 MHz to maximum operating frequency=F20 to +75°C

Ratings Test
Item Symbol Min Typ Max Unit Conditions Notes
KCLK, KD output fall time b 20+0.1Cb — 250 ns Figure
KCLK, KD input data hold time .., 150 —  — ns 28.28
KCLK, KD input data setup time  t 150 — — ns
KCLK, KD output delay time tson — — 450 ns
KCLK, KD capacitive load C, — — 400 pF
Table 28.25 fC Bus Timing
Conditions: V,.=4.0Vto 55V, =27V 1to 3.6V (3-V product), ¥=0V,
@ =5 MHz to maximum operating frequency,
Ratings Test
Item Symbol Min  Typ Max Unit Conditions  Notes
SCL input cycle time tee 12 — — t, Figure
SCL input high pulse width tecun 3 — — e 28.29
SCL input low pulse width tec 5 — — t.
SCL, SDA input rise time ts, — — 7.5% t,
SCL, SDA input fall time ty — — 300 ns
SCL, SDA input spike pulse te, — — 1 e
elimination time
SDA input bus free time toe 5 — — e
Start condition input hold time ~ t, 3 — — t,
Retransmission start condition  t_ . 3 — — e
input setup time
Stop condition input setup time  t_ . 3 — — t,
Data input setup time toons 05 — — t.
Data input hold time teom 0 — — ns
SCL, SDA capacitive load C, — — 400 pF

Note:* 17.5t can be set according to the clock selected for use by the I°C module. For details, see

cyc

section 16.6, Usage Notes.
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Table 28.26 LPC Module Timing (For H8S/2145B Only)

Conditions: V..=3.0Vto3.6V,\ =0V, g=2MHzto maximum operating frequency,
T,=-20to +75°C
Iltem Symbol Min  Typ Max Unit Test Conditions
LPC  Input clock cycle toe 30 — — ns Figure 28.30
Input clock pulse width (H) t okn 11 — —
Input clock pulse width (L) to 11 — —
Transmit signal delay time to 2 — 11
Transmit signal floating delay t_.. — — 28
time
Receive signal setup time toxs 7 — —
Receive signal hold time tosn 0 — —
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28.2.4  A/D Conversion Characteristics
Tables 28.27 and 28.28 list the A/D conversion characteristics.

Table 28.27 A/D Conversion Characteristics (AN7 to ANO Input: 134/266-State Conversion)

Condition A: V.. =5.0V£10%, AV, =5.0V +10%, AV, = 4.5V to AV,
V,=AV, =0V, g =2 MHz to maximum operating frequency,
T, =-20 to +75°C (normal specification product) =40 to +85°C (wide

range temperature specification product)

Condition B: V..=4.0Vto55V,AY.=4.0Vto55V, AY,=4.0Vto AV,
V,=AV, =0V, g =2 MHz to maximum operating frequency,
T,=-20 to +75°C (normal specification product) =40 to +85°C (wide

range temperature specification product)

Condition C: V.=27V1036V, AV, =2.7V103.6V, AV, =27V to AV,
V,=AV, =0V, g =2 MHz to maximum operating frequency,
.=—20to +75°C
Condition C Condition B Condition A
10 MHz 16 MHz 20 MHz

Iltem Min  Typ Max Min Typ Max  Min Typ Max Unit
Resolution 10 10 10 bits
Conversion time*® —  — 13.4 — — 8.4 — — 6.7 us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 5 — — 10 — — 10*" kQ
source impedance 52 52
Nonlinearity error — — 7.0 — — +3.0 — — +3.0 LSB
Offset error — — 75 — — 35 — — +3.5 LSB
Full-scale error — — 75 — — 35 — — +35 LSB
Quantization error — — 05 — — +05 — — +0.5 LSB
Absolute accuracy — — +8.0 — — +40 — — +4.0 LSB

Notes: 1. When conversion time = 11.17 ps (CKS =0, or g <12 MHz at CKS = 1)
2. When conversion time < 11.17 ps (g > 12 MHz at CKS = 1)
3. At the maximum operating frequency in single mode.
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Table 28.28 A/D Conversion Characteristics
(CIN15 to CINO Input: 134/266-State Conversion)

Condition A: V,.=5.0V +10%, AV.=5.0V +10%, AV, =4.5V 1o AV,
V,=AV, =0V, g =2 MHz to maximum operating frequency,
T,=-20 to +75°C (normal specification product) =40 to +85°C (wide
range temperature specification product)

Condition B: V..=40Vto55V,AY.=40Vto55V, AY,=4.0 Vto AV,
V= AV =0V, g =2 MHz to maximum operating frequency,
T,=-20 to +75°C (normal specification product) =40 to +85°C (wide
range temperature specification product)

Condition C: \,.=3.0V1t03.6V4HAV =3.0Vt03.6V4AV, =3.0VtoAV >,
V. B=3.0V1to55V4V, =AV, =0V, g =2 MHz to maximum
operating frequency, F —20 to +75°C

Condition C Condition B Condition A
10 MHz 16 MHz 20 MHz

Item Min  Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 bits
Conversion time*® —  — 13.4 — — 8.4 — — 6.7 us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 5 — — 10 — — 10*" kQ
source impedance 52 52
Nonlinearity error — — +11.0 — — 5.0 — — 5.0 LSB
Offset error — — +11.5 — — 55 — — 5.5 LSB
Full-scale error — — 115 — — 55 — — 55 LSB
Quantization error — — 05 — — +05 — — +0.5 LSB
Absolute accuracy — — +12.0 — — +6.0 — — +6.0 LSB

Notes: 1. When conversion time = 11.17 ps (CKS =0, or g <12 MHz at CKS = 1)
2. When conversion time < 11.17 ps (g > 12 MHz at CKS = 1)
3. At the maximum operating frequency in single mode.

4. When using CIN, ensure that V., =3.0Vt0 3.6 V,AV_=3.0Vto 3.6 V,AV_=3.0Vto
36V,V. B=30Vto55V.
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28.2.5 D/A Conversion Characteristics
Table 28.29 lists the D/A conversion characteristics.

Table 28.29 D/A Conversion Characteristics

Condition A: V.. =5.0V£10%, AV, =5.0V +10%, AV, = 4.5V to AV,
V,=AV, =0V, g =2 MHz to maximum operating frequency,
T, =-20 to +75°C (normal specification product) =40 to +85°C (wide
range temperature specification product)

Condition B: V..=4.0Vto55V,AY.=4.0Vto55V, AY,=4.0Vto AV,
V,=AV, =0V, g =2 MHz to maximum operating frequency,
T,=-20 to +75°C (normal specification product) =40 to +85°C (wide

range temperature specification product)

Condition C: V.=27V1036V, AV, =2.7V103.6V, AV, =27V to AV,
V= AV =0V, g =2 MHz to maximum operating frequency,
.=—20to +75°C
Condition C Condition B Condition A
10 MHz 16 MHz 20 MHz
Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 8 8 8 bits
Conversion With 20 pFload — — 10 — — 10 — — 10 ps
time capacitance
Absolute  With2MQload — +2.0+3.0 — 1.0 *15 — 1.0 15 LSB
accuracy resistance
With4MQload — — 20 — — 1.0 — — +1.0
resistance
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28.2.6

Flash Memory Characteristics

Table 28.30 shows the flash memory characteristics.

Table 28.30 Flash Memory Characteristics (Operation Range at Programming/Erasing)

5-V version conditions:

3-V version conditions:

V.=40Vto55V,\(=0V, T =-20to +75°C (normal
specification product), .= —40 to +85°C (wide range temperature
specification product),

V.=3.0V1t03.6V,\.=0V, T.=-20t0 +75°C

Test
Item Symbol Min Typ Max Unit Condition
Programming time***? ** t, — 10 200 ms/
128 bytes
Erase time*'***° t — 100 1200 ms/
block
Reprogramming count Nyec — — 100 times
Programming Wait time after X 1 — — ps
SWE-bit setting**
Wait time after y 50 — — ps
PSU-bit setting**
Wait time after z1 28 30 32 ps 1<n<6
. . 1 44
P-bit setting™’, ** ;5 198 200 202 us 7 <n <1000
z3 8 10 12 ps Additional
write
Wait time after a 5 — — ps
P-bit clear**
Wait time after B 5 — — ps
PSU-bit clear**
Wait time after y 4 — — ps
PV-bit setting**
Wait time after € 2 — — us
dummy write**
Wait time after n 2 — — ps
PV-bit clear**
Wait time after 0 100 — — ps
SWE-bit clear**
Maximum N — — 1000 times

programming
countr?, ** *°
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Test

Iltem Symbol Min Typ Max Unit Conditions
Erase Wait time after X 1 — — us
SWE-bit setting**
Wait time after y 100 — — ps
ESU-bit setting**
Wait time after z 10 — 100 ms
E-bit setting**, *°
Wait time after a 10 — — us
E-bit clear**
Wait time after B 10 — — ps
ESU-bit clear**
Wait time after y 20 — — us
EV-bit setting**
Wait time after € 2 — — ps
dummy write**
Wait time after n 4 — — ps
EV-bit clear**
Wait time after 0 100 — — us
SWE-bit clear**
Maximum erase N — — 120 times
count?, *°, *7
Notes: 1. Set the times according to the program/erase algorithms.

2. Programming time per 128 bytes (Shows the total period for which the P-bit in FLMCR1
is set. It does not include the programming verification time.)

3. Block erase time (Shows the total period for which the E-bit in FLMCRL is set. It does
not include the erase verification time.)

4. Maximum programming time (t, (max))

t, (max) = (wait time after P-bit setting (z1) + (z3)) X 6
+ wait time after P-bit setting (z2) x ((N) — 6)

5. The maximun number of writes (N) should be set according to the actual set value of
z1, z2 and z3 to allow programming within the maximum programming time (t, (max)).
The wait time after P-bit setting (z1, z2, and z3) should be alternated according to the
number of writes (n) as follows:
1<n<62z1=30ps,z3=10pus
7 <n <1000 z2 =200 ps

6. Maximum erase time (t_ (max))

t. (max) = Wait time after E-bit setting (z) x maximum erase count (N)
7. The maximum number of erases (N) should be set according to the actual set value of z

to allow erasing within the maximum erase time (t_ (max)).
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28.2.7 Usage Notes

1. Both of the F-ZTAT version and masked-ROM version products satisfy the electrical
characteristics described in this manual, however, due to the differences in the manufactur
process, on-chip ROMs, or layout patterns, the actual electrical characteristics, operation
margin, and noise margin may be changed.

When the F-ZTAT version was used for system evaluation, and switching from the F-ZTAT
version to the mask-ROM version is made, the equivalent evaluation should be performed
the mask-ROM version.

2. Internal step-down products

The H8S/2148 B-masked product (HD64F2148B) includes an internal step-down circuit to
step down the microprocessor internal power supply voltage to the appropriate level.

One or two (in parallel) internal voltage regulating capacitors (0.47 uF) should be inserted
between the internal step-down pin (VCL pin) and VSS pin. The method of connecting the
external capacitor(s) is shown in figure 27-31.

For the 5-V and 4-V version products whose power supply (VCC) voltage exceeds 3.6 V, C
not connect the VCC power supply to the VCL pin of the internal step-down product.
(Connect the VCC power supply to the VCCL1 pin, as usual.)

For the 3-V version product whose power supply (VCC) voltage is 3.6 V or less, connect tr
system power supply to the VCL pin together with the VCC1 pins.

When switching from the F-ZTAT version product without the internal step-down function t
the F-ZTAT B-masked product with the internal step-down function, note that the VCL pin i
allocated to the same location as the VCC2 pin of the product without the internal step-dov
function. Therefore, the difference in the circuits between before and after the switchover
should be considered when designing the PC board patterns.
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External capacitor for
power supply regulation

vCL
0.47 pF
(one, —_—
or two
in parallel) VSs

a

Product with internal
step-down function 10 pF

Vcc power supply

Bypass
capacitor

The VCC power supply should not be connected to the
VCL pin of the product with the internal step-down
function. (Connect the VCC power supply to other

VCC1 pins as usual.)

Be sure to connect power supply regulating capacitor(s)
to the VCL pin. One or two (parallel) 0.47-uF

multilayer capacitors should be used near the VCL pin.
For 3-V products used with the voltage of 3.6 V or less,
connect the Vcc power supply in the same way as the
products without the internal step-down function.

< Product with internal step-down function >

HD64F2148B

VCL

Product without
internal step-down function

VSS

a

The VCC2 pin of the product without the internal step-down
function is allocated at the same location as the VCL pin of
the product with the internal step-down function.

It is recommended that a bypass capacitor be connected to
the power supply pins. (The values are reference values.)

< Product without internal step-down function >
HD64F2145BV
HD64F2148BV

28.3  Timing Chart

28.3.1  Clock Timing

The clock timings are shown below.

Figure 28.5 Connection of VCL Capacitor

ten tes

e UV e\

Figure 28.6 System Clock Timing
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EXTAL \’\’\’\’;
toEXT tpEXT

Vee —] 5 $5 5
W_] “ \_55_]

tosci tosc1

I L0
ey I
[4 ]

o -
Wi AVAVAY)

RES

N

Figure 28.7 Oscillation Settling Timing

NMI :X
I(iR?(i), 1,2,6,7) ’_\

tosc2

Figure 28.8 Oscillation Setting Timing (Exiting Software Standby Mode)
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28.3.2  Control Signal Timing

The control signal timings are shown below.

trESS

)
m
(72

trResS

tRESW

Figure 28.9 Reset Input Timing

NMI

IRQI
(i=7100)

IRQiI
Edge input
(i=7t00)

IRQi
Level input
(i=7t00)

tmis tmiH
4 \
X X
Tumiw
4 \
X X
tirow
tirgs tirqH
4 \
X X
tros

Figure 28.10 Interrupt Input Timing

Rev. 2.0, 08/02, page 738 of 788

RENESAS




28.3.3 Bus Timing

The bus timings are shown below.

T1 T,
o \ \
tap
A23to A0, Xl K
10S* K
tesp tas tAH
tasp tasp
AS* \ /
trsp1 tacc2 trsp2
- ——
RD \ /]
(read) tas \
t/_\ccg tRDS tF’DH
D15 to DO / >
(read) \
twrp2 twrp2
HWR, LWR \ 4
(write) tas | |\ tan
|
twop  WSw1 twoH
||

D15 to DO
(write) < >

Note:* AS and 10S are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure 28.11 Basic Bus Timing (Two-State Access)
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° /N /
tap
A23 to A0, X ‘><
10S* 7
tcsp tas tan
tasp tasp
AS* \ /
trsp1 tacca trRsp2
_ \ —
F:eDa d) tas \ /
taccs trRDs EEH
D15 to DO / >
(read) )
twrp1 twrp2
HWR, LWR \ 4
(write) 3 { taAH
1
twop  twps fwswz twoH

D15 to DO :
(write) <

Note:* AS and 10S are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure 28.12 Basic Bus Timing (Three-State Access)
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10S*

E*

RD
(read)

Tz

Tw

AN

A23 to AO, X

N\
N\

D15 to DO

(read)

HWR, LWR

(write)

D15 to DO

(write)

WAIT

Note:*

—
(—
—

——

>_

twrs| [twrh

twrs

|

fwrh

|

v

7

\

AS and 10S are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure 28.13 Basic Bus Timing (Three-State Access with One Wait State)

RENESAS
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Ty ! T,orTy Ty T,
'] \ \ \
_/ ’_\_/ N/ ’/
tap

(
A23 to A0, X ” >< ><
10S* (){)

tas tan
tasp tasp

& \ y
AS —\_”_/ \—
RD \ /

(read) (¢

))

taccs tros | |tRoH

D15 to DO (« /T \
read
( ) )] \ / L 7

N

Note:* AS and IOS are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure 28.14 Burst ROM Access Timing (Two-State Access)

T, T,orTs T,

o) N/ \_/ L

((

A23 to AD, X 4 X X
10S* (C

))

RD \ /
(read) (¢

))

tacct tros| |troH
D15 to DO («
S

Note:* AS and 1OS are the same pin. The function is selected by the IOSE bit in SYSCR.

Figure 28.15 Burst ROM Access Timing (One-State Access)
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28.3.4  On-Chip Peripheral Module Timing

The on-chip peripheral module timings are shown below.

Ty Tz

4
° _/  \_/ L
Ports1t0 9, A, and B tprs | | tPRH
(Ports C to G are added '
in H8S/2160B and x ><

H8S/2161B)
(read)

tewp

Ports 1t0 6, 8, 9, A,

and B ><
(Ports C to F are added

in H8S/2160B and

H8S/2161B)

(write)

Figure 28.16 1/O Port Input/Output Timing

: N\

trroD
-—

£5
FTOA, FTOB >§

{C

tris

FTIA, FTIB, $S
FTIC, FTID ; >§

Figure 28.17 FRT Input/Output Timing
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C

D

trrowL trTewH

N\

Figure 28.18 FRT Clock Input Timing

TMOO0, TMO1
TMOX

/N

Figure 28.19 8-Bit Timer Output Timing

TMCIO, TMCI1
TMIX, TMIY

((

(( Y

trmewe trmewH

Figure 28.20 8-Bit Timer Clock Input Timing

TMRIO, TMRI1
TMIX, TMIY

trvrs

—

/

Figure 28.21 8-Bit Timer Reset Input Timing
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; VA VA

trwob

PW15 to PWO,
PWX1, PWX0 ><

Figure 28.22 PWM, PWMX Output Timing

tsckw tsckr tsckf

SCKO to SCK2 / \ / \
S

tScyc

Figure 28.23 SCK Clock Input Timing

SCKO to SCK2 /‘_\_/_\_

trxp
TxDO to TxD2 >< X X
(transmit data)

trxs| [trRxH

| ||

(ecene data) X XX X

Figure 28.24 SCI Input/Output Timing (Synchronous Mode)

trres

ADTRG

Figure 28.25 A/D Converter External Trigger Input Timing
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SN VA

tRESD tRESD

RESO \ ) /
)
tRESOW

Figure 28.26 WDT Output Timing (RESO)

Host interface (XBS) read timing

__ L
CSIHAO X X
X 7
tHAR tHrPW tHrA
A
IOR \ ;-/
tHrD tHrRE
4 \
HDB?7 to HDBO { Valid data] —
B 7

t
HIRQ* e
(i=1,11, 12, 3, 4)

Note:* The rising edge timing is the same as the port 4 and port B output timing.
See figure 28.16.

Host interface (XBS) write timing

CSIHAO >§‘ ’K
¥ 7

tHaw | tHwpw tHwa

IOW

| tHow thwp

HDB7 to HDBO >t ><

tHea
GA20 1

Figure 28.27 Host Interface (XBS) Timing
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1. Reception

./ /S S

tksis | | tkeiH
KCLK/ ¢ 3
KD* >§t 1§<
2. Transmission (a)
T1 T2
s N/ _J _/J _/
tkeoD
KCLK/ f
KD* ><

Transmission (b)
KCLK/ / ‘g
KD* N

tkerF

Note: @ shown here is the clock scaled by 1/N when the operating mode is active
medium-speed mode.
* KCLK: PS2AC to PS2CC
KD: PS2AD to PS2CD

Figure 28.28 Keyboard Buffer Controller Timing
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SDAO,
SDA1

tstan  |tscLH
SCLO,
SCL1 N 7

tscLL
tSr
tscL

~— tspan

Note:* S, P, and Sr indicate the following conditions.

S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure 28.29 fC Bus Interface Input/Output Timing

ok . tieye |
LCLK _H /_\‘\_
tLek
Lotk _/_\_/[_\_ /_\_/_\_
trxp
-]
LAD3 to LADO, X
SERIRQ, CLKRUN
(Transmit signal)
trxs trRxH
LAD3 to LADO,
SERIRQ, CLKRUN
LFRAME
(Receive signal)
torF

LAD3 to LADO,
SERIRQ, CLKRUN
(Transmit signal)

Figure 28.30 Host Interface (LPC) Timing
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[

I O Testing voltage: 0.4Vce

l 50pF

Figure 28.31 Tester Measurement Condition
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Appendix A 1/0O Port States in Each Processing State

Table A.1 1/O Port States in Each Processing State

MCU Hardware Software Sub- Program
Port Name Operating Standby  Standby Watch Sleep sleep  Subactive Execution
Pin Name Mode Reset Mode Mode Mode  Mode Mode  Mode State
Port 1 1 L T kept* kept*  kept* kept* A7 to AO A7 to AO
AT 10 AO 2,3(EXPE=1) T Address Address
output/ output/
input port input port
2,3 (EXPE =0) 1/0 port 1/0 port
Port 2 1 L T kept* kept*  kept* kept*  Al5to A8 A15 to A8
AlSto A8 2,3(EXPE=1) T Address Address
output/ output/
input port input port
2,3 (EXPE =0) 1/0 port 1/0 port
Port 3 1 T T T T T T D15 to D8 D15 to D8
DI510D8 ievpeoq) (EXPE=1)
2,3 (EXPE=0) kept kept kept kept 1/0 port 1/0 port
Port 4 1 T T kept kept kept kept 1/0 port I/0 port
2,3 (EXPE = 1)
Port 5 1 T T kept kept kept kept 1/0 port 1/0 port
2,3 (EXPE = 1)
2,3 (EXPE=0)
Port 6 1 T T kept kept kept kept 1/0 port 1/0 port
2,3 (EXPE = 1)
2,3 (EXPE=0)
Port 7 1 T T T T T T Input port Input port
2,3 (EXPE = 1)
2, 3 (EXPE = 0)
Port 8 1 T T kept kept kept kept 1/0 port I/0 port
2,3 (EXPE = 1)
2,3 (EXPE = 0)
Port 97 1 T T T/kept T/kept T/kept Tikept WAIT/ WAIT/
WAIT 42 3 (EXPE = 1) 1/0 port 1/0 port
2,3 (EXPE =0) kept kept kept kept 1/0 port 1/0 port
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MCU Hardware Software Sub- Program
Port Name Operating Standby Standby Watch Sleep sleep  Subactive Execution
Pin Name Mode Reset Mode Mode Mode  Mode Mode  Mode State
Port 96 1 Clock T [DDR=1]H EXCL [DDR=1] EXCL EXCLinput Clock output/
2 output [DDR = 0] T input clock input !EXCL input/
EXCL 2.3(EXPE=1) T output input port
2, 3 (EXPE = 0) [DOR =01
Ports 95 t0 93 1 T H H H H AS, HWR, AS, HWR,
AS, HWR, RD 2.3EXPE=1) T RD RD
2,3 (EXPE =0) kept kept kept kept I/0 port I/0 port
Ports 92t0 91 1 T T kept kept kept kept 1/0 port I/0 port
2,3 (EXPE = 1)
2, 3 (EXPE = 0)
Port 90 1 T T H/kept Hikept Hlkept Hikept LWR/ LWR/
LWR m 1/0 port 1/0 port
2,3 (EXPE=0) kept kept kept kept 1/0 port 1/0 port
Port A 1 T T kept* kept*  kept* kept*  1/O port 1/0 port
AZ3I0ALE 5 ExpE - 1) A23t0 Al6/  A23to Al6/
1/0 port 1/0 port
2,3 (EXPE =0) 1/0 port 1/0 port
Port B 1 T T T/kept T/kept T/kept T/kept D7 to DO/ D7 to DO/
D7 to DO m 1/O port 1/O port
2,3 (EXPE=0) kept kept kept kept 1/0 port 1/0 port
PortsCtoG 1 T T kept kept kept kept 1/0 port 1/0 port
Hesri6te) 23 EXPE=D
2,3 (EXPE = 0)
Legend
H: High
L: Low
T: High-impedance state
kept: Input ports are in the high-impedance state (when DDR =0 and PCR = 1, input pull-up

MQOSs remain on).

Output ports maintain their previous state.

Depending on the pins, the on-chip peripheral modules may be initialized and the I/O port
function determined by DDR and DR used.

DDR: Data direction register

Note:* In the case of address output, the last address accessed is retained.
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Appendix B Product Codes

Package
Product Type Product Code Mark Code (Hitachi Package Code)
H8S/2161B  Flash memory version (3-V HD64F2161BV F2161BVTE10 144-pin TQFP (TFP-144)
version)
Masked ROM version (3-V HD6432161BV 2161BV(*™** )TE
version)
(3-V version with on-chip I°C) HD6432161BVW  2161BVW(** )TE
H8S/2160B  Flash memory version (3-V HD64F2160BV F2160BVTE10
version)
Masked ROM version (3-V HD6432160BV 2160BV(*™** )TE
version)
(3-V version with on-chip I°C) HD6432160BVW  2160BVW(*** )TE
H8S/2141B  Flash memory version (3-V HD64F2141BV F2141BVFA10 100-pin QFP (FP-100B)
version) F2141BVTE10 100-pin TQFP (TFP-100B)
H8S/2140B  Flash memory version (3-V HD64F2140BV F2140BVFA10 100-pin QFP (FP-100B)
version) F2140BVTEL0 100-pin TQFP (TFP-100B)
H8S/2145B  Flash memory version (3-V HD64F2145BV F2145BVFA10 100-pin QFP (FP-100B)
version) F2145BVTE10 100-pin TQFP (TFP-100B)
H8S/2148B  Flash memory version (3-V HD64F2148BV F2148BVFA10 100-pin QFP (FP-100B)
version) F2148BVTEL0 100-pin TQFP (TFP-100B)
Flash memory version (5-V HD64F2148B F2148BFA20 100-pin QFP (FP-100B)
version) F2148BTE20 100-pin TQFP (TFP-100B)
Legend
(***): ROM code

Note:* Some products above are in the developing or planning stage. Please contact Hitachi
agency to conform the present state of each product.
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Appendix C Package Dimensions

16.0+0.3 ‘
[14

16.0+ 0.3

3.05 Max

*0.17 £ 0.05

0.15+0.04

0.121813

*Dimension including the plating thickness
Base material dimension

05+0.2

Unit: mm

Hitachi Code FP-100B
JEDEC —

EIAJ Conforms
Weight (reference value)| 1.2 g

Figure C.1 Package Dimensions (FP-100B)
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Unit: mm
16.0+£0.2
14

76

16.0+0.2

> <
g 9|9
> o|o
o +| +
N s 1.0
— ™ Ao o
&1° _— Ov_ 8
9 f 05401
o
+
o
—
o Hitachi Code TFP-100B
JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) 059

Figure C.2 Package Dimensions (TFP-100B)
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18.0+0.2
L]16 |

18.0+0.2

Unit: mm

*Dimension including the plating thickness
Base material dimension

3 23
s oo
H|+H
8 | ~ |0 1.0
i i
oo *
*
0 } a0 -8
< 0.5+0.1
o
+
S Hitachi Code TFP-144
. JEDEC —
EIAJ Conforms
Weight (reference value)[ 0.6 g

Figure C.3
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Main Revisions and Additions in this Edition

Item Page Revisions (See Manual for Details)
Cover Cover The type name “HD64F2145B” deleted.
Section 1 Overview 2 (Error) (Correction)
1.1 Overview Model ROM Remarks Model ROM Remarks
) HD64F2161BV* 128 Under HD64F2161BV* 128
N On-chlp memory kbytes  development kbytes
HD64F2160BV* 64 Under HD64F2160BV* 64
kbytes  development kbytes
HD64F2141BV* 128 Under HD64F2141BV* 128
kbytes  development kbytes
HD64F2140BV* 64 Under HD64F2140BV* 64
kbytes  development kbytes
'HDB4F2148BV* 128 Under HD64F2148BV* 128
kbytes  development kbytes
HD64F2148B 128 Under HD64F2148B 128
kbytes  development kbytes
Note: *3-V version product
1.2 Block Diagram 3 (Error)
Figure 1.1 Internal Block - PBUDIWUE7
R ~— PB6/D6/WUEG
Diagram of H8S/2140B, ~— PBS5/DS/WUES
@ |~ PB4/D4/WUE4
H8S/2141B, H8S/21458B, e
and H8S/2148B ~—— PB2/D2/WUE2/CS3

PB1/D1/WUE1/HIRQ4/LSCI*
PBO/DO/WUEO/HIRQ3/LSMI*

Note: Not supported by the H8S/2148B and H8S/2145B (5-V version).

(Correction)

PB7/D7/WUE7*
PB6/D6/WUEG*
PB5/D5/WUE5S*
PB4/D4/WUE4*
PB3/D3/WUE3*/CS4
PB2/D2/WUE2*/CS3
PB1/D1/WUET*/HIRQ4/LSCI*
PBO/DO/WUEQ*/HIRQ3/LSMI*

Port B

Note: The LPC function and the WUE pin function are

by the H8S/2148B.

not supported

RENESAS
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ltem Page

Revisions (See Manual for Details)

1.3 Pin Arrangement and 5
Functions

1.3.1 Pin Arrangement

Figure 1.3 Pin
Arrangement of
H8S/2140B, H8S/2141B,
H8S/2145B, and
H8S/2148B

(Error)

57 PB7/D7/WUE?7, 58 PB6/D6/WUES6, 68 PB5/D5/WUE5, 69
PB4/D4/WUE4, 80 PB3/D3/WUES3, 81 PB2/D2/WUE2, 90
PB1/D1/WUE1, 91 PBO/DO/WUEQ

Note:* Not supported by the H8S/2148B.
(Correction)

57 PB7/D7/WUE7*, 58 PB6/D6/WUE6*, 68 PB5/D5/WUES5*,
69 PB4/D4/WUE4*, 80 PB3/D3/WUE3*, 81 PB2/D2/WUE2*,
90 PB1/D1/WUE1*, 91 PBO/DO/WUEOQ*

Note:* The LPC function and the WUE pin function are not
supported by the H8S/2148B.

1.3.2 Pin Functions in 9to 11
Each Operating Mode Pin Name
Table 1.1 Pin Functions of Pin No Expanded Modes Single-Chip Modes
H8S/2140B, H8S/2141B, ' P gehp
H8S/2145B, and FP-100B Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
H8S/2148B in Each TFP-100B (EXPE = 1) (EXPE = 0)
Operating Mode 57 PB7/D7WWUE7*  PB7/D7AWUE7*  PBIWUET*

58 PB6/D6/WUE6* PB6/D6/WUE6*  PB6/WUEG*

68 PB5/D5/WUES* PB5/D5/WUES*  PB5/WUES*

69 PB4/D4/WUE4* PB4/D4/WUE4*  PB4/WUE4*

80 PB3/D3/WUE3* PB3/D3/WUE3*  PB3/WUE3*/CS4

81 PB2/D2/WUE2* PB2/D2/WUE2*  PB2/WUE2*/CS3

90 PB1/D1/WUE1* PB1/D1/WUE1*  PB1/HIRQ4/WUET*/LSCI*

91 PBO/DO/WUEO* PBO/DO/WUEO*  PBO/HIRQ3/ WUEQ*/LSMI*

Note: The (B) in Pin No. means the VCCB drive and the (N) in Pin

No.means the NMOS push-pull/open-drain drive.

*The LPC function and the WUE pin function are not supported by
the H8S/2148B.
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Item

Page

Revisions (See Manual for Details)

Table 1.2 Pin Functions of 17

H8S/2160B and

H8S/2161B in Each

Operating Mode

Added.

Note:  The (B) in Pin No. means the VCCB drive and the (N)
in Pin No. means the NMOS push-pull/open-drain
drive.

1.3.3 Pin Functions
Table 1.3 Pin Functions

18

Name and Function of XTAL, EXTAL in Clock amended.
(Error)

See section 24, Clock Pulse Generator, for typical connection
diagrams.

(Correction)

See section 25, Clock Pulse Generator, for typical connection
diagrams.

22

Name and Function of SERIRQ in Host interface (LPC)
amended.

(Error)

Input/output pin for LPC serialized host interrupts (HIRQ1,
HIRQ6, HIRQ9 to HIRQ12).

(Correction)

Input/output pin for LPC serialized host interrupts (HIRQ1,
SMI, HIRQ6, HIRQ9 to HIRQ12).

24,25

(Error) (Correction)

Type Symbol Name and Function Type Symbol Name and Function

110 P47-P40  Eight input/output pins. ;0 P47-P40  Eight input/output pins.
(The output type of P42
is NMOS push-pull.)

ports ports

P52-P50  Three input/output pins. P52-P50 Three input/output pins.
(The output type of P52
is NMOS push-pull.)

P86-P80  Seven input/output pins. P86-P80  Seven input/output pins.
(The output type of P86
is NMOS push-pull.)

P97-P90  Eight input/output pins. P97-P90  Eight input/output pins.
(The output type of P97
is NMOS push-pull.)

PG7-PGO Eight input/output pins. PG7-PGO Eight input/output pins.
(The output type of
PPG7-PGO in the
H8S/2160B and the
H8S/2161B is NMOS
push-pull.)
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ltem Page

Revisions (See Manual for Details)

Section 3 MCU Operating 66
Modes

3.2.2 System Control
Register (SYSCR)

Description of bit 1 amended.
(Error) keyboard buffer controller
(Correction) keyboard matrix interrupt

Section 4 Exception 84
Handling

4.7 Usage Note

Figure 4.3 Operation
when SP Value is Odd

Corrected.

Address

CCR sP—] R1L HFFEFFA

sp—| | | _ |wrreFrs
pC PC HFFEFFC

e R [ S

| HFFEFFF

TRAPA instruction executed MOV.B R1L, @-ER7 executed
SP set to HFFEFFF Data saved above SP Contents of CCR lost
Section 5 Interrupt 86 (Error) (Correction)
Controller

U U

5.1 Features

Figure 5.1 Block Diagram
of Interrupt Controller

U U

KINinput >
WUE input >

KINinput >
WUE input >

KIM and WUE
input

KIN and WUE
input

5.3.1 Interrupt Control 88
Registers Ato C (ICRA to
ICRC)

(Error) The ICR registers set interrupt control levels for
interrupts other than NMI.

(Correction) The ICR registers set interrupt control levels for
interrupts other than NMI and address breaks.

5.3.6 IRQ Status Register 92
(ISR)

Bits 7to O

R/W Description

R/(W)**  When interrupt exception handling is executed when low-level
detection is set and TRQn input is high (n = 7 to 0)**

When IRQn interrupt exception handling is executed when falling-
edge, rising-edge, or both-edge detection is set+?

Notes: 1. When a product, in which a DTC is incorporated, is used,
the corresponding flag bit is not automatically cleared
even when exception handing is executed. For details,
refer to section 5.8.4, Setting on a Product Incorporating
DTC.

2. Only 0 can be written, for flag clearing.
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ltem Page

Revisions (See Manual for Details)

5.3.7 Keyboard Matrix 92
Interrupt Mask Registers
(KMIMRA, KMIMR)

(Error) The KMIMR and WUEMR registers
(Correction) The KMIMRA, KMIMR, and WUEMRB registers

93 Added.
Wake-Up Event Interrupt
Mask Register * WUEMRB*
(WUEMRB) Note:* Not supported by the H8S/2148B.
5.4 Interrupt Sources 95 Description added to IRQ7 to IRQO Interrupts.
5.4.1 External Interrupts « Interrupt control levels can be specified by the ICR
settings.
Table 5.3 Interrupt 98 (Error)
Sources, Vector Origin of Vector Address
Addresses, and Interrupt Interrupt Vector Normal Advanced
Priorities Source Name Number Mode Mode
u} Reserved for system use 100 H'00C8 H'000190
101 H'00CA H'000194
102 H'00CC H'000198
103 H'00CE H'00019C
LPC* ERRI (Transfer error) 112 H'00DO H'0001B0O
IBF1 (IDR1 reception completion) 113 H'0O0DA H'0001B4
IBF2 (IDR2 reception completion) 114 H'00DC H'0001B8
IBF3 (IDR3 reception completion) H'00DE H'0001BC
(Correction)
Origin of Vector Address
Interrupt Vector Normal Advanced
Source Name Number Mode Mode
] Reserved for system use 100 H'00C8 H'000190
to to to
107 H'00D6 H'0001AC
LPC* ERRI (Transfer error) 108 H'00D8 H'0001B0
IBF1 (IDR1 reception completion) 109 H'00DA H'0001B4
IBF2 (IDR2 reception completion) 110 H'00DC H'0001B8
IBF3 (IDR3 reception completion) 111 H'00DE H'0001BC
5.6.1 Interrupt Control 99 In interrupt control mode O, interrupt requests other than NMI
Mode 0 and address breaks
5.6.4 Interrupt Response 105 Corrected.
Times Object of Access
Table 5.6 Number of -
. External Device
States in Interrupt
Handling Routine 8-Bit Bus 16-Bit Bus

Execution Status

2-State Access 3-State Access 2-State Access 3-State Access

4 6 +2m 2 3+m
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Item Page Revisions (See Manual for Details)
5.6.5 DTC Activation by 106 Corrected.
Interrupt CPU interrupt
Figure 5.8 DTC and L request vector
N number
Interrupt Controller Determination of CPU
priority P LUl
5.7 Address Break 107 Added.
to 110
Section 6 Bus Controller 131 Corrected.
6.5.4 Wait Control o
Figure 6.13 Example of Wwrite
Wait State Insertion Data bus —( Write data )—
Timing (Pin Wait Mode)
6.7 Idle Cycle 133 Corrected.
Figure 616 Examples Of ; Bus cycle A Bus cycle B} ; Bus cycle A ; Bus cycle B |
Idle Cycle Operation . T, T, T T, T, , T, T, T, T, T, T,
Address bus k :X k Address busj k x:
. —+ - i ;
o bus N Ty T o 8
. | | |
Long output floating time
(a) No idle cycle insertion (b) Idle cycle insertion
Section 7 Data Transfer 135 Deleted.
Controller (DTC) ¢ Usable for scan operations of CIN7 to CINO
7.1 Features e DTC operates in high-speed mode even when the LS| is in
medium-speed mode
7.2.2 DTC Mode Register 138 Description of bit 6 (DISEL) added.

B (MRB)

When this bit is set to 1, a CPU interrupt request is generated
every time data transfer ends (the DTC clears the interrupt
source flag for the activation source). When this bit is cleared
to 0, a CPU interrupt request is generated only when the
specified number of data transfer ends (the DTC does not
clear the interrupt source flag for the activation source).
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Item Page Revisions (See Manual for Details)
7.4 Location of Register 143 Corrected.
Cfoima':'loa and DTC Vector
ector Table Activation Source Origin  Number DTC Vector Address
Table 7.1 Interrupt
Sources, DTC Vector et 94 DTCEDR
Addresses, and LPC*? 108 DTCEE3
Corresponding DTCEs 109 DTCEE?2
110 DTCEE1
111 DTCEEO
7.8.1 Module Stop Mode 154 Description amended.
Setting (Error) For details, refer to section 25, Power-Down Modes.
(Correction) For details, refer to section 26, Power-Down
Modes.
Section 8 1/0 Ports 157, 1/O Status of Port 6, Port A, and Port B
Table 8.1 Port Functions ~ +°° Description of On-chip input pull-up MOSs added.
of H8S/2140B, 158
H8S/2141B, H8S/2145B, 159'

and H8S/2148B

Mode 2, Mode 3

Port  Mode 1 (EXPE=1)  (EXPE=0)
Port9  P97/WAIT/SDAO P97/SDAO
P96/a/EXCL P96/a/EXCL
AS/IOS P95/CST
HWR P94/10W
RD P93/IOR
P92/IRQ0 P92/IRQ0
P91/IRQT POLIRQT
P9O/LWR/IRQ2/ADTRG P90/IRQ2/ADTRG/ECS2
PortB PB7/D7/WUET7* PB7/WUE7*
PB6/D6/WUE6G* PB6/WUEG*
PB5/D5/WUES* PB5/WUES*
PB4/D4/WUE4* PB4/WUE4*
PB3/D3/WUE3* PB3/WUES3*/CS4
PB2/D2/WUE2* PB2/WUE2*/CS3
PB1/D1/WUET* PB1/WUET*/HIRQ4/LSCI*
PBO0/DO/WUEO* PBO/WUEOQ*/HIRQ3/LSMI*
Note:* Not supported by the H8S/2148B.
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Item Page Revisions (See Manual for Details)
8.4.4 Pin Functions 168 Note:  Not supported by the H8S/2148B.
8.9.3 Pin Functions 184
to 186
8.12.4 Pin Functions 200
to 202
8.6.1 Port 5 Data Direction 174 Descriptions of bits 2 to 0 added.
Register (P5SDDR) The corresponding port 5 pins are output ports when PSDDR
bits are set to 1, and input ports when cleared to 0.
8.11 Port A 191 (Error) Port A pin functions are the same in all operating
modes.
(Correction) Port A pin functions change according to the
operating mode.
8.11.1 Port A Data 192 Description added.
Direction Register
(PADDR)

8.11.3 Port A Input Data 193
Register (PAPIN)

Description amended.

Reading PAPIN always returns the pin states. PAPIN has the
same address as PADDR. If a write is performed, the port A
settings will change.

8.13 Additional Overview 203
for H8S/2160B and

(Error)
Ports C, D, E, and F have a built-in MOS input pull-up

H8S/2161B function. On ports C, D, E, F, and G, whether the MOS input
pull-up is on or off is controlled by the corresponding DDR and
DR.
(Correction)
Ports C, D, E, and F have an on-chip input pull-up MOS
function. On ports C, D, E, and F, whether the input pull-up
MOS is on or off is controlled by the corresponding DDR and
ODR.

8.15.5 Pin Functions 213 (Error) (Correction)
V_-side ch. driver N-ch. driver
V_-side N-ch. driver P-ch. driver
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Item Page Revisions (See Manual for Details)
8.16.4 Port G Nch-OD 216 Bit description amended.
Control Register 1: Vss-side N-channel open drain
(PGNOCR)
Section 9 8-Bit PWM 222 Description added.
Timer (PWM) PWDRO to PWDR15 are initialized to H00.
9.3.2 PWM Data
Registers (PWDRO to
PWDR15)
9.5 Usage Note 226 Added.
9.5.1 Module Stop Mode
Setting
Section 10 14-Bit PWM 228 Description added.
Timer (PWMX) Since DACNT consists of 16-bit data, DACNT transfers data
10.3.1 PWM (D/A) to the CPU via the temporary register (TEMP).
Counters H and L
(DACNTH, DACNTL)
10.3.2 PWM (D/A) Data 230 Description added.
Registers Aand B Since DADR consists of 16-bit data, DADR transfers data to
(DADRA, DADRB) the CPU via the temporary register (TEMP).
10.5 Operation 237 Description of additional pulse added.
to 239
10.6 Usage Note 240 Added.
10.6.1 Module Stop Mode
Setting
Section 11 16-Bit Free- 242 Legend
Running Timer (FRT) OCRDM: Output compare register DM (16-bit)
11.1 Features
Figure 11.1 Block
Diagram of 16-Bit Free-
Running Timer
11.3.7 Timer 249 Description of bit 1 amended.

Control/Status Register
(TCSR)

(Error) Overflow Flag
(Correction) Timer Overflow
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Item Page Revisions (See Manual for Details)

11.7.1 Conflict between 261 Corrected.

FRC Write and Clear Write cycle of FRC
Figure 11.17 FRC Write- 2y

Clear Conflict " | | | | | | | |
Address :X FRC address X

Internal write
signal
Counter clear
signal

FRC N X H'0000

11.7.3 Conflict between 264 Corrected.
OCR Write and Compare- Write cycle of OCRAR/OCRAF
Match T1 T2

Figure 11.20 Conflict | | | | |_
between OCRAR/OCRAF o _
Write and Compare-Match

(When Automatic Addition :X OCRAR (OCRAT)
Function is Used) Address address X

Internal write signal | |

OCRA N
A .

Automatic addition is not performed
because compare-match signals are disabled.

11.7.5 Module Stop Mode 266 Added.
Setting
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Item Page Revisions (See Manual for Details)

Section 12 8-Bit Timer 267 (Error)
(TMR)

12.1 Features

¢ Timer output controlled by two compare-match signals

O The timer output signal in each channel is controlled by
two independent compare-match signals, enabling the
timer to be used for various applications, such as the
generation of pulse output or PWM output with an
arbitrary duty cycle.

(Correction)

e Timer output controlled by two compare-match signals

O The timer output signal in each channel is controlled by
two independent compare-match signals, enabling the
timer to be used for various applications, such as the
generation of pulse output or PWM output with an
arbitrary duty cycle. (The TMR_Y does not have a
timer output pin.)

(Error)
e Cascading of two channels

O Cascading of TMR_0 and TMR_1
(Correction)

e Cascading of TMR_0 and TMR_1
O (TMR_Y and TMR_X cannot be cascaded.)

268 (Error)

Figure 12.1 Block Diagram of 8-Bit Timers (TMR_0, TMR_1,
TMR_X, and TMR_Y)

(Correction)

Figure 12.1 Block Diagram of 8-Bit Timers (TMR_0O and
TMR_1)

Figure 12.2 Block 269 Added.
Diagram of 8-Bit Timers
(TMR_Y and TMR_X)
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Item Page Revisions (See Manual for Details)
12.2 Input/Output Pins 270 (Error)
Table 12.1 Pin Channel Name Symbol 110 Function
Configuration )
TMR_0 Timer output TMOO0 Output  Output controlled by compare-match
Timer clock/reset TMIO/EXTMIO  Input External clock input (TMCIO)/external
input reset input (TMRIO) for the counter
TMR_1 Timer output TMO1 Output  Output controlled by compare-match
Timer clock/reset TMIL/EXTMI1  Input External clock input (TMCI1)/external
input reset input (TMRI1) for the counter
TMR_Y Timer clock/reset TMIY/EXTMIY  Input External clock input (TMCIY)/external
input reset input (TMRIY) for the counter
TMR_X Timer output TMOX Output  Output controlled by compare-match
Timer clock/reset TMIX/EXTMIX  Input External clock input (TMCIX)/external
input reset input (TMRIX) for the counter
(Correction)
Channel Name Symbol 110 Function
TMR_0 Timer output TMOO0 Output  Output controlled by compare-match
Timer clock input TMCIO Input External clock input for the counter
Timer reset input  TMRIO Input External reset input for the counter
TMR_1 Timer output TMO1 Output  Output controlled by compare-match
Timer clock input TMCI1 Input External clock input for the counter
Timer reset input TMRI1 Input External reset input for the counter
TMR_Y Timer clock/reset VSYNCI/TMIY Input External clock input/external reset
input (TMCIY/TMRIY) input for the counter
TMR_X Timer output TMOX Output  Output controlled by compare-match
Timer clock/reset HFBACKI/TMIX Input External clock input/external reset
input (TMCIX/TMRIX) input for the counter
12.3.5 Timer 278 e TCSR_Y
Control/Status Register Bit 4

(TCSR)

The initial value is amended to 0.
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12.3.5 Timer 279 e TCSR_Y
Control/Status Register (Error)
(TCSR) ]

Bits 3 and 2

These bits specify how the TMOY pin output level is to be
changed by compare-match B of TCORB_Y and TCNT_Y.

Bits 1 and O

These bits specify how the TMOY pin output level is to be
changed by compare-match A of TCORA_Y and TCNT_Y.

Note:* Only O can be written, for flag clearing.
(Correction)
Bits 3 and 2

These bits specify how the TMOY pin*? output level is to be
changed by compare-match B of TCORB_Y and TCNT_Y.

Bits 1and 0

These bits specify how the TMOY pin*? output level is to be
changed by compare-match A of TCORA_Y and TCNT_Y.

Notes: 1. Only O can be written, for flag clearing.

2. This product does not have a TMOY external
output pin.

12.3.9 Timer Input Select 282 (Error)
Register (TISR)

Bit Bit Name Description

0 IS Input Select

Selects an internal synchronization signal (IVG signal) or timer
clock/reset input pin (TMIY or EXTMIY) as the signal source of
external clock/reset input for the TMRY counter.

0: IVG signal is selected

1: TMIY or EXTMIY (TMCIY/TMRIY) is selected

(Correction)

Bit Bit Name Description

0 IS Input Select

Selects an internal synchronization signal (IVG signal) or timer
clock/reset input pin VSYNCI/TMIY (TMCIY/TMRIY) as the
signal source of external clock/reset input for the TMR_Y
counter.

0: IVG signal is selected

1: VSYNCI/TMIY (TMCIY/TMRIY) is selected
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12.5.1 TCNT Count 283 (Error)
Timing Figure 12.5 Count Timing for External Clock Input
(Correction)
Figure 12.5 Count Timing for External Clock Input (Both
Edges)
12.7 Input Capture 289 (Error)
Operation TMR_X
Figure 12.13 Input TMIX pin —{ Polarity inversion bf Signal 1 TMRIX
Capture Signal Selection selector
HFINV, SIMOD1, ICST
HIINV SIMODO
(Correction)
TMR_X
TMIX pin *ﬂPolarity inversion Signal TMRIX
selector
HFINV, SIMOD1, ICST
HIINV SIMODO
12.9 Usage Notes 296 Added.
12.9.7 Module Stop Mode
Setting
Section 13 Timer 303

Connection

13.3.2 Timer Connection
Register O (TCONRO)

Bit  Description

HOE:

0: The P44/TMO1/HIRQ1/HSYNCO pin functions as the P44/TMO1/HIRQ1 pin
1: The P44/TMO1/HIRQ1/HSYNCO pin functions as the HSYNCO pin

A 000 N

CLOE:

0: The P64/FTIC/CIN4/KIN4/CLAMPO pin functions as the P64/FTIC/CIN4/KIN4 pin
1: The P64/FTIC/CIN4/KIN4/CLAMPO pin functions as the CLAMPO pin
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13.3.4 Edge Sense 308 (Error) (Correction)

Register (SEDGR) Bit Bit Name Bit Bit Name
2 PREDG 2 PREQF

13.5 Usage Note 323 Added.

13.5.1 Module Stop Mode

Setting

Section 14 Watchdog 329 CKS2 to CKSO0, Clock Select2to 0

Timer (WDT) (Error)

14.3.2 Timer

Selects the clock source to be input to. The overflow

E:T?gg)/&at“s Register frequency for @ = 25 MHz is enclosed in parentheses.
(Correction)
.« TCSR.0

Selects the clock source to be input to. The overflow
frequency for g = 10 MHz is enclosed in parentheses.

(Error)

000: @/2 (frequency: 20.4 ps)

001: @/64 (frequency: 655.3 ps)
010: 9/128 (frequency: 1.3 ms)
011: 9/512 (frequency: 5.2 ms)
100: @/2048 (frequency: 20.9 ms)
101: 9/8192 (frequency: 83.8 ms)
110: 9/32768 (frequency: 335.5 ms)
111: /131072 (frequency: 1.34 s)
(Correction)

000: @/2 (frequency: 51.2 ps)

001: 9/64 (frequency: 1.64 ms)
010: 9/128 (frequency: 3.28 ms)
011: @/512 (frequency: 13.1 ms)
100: 8/2048 (frequency: 52.4 ms)
101: @/8192 (frequency: 209.7 ms)
110: 9/32768 (frequency: 0.84 s)
111: /131072 (frequency: 3.36 s)
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14.3.2 Timer
Control/Status Register
(TCSR)

. TCSR_1

331

CKS2 to CKSO, Clock Select2to 0
(Error)

Selects the clock source to be input to TCNT. The overflow
cycle for g = 25 MHz and gSUB = 32.768 MHz is enclosed in
parentheses.

(Correction)

Selects the clock source to be input to TCNT. The overflow
cycle for g = 10 MHz and gSUB = 32.768 kHz is enclosed in
parentheses.

When PSS =0:

(Error)

000: @/2 (frequency: 20.4 ps)

001: 9/64 (frequency: 655.3 ps)
010: 9/128 (frequency: 1.3 ms)
011: 9/512 (frequency: 5.2 ms)
100: g/2048 (frequency: 20.9 ms)
101: @/8192 (frequency: 83.8 ms)
110: 9/32768 (frequency: 335.5 ms)
111: /131072 (frequency: 1.34 s)
(Correction)

000: g/2 (frequency: 51.2 ps)

001: 9/64 (frequency: 1.64 ms)
010: 9/128 (frequency: 3.28 ms)
011: 9/512 (frequency: 13.1 ms)
100: @/2048 (frequency: 52.4 ms)
101: 2/8192 (frequency: 209.7 ms)
110: @/32768 (frequency: 0.84 s)
111: 9/131072 (frequency: 3.36 s)
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14.4.1 Watchdog Timer ~ 333 Corrected.
Mode
TCNT value

Figure 14.2 Watchdog S overow
Timer Mode (RST/NMI =
1) Operation

7

A
ya
|

'

L

T

H'00 7 1 1 Time
! j—
WT/IT = 1Write H'00 to OVF = 1* | WT/IT = Write H'00 to
TME=1 TCNT i TME =1 TCNT
RESO an{imemal :reset signals generated
RESO signal -
LI
f—
132 system clocks
Internal reset signal

[

. . 518 system clocks
WT/IT: Timer mode select bit

TME : Timer enable bit

OVF : Overflow flag

Note * After the OVF bit becomes 1, it is cleared to 0 by an internal reset.
The XRST bit is also cleared to 0.

14.6 Usage Notes 338 Deleted.
14.6.7 OVF Flag Clear

Condition

Section 15 Serial 339 (Error)

Communication Interface
(SCl and IrDA)

15.1 Features

¢ Module stop mode availability
(Correction)
Deleted.

340 (Error)
A block diagram of SCI_1 is shown in figure 15.1.
(Correction)
A block diagram of the SCI is shown in figure 15.1.

15.3.2 Receive Data 342 Description added.

Register (RDR) After confirming that the RDRF bit in SSR is set to 1, read
RDR for only once. RDR cannot be written to by the CPU.
RDR is initialized to H'00.

15.3.3 Transmit Data 342 Description added.

Register (TDR) Although TDR can be read from or written to by the CPU at all

times, to achieve reliable serial transmission, write transmit
data to TDR for only once after confirming that the TDRE bit in
SSRis set to 1. TDR is initialized to H'FF.

16.3.5 I°C Bus Control 406  (Error)
Register (ICCR) assuming that the start condition has been issued.
(Correction)

assuming that the stop condition has been issued.
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16.3.8 I°'C Bus Extended 422 [Clearing Conditions]
Control Register (ICXR) (Error)
ICDREF is set to 1 again.
(Correction)
ICDRE is set to 1 again.
Section 16 I°C Bus 429 (Error) (Correction)
Interface (IIC) (Optional - 0
16.4.3 Master Transmit ICORS Xaddress RN R p—— \
Operation N ing m ICOR Nomal "
Figure 169 EXample Of r;:rg:g; Note: Data write
Operation Timing in User processing 4] BBSY sett01 romibied
Master Transmit Mode ot condtion ssuance) User processing 1] 23 et 0.0
(M LS = WAIT = 0) (start condition issuance)
16.4.4 Master Receive 430 (Error)

Operation

The master device transmits data containing the slave
address and R/W (0: read) in the first frame following the start
condition issuance in master transmit mode, selects the slave
device, and then switches the mode for receive operation.

(Correction)

The master device transmits data containing the slave
address and R/W (1: read) in the first frame following the start
condition issuance in master transmit mode, selects the slave
device, and then switches the mode for receive operation.
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Figure 16.13 Example of 432 (Error)

StOp COﬂdI'[IOﬂ Issuance SCL is fixed low until ICDR is read SCLis fixed low until ICDR is read
1\/2\/3\/+\S5\Se\S 7"\ S® E\\‘_/_

Start condition generation

. . . . SCL
Opera“on T|m|ng in master oupuy STNSTNS®
. SDA TIXEL D DE D EDEIXE
Master Receive Mode ey S| AR R

(MLS = WAIT = 0, HNDS (masier output) \[2/
= 1) IRIC 1

IRTR
ICDRF | | /
ICDRR Data l XL Data 2 XL Data3
User processing  [4] IRIC clear [7) ICDR read [9] IRIC clear [10] l\)C?Rﬁreaﬂ
(Data 2) ata 3)
[6] SetACKB =1 [11] Set BBSY=0 and
SCP=0
(Stop condition instruction issuance)
SCL is fixed low until
SCL is fixed low until ICDR is read stop condition is issued Stapesiiion generaton
scL \
(master output) M 9 1\ \/\S\S5\Ss\S7\S¢ /3\_/_
SDA CErDEDY B X EEEXE D EINELD
(slave output)
Data2 —| [3] Data3 8
SDA
(master output) \[A/ AL
IRIC I I
IRTR
ICORF | /
ICDRR Daia 1 XL Data2 XL Data3
User processing  [4] IRIC clear [7] ICDR read [9] IRIC clear (10] gDRa'“"
(Data 2) ata 3)
[6] SetACKB =1 [11] Set BBSY=0 and
SCP=0

(Stop condition instruction issuance)

Figure 16.17 Example of 437 (Error) (Correction)

Stop Condition Issuance ‘

Timing in Master Receive “ L “ P

Mode (MLS = ACKB =0, (reser ) /2 [Ny e vivilviivi

8] Wait for one clock pulse 8] Wait for one clock pulse

SDA Bit0 7 X6 XBis XBra SDA BIL0 it7 XBit6 X(Bits XBia
W AlT _ 1 (slave output) Gy = - - - (slave output) = = - - -
- Data2 —»| [3) =————Data3 Data2 —»|[3] [3) #————Data3

SDA —
(master output)

SDA
(master output)

IRIC _‘ IRIC _‘

IRTR srreeo | [arwmm IRTR iy | [

ICDR Datal | X Data 2 ICDR Datal | X | Data 2
User processing 6] IRIC clear (1] IRIC clear User processing [6] IRIC clear [11] IRIC clear
6] ICDR read (Data 2) [6] ICDR read (Data 2)
[9] Set TRs=1 [9] Set TRs=1
[7] SetACKB=1 [7] SetACKB=1

16.6 Usage Notes 454 1. Description amended.
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16.4.9 Operation Using 451 (Error) (Correction)
DTC Slave Master Slave
Table 16.7 Examples of Master Transmit Transmit Transmit
Operation Using DTC Item Transmit Mode Mode Item Mode Mode
Transfer 1st time: Automatic Transfer 1st time: Automatic
request Clearing by clearing on request Clearing by  clearing on
processing CPU detection of  processing CPU detection of
after last ond time: End end after last frame ond time: stop condition
frame condition condition processing Stop during
processing . e by during condition transmission
cPU transmission issuance by of dummy
of dummy cPU data (H'FF)
data (H'FF)
16.6 Usage Notes 457 (Error) (Correction)
Table 16.11 |2C Bus Item t,,. Indication Item t,,. Indication
Timing (with Maximum e L3t L ) L 2
"SDASO slave SCLL* - Cyc* T lsr "SDASO Slave, SCLL* = Cyc* s
Influence of tsr/tsf)
Notes: 2. Value when the IICX bit is set to 1. When the IICX bit is cleared to
0, the value is (ty., — 6t,,).
3. Calculated using the I°C bus specification values (standard mode:
4700 ns min.; high-speed mode: 1300 ns min.).
16.6.1 Module Stop Mode 463 Added.

Setting

Section 17 Keyboard 467

Buffer Controller
17.3 Register Descriptions

Description deleted.

The keyboard buffer controller has the following registers for
each channel. For details on the module stop control register,
refer to section 26.1.3, Module Stop Control Registers H and L
(MSTPCRH, MSTPCRL).

17.5 Usage Notes 481 Added.
17.5.2 Module Stop Mode

Setting

Section 18 Host Interface 483 (Error)

X-Bus Interface (XBS)
18.1 Features

e Module stop mode setting
(Correction)
Deleted.

18.6 Usage Notes 501

18.6.2 Module Stop Mode
Setting

Added.
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Section 19 Host Interface 503,  (Error) Two-way register

LPC Interface (LPC) gi; (Correction) Bidirectional data register

523

19.3 Register Descriptions 506 Description added.
The LPC has the following registers. The settings of XBS
related bits do not affect the operation of this LSI's LPC.
However, for reasons relating to the configuration of the
program development tool (emulator), when the LPC is used,
bit HI12E in SYSCR2 should not be set to 1. For details, see
section 3.2.2, System Control Register (SYSCR), and section
18.3.1, System Control Register 2 (SYSCR?2).

19.3.4 Input Data 519 Description added.

Registers (IDR1 to IDR3) The initial values of IDR1 to IDR3 are undefined.

19.3.5 Output Data 519 Description added.

Registers (ODR1 to The initial values of ODR1 to ODR3 are undefined.

ODR3)

19.3.6 Bidirectional Data 520 Description added.

Registers (TWRO to The initial values of TWRO to TWR15 are undefined.

TWR15)

19.3.7 Status Registers 520 Description added

(STR1 to STR3) The initial values of STR1 to STR3 are H'00.

19.6.1 Module Stop Mode 551 Added.

Setting

Section 20 D/A Converter 554 Description added.

20.3.1 D/A Data Registers DADRO and DADR1 are initialized to H'00.

0 and 1 (DADRO, DADR1)

20.5.1 Module Stop Mode 557 Added.

Setting

Section 21 A/D Converter 559 (Error)

21.1 Features

¢ Module stop mode can be set
(Correction)
Deleted.
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21.3.2 A/D Control/Status 563 Description of bit 5 added.

Register (ADCSR) Setting this bit to 1 starts A/D conversion. Clearing this bit to 0
stops A/D conversion. In single mode, this bit is cleared to 0
automatically when conversion on the specified channel ends.

563 Bit 4
(Error)
Selects the A/D conversion operating mode. The setting of this
bit must be made while conversion is halted.
(Correction)
Selects the A/D conversion operating mode. The setting of this
bit must be made when conversion is halted (ADST = 0).
Bit 3
(Error)
Sets A/D conversion time.
(Correction)
Sets A/D conversion time. The input channel setting must be
made when conversion is halted (ADST = 0).
564 Bits 2to 0
(Error)

Select analog input channels. The input channel setting must
be made while conversion is halted.

(Correction)

Select analog input channels. The input channel setting must
be made when conversion is halted (ADST = 0).

21.4.3 Input Sampling and 568 (Error) (Correction)
A/D Conversion Time

. (1) (€]
Figure 21.3 A/D
Conversion Timing 0 0

Write signal Write signal | |

21.7.6 Module Stop Mode 574  Added.
Setting
Section 22 RAM 575 List added.
Section 23 ROM 577 List of ROM capacitance added.

23.1 Features
* Size
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23.11 Programmer Mode 604

Note amended.

Note:* For 3-V and 5-V version products, set the
programming voltage of the PROM programmer to

3.3V.
Figure 23.13 Memory Map 604 Corrected.
in Programmer Mode MCU mode H8S/2140B and H8S/2160B Programmer mode
H'000000 H'00000

On-chip ROM area

H'00FFFF HOFFFF

1
1
1
1
| Undefined value output
1
1
1

________________ 1 H1FFFF

23.12 Usage Notes 604

(Error)

If a voltage higher than the rated voltage is applied, the
product may be fatally damaged. For a 3-V version product,
use a PROM programmer that supports the Hitachi
64/128/256-kbyte flash memory on-chip MCU device at 3.3 V.
Do not set the programmer to HN28F101 or the programming
voltage to 5.0 V. For a 5-V version product, use a PROM
programmer that supports the Hitachi 128-kbyte flash memory
on-chip MCU device at 5.0 V. Do not set the programmer to
HN28F101 or the programming voltage to 3.3 V.

(Correction)

If a voltage higher than the rated voltage is applied, the
product may be fatally damaged. For 3-V and 5-V version
products, use a PROM programmer that supports the Hitachi
64/128/256-kbyte flash memory on-chip MCU device at 3.3 V.
Do not set the programmer to HN28F101 or the programming
voltage to 5.0 V.

Section 24 Masked ROM 607

Added.
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Section 27 List of 651 (Error) (Correction)
Registers
. . Register Bit7 Bit6 Register Bit 7 Bit6
27.2 Reglster Bits Abbreviation Abbreviation
“BCR icist iciso BCR N IcIso__
_WsCr_ ] RAMS . Ramo__ ) WSCR______B — |
654 (Error) (Correction)
: /L : : /[ :
ol ol \
“emer T stoor )| MM
/] /]
27.3 Register States in 655,  (Error) (Correction)
Each Operating Mode 658,
660
27.4 Register Select 664  Added.
Conditions to 675
Section 28 Electrical 677 (Error) (Correction)
characteristics ltem ltem

Input voltage

(Port C to G are added in the
H8S/2160B and H8S/2161B.)

Input voltage

(Port C to F are added in the
H8S/2160B and H8S/2161B.)

Input voltage (P97, P86, P52,
P42)

Input voltage(P97, P86, P52,
P42)

(Port G is added in the
H8S/2160B and H8S/2161B.)
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28.1.2 DC Characteristics 679,  (Error) (Correction)

Table 28.2 DC 680 Item Item

Characteristics (1) ) )
Input high P97, P86, P52, P42 Input high P97, P86, P52, P42
voltage voltage

(Port G is added in the
H8S/2160B and H8S/2161B.)

Output high  P97,P86, P52, and P42 ** Output high P97,P86, P52, and P42 **

voltage voltage  (poyt G is added in the

H8S/2160B and H8S/2161B)

Notes: 4. P52/SCKO0/SCLO, P97/SDAO, P86/SCK1/SCL1, P42/SCK2/SDA1,
and port G are NMOS push-pull outputs. When the SCLO,
SDAO, SCL1, or SDAL (ICE = 1) pin is used as an output, it is
NMOS open-drain output. Therefore an external pull-up resistor

must be connected in order to output high level.

P52/SCKO, P97, P86/SCK1, P42/SCK2 (ICE = 0), and port G high
levels are driven by NMOS. When the SCKO, SCK1 or SCK2 pin is
used as an output, an external pull-up resistor must be connected

in order to output high level.

28.1.2 DC Characteristics 683 Table name added.

Table 28.2 DC
Characteristics (3) When
LPC Function is Used

28.1.2 DC Characteristics 685 (Error) (Correction)
Table 28.4 Bus Drive Item Max Item Max
Characteristics - .

Input high voltage V. +0.5 Input high voltage 55
Tables 28.7 and 28.22 689, (Error) (Correction)
Bus Timing (1) (Normal 722 Item Symbol Item Symbol
Mode) AWR delay time 1 t,,.,, AWR, LWR delay time 1 t,,.,

o~

HWR delay time 2 t,.., HWR, LWR delay time 2 toros

HWR pulse width 1 t,,, HWR, LWR pulse width 1 t,q,,

HWR pulse width 2 t,,, HWR, LWR pulse width 2t

WSW2
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28.2.2 DC Characteristics 702

Table 28.17 DC
Characteristics (1)

Notes:

4.

P52/SCKO0/SCLO, P97/SDAO,
P86/SCK1/SCL1, P42/SCK2/SDAL1, and
port G are NMOS push-pull outputs. When
the SCLO, SDAO, SCL1, or SDA1 (ICE = 1)
pin is used as an output, it is NMOS open-
drain output. Therefore, an external pull-up
resistor must be connected in order to
output high level.

P52/SCKO, P97, P86/SCK1, P42/SCK2
(ICE = 0), and port G high levels are driven
by NMOS. When the SCKO0, SCK1, or SCK2
pin is used as an output, an external pull-up
resistor must be connected in order to
output high level.

The port A characteristics depend on VccB,
and the other pins characteristics depend on
Vce in output mode.

Table 28.17 DC 706,
Characteristics (3) 707,

Table 28.17 DC 711
Characteristics (5)

Notes:

4.

P52/SCKO0/SCLO0, P97/SDAO,
P86/SCK1/SCL1, P42/SCK2/SDAL1, and
port G are NMOS push-pull outputs. When
the SCLO, SDAO, SCL1, or SDA1 (ICE = 1)
pin is used as an output, it is NMOS open-
drain output. Therefore, an external pull-up
resistor must be connected in order to
output high level.

P52/SCKO, P97, P86/SCK1, P42/SCK2
(ICE = 0), and port G high levels are driven
by NMOS. When the SCKO0, SCK1, or SCK2
pin is used as an output, an external pull-up
resistor must be connected in order to
output high level.

28.2.2 DC Characteristics 715

Table 28.17 DC
Characteristics (7) (3-V
Version of H8S/2145BV)
When LPC Function is
Used

Table name added.

28.2.2 DC Characteristics 718

Table 28.19 Bus Drive
Characteristics

(Error)

Item

(Correction)

Max Item Max

Input high voltage V.. + 0.5

Input high voltage 5.5
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28.2.7 Usage Notes 736 (Error) (Correction)
Figure 28.5 Connection of
VCL Capacitor Bypass veea Bypass veL
capacitor capacitor
Product without Product without
104F _0.01uF internal step-down function 104F _0.01uF internal step-down function

VSs VSs
28.3.4 On-Chip Peripheral 743 Corrected.
Module Timing

T T2

Figure 28.16 I/0O Port
Input/Output Timing

’ ]\

Ports 1t0 9, A, and B
(Ports C to G are added
in H8S/2160B and
H8S/2161B)

(read)

tprs| | tPrRH

tewp

Ports 1t0 6, 8, 9, A,
and B

(Ports C to F are added
in H8S/2160B and

H8S/2161B)
(write)
Figure 28.27 Host 746 (Error)
Interface (XBS) Timing Note:* The rising edge timing is the same as the port 4 and
port B output timing. See figure 27.14.
(Correction)
Note:* The rising edge timing is the same as the port 4 and
port B output timing. See figure 28.16.
Appendix A I/O Port 752 (Error) Ports Cto G

States in Each Processing
State

Table A.1 I/O Port States
in Each Processing State

(Correction) Ports C to G (H8S/2160B, H8S/2161B)
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Appendix C Package 754 Figure C.1 Package Dimensions (FP-100B)
Dimensions (Error) (Correction)
[TelSy 0|
S|o S|o
% 1.0 bl e 1.0
S8 0_8 S/a o_g
e L[ 1/0-8 g [ \|0-
S5 50 e 3
0.5+0.2 0.5+0.2

756 Figure C.3 Package Dimensions (TFP-144)

(Correction)

*0.17 £ 0.05
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14-Bit PWM Timer (PWMX) ................. 227
16-Bit Count MoOde .........ccevvvviiiiiiiiinnnnnnn. 286
16-Bit Free-Running Timer (FRT).......... 241
2fH Modification.........cccceeeeiiiiiiiiiiiiniinnnn, 314
8-Bit PWM Timer (PWM) .........ccevveeeeeee. 217
8-Bit Timer (TMR) ......oevviiieiiiiiiiiiennn, 267
A/D CONVEIEN ..cueeiieiiieiieeeeeeeeee e 559
A20 Gate ...cooeeeeeieeeeeee 495, 539
ABRKCR......c.ccvveeeee. 89, 639, 648, 657, 667
Absolute ADAress ........cccceeeeeeiiiiiiiiciiiiis 53
Activation by Software ..................eeee. 151
ADCR ......ccceeieenn, 564, 644, 653, 662, 673
ADCSR.......ovvvveeeeee. 563, 644, 653, 661, 673
ADDR .....ovvvievieeenen, 562, 643, 652, 661, 673
Address Map ......cooovvveeveeiiiiiiiiee e 71
Address SPace.....cccceeeeeevviiveiiiiiiiiee e, 33
Addressing Modes.............ceeevvvvviiiiiiinnnnnn. 52
ADI o 569
Analog Input Channel ............ccccoevvneeen. 562
Arithmetic Operations Instructions........... 44
Asynchronous Mode ............cccccoeevvinnen. 357
BAR ... 89, 639, 648, 657, 667
BCC . i 49
BCR......coooeeeeee, 115, 642, 651, 660, 671
Bit Manipulation Instructions ................... 47
bitrate oo, 350
Block Configuration...............ccccevvvvvvnnnn. 582
Block Data Transfer Instructions............... 51
Block Transfer Mode ..............cccocciininnnne 146
(20T 811 To o = T 593
Branch Instructions .........ccccccevvveveeeeennnnn, 49
Break...ooooooiiiieeeiiiieiee e, 386
BRR.......ccconn, 350, 643, 652, 661, 672
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Burst ROM Interface............ccccooeiviininne 131
Bus Arbitration.........ccccccceiiiiiiiiiiiieeeee, 134

Bus Controller (BSC) .......coovvvvvviiiiienennn. 113
Cascaded Connection .........ccceeeeeeeeviueenns 28
CBLANK OUEPUL ....eeviiiiiiiiiiieeciecieeeeeeennn 322
Chain Transfer.......cvveeiiiiieieeieeieeieeeeeee, 147
Clamp Waveform Generation.................. 310
Clear TimiNg ...ccvvvvviiiiiiieeeeeeeeeeeeen, 255
Clock Pulse Generator............ccccvveeeeeeen. 60¢
Clocked Synchronous Mode.................... 374
CMI i, 290
CMIA e, 290
CMIAY oo, 290
CMIBi..ootiiceeeeiee e, 290
CMIBY ..ot 290
Compare-Match Count Mode.................. 287
Condition field........cccooevveveiiiiiee e 51
Condition-Code Register (CCR) ............... 36
Conversion TIME .......ccveieeveeiieeeeeeeeeeeee, 568
CRA. ..o, 138
CRB... e 139
Crystal Resonator ...........ccoevvvvvvceiieeeennn, 61C(
D/A CONVEIEN ... 553
DACNT ......coevvnnn. 228, 641, 650, 659, 670
DACR.....cccoovveeennnn. 232, 555, 641, 645, 650,
............................. 653, 659, 662, 669, 675
DADRO.................... 554, 645, 653, 662, 675
DADRI.......cc.uuu. 554, 645, 653, 662, 675
) S 138
Data Transfer Controller (DTC).............. 135
Data Transfer Instructions.......................... 43
DDCSWI coviviiiieieeeeeieeeeeieeee e 454
DDCSWR................ 418, 639, 648, 657, 666
Direct TranSitionS.........ccooeevvvvvieeeeeeiiieeeens 632
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EEPMOV Instruction.............oooooiiieinnnnns 62
Effective Address........ccccceeeeeiieiiiiiiiiies 56
Effective address extension....................... 51
Erase/Erase-Verify.......cooccceiviiiieniennnne, 600
erasing UNitS ........ccovvvvvviiiiiiiiiiiie e eeeeeeeees 582
ERI ..o 385
ERRI oo 548
Error Protection.........ccccceeeveeveiiieieeeenennnnn, 602
Exception Handling .........ccccooecvieeeiinnnnnn. 79
Exception Vector Table ...............cccevnnees 80
Extended Control Register (EXR) ............ 36
External Trigger....cccoeveeveeeeeveveeeiiiiinn, 569
flash memory .......cccccceiviin 577
FLMCR1................. 587, 639, 649, 657, 667
FLMCR2................. 588, 639, 649, 657, 667
Formatless ... 424
FOV it 260
framing error........cccceeeeeeiiiieeiiec, 364
FRC....coovveeeeeeee, 244, 640, 649, 658, 668
General Registers ... 35
Hardware Protection ...............cccccivinnnne 602
Hardware Standby Mode ........................ 628
HICR.....oooeeeees 488, 644, 653, 662, 673
HICRO...........cccnne. 507, 637, 647, 656, 665
HICRL..........ccon. 507, 637, 647, 656, 665
HICR2....ccccceeene 514, 637, 647, 656, 665
HICR3....ccoccveeeee 514, 637, 647, 656, 665
HIRQ ..o 500
HISEL .......cocvvvnen. 535, 637, 647, 656, 665
Host Interface LPC Interface (LPC) ....... 503
Host Interface X-Bus Interface (XBS)....483
HSYNCO OUtPUL....eeeeeeeiiiiiiieee e, 320
I’C Bus Data Format ..............c.ccoeveuennnn 424
I’C Bus Interface (IIC) .....ccovevvvveevereenane. 393
IBF e 499
ICCR. v, 404, 643, 652, 661, 672
ICDR....occtiiiieeeeee 397, 643, 652, 661, 672
ICl e 260
ICIX it 290
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ICXR .cooiiiiiiieieeeee 420, 638, 648, 657, 666
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Increment TIMING..........ccoovvvvviviiiiieeeen. 253
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Interrupt Control Modes...............ccoeeeeeeee 99
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............................................................... 96
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KBCOMP................ 565, 639, 648, 657, 666
KBCR........coee e, 467, 638, 648, 657, 666
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KMIMR......covveeeeens 92, 644, 653, 662, 673
KMIMRA........cccee 92, 644, 653, 662, 674
KMPCR......cccennnnns 177, 644, 653, 662, 674
LADRS3..........ceeen. 517, 636, 646, 655, 665
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LPWRCR .......c........ 620, 640, 649, 658, 667
Mark State ......ccccvvvvviiiiieiiieeeeee e 386
MCU Operating Mode Selection............... 63
1Y/1 504 = S 64, 642, 651, 660, 671
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MRB.. oo 138
MSTPCR................. 621, 640, 649, 658, 667
Multiprocessor Communication Function
............................................................. 368
NMInterrupt.........cveeeeeieeeeeeeceeee, 95
Noise Canceler...........oooeeeececiviviieiieeee, 451
Normal Mode .........coovvveeevevvnieenennn, 145, 152
OC e 260
OCR ..ooeiiiiiiiiiieee, 244, 640, 650, 658, 668
OCRDM ..coiiiiiiiiiiee e 245
(] 5] = SR 491, 519, 636, 655, 665
ODRIL ..o 647
On-Board Programming Modes.............. 592
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Output Compare OUutput.......cccoevevevinnnnens 254
OVEITUN EITON vt e et 364
OVl et 290
OVIY e 290
PIDDR.....ccccovveeanns 160, 642, 651, 660, 670
PIDR.....ccoocoeieeaee 161, 642, 651, 660, 670
P1PCR.....ccoooieeenis 161, 641, 651, 659, 670
P2DDR.....ccceeveeees 163, 642, 651, 660, 670
P2DR.....ccoovveeeen, 164, 642, 651, 660, 670
P2PCR.....ccooveeeeeis 164, 642, 651, 659, 670
P3DDR.....cccvveeeene 167, 642, 651, 660, 670
P3DR.....ccoocveeeeee 167, 642, 651, 660, 671
P3PCR.....ccoocveeeenis 168, 642, 651, 660, 670
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PADR......cceveve. 170, 642, 651, 660, 671
PS5DDR......cccvve. 174, 642, 651, 660, 671
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PEDDR......c.cccevvveene 176, 642, 651, 660, 671
PEDR......ccccvvveeenee 177, 642, 651, 660, 671
P7PIN.....cccoeieeenn, 181, 642, 651, 660, 671
P8DDR........ccceveeee 182, 642, 651, 660, 671
P8DR.....cccocvveeeen 183, 642, 651, 660, 671
PODDR.....cceevveeene 187, 642, 651, 660, 671
PODR.....ccoovveeeeee 188, 642, 651, 660, 671
PADDR..........ccuueee. 192, 641, 651, 659, 670

PAODR ....c.cccceeernne 192, 641, 650, 659, 670
PAPIN ... 193, 641, 650, 659, 670
PANILY EITOF ... 364
PBDDR.........ccccnneee 198, 642, 651, 660, 671
PBODR..........ccuveee. 199, 642, 651, 660, 671
PBPIN......ccceeviinnnn. 199, 642, 651, 660, 671
PCDDR........ccovunnen. 205, 637, 647, 656, 666
PCNOCR.......cccuuuuee 208, 636, 646, 655, 664
PCODR.................... 206, 637, 647, 656, 665
PCPIN..........c.oee. 207, 637, 647, 656, 666
PCSR...ccooovveeeeii 224, 639, 649, 658, 667
PDDDR ......cceveevinee 205, 637, 647, 656, 666
PDNOCR................. 208, 636, 646, 655, 664
PDODR. ....cccccevveeeen. 206, 637, 647, 656, 665
PDPIN ...oovveeiiiie, 207, 637, 647, 656, 666
PEDDR.........ccoeuuee. 210, 637, 647, 656, 665
PENOCR..........c.... 213, 636, 646, 655, 664
PEODR........cccvueee... 211, 637, 647, 656, 665
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PFNOCR .......ccvvveee 213, 636, 646, 655, 664
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PFPIN ..ovvvieiiiiiien, 212, 637, 647, 656, 665
PGDDR .......cccoveee. 214, 637, 647, 656, 665
PGNOCR..........cc.. 216, 636, 646, 655, 664
PGODR .......cccccunees 215, 637, 647, 656, 665
PGPIN .....ccooiniinns 215, 637, 647, 656, 665
Power-Down Modes............cccecevvvninnnnen. 617
Program Counter (PC)......ccccoeeeveiiieeiiniiinnns 36
Program/Erase Protection........................ 602
Program/Program-Verify...........ccccovvveee. 598
Program-Counter Relative...............cc........ 54
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Pulse OULPUL........oovviieieeiiiiieeee e, 258
PWDPR.....ccccceevns 222, 643, 652, 661, 672
PWDR .........ooevvinen. 222, 643, 652, 661, 672
PWM Decoding..........veeiiiiiieeeeeieeeieiinns 309
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Register DirecCt...........cveieiiiiiieeeiecieeiiiiienn, 53
Register field ........cccoeeeeeviiieeiiii, 51
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Register IndirecCt............coovvvvvviiiiiiienieeee, 53

Register Indirect with Displacement......... 53
Register Indirect with Post-Increment ...... 53
Register Indirect with Pre-Decrement....... 53
Register information .................ccoeeveeens 141
Repeat Mode .......coooeveeiiiviiiiiiccce e, 145
RESEL...oiiiiiiii e 81
Reset Exception Handling...............ccuue... 81
RSR et 342
RXL. e 385
SAR....coi 398, 643, 652, 661, 672
SARX ..ot 399, 643, 652, 661, 672
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SCR.ciiiiviiieiiie 345, 643, 652, 661, 672
SEDGR ......ccovvee 307, 645, 654, 663, 675
Serial Communication Interface
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Sleep Mode ......ceeeiiiiiiiiei 626
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Software Protection............ccccvvvvieeeeeeeenn. 602
Software Standby Mode.............cccce...... 627
SSR i, 347, 643, 652, 661, 672
stack pointer (SP) ..o, 35
Stack StatuS.......eevveviveiiiiiiiiiieiieeeeeee e 83
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STR i 520, 636, 647, 656, 665
Subactive Mode ... 631
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SYSCR...vvvvvieeeee 65, 642, 651, 660, 671
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System Control Instructions...................... 50
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I =3 O 385
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TOCR ...ooeevviiiienn, 251, 640, 650, 658, 668
Toggle output.........oovvviieeieieeerreeen, 294
Trap Instruction Exception Handling......... 82
TSR o 342
TWR . 520, 636, 646, 655, 664
TX e 385
User Program Mode .............cooevvvvvvvnnnnnnn. 597
VSYNCO OUIPUL .. 321
Wait Control........cccccvvvvvieiiiiiiiiiieieeee e, 130
Watch Mode ......coevviiiiiiiiiiiis 629
Watchdog Timer (WDT) ..cccooeeveerviviiinnn. 325
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WOVt 335
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WUEMRSB.................. 92, 637, 647, 656, 665
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