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Preface

This LSI has the internal 32-bit H8S/2600 CPU and includes a variety of peripheral functions
necessary for a system configuration. It serves as a high-performance microcomputer.

The built-in peripheral devices include a 16-bit timer pulse unit (TPU), a programmable pulse
generator (PPG), a watchdog timer unit (WDT), a serial communication interface (SCI), an A/D
converter, a motor control PWM timer (PWM), a PC brake controller and I/O ports. It also has ar
internal data transfer controller (DTC), which performs high-speed data transfer without using th
CPU, thus enabling the use of the LSI as an embedded microcomputer in various advanced cor
systems. Two types of internal ROM are available: flash memory (F-ZTAT™%*) and mask ROM.
The LSI can be used flexibly in a wide range of applications from applied equipment with varied
specifications and early production models to full-scale mass-produced products.

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

Target Users: This manual was written for users who will be using the H8S/2636, H8S/2638 an
H8S/2639 in the design of application systems. Members of this audience 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/2636, H8S/2638, and H8S/2639 to the above audience.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a detaile
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 pal
on the CPU, system control functions, peripheral functions and electrical characteristics.

* In order to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.

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

The addresses, bits, and initial values of the registers are summarized in Appendix B, Intern:
I/O Registers.

Example: Bit order: The MSB is on the left and the LSB is on the right.

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/
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H8S/2636, H8S/2638, H8S/2639 manuals:

Manual Title ADE No.
H8S/2636, H8S/2638, H8S/2639 Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083
Users manuals for development tools:

Manual Title ADE No.
C/C++ Compiler, Assembler, Optimized Linkage Editor User's Manual ADE-702-247
Simulator Debugger (for Windows) User's Manual ADE-702-037
Hitachi Embedded Workshop User's Manual ADE-702-201
Application Notes:

Manual Title ADE No.

H8S Series Technical Q & A ADE-502-059
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List of Items Revised or Added for This Version

Section Page  Description
1.1 Overview 5 "Product lineup” specifications
Table 1-1 Overview Note * deleted

Note amended

Note: * Subclock functions (subactive mode, subsleep mode, and
watch mode) are available only in the U-mask and W-mask
versions, but are not available in the other versions.

1.2 Internal Block 6 Added to Note

Diagram Note: *2 The FWE pin only applies to the flash memory versions. The
Figure 1-1(a) Internal FWE pin is a NC pin in the mask ROM versions. In the mask
Block Diagram of ROM version, the FWE pin must be left open or be connected
H8S/2636 to Vss.

Figure 1-1 (b) 7 Note amended and added

internal Block Notes: * 1 Siibelock functi bactive mode, subs| de, and
Diagram of H8S/2638 otes: ubclock functions (s_u active mode, subsleep mode, an
and H8S/2639 watch mode) are available only in the U-mask and W-mask

versions. These functions cannot be used with the other
versions. See section 22A.7, Subclock Oscillator, for the
method of fixing pins OSC1 and OSC2.

*2 These pins are used for the I°C bus interface. The I°C bus
interface is available as an option. The product equipped
with the I°C bus interface is the W-mask version.

*3 The FWE pin is for compatibility with the flash memory
version. The FWE pin is a NC pin in the mask ROM
versions. In the mask ROM version, the FWE pin must be
left open or be connected to Vss.

1.3.1 Pin 8 Added to Note

Arrangement Note: *3 The FWE pin is for compatibility with the flash memory

Figure 1-2 Pin version. The FWE pin is a NC pin in the mask ROM versions.
Arrangement of In the mask ROM version, the FWE pin must be left open or
HD64F2636F (FP- be connected to Vss.

128B:Top View)
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Section Page  Description

Figure 1-3 Pin 9 L
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Added to Note
Notes: *3 These pins are used for the I°C bus interface. The I°C bus

interface is available as an option. The product equipped
with the I°C bus interface is the W-mask version.

*4 The FWE pin is for compatibility with the flash memory

version. The FWE pin is a NC pin in the mask ROM
versions. In the mask ROM version, the FWE pin must be
left open or be connected to Vss.

Figure 1-4 Pin 10
Arrangement

H8S/2639 Series
(FP-128B: Top View)
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Added to Note
Notes: *2 These pins are used for the I1°C bus interface. The I°C bus

interface is available as an option. The product equipped
with the I°C bus interface is the W-mask version.

*3 The FWE pin is for compatibility with the flash memory

version. The FWE pin is a NC pin in the mask ROM
versions. In the mask ROM version, the FWE pin must be
left open or be connected to Vss.

1.3.2 Pin Functions 13

Note *3 added to FWE

in Each Operating 15
Mode

Table 1-2 Pin
Functions in Each
Operating Mode

Note amended and added

Note: *2

*3

These pins are used for the 1°C bus interface.

The I°C bus interface is available as an option (H8S/2638,
H8S/2639 only). The product equipped with the 12C bus interface is
the W-mask version.

The FWE pin is for compatibility with the flash memory
version. The FWE pin is a NC pin in the mask ROM
versions.

In the mask ROM version, the FWE pin must be left open or
be connected to Vss.
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Section Page  Description

1.3.3 Pin Functions 20 Type amended
Table 1-3 Pin (Incorrect) 12C bus interface (IIC) (Option)
Functions (Only for the H8S/2638)

(Correct)  12C bus interface (IIC) (Option)
e

Note amended

Note: *2 The FWE pin is functional only in the flash memory version.

the FWE pin must be left open

1.4 Differences 21 Replaced
between H8S/2636,
H8S/2638 and
H8S/2639

Table 1-4
Comparison of
Product
Specifications
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Description

3.5 Address Mapin 83
Each Operating Mode

Mode 7 (advanced single-chip mode)

H'FFB000
Figure 3-2 Memory
Map in Each
Operating Mode in On-chip RAM
the H8S/2638 and
H8S/2639
H'FFEFBF
H'FFF800
Internal 1/O registers
H'FFFF3F
4.4 Interrupts 92 (Incorrect) IIC:§ (4) [Option]
Figure 4-4 (Correct) 11C*2 (3) [Option]

Interrupt Sources
and Number of
Interrupts

5.3.3 Interrupt 109
Exception Handling
Vector Table

Table 5-4 Interrupt
Sources, Vector
Addresses, and
Interrupt Priorities

Note: *2 I2C is available as an option in the H8S/2638 and H8S/2639 only.
The product equipped with the 1°C bus interface is the W-mask
version.

8.3.10 Number of 201
DTC Execution
States

Description in line 4th amended as follows

Number of execution states =1 (S, +1)+Z(J-S,+K-S +L-S) +
M-S,

For example, when the DTC vector address table is located in on-chip
ROM, normal mode is set, and data is transferred from on-chip ROM to
an internal 1/O register, the time required for the DTC operation is 14
states. The time from activation to the end of the data write is 11 states.

9.3.1 Overview 226

Figure 9-2 Port 3
Pin Functions

Note amended

Note: * Available when using I2C bus interface as an option in the H8S/2638
and H8S/2639 (the product equipped with the I2C bus interface is the
W-mask version).

9.3.3 Pin Functions 229

Description added to 3rd line as follows
...... and IIC I/O pins* (SCLO, SDAO, SCL1, and SDA1).

Note: * Available when using 12C bus interface as an option in the H8S/2638
and H8S/2639 (the product equipped with the I°C bus interface is the
W-mask version).

Table 9-5 Port 3 Pin 231
Functions

Note amended
Notes: *1 Available when using 12C bus interface (the W-mask version of the
H8S/2638 and H8S/2639 only).

*2 When using the I>C bus interface (the W-mask version of the
H8S/2638 and H8S/2639 only), .....
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Description

9.11.2 Register 267
Configuration

13th line changed as follows
Modes 4 to 6

The input/output direction specified by PFDDR is ignored for pins PF6 to PF3,
which are automatically designated as bus control outputs (AS, RD, HWR
and LWRY) (in the 8-bit mode, pin PF3 is designated by PFDDR).

9.11.3 Pin Functions 270

Table 9-20 Port F
Pin Functions

PFO/IRQ2 amended

The pin function is switched as shown below according to the bit PFODDR.

12.1 Overview 395

2nd line

(Incorrect) (WDTO/WDT1*%)
(Correct) (WDTO/WDT1)

12.1.1 Features 395

« WDTO and WDT1 respectively allow eight and sixteen types*® of counter
input clock to be selected

Note amended

Note: *1 Versions of the H8S/2636 and H8S/2638 other than the U-mask
and W-mask versions have eight types of counter input clock as
well as WDTO.

12.1.2 Block 396
Diagram

Figure 12-1 (a)

Block Diagram of

WDTO

Note amended

Note: *2 In the U-mask and W-mask versions, @ in subactive and subsleep
modes operates as gSUB.

12.2.2 Timer 401
Control/Status
Register (TCSR)

Description newly added to 4th line as follows
Bit 7—Overflow Flag (OVF)

In the interval timer mode, the OVF flag can be cleared in the interval timer
interrupt routine by writing 0 to OVF after reading TCSR when OVF is set to
1, in accordance with the conditions for clearing the OVF flag.

However, when attempting to poll the OVF flag when interval timer interrupts
are prohibited the OVF value will not be recognized as 1 (even though it is set
to 1) if there is a conflict between the timing used to set the OVF flag and the
timing used to read the OVF flag.

In such cases it is possible to completely satisfy the conditions for clearing the
OVF flag by reading OVF two or more times while its value is 1. In a situation
such as the above, the OVF flag should be read two or more times while its
value is 1 and then cleared.

WDTO Input Clock Select Note amended

Notes: *2 In the U-mask and W-mask versions, @ in subactive and subsleep
modes operates as gSUB.

12.2.2 Timer 403
Control/Status
Register (TCSR)

404

WDT1 Input Clock Select Note added and amended
Bit 4
PSS*2

Notes: *2 -weveennens . These functions cannot be used with the other versions,
therefore PSS bit is reserved. 0 should be written when writing.

HITACHI



Section Page  Description

12.2.3 Reset 405 Bit 7—Watchdog Overflow Flag (WOVF)
Control/Status )
RegiSter (RSTCSR) \?\}107\/F Description
0 [Clearing condition] (Initial value)

Cleared by reading RSTCSR when WOVF = 1, then writing 0 to WOVF

15.1 Overview 515 3rd line changed as follows

A two-channel I2C bus interface is available as an option in the H8S/2638
and H8S/2639 (the product equipped with the I°C bus interface is the W-mask

version).
15.1.4 Register 519 Serial control register X Initial Value amended
Configuration (Incorrect) H'00
Table 15-2 Register (Correct) H'08

Configuration

15.2.1 I>)C Bus Data 522 TDRE [Setting conditions] Description deleted and amended

Register (ICDR
9 ( ) TDRE Description

0 The I is in ICDR (ICDRT), or transmission cannot (Initial v:

acknowledge bit)
1 The next transmit data can be written in ICDR (ICDRT)

[Setting conditions]

* Intransmit mode (TRS = 1), when a start condition is detected in the bus line state
after a start condition is issued in master mode with the 1°C bus format or serial
format selected
When data is transferred from ICDRT to ICDRS
(Data transfer from ICDRT to ICDRS when TRS = 1 and TDRE =0, and ICDRS is
empty)

In receive mode (TRS = 0), when a switch is made from slave receive mode (TRS
= 0) to transmit mode (TRS = 1) after detection of a start condition (first time

only)
15.2.5 I>C Bus 530 Bit 4—Transmit/Receive Select (TRS) Description deleted
Control Register .
(ICCR) s
TRS Description
0 Receive mode (Initial value)
[Clearing conditions]
1. When 0 is written by software (in cases other than setting condition
3)
2. When 0 is written in TRS after reading TRS = 1 (in case of clearing
condition 3)
3. When bus arbitration is lost after transmission is started in I°C bus
format master mode
15.2.6 I>C Bus 539 Description newly added to 13th line as follows
Status Register Bit 0—Acknowledge Bit (ACKB)
(ICSR)

In addition, when this bit is written to in reception the transmission
acknowledge data setting is overwritten regardless of the value of TRS. The
value loaded from the reception device is maintained unchanged, so caution
is necessary when using bit operation instructions to overwrite this register.

HITACHI
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Description

15.2.7 Serial Control 540
Register X (SCRX)

Description amended

SCRX is an 8-bit readable/writable register that controls register access, the
I°C interface operating mode. If a module controlled by SCRX is not used, do
not write 1 to the corresponding bit.

SCRX is initialized to/H'08 by a reset and in hardware standby mode.

15.3 Operation 543t0 Replaced
15.4 Usage Notes 574
16.1.3 Pin 577 15th line
Configuration (Incorrect) Philips PCA82C250
(Correct) HA13721
16.2.3 Bit 586, Figure of Detailed Description of One Bit , HCAN bit rate register, BCR Setting
Configuration 587 Constraints, and table of Setting Range for TSEG1 and TSEG2 in BCR
Register (BCR)

Moved to Bit Rate and Bit Timing Settings in 16.3.2, Initialization after Hardware
Reset

16.2.11 Interrupt 594
Register (IRR)

4th and 5th lines changed as follows

Bit 15—Overload Frame Interrupt Flag (IRR7): Status flag indicating that the
HCAN has transmitted an overload frame.

Bit 15: IRR7 Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Overload frame transmission

[Setting condition]
When overload frame is transmitted

16.2.16 Unread 602
Message Status
Register (UMSR)

UMSR
Bit: 15 14 13 12 11 10 9 8
‘ UMSR7 ‘ UMSR6 ‘ UMSR5 ‘ UMSR4 ‘ UMSR3 ‘ UMSR2 ‘ UMSR1 ‘ UMSRO ‘
Initial value: 0 0 0 0 0 0 0 0

RIW: RW)¥ RWH RIWH RWHF RMWF RIWH RIWF RIWH

Bit: 7 6 5 4 3 2 1 0
‘ UMSRIS‘ UMSR14‘ UMSR13‘ UMSRlZ‘ UMSRll‘ UMSRlO‘ UMSR9 ‘ UMSRS8 ‘
Initial value: 0 0 0 0 0 0 0 0
RW:  R/IW)* R/(W)* R/W)* R/(W* R/(W)* R/(W)?* R/(W)* R/(W)*

Note: * Only 1 can be written, to clear the flag to 0.
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Description

16.3.2 Initialization 615 to
after Hardware Reset 618

Bit Rate and Bit
Timing Settings

Bit Ratejand Bit Timing Settings: As bit rate settings, a baud rate setting and bit timing setting
must be made each time a CAN node begins communication. The baud rate and bit timing settings
are made in the bit configuration register (BCR).

a. Note

BCR can be written to at all times, but should only be modified in configuration mode.
Settings should be made so that all CAN controllers connected to the CAN bus have the same

baud rate and bit width.

Limits for the settable variables (TSEG1, TSEG2, BRP, sample point, and SJW) are shown in

table 16-3.
Table 16-3 BCR Register Value Setting Ranges

Initial Min. Max.
Name Abbreviation  Bits Value Value Value
Time segment 1 TSEG1 4 0 3 15
Time segment 2 TSEG2 3 0 1 7
Baud rate prescaler BRP 6 0 0 63
Sample point SAM 1 0 0 1
Synchronization jump width SIW 2 0 1 3

b. Value Setting Ranges

e The minimum value of SJW is stipulated in the CAN specifications.

3=SJwW=0

e The minimum value of TSEGL1 is stipulated in the CAN specifications.

TSEG1 > TSEG2

e The minimum value of TSEG2 is stipulated in the CAN specifications.

TSEG22[SIW

The following formula is used to calculate the baud rate.

fok

Bit rate =

[b/s] 2% (BRP+1)x (3+TSEG1+TSEG2)

Note: fg, = @ (system clock)

The BCR value are used for BRP, TSEG1, and TSEG2.

Example: With a 1 Mb/s baud rate and a 20 MHz input clock:

1 Mbls = Zx(ofg%
Item Set Values Actual Values
fo 20 MHz —
BRP 0 (B'000000) System clock x 2
TSEG1 4 (B'0100) 5TQ
TSEG2 3(B'011) 4TQ

HITACHI



Section Page  Description

16.3.2 Initialization 615to Moved from 16.2.3
after Hardware Reset 618 1-bit time

1-bit time (8 to 25 time quanta)

Bit Rate and Bit

Timing Settings SYNC_SEG PRSEG PHSEGL PHSEG2
Time segment 1 Time segment 2
(TSEG1)¥ (TSEG2)¥
1 2 to16 2 to 8—| Quantum

SYNC_SEG: Segment for establishing synchronization of nodes on the CAN bus. (Normal
bit edge transitions occur in this segment.)

PRSEG: Segment for compensating for physical delay between networks.

PHSEG1: Buffer segment for correcting phase drift (positive). (This segment is extended
when synchronization (resynchronization) is established.)

PHSEG2: Buffer segment for correcting phase drift (negative). (This segment is
shortened when synchronization (resynchronization) is established.)

Note: * The time quanta values of TSEG1 and TSEG2 become the value of TSEG + 1.

Figure16-6 Detailed Description of One Bit
HCAN bit rate calculation:

foik
2% (BRP + 1) X(3 + TSEGL + TSEG2)

Bit rate =

fo: peripheral clock (@)
Note: The BCR values are used for BRP, TSEG1, and TSEG2.

BCR Setting Constraints

TSEG1>TSEG2 > SIW (SJW =0 to 3)

These constraints allow the setting range shown in table 16-4 for TSEG1 and TSEG2 in BCR.
Table16-4 Setting Rangefor TSEG1 and TSEG2in BCR

TSEG2 (BCR [14:12)])
001 010 011 100 101 110 111
TSEG1 0011 No Yes No No No No No
(BCR [11:8]) 0100 Yes* Yes Yes No No No No
0101 Yes* Yes Yes Yes No No No
0110 Yes* Yes Yes Yes Yes No No
0111 Yes* Yes Yes Yes Yes Yes No
1000 Yes* Yes Yes Yes Yes Yes Yes
1001 Yes* Yes Yes Yes Yes Yes Yes
1010 Yes* Yes Yes Yes Yes Yes Yes
1011 Yes* Yes Yes Yes Yes Yes Yes
1100 Yes* Yes Yes Yes Yes Yes Yes
1101 Yes* Yes Yes Yes Yes Yes Yes
1110 Yes* Yes Yes Yes Yes Yes Yes
1111 Yes* Yes Yes Yes Yes Yes Yes

Note: * Setting is enabled except when BRP [13:8] = B'000000.
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16.3.7 Interrupt 635 ) Vector ) o
Channel IPR Bits Vector Number IRR Bit Description
Interface
HCANO IPRM OVRO 108 IRR7 Overload frame transmission interrupt
Table 16-5 HCAN (2-0)
Interrupt Sources HCAN1 IPRM OVRO 106 IRR7 Overload frame transmission interrupt
(6-4)
16.4 CAN Bus 637 2nd line
Interface (Incorrect) Philips PCA82C250
(Correct) HA13721
Figure 16-14 High- Chip 120 Q
Speed Interface VVV
Using HA13721 vee
—0—
HA13721
Port MODE Vcc -+ CAN bus
HRxD RxD CANH|—1]
HTxD TxD CANL
NCe——NC GND
Va
120 Q
AV
21A.1.2 Register 695 12th line
Configuration (Incorrect) BCRL
(Correct) 'MDCR
21A.2.1 Mode 696 Bt 7 6 5 4 3 2 1 0
Control Register [ = ] =1 =1 =1 = [ sz wmpsi] mpso |
(MDCR) Initial value: 1 0 0 0 0 —
R/W: — — — — — R R R
Note: * Determined by pins MD2 to MDO.
3th line
(Incorrect) H8S/2633 Series
(Correct) H8S/2636 Series
4th line changed as follows
Bit 7—Reserved: Read-only bit, always read as 1.
9th line changed as follows
Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSO0): ......... These latches are
canceled by a reset.
21A.4.1 Features 699 13th line changed as follows

Blocks of 1 kbyte, 8 kbytes, 16 kbytes, 28 kbytes, and 32 kbytes can be

erased as required.

HITACHI



Section Page  Description
21A.13.2 740 Pin Names
Programmer Mode Mode FWE CE OE WE /07— 1/00  A18-AO
Operation Read HorL L L H Data output ~ Ain¥?
Table 21A-14 Output disable HorlL L H H Hi-Zz X
Settings for Various Command wite  HorL¥ H L Datainput  Ain*?
Operating Modes in Chip disable** HorL H X X Hi-Z X
Programmer Mode Notes: ¥1 Chip disable is not a standby state; internally, it is an operation state.
*2 Ain indicates that there is also address input in auto-program mode.
*3 For command writes in auto-program and auto-erase modes, input a high level to the
FWE pin.
21A.14 Flash 751 Note amended
I\D/Iemorsy and Power- Note: * Subclock functions (subactive mode, subsleep mode, and watch
own States mode) are available in the U-mask version only.
Table 21A-25 Flash These functions cannot be used with the other versions.
Memory Operating
States
21B.1.2 Register 759 13th line
Configuration (Incorrect) BCRL
(Correct) | MDCR
21B.2.1 Mode 760 Bit: 7 6 5 4 3 2 1 0
Control Register | = ] =1 =1 =1 = [ wos2|[ wps1| mpso |
(MDCR) Initial value: |10 0 0 0 0 . =
R/W: — — — — — R R R
Note: * Determined by pins MD2 to MDO.
3rd line
(Incorrect) H8S/2633 Series
(Correct) H8S/2638 Series and H8S/2639 Series
5th line changed as follows
Bits 7 to 3—Reserved: Only 1 should be written to these bits.
9th line changed as follows
Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSO): ....... These latches are
canceled by a reset.
21B.13.2 803 Pin Names
Programmer Mode Mode FWE CE OE WE 1/07-1/00  A18-A0
Operatlon Read HorlL L L H Data output ~ Ain*2
Table 21B-15 Output disable HorlL L H H Hi-Z X
Settings for Various Command write ~ H or L** L H L Data input Ain*?
Operating Modes in Chip disable** HorL H X X Hi-Z X
Programmer Mode
22B.3 Oscillator 836 5th line
(Incorrect) 20 MHz
(Correct) |5 MHz
22B.3.1 Connecting 837 3rd line
a Crystal Resonator (Incorrect) 20 MHz
(Correct) 5 MHz
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22B.3.2 External 840 Voo =50V £10%
Clock Input Item Symbol Min Max Unit  Test Conditions
Table 22B-4 External clock input low tg,, 50 — ns Figure 22B-7
pulse width
External Clock Input -
. External clock input tewn 50 — ns
Conditions high pulse width
External clock rise time  tg,, — 5 ns
External clock fall time  tg,, — 5 ns
Clock low pulse width  tg_ 0.4 0.6 toe 2 25MHz Figure 24-5
level
Clock high pulse width  tc,, 0.4 0.6 toye 225 MHz
level
23A.1 Overview 844 TPU Functioning Functioning Functioning Halted Halted Halted (reset)
Table 23A-1 LS| E (retained)  (retained)
Internal States in DIAO, 1
Each Mode
Note * deleted
23A.2.1 Standby 849 5th line changed as follows
Csog\t(rglRRegster With an external clock, Select a standby time of 2 ms or more (PLL oscillator
( ) settling time), based on the operating frequency.
Bit 6 Bit 5 Bit4
STS2 STS1 STSO Description
1 1 1 Standby time = 16 states (Setting prohibited)
23A.5.1 Module 857 MSTPB5 Serial ication interface 2 (SCI2
Stop Mode erial communication interface 2 ( )
MSTPB4*?
Table 23A-4 MSTP
Bits and MSTPB3*?
Corresponding On- MSTPBO**
Chip Supporting
Modules Note *2 amended
*2 The I°C bus interface is available as an option|in the H8S/2638. In the H8S/2636,
MSTB4 and MSTB3 are readable and writable bits that have 1 as their initial value.
23A.6.3 Setting 859 Standby Time amended

Oscillation
Stabilization Time
after Clearing
Software Standby
Mode

Table 23A-5
Oscillation
Stabilization Time
Settings

Using a External
Clock

(Incorrect) 16 states
(Correct) 16 states (Setting prohibited)

Note deleted

Description added to 14th line as follows

Using a External Clock: The PLL circuit requires time to stabilize, so the
standby time should be set to a value of 2 ms or more.
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23B.1 oVerVieW 864 High- Medium- Module Sub- Software  Hardware
Function Speed Speed Sleep Stop Watch active Subsleep Standby Standby
Table 238'1 LSI System clock pulse Funcnon- Function- Funcllon- Function- Halted Halted Halted Halted Halted
Internal States in generator n9 9 S EELL : _
EaCh Mode gS:::(:(‘::VPUISE Eugljfuon— Eugr:;:ﬂonr ;u;suunr ;\g’\;:mn— ;I;TJCUUW IEl.lgljlcuor\— ‘I;ugr.\;:llonr ::nugljtl:uun— Halted
(H8S/2636,
H8S/2638) Note added
Notes: *1 Halted if the SUBSTP bit in LPWRCR is set to 1.
*2 The I°C bus interface is available as an option in the H8S/2638 and
H8S/2639.
The product equipped with the 12C bus interface is the W-mask
version.
Table 23B-2 LS 865 Clock pulse generator Function- Function- Function- Function- Function- Function- Function- Function- Halted
Internal States in ing ing ing ing ing*  ing®  ing® ing
EaCh Mode ‘ Subclock (¢ Sub) ‘l:‘ur']cllon- ;L;jlcnon- ‘l:;qfnon- :‘L;rjfllon- ;Léqfnon- ;L;rjfllon- ::;qfnon» Eté?cllon- Halted
(H8S/2639 Series)
Note added and amended
Notes: *1 Halted if the SUBSTP bit in LPWRCR is set to 1.
*2 The I°C bus interface is available as an option in the H8S/2638 and
H8S/2639.
The product equipped with the 1°C bus interface is the W-mask
version.
23B.2.1 Standby 870 Bits 6 to 4—Standby Timer Select 2 to 0 (STS2 to STSO0)
Control Register Description added as follows
(SBYCR)
With an external clock, select a standby time of 2 ms or more (PLL oscillator
settling time), based on the operating frequency.
Added to bit table
(Incorrect) Standby time = 16 states
(Correct) Standby time = 16 states (Setting prohibited)
23B.5.1 Module 880 Note added
Stop Mode o 2 . . . L
Note: *2 The I°C bus interface is available as an option in the H8S/2638 and
Table 23B-5 MSTP H8S/2639. The product equipped with the 1°C bus interface is the
Bits and W-mask version. When this optional feature is not used or in
Corresponding On- H8S/2636, MSTB4 and MSTB3 are readable and writable bits that
Chip Supporting have 1 as their initial value.
Modules
23B.6.1 Software 881 19th line Note added

Standby Mode

In this mode the oscillator stops*, and therefore power dissipation is
significantly reduced.

Note: * The subclock (aSUB) operates if the SUBSTP bit in LPWRCR is set
to 0.
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23B.6.3 Setting 882 0 16 12 10 8 & [E a4
Oscillation STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz MHz MHz MHz Unit
Stabilization Time 0 0 0 8192 states 041 051 068 08 10 13 (16 20 ms
after Clearing 1 16384 states 082 1.0 13 16 20 27 32 41
Software Standby 1 0 32768 states 16 20 27 33 41 55 65
Mode 1 65536 states 33 41 55 66 16.4
Table 23B-6 1 0 0 131072 states 6.6 16.4 21.8 26.2 3238
Oscillation 1 262144 states 16.4 21.8 262 328 43.6 524 65.6
Stabilization Time 1 0 Reserved - = = = = = = — s
Settings 1 16 states 08 10 13 16 20 26 (832 40
(Setting
prohibited)
Note deleted
Using an External Description added to 14th line as follows
Clock Using an External Clock: The PLL circuit requires time to stabilize, so the
standby time should be set to a value of 2 ms or more.
23B.13 Usage 891 Description for 3. to 5. newly added
Notes 3. A lis always returned when an attempt is made to read the pin status of
1/0 ports 1, 4, 9, or F during operation in sub-active mode. (In the case of
port 1, pins 13 to 10 are readable.) In addition, the ports may be used as
output ports (except for ports 4 and 9). The procedure for determining the
pin status during operation in sub-active mode is as follows.
[1] Use ports 3, A, B, C, D, E, H, and J as input ports.
[2] Use external interrupt inputs (IRQO to IRQ5). (If the level sense setting
has been selected for the IRQ pins, an interrupt request is generated by
a low-level input.)

4. Operation cannot be guaranteed if a transition is made to the subactive
mode, subsleep mode, or watch mode when the SUBSTP bit in LPWRCR
is set to 1 (subclock generation prohibited). To prevent problems, it should
be confirmed that the SUBSTP bit has been cleared to 0 before
transitioning to the subactive mode, subsleep mode, or watch mode.

5. The subclock (gSUB) is frequency divided internally (H8S/2639 Series
only), so the clock oscillator does not halt even if a transition occurs when
the SUBSTP bit in LPWRCR is cleared to 0. The SUBSTP bit in LPWRCR
should be set to 1 before transitioning to the software standby mode.

24.1.3 DC 897 Reference During AID  Alc — 4.0 5.0 mA V=50V
Characteristics current and D/A

conversion
Table 24-2 DC Idle — o1 5.0 HA
Characteristics

Note: *4 |- depends on V. and f as follows:
lec max = 30 (mA) +/0.54 (MA/(MHz x V)) x V. x f (normal
operation)

lec max = 30 (mA) + 0.45 (MA/(MHz x V)) x V. x f (sleep mode)
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24.2.3 DC 912,
Characteristics 913

Table 24-12 DC
Characteristics

Item

Symbol  Min Typ Max Unit Test Conditions

Output high
voltage

Ports 1,3, Vo, Vee—05 —  — v
AtoF, HJ

HTxDO,

HTxD1

(excluding P34

and P35%7)

P34, P35%1 Vee—25 — —

Ports 1, 3, 35 — —
AtoF, H,J

HTxDO,

HTxD1

(excluding P34

and P35%7)

PWM1A to
PWM1H, 0.5
PWM2A to

PWM2H

lon = —200 HA

Iy = =100 pA
=-1mA

IOH

on=—15 mA

Reference
current

conversion

During AID Al — 4.0 5.0
and D/A

mA V=50V

Idle 0.1 5.0 HA

Note amended and added

Notes:*4

*7

lcc depends on V. and f as follows:

lec max = 30 (MmA) +/0.54 (mA/(MHz x V)) x V¢ % f (hormal
operation)

lcc. max = 30 (mA) + 0.45 (MA/(MHz x V)) x V. x f (Sleep mode)
The characteristics of pins 34 and 35 apply to the W-mask version.

Table 24-14 Bus 915
Drive Characteristics

Note added

Note: * Available when using I?C bus interface (the W-mask version of the

H *

[Option] H8S/2638 and H8S/2639 only).

24.2.4 AC 922 Note amended

Characteristics Note: [¥1]| Available when using I2C bus interface/(the W-mask version of the

Table 24-19 12C Bus H8S/2638 and H8S/2639 only).

Timing [Option]**

24.3..1 Absolgte 927 Item Symbol  Value Unit

Maximum Ratings Power supply voltage Vee —0.31t0 +7.0 \

Table 24-23 Input voltage (XTAL, EXTAL) Vi, —0.3t0 V. +0.3 \Y

Absolute Maximum Input voltage (ports 4 and 9) Vi —0.3t0 AV +0.3 \%

Ratings Input voltage (ports H and J) Vin —0.3to PWMV,. +0.3 \Y
Input voltage (except XTAL, Vi, —0.3t0 V.. +0.3 \Y

EXTAL, ports 4, 9, H and J)
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24.3.2 Power 928
Supply Voltage and
Operating Frequency
Range

Figure 24-5 Power
Supply Voltage and
Operating Ranges

Operating range of watch, sub-active and sub-sleep modes

2SUB

N
I
=
>
9
<
@
>
=4
I
[

0 I I I ]

3 35 4 4.5 5 55 6

Power supply voltage (V)

Note: An input clock frequency of 4 to 5 MHz should be used. For operation at 20 MHz, input a 5 MHz
clock and use the PLL to multiply it (x4). In this case the internal 2SUB frequency should be
39.06 kHz.

24.3.3 DC 930,
Characteristics 931

Table 24-24 DC
Characteristics

Item Symbol  Min Typ Max Unit  Test Conditions

Output high  Ports 1, 3, Vo Vee-05 —  — Vv Ion = =200 PA
voltage AtoF, HJ

HTxDO,

HTxD1

(excluding P34

and P35*%)

P34, P35%8 Vee—25 —  — Iy = —100 pA

Ports 1, 3, 35 — — low =—1mA

AtoF, H,J

HTxDO,

HTxD1

(excluding P34

and P35*%)

PWMI1A to PWMV,, — — on=—15 mA
PWM1H, 0.5

PWM?2A to

PWM2H

Current Subactive It — 0.7 1.0 mA  Subclock (using
dissipation** mode 4.19 MHz crystal

oscillator)

Subsleep — 0.7 1.0
mode

Watch mode — 0.6 1.0

Standby — 20 5.0 A T,<50°C
mode** — — 20 50°C<T,

Reference During AID Al — 4.0 5.0 mA V=50V
current and D/A
conversion

Idle — 01 5.0 HA

Note: *4 |- depends on V. and f as follows:
lec max = 30 (MmA) + 0.54 (mA/(MHz x V)) x V. x f (hormal
operation)
lec max = 30 (mA) + 0.45 (MA/(MHz x V)) x V. x f (sleep mode)
*6 The characteristics of pins 34 and 35 apply to the W-mask version.
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24.3.3 DC 933 Note added
Characteristics Note: * Available when using the I°C bus interface (the W-mask version of
Table 24-26 Bus the H8S/2638 and H8S/2639 only).
Drive Characteristics
[Option]*
2434 AC 935
Characteristics External clock output stabilization toext 2 — ms Figure 24-8
delay time

Table 24-27 Clock Sub clock oscillator frequency [ 3125 396  kHz
Timing Sub clock (4,5) cycle time fsoe 25.6 320 ps
Table 24-31 1°2C Bus 940 Note amended

e .l
Timing [Option] Note: *1 Available when using 12C bus interface [(the W-mask version of the

H8S/2638 and H8S/2639 only).
24.4.4 On-Chip 953 Note added
Sypportmg Module Note: * I2C bus interface is available as an option in the H8S/2638 and
Timing H8S/2639 only.
Figure 24-26 1°C
Bus Interface
Input/Output Timing
(Option)*
A.1l Instruction Set 957to Replaced
Table A-1 979
Instruction Set
A.2 Instruction 988, Note *3 for LDM and STM deleted
Codes 993,
Table A-2 994
Instruction Codes
A.4 Number of 1007, Note *5 for LDM and STM deleted
States Required for 1011,
Instruction Execution 1012
Table A-5 Number
of Cycles in
Instruction Execution
A.5 Bus States 1020, Note *9 for LDM and STM deleted
Table A-6 1025,
1026

Instruction Execution
Cycles
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B.2 Functions 1066 IRRO—Interrupt Register
IRR1—Interrupt Register

Overload Frame Interrupt Flag

0 | [Clearing condition]

Writing 1

1 | Overload frame transmission
[Setting condition]

Overload frame is transmitted

1071  UMSR0—Unread Message Status Register
UMSR1—Unread Message Status Register

Bit 15 14 13 12 11 10 9 8
‘ UMSR7 ‘ UMSRG‘ UMSRS‘ UMSR4‘ UMSR3 ‘ UMSR2 ‘ UMSR1 ‘ UMSRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)* R/(W)* R/(W)* R/(W)* R/(MW)* R/(W)* R/W)* R/(W)*
Bit 7 6 5 4 3 2
‘UMSRlS‘UMSRlA‘UMSRlS‘UMSRlZ‘UMSRll‘UMSRlO‘ UMSR9 ‘ UMSR8 ‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite RIW)E RI(W)E RAWIE RAWE RWE RWHE RIWE RIWH

Unread Message Status Flags

0 | [Clearing condition]
Writing 1

1 | Unread receive message is overwritten by a new message
[Setting condition]
When a new message is received before RXPR is cleared

Note added
Note: * Only 1 can be written, to clear the flag to 0.

1210 SBYCR—Standby Control Register
Standby Timer Select 2 to 0

1| 0| 0| Standby time = 131072 states
1 | Standby time = 262144 states
1| 0| Reserved
1 | Standby time = 16 states (Setting prohibited)

1216 BARA—Break Address Register A
BARB—Break Address Register B
Note added
Note: The bit configuration of BARB is the same as for BARA.
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B.2 Functions 1221

DTVECR—DTC Vector Register
DTC Software Activation Enable

0 | DTC software activation is disabled

[Clearing conditions]

* When the DISEL bit is 0 and the specified number of transfers have
not ended

* When 0 is written to DISEL bit after a software-activated data transfer
end interrupt (SWDTEND) request has been sent to the CPU.

1 | DTC software activation is enabled

[Holding conditions]

* When data transfer ends with the DISEL bit set to 1
* When the specified number of transfers end

» During software-activated deta transfer

1282

RSTCSR—Reset Control/Status

Watchdog Overflow Flag

0 | [Clearing condition]

Cleared by reading RSTCSR when WOVF = 1, then writing 0 to WOVF

1 | [Setting condition]

Set when TCNT overflows (changed from H'FF to H'00) during watchdog timer
operation

C.5 Port A Block 1332
Diagram

Figure C-5(a) Port A

Block Diagram (Pin

PAO)

(Incorrect) PAn

(Correct) PAD

Figure C-5(b) Port A 1333
Block Diagram (Pin
PAL)

(Incorrect) PAN

(Correct) PAL

Figure C-5 (c) Port 1334
A Block Diagram (Pin
PA2)

(Incorrect) Pan
(Correct) PA2

Figure C-5(d) Port A 1335
Block Diagram (Pin
PA3)

(Incorrect) PAN
(Correct) PA3

F. Product Code 1352
Lineup

Table F-1
H8S/2636,
H8S/2638 and
H8S/2639 Product
Code Lineup

Note * deleted
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Section 1l Overview

1.1 Overview

The H85/2636 and H8S/2638 and H8S/2639 are microcomputers (M CUs: microcomputer units),
built around the H8S/2600 CPU, employing Hitachi's proprietary architecture, and equipped with
peripheral functions on-chip.

The H8S/2600 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include data transfer controller
(DTC) bus masters, ROM and RAM memory, al6-bit timer-pulse unit (TPU), programmable
pulse generator (PPG), motor control PWM timer (PWM) watchdog timer (WDT), serial
communication interface (SCI), A/D converter, D/A converter, Hitachi controller area network
(HCAN) and I/0 ports. An I°C bus interface (11C) is available as an option in the H85/2638 and
H85/2639.

On-chip ROM is available as 128-kbyte and 256-kbyte flash memory (F-ZTAT™* version), and
as 128-kbyte and 256-kbyte mask ROM. ROM is connected to the CPU viaa 16-bit data bus,
enabling both byte and word data to be accessed in one state. Instruction fetching has been
speeded up, and processing speed increased.

Four operating modes, modes 4 to 7, are provided, and there is a choice of single-chip mode or
external expansion mode.

Subclock (32 kHz oscillation) functions are available in the U-mask and W-mask versions only.
These functions cannot be used with the other versions.

The features of the H85/2636, H8S/2638, and H8S5/2639 are shown in table 1-1.

Note: * F-ZTAT™ is atrademark of Hitachi, Ltd.
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Table1l-1 Overview

Item

Specification

CPU

General-register machine

O Sixteen 16-bit general registers (also usable as sixteen 8-bit registers
or eight 32-bit registers)

High-speed operation suitable for realtime control
O Maximum clock rate: 20 MHz
O High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 50 ns

16 x 16-bit register-register multiply : 200 ns
16 x 16 + 42-bit multiply and accumulate : 200 ns
32 + 16-bit register-register divide 11000 ns

Instruction set suitable for high-speed operation

O Sixty-nine basic instructions

8/16/32-bit move/arithmetic and logic instructions
Unsigned/signed multiply and divide instructions
Multiply-and accumulate instruction

Powerful bit-manipulation instructions

CPU operating modes

0 Advanced mode: 16-Mbyte address space

Oo0ooao

Bus controller

Address space divided into 8 areas, with bus specifications settable
independently for each area

Choice of 8-bit or 16-bit access space for each area

2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Direct connection to burst ROM supported

PC break controller

Supports debugging functions by means of PC break interrupts
Two break channels

Data transfer
controller (DTC)

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation
source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer on-chip
Pulse 1/0 processing capability for up to 16 pins'
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 8-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible
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Item

Specification

Watchdog timer
(WDT) 2 channels

3

Watchdog timer or interval timer selectable
Operation using sub-clock supported (WDT1 only)*

Motor control
PWM timer
(PWM)

Maximum of 16 10-bit PWM outputs

Eight outpus with two channels each built in

Duty settable between 0% and 100%

Automatic transfer of buffer register data supported
Settable to any one of 5 operating speeds

Serial communica-
tion interface (SCI)
3 channels

(SCI0 to SCI2)

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

Hitachi controller
area network
(HCAN) 2 channels

CAN: Ver. 2.0B compliant
Buffer size: 15 transmit/receive messages, transmit only one message
Filtering of receive messages

A/D converter

Resolution: 10 bits
Input: 12 channels

High-speed conversion: 13.3 ps minimum conversion time
(at 20 MHz operation)

Single or scan mode selectable
Sample and hold circuit
A/D conversion can be activated by external trigger or timer trigger

D/A converter

Resolution: 8 bits
Output: 2 channels

1/O ports

72 1/0 pins, 12 input-only pins

Memory

Flash memory or mask ROM
High-speed static RAM

Product Name ROM RAM
H8S/2636 128 kbytes 4 kbytes
H8S/2638 256 kbytes 16 kbytes
H8S/2639

Interrupt controller

Seven external interrupt pins (NMI, IRQO to IRQ5)
49 internal interrupt sources
Eight priority levels settable

Power-down states

Medium-speed mode

Sleep mode

Module-stop mode

Software standby mode

Hardware standby mode

Sub-clock operation* (sub-active mode, sub-sleep mode, watch mode)

HITACHI



Item

Specification

Operating modes

Four MCU operating modes

External Data Bus

CPU Operating On-Chip Initial Maximum

Mode Mode Description ROM Value Value

4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode

5 On-chip ROM disabled  Disabled 8 bits 16 bits
expansion mode

6 On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode

7 Single-chip mode Enabled — —

Clock pulse
generator

*  On-chip PLL circuit (x1, x2, x4)
* Input clock frequency: 4 to 20 MHz

IC bus interface
(IIC) x2 channel

» Conforms to the I°C bus interface type advocated by Philips

» Single master mode/slave mode

Egpltiof”) o « Possible to determine arbitration lost conditions
nly for the .

H8S/2638 and Supports two slave addresses

H8S/2639)

Packages » 128-pin plastic QFP (FP-128B)

4
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Iltem Specification

Product lineup Model Name Subclock
Mask ROM F-ZTAT Version (32 kHz ROM/
Version Oscillation) I°C bus RAM Pack-

Functions interface (Bytes)ages

HD6432636F HD64F2636F No O 128 kI FP-
HD6432636UF  HD64F2636UF  Yes 0 4k 1288
(U-Mask Version) (U-Mask Version)
HD6432638F HD64F2638F No No 256 k/
HD6432638UF HD64F2638UF Yes No 16 k
(U-Mask Version) (U-Mask Version)
HD6432638WF HD64F2638WF Yes Yes
(W-Mask Version) (W-Mask Version)
HD6432639UF HD64F2639UF Yes No
(U-Mask Version) (U-Mask Version)
HD6432639WF HD64F2639WF Yes Yes

(W-Mask Version) (W-Mask Version)

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available only in

the U-mask and W-mask versions, but are not available in the other versions.
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1.2

Internal Block Diagram

Figure 1-1 (a) shows an internal block diagram of the H8S/2636.

Port A

Port B

Port C

Port 3

Port 9

Sy CNdC o0 ronstoado
Qo000000 00000000
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PH3/PWM1D - = (5 SCI % 3 channel
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[+~ PA3/A19/SCK2
[~ PA2/A18/RxD2
[+ PA1/A17/TxD2
[+ PAO/A16

[+~ PB7/A15/TIOCB5
[+ PB6/A14/TIOCAS
[+ PB5/A13/TIOCB4
[+ PB4/A12/TIOCA4
[+~ PB3/A11/TIOCD3
[+ PB2/A10/TIOCC3
[+ PB1/A9/TIOCB3

[+~ PBO/A8/TIOCA3
[+~ PC7/A7

[~ PC6/A6
[+~ PC5/A5
[+ PC4/A4
[+ PC3/A3
<~ PC2/A2
[+~ PC1/Al
[+ PCO/A0

[«= P35/SCK1/IRQ5
[~= P34/RxD1
[~= P33/TxD1
[~ P32/SCKO/IRQ4
[+ P31/RxDO
[~ P30/TxDO

[*— P93/AN11
P92/AN10
P91/AN9

P90/AN8

Notes: *1 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in the U-mask version.
These functions cannot be used with the other versions.
See section 22A.7, Subclock Oscillator, for the method of fixing pins OSC1 and OSC2.
*2 The FWE pin only applies to the flash memory version.
The FWE pin is a NC pin in the mask ROM versions.
In the mask ROM version, the FWE pin must be left open or be connected to Vss.

Figure1-1(a) Internal Block Diagram of H85/2636
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Figure 1-1 (b) shows an internal block diagram of the H8S/2638 and H8S/2639.
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Notes: *1 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in the U-mask and W-mask versions.

These functions cannot be used with the other versions.
See section 22A.7, Subclock Oscillator, for the method of fixing pins OSC1 and OSC2.
The H8S/2639 has no OSC1 and OSC2 pins.

*2 These pins are used for the I12C bus interface.
The I2C bus interface is available as an option. The product equipped with the 12C bus interface is the W-mask version.

*3 The FWE pin is for compatibility with the flash memory version.
The FWE pin is a NC pin in the mask ROM versions.
In the mask ROM version, the FWE pin must be left open or be connected to Vss.

Figure1-1(b) Internal Block Diagram of H85/2638 and H8S/2639
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13 Pin Description

131 Pin Arrangement

Figure 1-2 shows the pin arrangement of the H8S/2636, figure 1-3 shows the pin arrangement of

the H8S/2638, and figure 1-4 shows the pin arrangement of the H8S/2639.
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Notes: *1 Connect a 0.1 UF capacitor between VCL and VSS (close to the pins). 64F2636F20
*2 Subclock functions (subactive mode, subsleep mode, and watch mode) are H8S/2636
available in the U-mask version.
These functions cannot be used with the other versions. INDEX —| O JAPAN

See section 22A.7, Subclock Oscillator, for the method of fixing pins
OSC1 and OSC2.

(U-Mask Version)

*3 The FWE pin is for compatibility with the flash memory version.
The FWE pin is a NC pin in the mask ROM versions.
In the mask ROM version, the FWE pin must be left open or be 64F2636F20
connected to Vss.
H8S/2636
U
INDEX— O JAPAN

Figure1-2 Pin Arrangement of HD64F2636F (FP-128B: Top View)
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Notes: *1 Connect a 0.1 uF capacitor between VCL and VSS (close to the pins). 64F2638F20
*2 Subclock functions (subactive mode, subsleep mode, and watch mode) are H8S/2638
available in the U-mask and W-mask versions.
These functions cannot be used with the other versions. INDEX — O JAPAN
See section 22A.7, Subclock Oscillator, for the method of fixing pins
OSC1 and OSC2. .
*3 These pins are used for the 1°C bus interface. (U-Mask Version)
The IC bus interface is available as an option. The product equipped
with the I1°C bus interface is the W-mask version.
*4 The FWE pin is for compatibility with the flash memory version. 64F2638F20
The FWE pin is a NC pin in the mask ROM versions. H8S/2638
In the mask ROM version, the FWE pin must be left open or be U
connected to Vss.
INDEX — O JAPAN
(W-Mask Version)
64F2638F20
H8S/2638
W
INDEX— O JAPAN

Figure1-3 Pin Arrangement of H85/2638 Series (FP-128B: Top View)
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Notes: *1 Connect a 0.1 uF capacitor between VCL and VSS (close to the pins).
*2 These pins are used for the 12C bus interface.
The IC bus interface is available as an option. The product equipped
with the I°C bus interface is the W-mask version.
*3 The FWE pin is for compatibility with the flash memory version. INDEX ——»

64F2639F20
H8$/263LSJ)

O JAPAN

The FWE pin is a NC pin in the mask ROM versions.
In the mask ROM version, the FWE pin must be left open or be
connected to Vss.

(W-Mask Version)

INDEX ——»|

64F2639F20
H8S/2639
W

O JAPAN

10

Figure1-4 Pin Arrangement H8S/2639 Series (FP-128B: Top View)
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132

Pin Functionsin Each Operating M ode

Table 1-2 shows the pin functions of the H8S/2636 and H8S/2638 in each of the operating modes.

Table1-2 Pin Functionsin Each Operating Mode
Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
1 vce vce vcc vece
2 vCC vce vce VvCC
3 NC NC NC NC
4 NC NC NC NC
5 Al6 A16 PAO/A16 PAO
6 Al7 A7 PA1/A17/TxD2 PAL/TxD2
7 Al8 Al8 PA2/A18/RxD2 PA2/RxD2
8 A19 A19 PA3/A19/SCK2 PA3/SCK2
9 A7 A7 PC7IA7 PC7
10 A6 A6 PC6/A6 PC6
11 A5 A5 PC5/A5 PC5
12 A4 A4 PC4/A4 PC4
13 A3 A3 PC3/A3 PC3
14 A2 A2 PC2/A2 PC2
15 Al Al PC1/A1 PC1
16 A0 A0 PCO/AQ PCO
17 D15 D15 D15 PD7
18 D14 D14 D14 PD6
19 D13 D13 D13 PD5
20 D12 D12 D12 PD4
21 D11 D11 D11 PD3
22 D10 D10 D10 PD2
23 D9 D9 D9 PD1
24 vce vCcC vCcC vCcC
25 D8 D8 D8 PDO
26 VSS VSS VSS VSS

HITACHI
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Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
27 D7 PE7/D7 PE7/D7 PE7
28 D6 PE6/D6 PE6/D6 PE6
29 D5 PE5/D5 PE5/D5 PE5
30 D4 PE4/D4 PE4/D4 PE4
31 D3 PE3/D3 PE3/D3 PE3
32 D2 PE2/D2 PE2/D2 PE2
33 D1 PE1/D1 PE1/D1 PE1
34 DO PEO/DO PEO/DO PEO
35 VSS VSSs VSS VSS
36 VSS VSS VSS VSS
37 HRxD1 HRxD1 HRxD1 HRxD1
38 HTxD1 HTxD1 HTxD1 HTxD1
39 AS AS AS PF6
40 RD RD RD PF5
41 HWR HWR HWR PF4
42 LWR PF3/LWR PF3/LWR PF3 /ADTRG/IRQ3

/ADTRG/IRQ3 /ADTRG/IRQ3

43 VSS VSS VSS VSS
44 PWMVSS PWMVSS PWMVSS PWMVSS
45 PHO/PWM1A PHO/PWM1A PHO/PWM1A PHO/PWM1A
46 PH1/PWM1B PH1/PWM1B PH1/PWM1B PH1/PWM1B
47 PH2/PWM1C PH2/PWM1C PH2/PWM1C PH2/PWM1C
48 PH3/PWM1D PH3/PWM1D PH3/PWM1D PH3/PWM1D
49 PWMVCC PWMVCC PWMVCC PWMVCC
50 PH4/PWM1E PH4/PWM1E PH4/PWM1E PH4/PWM1E
51 PH5/PWM1F PH5/PWM1F PH5/PWM1F PH5/PWM1F
52 PH6/PWM1G PH6/PWM1G PH6/PWM1G PH6/PWM1G
53 PH7/PWM1H PH7/PWM1H PH7/PWM1H PH7/PWM1H
54 PWMVSS PWMVSS PWMVSS PWMVSS
55 PJO/PWM2A PJO/PWM2A PJO/PWM2A PJO/PWM2A
56 PJ1/PWM2B PJ1/PWM2B PJ1/PWM2B PJ1/PWM2B
12
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

57 PJ2/PWM2C PJ2/PWM2C PJ2/PWM2C PJ2/PWM2C

58 PJ3/PWM2D PJ3/PWM2D PJ3/PWM2D PJ3/PWM2D

59 PWMVCC PWMVCC PWMVCC PWMVCC

60 PJ4/PWM2E PJ4/PWM2E PJ4/PWM2E PJ4/PWM2E

61 PJ5/PWM2F PJ5/PWM2F PJ5/PWM2F PJ5/PWM2F

62 PJ6/PWM2G PJ6/PWM2G PJ6/IPWM2G PJ6/PWM2G

63 PJ7/PWM2H PJ7/PWM2H PJ7/PWM2H PJ7/PWM2H

64 PWMVSS PWMVSS PWMVSS PWMVSS

65 P30/TxDO P30/TxDO0 P30/TxD0 P30/TxD0O

66 P31/RxD0O P31/RxDO P31/RxD0O P31/RxD0

67 VSS VSS VSS VSS

68 VSS VSS VSS VSS

69 P32/SCKO/SDA1*?/ P32/SCKO/SDA1*?/ P32/SCKO/SDA1*?/ P32/SCKO/SDA1*?/
IRQ4 IRQ4 IRQ4 IRQ4

70 P33/TxD1/SCL1*? P33/TxD1/SCL1*2 P33/TxD1/SCL1*? P33/TxD1/SCL1*2

71 P34/RxD1/SDAQ*2 P34/RxD1/SDAOQ*2 P34/RxD1/SDAOQ*? P34/RxD1/SDA0*?

72 P35/SCK1/SCLO*?/ P35/SCK1/SCLO*?/ P35/SCK1/SCLO*¥/ P35/SCK1/SCLO*?/
IRQ5 IRQ5 IRQ5 IRQ5

73 RES RES RES RES

74 NMI NMI NMI NMI

75 PLLCAP PLLCAP PLLCAP PLLCAP

76 VSS VSS VSS VSS

77 PLLVSS PLLVSS PLLVSS PLLVSS

78 osc2*t osc2*t osc2x*t osc2x*t

79 0oscC1*t OSC1*! 0OSC1*t OscC1*t

80 VCC VCC VCC VCC

81 VCC VvVCC VvVCC VCC

82 VCL VCL VCL VCL

83 XTAL XTAL XTAL XTAL

84 VSS VSS VSS VSS

85 EXTAL EXTAL EXTAL EXTAL

86 FWE*3 FWE*3 FWE*3 FWE*3

HITACHI
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

87 STBY STBY STBY STBY

88 PF7/a PF7/g PF7/g PF7/a

89 A20 A20 P10/PO8/TIOCA0/A20 P10/POS8/TIOCAO

90 P11/PO9/TIOCBO/A21 P11/PO9/TIOCB0/A21 P11/PO9/TIOCBO/A21 P11/PO9/TIOCBO

91 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

92 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

93 P14/PO12/TIOCAL/ P14/PO12/TIOCA1/ P14/PO12/TIOCA1/ P14/PO12/TIOCA1/
IRQO IRQO IRQO IRQO

94 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

95 P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/
IRQ1 IRQ1 IRQ1 IRQ1

96 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
TCLKD TCLKD TCLKD TCLKD

97 HTxDO HTxXDO HTxDO HTxDO

98 HRxDO HRxDO HRxDO HRxDO

99 VSS VSS VSS VSS

100 NC NC NC NC

101 AVCC AVCC AVCC AVCC

102 Vref Vref Vref Vref

103 P40/ANO P40/ANO P40/ANO P40/ANO

104 P41/AN1 P41/AN1 P41/AN1 P41/AN1

105 P42/AN2 P42/AN2 P42/AN2 P42/AN2

106 P43/AN3 P43/AN3 P43/AN3 P43/AN3

107 P44/AN4 P44/AN4 P44/AN4 P44/AN4

108 P45/AN5 P45/ANS P45/AN5 P45/AN5

109 P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO

110 P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DA1

111 P90/AN8 P90/AN8 P90/AN8 P90/AN8

112 P91/AN9 P91/AN9 P91/AN9 P91/AN9

14
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Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
115 AVSS AVSS AVSS AVSS
116 MDO MDO MDO MDO
117 MD1 MD1 MD1 MD1
118 MD2 MD2 MD2 MD2
119 PFO/IRQ2 PFO/IRQ2 PFO/IRQ2 PFO/IRQ2
120 A15 Al5 PB7/A15/TIOCB5 PB7/TIOCB5
121 Al4 Al4 PB6/A14/TIOCAS PB6/TIOCA5
122 A13 A13 PB5/A13/TIOCB4 PB5/TIOCB4
123 Al12 Al12 PB4/A12/TIOCA4 PB4/TIOCA4
124 All All PB3/A11/TIOCD3 PB3/TIOCD3
125 A10 A10 PB2/A10/TIOCC3 PB2/TIOCC3
126 A9 A9 PB1/A9/TIOCB3 PB1/TIOCB3
127 VSS VSS VSS VSS
128 A8 A8 PBO/A8/TIOCA3 PBO/TIOCA3
Notes: NC pins should be connected to VSS or left open.

*1 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
the U-mask and W-mask versions.

These functions cannot be used with the other versions.
See section 22A.7, Subclock Oscillator, for the method of fixing pins OSC1 and OSC2.
The H8S/2639 has no OSC1 and OSC2 pins.
*2 These pins are used for the I°C bus interface.

The I2C bus interface is available as an option (H8S/2638, H8S/2639 only). The product
equipped with the 12C bus interface is the W-mask version.

*3 The FWE pin is for compatibility with the flash memory version.

The FWE pin is a NC pin in the mask ROM versions.
In the mask ROM version, the FWE pin must be left open or be connected to Vss.
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133 Pin Functions
Table 1-3 outlines the pin functions of the H8S/2636.

Table1-3 Pin Functions

Type Symbol I/O Name and Function
Power VCC Input Power supply: For connection to the power supply.
All VCC pins should be connected to the system power
supply.
VSS Input Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).
VCL Output  On-chip step-down power supply pin: The VCL pin

need not be connected to the power supply. Connect
this pin to VSS via a 0.1 uF capacitor (placed close to

the pins).
Clock PLLVSS Input PLL ground: Ground for on-chip PLL oscillator.
PLLCAP Input PLL capacitance: External capacitance pin for on-chip

PLL oscillator.

XTAL Input Connects to a crystal oscillator.
See section 22A, 22B, Clock Pulse Generator, for
typical connection diagrams for a crystal oscillator.

EXTAL Input Connects to a crystal oscillator.
See section 22A, 22B, Clock Pulse Generator, for
typical connection diagrams for a crystal oscillator.

oscC1+! Input Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 22A, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.

osc2*! Input Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 22A, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.

%) Output  System clock: Supplies the system clock to an external
device.
HCAN HTxDO, Output  HCAN transmit data. Pin for CAN bus transmission.
HTxD1
HRxDO, Input HCAN receive data. Pin for CAN bus reception.
HRxD1

16
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Type

Symbol

110

Name and Function

Operating mode MD2 to MDO

control

Input

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2636 is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4
Mode 5
Mode 6
Mode 7

[EnY
o
RO, O, | O|Fr|O

System control

Input

Reset input: When this pin is driven low, the chip is
reset.

STBY

Input

Standby: When this pin is driven low, a transition is
made to hardware standby mode.

FWE*?

Input

Flash write enable: Pin for flash memory use (in
planning stage).

Interrupts

NMI

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ5 to IRQO Input

Interrupt request 5 to 0: These pins request a
maskable interrupt.

Address bus

A23 to AO

Output

Address bus: These pins output an address.

Data bus

D15 to DO

110

Data bus: These pins constitute a bidirectional data
bus.

17
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Type Symbol I/0 Name and Function
Bus control AS Output  Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

RD Output  Read: When this pin is low, it indicates that the
external address space can be read.

HWR Output  High write: A strobe signal that writes to external space
and indicates that the upper half (D15 to D8) of the
data bus is enabled.

LWR Output  Low write: A strobe signal that writes to external space
and indicates that the lower half (D7 to DO) of the data
bus is enabled.

16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, I/O Input capture/ output compare match AO to DO:

TIOCBO, The TGROA to TGROD input capture input or output

TIOCCO, compare output, or PWM output pins.

TIOCDO

TIOCAL, I/0 Input capture/ output compare match Al and B1:

TIOCB1 The TGR1A and TGR1B input capture input or output
compare output, or PWM output pins.

TIOCAZ2, I/O Input capture/ output compare match A2 and B2:

TIOCB2 The TGR2A and TGR2B input capture input or output
compare output, or PWM output pins.

TIOCAS, I/O Input capture/ output compare match A3 to D3:

TIOCB3, The TGR3A to TGR3D input capture input or output

TIOCCS, compare output, or PWM output pins.

TIOCD3

TIOCAA4, I/O Input capture/output compare match A4 and B4:

TIOCB4 The TGR4A and TGR4B input capture input or output
compare output, or PWM output pins.

TIOCAS, I/0 Input capture/output compare match A5 and B5:

TIOCB5 The TGR5A and TGR5B input capture input or output

compare output, or PWM output pins.

Programmable PO15 to PO8 Output

pulse generator
(PPG)

Pulse output 15 to 8: Pulse output pins.

18
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Type Symbol le] Name and Function

Serial TxD2, Output  Transmit data (channel 0, 1, 2): Data output pins.

communication  TxD1,

interface (SCI)/  TxDO

Smart Card RxD2, Input  Receive data (channel 0, 1, 2): Data input pins.

interface RxD1

RxDO

SCK2, 110 Serial clock (channel 0, 1, 2): Clock 1/O pins.

SCK1 ;

' The SCKO output type is NMOS push-pull.

SCKO put typ p p

A/D converter AN11 to ANO Input Analog 11 to 0: Analog input pins.

ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.

D/A converter DA1, DAO Output  Analog output: Analog output pins for D/A converter.

A/D converter, AVCC Input A/D converter and D/A converter power supply pin

D/A converter When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

AVSS Input Ground pin for A/D converter and D/A converter
Connect to system power supply (0 V).

Vref Input A/D converter and D/A converter reference voltage
input pin
When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

1/0O ports P17to P10 1/O Port 1: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 1 data
direction register (P1DDR).

P35to P30 1/O Port 3: A 6-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40  Input Port 4: An 8-bit input port.

P93to P90  Input Port 9: A 4-bit input port.

PA3to PAO 1/O Port A: A 4-bit I/O port. Input or output can be
designated for each bit by means of the port A data
direction register (PADDR).

PB7to PBO 1/O Port B: An 8-bit I/O port. Input or output can be

designated for each bit by means of the port B data
direction register (PBDDR).

19
HITACHI



Type Symbol I/0 Name and Function

1/0 ports PC7to PCO 1/O Port C: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

PD7to PDO 1/O Port D: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port D data
direction register (PDDDR).

PE7to PEO 1/O Port E: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7 to PF3, 1/0 Port F: A 6-bit I/O port. Input or output can be

PFO designated for each bit by means of the port F data
direction register (PFDDR).

PH7 to PHO 1/O Port H: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port B data
direction register (PHDDR).

PJ7 to PJO I/O Port J: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port J data
direction register (PJDDR).

Motor control PWM1A to Output  PWM output: Motor control PWM channel 1 output pins
PWM PWM1H

PWM2A to Output PWM output: Motor control PWM channel 2 output pins

PWM2H

PWMVCC Input PWM Power Supply: Power supply pin for motor-
control PWM.

Connect to the system power supply (+5 V) when the
motor-control function is not used.

PWMVSS Input PWM Ground: Ground pin for motor-control PWM.
Connect to the system power supply (0 V).

I°C bus interface  SCLO, SCL1 1/0 I°C clock input/output (Channel 0/1): 1°C clock

(lIC) (Option) input/output pins that have bus-driving capability. The
(Only for the W- output of SCLO is an NMOS open-drain type.

mask version of -

the H8S/2638 and SPAO, SDAL  I/O I°C data input/output (Channel 0/1): I°C data

H8S/2639)

input/output pins that have bus-driving capability. The
output of SDAO is an NMOS open-drain type.

Notes: *1 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in
the U-mask and W-mask versions.

These functions cannot be used with the other versions.
See section 22A.7, Subclock Oscillator, for the method of fixing pins OSC1 and OSC2.
The H8S/2639 has no OSC1 and OSC2 pins.

*2 The FWE pin is functional only in the flash memory version. The FWE pin is a NC pin in
the mask ROM versions. In the mask ROM version, the FWE pin must be left open or

be connected to Vss.
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14 Differences between H852636, H8S5/2638, and H85/2639

There are four versions of the H85/2636, including ROM and U-mask options; there are six four
versions of the H85/2638, including ROM, U-mask, and W-mask options; and there are four
versions of the H8S/2639, including ROM, U-mask, and W-mask options.

The specifications of these products are compared in table 1-4 below.

Table1.4 Comparison of Product Specifications
Product specifications
Product Subclock | I°C bus Power-down
type Model ROM RAM function interface | modes
H8S/2636 HD64F2636F 128 kBon- | 4kB No No See section
chip flash SRAM 23A, Power-
memory Down Modes
HD64F2636UF Yes See section
23B, Power-
Down Modes
HD6432636F 128 kB No No See section
mask ROM 23A, Power-
Down Modes
HD6432636UF Yes See section
23B, Power-
Down Modes
H8S/2638 HD64F2638F 256 kBon- | 16 kB No No See section
chip flash SRAM 23A, Power-
memory Down Modes
HD64F2638UF Yes See section
HD64F2638WF Yes 23B, Power-
Down Modes
HD6432638F 256 kB No No See section
mask ROM 23A, Power-
Down Modes
HD6432638UF Yes See section
HD6432638WF Yes 23B, Power-
Down Modes
H8S/2639* HD64F2639UF 256 kB on- No
HD64F2639wWF | chip flash Yes
memory
HD6432639UF 256 kB No
HD6432630WF | Mask ROM Yes

Note: * For details of the H8S/2639 clock pulse generator, see section 22B, Clock Pulse Generator
(H8S/2639 Series).

HITACHI
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Section2 CPU

21 Overview

The H8S5/2600 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2600 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for reatime control.

211 Features

The H8S/2600 CPU has the following features.

L]

Upward-compatible with H8/300 and H8/300H CPUs
0 Can execute H8/300 and H8/300H object programs

General-register architecture

O Sixteen 16-hit general registers (also usable as sixteen 8-hit registers or eight 32-bit
registers)

Sixty-nine basic instructions

O 8/16/32-hit arithmetic and logic instructions
O Multiply and divide instructions

O Powerful bit-manipulation instructions

0 Multiply-and-accumulate instruction

Eight addressing modes

0 Register direct [Rn]

O Register indirect [@ERN]

0 Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]

0 Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
0 Absolute address [@aa:8, @aa: 16, @aa: 24, or @aa:32]

O Immediate [#xX:8, #xx:16, or #xx:32]

O Program-counter relative [@(d:8,PC) or @(d:16,PC)]

0 Memory indirect [@@aa:8]

16-Mbyte address space
O Program: 16 Mbytes
0 Data: 16 Mbytes (4 Gbytes architecturally)
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High-speed operation

O All frequently-used instructions execute in one or two states
0 Maximum clock rate : 20 MHz

0 8/16/32-bit register-register add/subtract : 50 ns

O 8 x 8-hit register-register multiply : 150 ns

O 16 + 8-hit register-register divide : 600 ns

0 16 x 16-hit register-register multiply : 200 ns

0 32+ 16-bit register-register divide : 1000 ns

Two CPU operating modes
0O Norma mode*
0 Advanced mode

Note: * Not availablein the H8S/2636, H85/2638, and H8S/2639.

Power-down state
O Trangition to power-down state by SLEEP instruction
O CPU clock speed selection

212 Differences between H85/2600 CPU and H85/2000 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
H85/2600 CPU.

Number of execution states

The number of execution states of the MULXU and MUL XS instructionsis different in each
CPU.

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

213 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2600 CPU has the following enhancements.

« Moregeneral registers and control registers

O Eight 16-bit expanded registers, and one 8-bit and two 32-bit control registers, have been
added.

e Expanded address space
O Norma mode* supports the same 64-kbyte address space as the H8/300 CPU.
0 Advanced mode supports a maximum 16-M byte address space.

Note: * Not available in the H85/2636, H85/2638, and H8S5/2639.

« Enhanced addressing

0 The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

¢ Enhanced instructions

Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.

A multiply-and-accumulate instruction has been added.

Two-bit shift instructions have been added.

Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

O Ooooogod

* Higher speed
0 Basic instructions execute twice as fast.

214 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2600 CPU has the following enhancements.

e Additional control register
0 One 8-bit and two 32-bit control registers have been added.

* Enhanced instructions
0 Addressing modes of bit-manipulation instructions have been enhanced.
O A multiply-and-accumulate instruction has been added.
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0O Two-bit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
0O A test and set instruction has been added.

» Higher speed

0O Basicinstructions execute twice as fast.

2.2 CPU Operating M odes

The H8S/2600 CPU has two operating modes: normal and advanced. Norma mode* supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Ghytes for
program and data areas combined). The mode is selected by the mode pins of the microcontroller.

Note: * Not available in the H8S/2636, H8S/2638, and H8S/2639.

Normal mode* Maximum 64 kbytes, program
and data areas combined

CPU operating modes }7

Maximum 16-Mbytes for

—{ Advanced mode | program and data areas
combined

Note: * Not available in the H8S/2636, H8S/2638, and H8S/2639.

Figure2-1 CPU Operating Modes
(1) Normal Mode (Not Availablein the H852636, H8S52638, and H85/2639)
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed.

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-hit registers. When En is used as a 16-bit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If the
general register isreferenced in the register indirect addressing mode with pre-decrement (@-Rn)
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.
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Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.

Exception Vector Tableand Memory Indirect Branch Addresses: In norma mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits (figure 2-2). The exception vector table differs depending on the microcontroller. For details
of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001
H'0002 |
H'0003
H'0004 | |
H'0005 | (Reserved for system use) - .
H'0006 Exception

Ho007 | 17 vector table
H'0008
H'0009
H'000A
H'000B

Reset exception vector

Exception vector 1

Exception vector 2

O

Figure2-2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-hit absolute address included in the instruction code to specify a memory operand 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'0000 to H'0OOFF. Note
that this areais also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onto
the stack in exception handling, they are stored as shown in figure 2-3. When EXR isinvalid, it is
not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

SP—~| PC SP— EXR*1
(16 bits) v Reserved™! "3
(SP—) CCR
\/\ CCR*s
- - - - PC -
(16 bits)
(@) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure2-3 Stack Structurein Normal Mode
(2) Advanced Mode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally
amaximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

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 or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 2-4).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved h
Reset exception vector
H'00000003
H00000004 | | Reserved |
H'00000007 | o
H'00000008
"1 » Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | ]
H'00000010 | Reserved |
o Exception vector 1 o

Figure2-4 Exception Vector Table (Advanced M ode)

The memory indirect addressing mode (@@aa 8) employed in the IMP and JSR instructions uses
an 8-hit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are areserved areathat is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
first part of thisrange is aso the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a
subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 2-5. When
EXRisinvalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

SP— EXR"1
Sp— Reserved Reserved™! *3
”””””””””””””””””””” (SP %) CCR
PC
(24 bits) PC
(24 bits)
(@) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure2-5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2-6 shows a memory map of the H8S/2600 CPU. The H8S/2600 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
HFFFF Program area
H'00FFFFFF
Data area
Cannot be
used by the
H8S/2636,
H8S/2638, and
H8S/2639
H'FFFFFFFF
(&) Normal Mode* (b) Advanced Mode
Note: * Not available in the H8S/2636, H8S/2638, and H8S/2639.
Figure 2-6 Memory Map
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24 Register Configuration

24.1 Overview

The CPU hastheinternal registers shown in figure 2-7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0

| PC |

76543210
EXR |T|=|—|—[-[12]i1]i0]

76543210
cer [ 1ulH|u|N|z]v|c]

63 41 32
MAC Sign extension MACH
MACL

31 0
Legend
SP: Stack pointer H: Half-carry flag
PC: Program counter (UK User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit MAC:  Multiply-accumulate register

ul: User bit or interrupt mask bit*

Note: * Cannot be used as an interrupt mask bit in the H8S/2636, H8S/2638, and H8S/2639.

Figure2-7 CPU Registers
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24.2 General Registers

The CPU has eight 32-bit general registers. These general registers are al functionally alike and
can be used as both address registers and data registers. When a general register is used as adata
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-bit registers or address registers, they are designated by the letters ER (ERO to ER7).

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

The R registers divide into 8-bit genera registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2-8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

« Address registers

» 32-bit registers ¢ 16-bit registers * 8-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)

Figure2-8 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-9 shows the
stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure2-9 Stack

24.3 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC).

(1) Program Counter (PC): This 24-hit counter indicates the address of the next instruction the
CPU will execute. The length of all CPU instructions is 2 bytes (one word), so the least significant
PC bit isignored. (When an instruction is fetched, the least significant PC bit isregarded as 0.)

(2) Extended Control Register (EXR): This 8-bit register contains the trace bit (T) and three
interrupt mask bits (12 to 10).

Bit 7—Trace Bit (T): Selects trace mode. When this bit is cleared to O, instructions are executed
in sequence. When this bit is set to 1, atrace exception is generated each time an instruction is
executed.

Bits 6 to 3—Reserved: These bits are reserved. They are always read as 1.
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Bits 2 to O—Interrupt Mask Bits (12 to 10): These bits designate the interrupt mask level (0 to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR): This 8-hit register contains internal CPU status
information, including an interrupt mask bit (1) and half-carry (H), negative (N), zero (2),
overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details, refer to section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry 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
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Storesthe value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Setto 1 to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:

e Addinstructions, to indicate a carry
¢ Subtract instructions, to indicate a borrow
* Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is aso used as a bit accumulator by bit manipulation instructions.
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Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, List of Instructions.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

(4) Multiply-Accumulate Register (MAC): This 64-bit register stores the results of multiply-
and-accumul ate operations. It consists of two 32-bit registers denoted MACH and MACL. The
lower 10 bits of MACH are valid; the upper bits are a sign extension.

244 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clearsthe
trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR hits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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25 Data Formats

The 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, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit

BCD data.

251 General Register Data Formats

Figure 2-10 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data RnH 7 0
7]6]s|4[3[2]1[o]  Dontcare |
1-bit data ReL
| Dontcare |7]6[5]4]3]2[1]0]
4-bit BCD data RnH 7 43 O
| Upper | Lower |  Dontcare |
4-bit BCD data rRo 7 43 0
. Dontcare | upper | Lower |
Byte data RnH 7 0O
: | Don't care ,
MSB Lsg T
Byte data rRo. 7 0
: Don't care | Lo
""""""""""" MSB LSB

Figure2-10 General Register Data Formats

HITACHI
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Data Type Register Number Data Format

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERn

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

Figure2-10 General Register Data Formats (cont)
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252 Memory Data For mats

Figure 2-11 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significant
bit of the address is regarded as 0, so the access starts at the preceding address. This also appliesto
instruction fetches.

Data Type Data Format
Address /\/
1-bit data AddressL| 7|6 |54 |3 |21
Byte data AddressL |MSB: @ i 1 . i|SB
Word data Address 2M |MsB; 1
Address 2M + 1 ELSB
Longword data Address 2N [MSB: ¢+ 1 0
Address2N+1| . 1 1
Address 2N + 2
Address 2N + 3 R

Figure2-11 Memory Data Formats

When ER7 is used as an address register to access the stack, the operand size should be word size
or longword size.

39
HITACHI




2.6 Instruction Set

2.6.1 Overview

The H8S/2600 CPU has 69 types of instructions. The instructions are classified by function in

table 2-1.

Table2-1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*', PUSH** WL
LDM*®, STM*® L
MOVFPE*?, MOVTPE*? B
Arithmetic ADD, SUB, CMP, NEG BWL 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —
Block data transfer EEPMOV — 1

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.

*2 Bcc is the general name for conditional branch instructions.
*3 Not available in the H8S/2636, H8S/2638, and H8S/2639.

Total: 69 types

*4 Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
*5 Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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26.2 Instructions and Addressing M odes

Table 2-2 indicates the combinations of instructions and addressing modes that the H8S/2600 CPU
can use.

Table2-2 Combinations of Instructions and Addressing M odes
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26.3 Table of Instructions Classified by Function

Table 2-3 summarizes the instructions in each functional category. The notation used in table 2-3
is defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*
ERn General register (32-bit register)
MAC Multiply-accumulate 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
g Logical AND
O Logical OR
O Logical exclusive OR
- Move
- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit 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).

43
HITACHI



Table 2-3

Instructions Classified by Function

Type Instruction Size**  Function
Data transfer 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 the H8S/2636, H8S/2638, and
H8S/2639.

MOVTPE B Cannot be used in the H8S/2636, H8S/2638, and
H8S/2639.

POP Wi/L @SP+ - Rn
Pops a 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 WiL Rn - @-SP
Pushes a 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.
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Type Instruction Size**  Function
Arithmetic ADD B/W/L Rd+Rs - Rd, Rdz*#MM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd+Rs+C - Rd, Rd+#MM+C - Rd
SUBX Performs addition or subtraction with carry or borrow on
byte data in two general registers, or on immediate data
and data in a general register.
INC B/W/L Rd+1-Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1 -5 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 the 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 hits - 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.
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Type Instruction Size**  Function
Arithmetic DIVXS B/W Rd+Rs - Rd
operations 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 quotient 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 CCR
bits according to the result.
NEG B/WI/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-hit 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.
MAC — (EAs) x (EAd) + MAC — MAC
Performs signed multiplication on memory contents and
adds the result to the multiply-accumulate register. The
following operations can be performed:
16 bits x 16 bits + 32 bits - 32 bits, saturating
16 bits x 16 bits + 42 bits — 42 bits, non-saturating
CLRMAC — 0 -~ MAC
Clears the multiply-accumulate register to zero.
LDMAC L Rs - MAC, MAC - Rd
STMAC Transfers data between a general register and a
multiply-accumulate register.
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Type Instruction Size**  Function
Logic AND B/W/L RdORs - Rd, RdO#IMM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/L - (Rd) - (Rd)
Takes the one's complement of general register
contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) - Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) —» Rd
ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.
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Type Instruction

Size*!

Function

Bit- BSET
manipulation
instructions

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

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

= (<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

= (<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

BIAND

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

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

C O[ - (<bit-No.> of <EAd>)] -~ C

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

BIOR

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

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

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

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.
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Type Instruction Size**  Function
Bit- BXOR B C U (<bit-No.> of <EAd>) - C
manipulation Exclusive-ORs the carry flag with a specified bit in a
instructions general register or memory operand and stores the
result in the carry flag.
BIXOR B C O - [ (<bit-No.> of <EAd>)] - C
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 = (<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 - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a
general register or memory operand.
BIST B = C - (<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.
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Type Instruction Size**  Function
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cOz=0
BLS Low or same coz=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 Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONO V) =0
BLE Less or equal ZONO V) =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
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Type

Instruction

Size*!

Function

System control
instructions

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 source 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 hits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

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

ANDC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

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.
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Type Instruction Size**  Function

Block data EEPMOV.B — if R4L 0 then
transfer Repeat @ER5+ —~ @ERG6+
instruction R4L-1 - R4L
UntiiR4L =0
else next;
EEPMOV.W — if R4 0 then
Repeat @ER5+ —~ @ERG6+
R4-1 - R4
UntiiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERS6.

R4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

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

Notes: *1 Size refers to the operand size.

B: Byte
wW:  Word
L: Longword

*2 Only registers ERO to ER6 should be used when using the STM/LDM instruction.
*3 Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

2.6.4 Basic I nstruction For mats

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

(1) Operation Field: Indicates the function of the instruction, the addressing mode, and the
operation to be carried out on the operand. The operation field aways includes the first four bits of
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifiesageneral register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

(3) Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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Figure 2-12 shows examples of instruction formats.

(1) Operation field only

op

(2) Operation field and register fields

op

m

m

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

op

m

m

EA (disp)

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

op

CcC

EA (disp)

NOP, RTS, etc.

ADD.B Rn, Rm, etc.

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

BRA d:16, etc

Figure2-12 Instruction Formats (Examples)

HITACHI
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2.7 Addressing M odes and Effective Address Calculation

271 Addressing Mode

The CPU supports the eight addressing modes listed in table 2-4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absol ute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2-4 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 @ERN+
Register indirect with pre-decrement @-ERn
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

(1) Register Direct—Rn: The register field of the instruction specifies an 8-, 16-, or 32-hit
genera register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified
as 32-bit registers.

(2) Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand on memory. If the address is a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn): A 16-bit or 32-hit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of a memory operand. A 16-bit
displacement is sign-extended when added.
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(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn:

Register indirect with post-increment—@ERN+

Theregister field of the instruction code specifies an address register (ERn) which contains the
address of amemory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sumis stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

Register indirect with pre-decrement—@-ERn

Thevalue 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. The value subtracted is 1 for byte access, 2 for word transfer
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) Absolute Address—@aa:8, @aa: 16, @aa: 24, or @aa:32: Theinstruction code contains the
absolute address of a memory operand. The absolute address may be 8 hits long (@aa:8), 16 bits
long (@aa:16), 24 bits long (@aa:24), or 32 bitslong (@aa:32).

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 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address can
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 2-5 indicates the accessible absol ute address ranges.

Table2-5 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode

Data address 8 bits (@aa:8) H'FFOO0 to H'FFFF H'FFFFOO0 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

Note: * Not available in the H8S/2636, H8S/2638, and H8S/2639.
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(6) Immediate—#xx:8, #xx:16, or #xx:32: The instruction contains 8-bit (#xx:8), 16-hit
(#xx:16), or 32-bit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some it

mani pulation instructions contain 3-bit immediate datain the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-bit PC contents to generate a 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 which 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 to
+16384 words) from the branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to be O,
so the address range is 0 to 255 (H'0000 to H'00FF in normal mode*, H'000000 to H'0000FF in
advanced mode). In normal mode* the memory operand is aword operand and the branch address
is 16 bitslong. In advanced mode the memory operand is alongword operand, the first byte of
which is assumed to be all 0 (H'00).

Note that the first part of the address range is al so the exception vector area. For further details,
refer to section 4, Exception Handling.

Note: * Not available in the H8S/2636, H8S5/2638, and H85/2639.
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J\ \/_\

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

\_/_\

Branch address

(a) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2636, H8S/2638, and H8S/2639.

Figure2-13 Branch Address Specification in Memory Indirect Mode

If an odd addressis specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

272 Effective Address Calculation

Table 2-6 indicates how effective addresses are calculated in each addressing mode. In normal
mode* the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.

Note: * Not available in the H8S/2636, H85/2638, and H8S/2639.
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Effective Address Calculation

Table 2.6
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2.8 Processing States

281 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2-14 shows a diagram of the
processing states. Figure 2-15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode

Power-down state Software standby

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
subactive mode, subsleep mode, and watch mode.
See section 23A and 23B, Power-Down Modes, for details.

Figure2-14 Processing States
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End of bus request

Bus request

Sleep mode

instruction
witl
SSBY =1

Reset state

Reset state *1 - . T Hardware standby mode*2

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 Apart from these states, there are also the watch mode, subactive mode, and the subsleep mode.
See section 23A, 23B, Power-Down Modes.

Figure2-15 State Transitions

2.8.2 Reset State

When the RES goes low, all current processing stops and the CPU enters the reset state. In reset
state all interrupts are disenabl ed.

Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 12,
Watchdog Timer.
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283 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Typesof Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 2-7
indicates the types of exception handling and their priority. Trap instruction exception handling is

always accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SY SCR.

Table2-7 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing

Start of Exception Handling

High Reset Synchronized with clock
A

Exception handling starts
immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Trace End of instruction
execution or end of
exception-handling
sequence**

When the trace (T) bit is set to
1, the trace starts at the end of
the current instruction or current
exception-handling sequence

Interrupt End of instruction
execution or end of
exception-handling

When an interrupt is requested,
exception handling starts at the
end of the current instruction or

sequence*? current exception-handling
sequence
Trap instruction When TRAPA instruction Exception handling starts when
Y is executed a trap (TRAPA) instruction is

Low

executed*?

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception-handling is not

executed at the end of the RTE instruction.

*2 Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,

or immediately after reset exception handling.

*3 Trap instruction exception handling is always accepted, in the program execution state.

HITACHI
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(2) Reset Exception Handling

After the RES pin has gone low and the reset state has been entered, when RES goes high again,
reset exception handling starts. The CPU enters the reset state when the RES is low. When reset
exception handling starts the CPU fetches a start address (vector) from the exception vector table
and starts program execution from that address. All interrupts, including NMI, are disabled during
reset exception handling and after it ends.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXR
isset to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of atrace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retainsits value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace modeis not entered in interrupt control mode O, regardless of the state of the T bit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2-16 shows the stack after exception handling ends.
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Normal mode*2

SP-—~

CCR

CCR™!

PC
(16 bits)

\\\5_’///////'“\\\

(a) Interrupt control mode O

Advanced mode

SP—~

CCR

- _ PC I
. (24 bits) L

\\\5_’///////'“\\\

(c) Interrupt control mode O

Notes: *1 Ignored when returning.
*2 Not available in the H8S/2636, H8S/2638, and H8S/2639.

sp—

sp—

J\

EXR
Reserved!

CCR

CCR'1

PC
(16 bits)

\\\5_’///////"\\\

(b) Interrupt control mode 2

\\\5_’///////"\\\

EXR
Reserved™!
CCR

- __ PC o
. (24 bits) L

\\\5_’///////"\\\

(d) Interrupt control mode 2

Figure2-16 Stack Structure after Exception Handling (Examples)
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284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.85 Bus-Released State

Thisis astate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the busis released, the CPU halts operations.

Bus masters other than the CPU is data transfer controller (DTC).

For further details, refer to section 7, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode, and watch mode. There are also
three other power-down modes: medium-speed mode, module stop mode, and subactive mode. In
medium-speed mode the CPU and other bus masters operate on a medium-speed clock. Module
stop mode permits halting of the operation of individual modules, other than the CPU. Subactive
mode, subsleep mode, and watch mode are power-down states using subclock input. For details,
refer to section 23A, 23B, Power-Down Modes.

(1) Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while
the software standby bit (SSBY) in the standby control register (SBY CR) iscleared to 0. In Sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents of
CPU registers are retained.

(2) Software Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY hit in SBY CRis set to 1, the LSON bit in LPWRCR is set
to 0, and the PSS bit in TCSR (WDT1) is set to 0. In software standby mode, the CPU and clock
halt and all MCU operations stop. Aslong as a specified voltage is supplied, the contents of CPU
registers and on-chip RAM are retained. The 1/O ports also remain in their existing states.

(3) Hardware Standby Mode: A transition to hardware standby mode is made when the STBY
pin goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop.
The on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip
RAM contents are retained.
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2.9 Basic Timing

291 Overview

The H8S/2600 CPU is driven by a system clock, denoted by the symbol @. The period from one
rising edge of gto the next isreferred to as a"state." The memory cycle or bus cycle consists of
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

292 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word transfer instruction. Figure 2-17 shows the on-chip memory access cycle. Figure 2-18 shows
the pin states.

Internal address bus X Address X
Read Internal read signal \ /
ea ! !
access 1
Internal data bus : ( Read data >—
Internal write signal N\ /
Write ! !
access 1 ‘
Internal data bus {_ Writedata )}——

Figure2-17 On-Chip Memory Access Cycle
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Address bus ! Unchanged

AS High
RD High
FWR, LWR High
Data bus 3I-Iigh-impedance statei

Figure2-18 Pin Statesduring On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data busis either 8 bits or 16 bits
wide, depending on the particular internal 1/O register being accessed. Figure 2-19 shows the
access timing for the on-chip supporting modules. Figure 2-20 shows the pin states.

Bus cycle

Internal address bus >< Address ><
Internal read signal N\ /

Read

access ! / \
Internal data bus : \ Read data >—
Internal write signal \ /

Write |

access f 3
Internal data bus ; < Write data >—

Figure2-19 On-Chip Supporting Module Access Cycle
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Bus cycle

70

Address bus | Unchgnged |

AS Hijgh

RD High

Data bus High-impe(jdance state
Figure2-20 Pin St;tes during On-Chip Supporting M odule‘Access
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294 On-Chip HCAN Module Access Timing

On-chip HCAN module accessis performed in four states. The data bus width is 16 bits. Wait
states can be inserted by means of await request from the HCAN. On-chip HCAN module access
timing is shown in figures 2-21 and 2-22, and the pin states in figure 2-23.

Bus cycle

TL |, T2 13 . T4

: N e N N N

Internal address bus X ! Address

HCAN read signal N\

Internal data bus

Read

K
/

HCAN write signal N\ :

Write

Internal data bus ————( | Write data

Figure2-21 On-Chip HCAN Module Access Cycle (No Wait State)

! Bus cycle !
T T2 T3 Tw . Tw __ T4 |
Internal address bus X Address ><
HCAN read signal N\ L/
Reac S I
Internal data bus ‘ ( Read data »—
HCAN write signal N\ ; ; ; ! b 1
Write | | 1
Internal data bus — Write data —

Figure2-22 On-Chip HCAN Module Access Cycle (Wait States I nserted)

71
HITACHI




Bus cycle

Address bus | | H(%;Id
- o
Data bus High-impecjjance stat(je

Figure2-23 Pin Statesin On-Chip HCAN Module Access
295 Port H and J Register Access Timing

Accesses to port H and J registers and the on-chip motor control PWM timer module are
performed in four states. The data bus width is 8 or 16 bits depending on the internal 1/O register.

Accesstiming for port H and Jregisters and the on-chip motor control PWM timer moduleis
shown in figure 2-24, and the pin states are shown in figure 2-25.
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Bus cycle

_ T T2 L T3 o T4 N
o B U U A U B W
Internal address :
bus ! Address !
Read signal \ /
Read Internal data : : :
! ! S oo e |
bus 3 i { ' Readdata |——
Write signal \ /
Write ‘
Internal data [ ! \Write data |
bus \ ; 1 :

Figure2-24 Access Cyclefor PortsH and J Registersand On-Chip Motor Control
PWM Timer Module

- Bus cycle o

_ T1 — T2 o T3 e T4 .
Y W U e W W
Address bus H(;,Id
Data bus High impedance

Figure2-25 Pin Statesin Accessto PortsH and J Registersand On-Chip Motor Control
PWM Timer Module
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296 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 7, Bus Controller.

210 UsageNote

2.10.1 TASInstruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Hitachi H8S and H8/300 series C/C++ compilers. If the TAS
instruction is used as a user-defined intrinsic function, ensure that only register ERO, ER1, ER4, or
ER5 is used.

2.10.2 STM/LDM Instructions

With STM and LDM instructions, register ER7 cannot be used as a register that can be saved
(STM) or restored (LDM) sinceit is the stack pointer.

The number of registers that can be saved (STM) or restored (LDM) by a single instruction is two,
three, or four. The registers that can be used in these cases are as follows.

Two registers: ERO-ER1, ER2-ER3, ER4-ER5
Three registers: ERO-ER2, ER4-ER6
Four registers: ERO-ER3

The Hitachi H8S and H8/300 Series C/C++ compilers do not generate STM/LDM instructions that
include ER7.

2.10.3 Caution to Observe when Using Bit Manipulation I nstructions

The BSET, BCLR, BNOT, BST and BIST instructions read datain aunit of byte, then, after bit
manipulation, they write datain a unit of byte. Therefore, caution must be exercised when
executing any of these instructions for registers and ports that include write-only bits.

The BCLR instruction can be used to clear the flag of an internal 1/0 register to 0. In that case, if it
is clearly known that the pertinent flag is set to 1 in an interrupt processing routine or other
processing, there is no need to read the flag in advance.
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Section 3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

The H85/2636, H85/2638 and H8S/2639 have four operating modes (modes 4 to 7). These modes
enable selection of the CPU operating mode, enabling/disabling of on-chip ROM, and theinitial
bus width setting, by setting the mode pins (MD2 to MDO).

Table 3-1 lists the MCU operating modes.

Table3-1 MCU Operating Mode Selection

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

0* 0 0 0 — — — — —

1* 1 —

2* 1 0

3 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits
expanded mode

5 1 8 bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode — —

Note: * Not available in the H8S/2636, H8S/2638, and H8S/2639.

The CPU’ s architecture allows for 4 Ghbytes of address space, but the chip actually accesses a
maximum of 16 Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bus
controller setting. If 16-bit accessis selected for any one area, 16-bit bus mode is set; if 8-bit
access is selected for all areas, 8-bit bus mode is set.

Note that the functions of each pin depend on the operating mode.
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The H85/2636 and H8S/2638 can be used only in modes 4 to 7. This means that the mode pins
must be set to select one of these modes. Do not change the inputs at the mode pins during
operation.

312 Register Configuration

The H85/2636, H8S/2638 and H85/2639 have a mode control register (MDCR) that indicates the
inputs at the mode pins (MD2 to MDQ), and a system control register (SY SCR) that controls the
operation of the chip. Table 3-2 summarizes these registers.

Table3-2 MCU Registers

Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDES
Pin function control register PFCR R/W H'0OD/H'00 H'FDEB

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

321 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 | MDS1 | MDSO

Initial value : 1 0 0 0 0 —* —* —*

R/W : — — — — — R R R

Note: * Determined by pins MD2 to MDO.

MDCR is an 8-hit read-only register that indicates the current operating mode of the chip.
Bit 7—Reserved: Thisbit isawaysread as 1 and cannot be modified.
Bits 6 to 3—Reserved: These bits are aways read as 0 and cannot be modified.

Bits2 to 0—Mode Select 2to 0 (MDS2 to MDSD0): These bits indicate the input levels at pins
MD2 to MDO (the current operating mode). Bits MDS2 to MDSO correspond to MD2 to MDO.
MDS2 to MDSO are read-only bits, and they cannot be written to. The mode pin (MD2 to MDO)
input levels are latched into these bits when MDCR isread. These latches are cancelled by a reset.
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322 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
MACS — INTM1 | INTMO | NMIEG — — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W — — R/W

SY SCR is an 8-hit readable-writable register that selects saturating or non-saturating cal culation
for the MAC instruction, selects the interrupt control mode, selects the detected edge for NMI, and
enables or disenables on-chip RAM.

SYSCRisinitialized to H'01 by areset and in hardware standby mode. SY SCR is not initialized in
software standby mode.

Bit 7—MAC Saturation (MACYS): Selects either saturating or non-saturating calculation for the
MAC instruction.

Bit 7

MACS Description

0 Non-saturating calculation for MAC instruction (Initial value)
1 Saturating calculation for MAC instruction

Bit 6—Reserved: Thisbit is aways read as 0 and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTMO0): These hits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Control of interrupts by | bit (Initial value)
1 — Setting prohibited
1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited
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Bit 3—NM| Edge Sdlect (NMIEG): Selectsthe valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bit 2— Reserved: Only 0 should be written to this bit.
Bit 1—Reserved: Thisbit is always read as 0 and cannot be modified.

Bit 0—RAM Enable (RAME): Enables or disablesthe on-chip RAM. The RAME bit is
initialized when the reset status is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC is used, the RAME bit must not be cleared to 0.

323 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
— — — — AE3 AE2 AE1l AEO

Initial value : 0 0 0 0 1/0 1/0 0 1/0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable-writeable register that performs address output control in extension
modes involving ROM.

PFCR isinitialized to H'OD/H'00 by areset and in the hardware standby mode.
Bits 7 to 4— Reserved: Only 0 should be written to these bits.

Bits 3to 0—Address Output Enable 3to 0 (AE3 to AEQ): These hits select enabling or
disabling of address outputs A8 to A23 in ROMIess expanded mode and modes with ROM. When
apinisenabled for address output, the address is output regardless of the corresponding DDR
setting. When a pin is disabled for address output, it becomes an output port when the
corresponding DDR bit is set to 1.
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Bit 3 Bit 2 Bit 1 Bit 0
AE3 AE2 AE1l AEO Description
0 0 0 0 A8-A23 address output disabled (Initial value*)
A8 address output enabled; A9—A23 address output disabled
1 0 A8, A9 address output enabled; A10-A23 address output
disabled
1 A8-A10 address output enabled; A11-A23 address output
disabled
1 0 0 A8-A11 address output enabled; A12—-A23 address output
disabled
1 A8-A12 address output enabled; A13—-A23 address output
disabled
1 0 A8-A13 address output enabled; A14-A23 address output
disabled
1 A8-A14 address output enabled; A15-A23 address output
disabled
1 0 0 0 A8-A15 address output enabled; A16—A23 address output
disabled
1 A8-A16 address output enabled; A17-A23 address output
disabled
1 0 A8-A17 address output enabled; A18—-A23 address output
disabled
1 A8-A18 address output enabled; A19-A23 address output
disabled
1 0 0 A8-A19 address output enabled; A20-A23 address output
disabled
1 A8-A20 address output enabled; A21-A23 address output
disabled (Initial value*)
1 0 A8-A21 address output enabled; A22, A23 address output
disabled
1 A8-A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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3.3 Operating Mode Descriptions

331 Mode4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

The initial bus mode after areset is 16 bits, with 16-bit accessto all areas. However, note that if 8-
bit accessis designated by the bus controller for all areas, the bus mode switches to 8 bits.

332 Mode5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

333 Mode 6

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Ports A, B, and C, function as input port pinsimmediately after areset. Address output can be
performed by setting the corresponding DDR (data direction register) bitsto 1.

Port D functions as a data bus, and part of port F carries bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

334 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.
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34 Pin Functionsin Each Operating Mode

The pin functions of ports A to F vary depending on the operating mode. Table 3-3 shows their
functions in each operating mode.

Table3-3 Pin Functionsin Each Mode

Port Mode 4 Mode 5 Mode 6 Mode 7
Port A A A P*/A P
Port B A A P*/A P
Port C A A P*/A P
Port D D D D P
Port E P/D* P*/D P*/D P
Port F PF7 P/C* P/C* p/C* P*/C
PF6 to PF4 C C C P
PF3, PF2 pP/C* P*/C P*/C
PFO P*/C P*/C P*/C
Legend
P: 1/0 port
A: Address bus output
D: Data bus I/O
C: Control signals, clock I/O
*:  After reset

35 Address Map in Each Operating Mode

A address map of the H8S/2636 is shown in figure 3-1.

A address map of the H85/2638 is shown in figure 3-2.

The address space is 16 Mbytes in modes 4 to 7 (advanced modes).

The address space is divided into eight areas for modes 4 to 7. For details, see section 7, Bus
Controller.
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Modes 4 and 5 Mode 6 Mode 7

(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'O1FFFF H'O1FFFF
H'OZOOOOCQ External address
H'FFAFFF H'FFAFFF space
H'FFB000 H'FFBO00
Reserved area Reserved area
H'FFDFFF H'FFDFFF
H'FFEO00 H'FFEO000 H'FFEO00
On-chip RAM* On-chip RAM* On-chip RAM
H'FFEFBF H'FFEFBF H'FFEFBF
EEEE;?,Q Address space HFEE'{FCIQ Address space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers Internal 1/O registers
H'FFFF3F H'FFFF3F H'FFFF3F
H'FFFF40 H'FFFF40
H'FFFF5F Address space H'FFFF5F Address space
H'FFFF60 ] H'FFFF60 ) H'FFFF60 .
H'EEFFBE |Internal I/O registers H'EEEFBE | Internal I/O registers H'EEEEBE |Internal I/O registers
H'FFFFCO e N H'FFFFCO e . H'FFFFCO }
H'EEEFFE On-chip RAM H'EEEFFE On-chip RAM H'EFEEEE On-chip RAM

Note: * External addresses can be accessed by clearing th RAME bit in SYSCR to 0.

Figure3-1 Memory Map in Each Operating Modein the H85/2636
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000 H'000000
External address On-chip ROM
space
H'03FFFF
H'04000052 External address -~
H'FFAFFF H'FFAFFF space
H'FFB000 H'FFB000
On-chip RAM* On-chip RAM*
H'FFEFBF H'FFEFBF
:EEE'{E,? Address space :EEE;&S Address space
H'FFF800 H'FFF800
Internal I/O registers Internal 1/O registers
H'FFFF3F H'FFFF3F
H'FFFF40 H'FFFF40
H'EFEESE Address space H'EEEESE Address space
H'FFFF60 ] H'FFFF60 .
H'EEEEBE |Internal 1/O registers H'EEEEBE | Internal I/O registers
H'FFFFCO e N H'FFFFCO e .
H'FEFFEF On-chip RAM HEEFEEF On-chip RAM
Note: * External addresses can be accessed by clearing th RAME bit in SYSCR to 0.

Mode 7

(advanced single-chip mode)

H'000000

H'03FFFF

H'FFB000

H'FFEFBF

H'FFF800

H'FFFF3F

H'FFFF60
HFFFFBF
H'FFFFCO
HFFFFFF

On-chip ROM

On-chip RAM

Internal I/O registers

Internal I/O registers

On-chip RAM

Figure3-2 Memory Map in Each Operating Mode in the H85/2638 and H85/2639
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Section 4 Exception Handling

41 Overview

411 Exception Handling Typesand Priority

Astable 4-1 indicates, exception handling may be caused by areset, direct transition*, trap
instruction, or interrupt. Exception handling is prioritized as shown in table 4-1. If two or more
exceptions occur simultaneously, they are accepted and processed in order of priority. Trap
instruction exceptions are accepted at al times, in the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bits of SY SCR.

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available in the
U-mask and W-mask versions only. These functions cannot be used with the other
Versions.

Table4-1 Exception Typesand Priority

Priority  Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES
A pin, or when the watchdog overflows. The CPU enters the
reset state when the RES pin is low.
Trace*! Starts when execution of the current instruction or exception
handling ends, if the trace (T) bitis setto 1
Direct transition** Starts when a direct transition occurs due to execution of a
SLEEP instruction.
Interrupt Starts when execution of the current instruction or exception
v handling ends, if an interrupt request has been issued*?
Low Trap instruction (TRAPA)*® Started by execution of a trap instruction (TRAPA)

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.
*2 Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.
*3 Trap instruction exception handling requests are accepted at all times in program
execution state.
*4 Subclock functions (subactive mode, subsleep mode, and watch mode) are available in

the U-mask and W-mask versions only. These functions cannot be used with the other
versions.
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412 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. Theprogram counter (PC), condition code register (CCR), and extended register (EXR) are
pushed onto the stack.

2. Theinterrupt mask bits are updated. The T bit is cleared to 0.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For areset exception, steps 2 and 3 above are carried out.

413 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vector addresses are
assigned to different exception sources.

Table 4-2 lists the exception sources and their vector addresses.

Reset
Trace
Exception
sources External interrupts: NMI, IRQ5 to IRQO
Interrupts . L .
Internal interrupts: 49 (+3: Option) interrupt sources in
on-chip supporting modules

Trap instruction

Figure4-1 Exception Sources
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Table4-2 Exception Vector Table

Exception Source

Vector Number

Vector Address**

Advanced Mode

Reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007
2 H'0008 to H'000B

3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Direct Transition** 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

Reserved for system use 22 H'0058 to H'005B
23 H'005C to H'005F

Internal interrupt*? 24 H'0060 to H'0063

g ]
127 H'01FC to H'O1FF

Notes: *1 Lower 16 bits of the address.
*2 For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling

Vector Table.

*3 See section 23B.11, Direct Transition for details on direct transition.
Subclock functions are available in the U-mask and W-mask versions of the H8S/2636,
H8S/2638, and H8S/2639 only.

HITACHI

87



4.2 Reset

421 Overview
A reset has the highest exception priority.

When the RES pin goes low, all current operations are stopped, and this LS| entersreset state. A
reset initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after areset, interrupt control mode O is set.

When the RES pin goes from low to high, reset exception handling starts.

The H85/2636 can a so be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

422 Reset Sequence
This LSI enters reset state when the RES pin goes low.

To ensure that thisL Sl is reset, hold the RES pin low for at least 20 ms at power-up. To reset
during operation, hold the RES pin low for at least 20 states.

When the RES pin goes high after being held low for the necessary time, thisL Sl starts reset
exception handling as follows.

1. Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bitiscleared to 0 in EXR, and the | bitisset to 1 in EXR and CCR.

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

Figures 4-2 and 4-3 show examples of the reset sequence.
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Vector Internal  Prefetch of first program
fetch processing instruction

S

3
m
(2]

Internal >< (1) >< (3

address bus

Internal read
signal

|
‘
1
Internal write |
signal |
‘
‘
|
‘
‘
‘
‘

Internal data
bus

(1) (3) Reset exception handling vector address (when power-on reset, (1) = H'000000,
(3) = H'000002)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Figure4-2 Reset Sequence (Modes6 and 7)
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Vector Internal Prefetch of first program
fetch processing  instruction

=
s
:
5

3
L

Address bus | o) >< @) >< ®) ><
RD |_| _j '>
D15 to DO @ /Wj\ 6) i

(1) (3) Reset exception handling vector address (when reset, (1) = H'000000,
(3) = H'000002)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure4-3 Reseat Sequence (Mode 4)

4.2.3 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of aprogramis
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).
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424 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCRA to MSTPCRD areinitiaized to H'3F, H'FF, H'FF, and
B'11******" respectively, and all modules except the DTC, enter module stop mode.
Consequently, on-chip supporting modul e registers cannot be read or written to. Register reading
and writing is enabled when module stop mode is exited.

Note: * The value of bits 5 to 0 is undefined.

4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bitin EXR isset to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace mode is canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4-3 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retainsits value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table4-3 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
Legend
1: Settol

0: Clearedto 0
—: Retains value prior to execution.
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4.4 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ5 to IRQO) and
49 internal sources in the on-chip supporting modules. Figure 4-4 classifies the interrupt sources
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit timer-pulse unit (TPU), serial communication interface (SCI), data transfer controller
(DTC), PC break controller (PBC), A/D converter, Hitachi controller area network (HCAN),
motor control PWM timer, and 12C bus interface (11C). Each interrupt source has a separate vector
address.

NMI isthe highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

External NMI (1)
interrupts IRQ5 to IRQO (6)

Interrupts WDT*1 (2)

TPU (26)

SCI (12)

DTC (1)

Internal PBC (1)

interrupts | a/p converter (1)
Motor control PWM (2)
HCAN (4)

[1IC*2 (3) [Option]

Notes: Numbers in parentheses are the numbers of interrupt sources.
*1 When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.
*2 12C bus interface is available as an option in the H8S/2638.

Figure4-4 Interrupt Sourcesand Number of Interrupts
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4.5 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction

exception handling can be executed at all timesin the program execution state.

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

Table 4-4 shows the status of CCR and EXR after execution of trap instruction exception

handling.

Table4-4  Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend
1. Settol

0: Clearedto 0

—: Retains value prior to execution.

HITACHI
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4.6 Stack Status after Exception Handling

Figure 4-5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\_/\ \_/\
SP —» EXR
Reserved*
SP —» CCR CCR
CCR* CCR*
777777777 pC I
(16 bits) (16 bits)
\_/\ \_/\
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4-5(1) Stack Statusafter Exception Handling (Normal Modes: Not Availablein the
H85/2636, H85/2638, and H8S5/2639)

\/\ \/\

SP —» EXR
Reserved*
SP —» CCR CCR
ffffffff PC - - PC e
,,,,,,,, (24bits) -~ L _.__(24bits)._______]

\/\ \/\

(a) Interrupt control mode O (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4-5(2) Stack Statusafter Exception Handling (Advanced M odes)
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4.7 Notes on Use of the Stack

When accessing word data or longword data, the chip assumes that the lowest address bit is 0. The
stack should always be accessed by word transfer instruction or longword transfer instruction, and
the value of the stack pointer (SP, ER7) should always be kept even. Use the following
instructions to save registers:

PUSHW R1  (or MOV.WR1, @SP)
PUSHL ER  (or MOV.L ERn, @SP)

Use the following instructions to restore registers:

PCP. W Rn (or MOV. W @P+, Rn)
PCP. L ERn  (or MOV.L @P+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4-6 shows an exampl e of what
happens when the SP value is odd.

CCR SP-» R1L H'FFFEFA
SP —» H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
SPw 1 1 [ ]
””””””””””””””””””””””””””” H'FFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
E— —

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.

Figure4-6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

The H85/2636, H85/2638 and H8S/2639 control interrupts by means of an interrupt controller.
Theinterrupt controller has the following features:

Two interrupt control modes

O Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR).

Priorities settable with IPR

O Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI.

O NMI isassigned the highest priority level of 8, and can be accepted at al times.

Independent vector addresses

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

Seven external interrupts

O NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

O Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ5
to IRQO.

DTC control
0 DTC activation is performed by means of interrupts.
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512

A block diagram of the interrupt controller is shown in figure 5-1.

Block Diagram

| INTM1 INTMO

SYSCR|

NMIEG ¢

NMI input

IRQ input

= NMI input unit

L | IRQ input unit
ISR

ISCR ﬁ Priority

determination

Internal interrupt

Interrupt
request

CPU

Vector
number

| CCR

1210 10

| EXR

request
SWDTEND to

RMO

Interrupt controller

Legend

ISCR :IRQ sense control register
IER 1 IRQ enable register

ISR : IRQ status register

IPR . Interrupt priority register

SYSCR : System control register

L
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Figure5-1 Block Diagram of Interrupt Controller
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513 Pin Configuration

Table 5-1 summarizes the pins of the interrupt controller.

Table5-1 Interrupt Controller Pins

Name

Symbol

110

Function

Nonmaskable interrupt

Input

Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt
requests 5to 0

IRQ5 to IRQO Input

Maskable external interrupts; rising, falling, or

both edges, or level sensing, can be selected

514 Register Configuration

Table 5-2 summarizes the registers of the interrupt controller.

Table5-2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address*!
System control register SYSCR R/W H'01 H'FDES
IRQ sense control register H ISCRH R/W H'00 H'FE12
IRQ sense control register L ISCRL R/W H'00 H'FE13
IRQ enable register IER R/W H'00 H'FE14
IRQ status register ISR RI(W)*? H'00 H'FE15
Interrupt priority register A IPRA R/W H77 H'FECO
Interrupt priority register B IPRB R/W H'77 H'FEC1
Interrupt priority register C IPRC R/W H77 H'FEC2
Interrupt priority register D IPRD R/W H'77 H'FEC3
Interrupt priority register E IPRE R/W H77 H'FEC4
Interrupt priority register F IPRF R/W H'77 H'FEC5
Interrupt priority register G IPRG R/W H77 H'FEC6
Interrupt priority register H IPRH R/W H'77 H'FEC7
Interrupt priority register J IPRJ R/W H77 H'FEC9
Interrupt priority register K IPRK R/W H'77 H'FECA
Interrupt priority register L IPRL R/W H77 H'FECB
Interrupt priority register M IPRM R/W H'77 H'FECC
Notes: *1 Lower 16 bits of the address.
*2 Can only be written with O for flag clearing.
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5.2 Register Descriptions

521 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
MACS — INTM1 | INTMO | NMIEG — — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W R/W — R/W

SY SCR is an 8-bit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control
Register (SYSCR).

SYSCRisinitialized to H'O1 by areset and in hardware standby mode. SY SCR is not initialized in
software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM 1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

0 0 0 Interrupts are controlled by | bit (Initial value)

— Setting prohibited

1
1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NM| Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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522 Interrupt Priority RegistersAtoH, JtoM (IPRA to IPRH, IPRJ to IPRM)

Bit : 7 6 5 4 3 2 1 0
— IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

Initial value : 0 1 1 1 0 1 1 1

R/W : — R/W R/W R/W — R/W R/W R/W

The IPR registers are twelve 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupts other than NMI.

The correspondence between IPR settings and interrupt sources is shown in table 5-3.
The IPR registers set apriority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by areset and in hardware standby mode.
Bits 7 and 3—Reserved: These hits are dways read as 0 and cannot be modified.

Table5-3 Correspondence between Interrupt Sourcesand | PR Settings

Bits

Register 6to4 2to 0
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC —x1! DTC
IPRD Watchdog timer 0 —t
IPRE PC break A/D converter, watchdog timer 1
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRJ —x1 SCI channel 0
IPRK SCl channel 1 SCI channel 2
IPRL —x1 IIC (Option)*?
IPRM PWM channel 1, 2 HCAN channel 0

HCAN channel 1

Notes: *1 Reserved. These bits are always read as 1 and cannot be modified.

*2 1°C bus interface is available as an option in the H8S/2638 and H8S/2639.
The IIC bit becomes reserved bit when this optional feature is not used.
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Asshown in table 5-3, multiple interrupts are assigned to one IPR. Setting avaluein the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level O, is assigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set inthe IPR registersis selected. Thisinterrupt level isthen compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request isissued to
the CPU.

523  IRQ Enable Register (IER)

Bit : 7 6 5 4 3 2 1 0
— — IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ5 to IRQO.

IER isinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: These bits are aways read as 0, and should only be written with O.

Bits5to 0—IRQ5 to IRQO Enable (IRQ5E to IRQOE): These bits select whether IRQ5 to
IRQO are enabled or disabled.

Bit n
IRQNE Description

0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled

(n=5t00)
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524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

ISCRH
Bit : 15 14 13 12 11 10 9 8
— — — — IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
ISCRL
Bit : 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA| IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pinsIRQ5 to IRQO.

The ISCR registers are initialized to H'0000 by areset and in hardware standby mode.
Bits 15 to 12—Reserved: These hits are always read as 0, and should only be written with 0.

Bits 11 to 0—IRQ5 Sense Control A and B (IRQ5SCA, IRQ5SCB) to IRQO0 Sense Control A
and B (IRQOSCA, IRQOSCB)

Bits 11to 0
IRQ5SCB to  IRQ5SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ5 to IRQO input low level
(initial value)
1 Interrupt request generated at falling edge of IRQ5 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ5 to IRQO input
1 Interrupt request generated at both falling and rising edges of
IRQ5 to IRQO input
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525 IRQ Status Register (ISR)

Bit 7 6 5 4 3 2 1 0
— — IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQLF | IRQOF

Initial value : 0 0 0 0 0 0 0 0

R/W R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only O can be written, to clear the flag.

ISR is an 8-hit readable/writable register that indicates the status of IRQ5 to IRQO interrupt

requests.

ISR isinitialized to H'00 by areset and in hardware standby mode.

They are not initialized in software standby mode.

Bits 7 and 6—Reserved: These bits are dways read as 0.

Bits5to 0—IRQ5 to IRQO flags (IRQ5F to IRQOF): These bitsindicate the status of IRQ5 to
IRQO interrupt requests.

Bit n

IRQnNF  Description

0 [Clearing conditions] (Initial value)

Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQnNF flag

When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high

When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQNSCB =1 or IRQNSCA =1)

When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTC is cleared to O

1 [Setting conditions]

When TRQn input goes low when low-level detection is set IRQNSCB = IRQNSCA =
0)

When a falling edge occurs in IRQn input when falling edge detection is set
(IRQnSCB =0, IRQNSCA =1)

When a rising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA = 0)

When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ5 to IRQO) and internal interrupts (49
SOurces).

531 External Interrupts

There are seven external interrupts: NMI and IRQ5 to IRQO. Of these, NMI and IRQ5 to IRQO
can be used to restore the chip from software standby mode.

NMI Interrupt: NMI isthe 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 NMIEG
bit in SY SCR can be used to select whether an interrupt is requested at arising edge or afalling
edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ5to IRQO Interrupts: Interrupts IRQ5 to IRQO are requested by an input signal at pinsIRQ5
to IRQO. Interrupts IRQ5 to IRQO have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ5 to IRQO.

« Enabling or disabling of interrupt requests IRQ5 to IRQO can be selected with IER.

e Theinterrupt priority level can be set with IPR.

« The status of interrupt requests IRQ5 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQ5 to IRQO is shown in figure 5-2.

IRQNE

IRQNSCA, IRQNSCB
# IRQNF

Ol > IRQn interrupt
Edge/level D—»
detection circuit S Q

request
IRQn input R

Clear signal

Note: n=5t00

Figure5-2 Block Diagram of InterruptsIRQ5to IRQO
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Figure 5-3 shows the timing of setting IRQNF.

IRQn
input pin \

IRQNF

Figure5-3 Timing of Setting IRQNF
The vector numbers for IRQ5 to IRQO interrupt exception handling are 21 to 16.

Detection of IRQ5 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. However, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function.

532 Internal Interrupts
There are 49 sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting modul e there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are set to 1
for aparticular interrupt source, an interrupt request isissued to the interrupt controller.

» Theinterrupt priority level can be set by means of IPR.

e TheDTC can be activated by a TPU, SClI, or other interrupt request. Whenthe DTC is
activated by an interrupt, the interrupt control mode and interrupt mask bits are not affected.

533 Interrupt Exception Handling Vector Table

Table 5-4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more
modules are set to the same priority, and priorities within amodule, are fixed as shown in
table 5-4.

106
HITACHI




Table5-4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector
1
Origin of Address*
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAG to 4 A
IRQ1 17 H'0044 IPRA2 to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to 0
IRQ5 21 H'0054
Reserved for system use — 22 H'0058 —
23 H'005C
SWDTEND (software activation DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved for system use — 26 H'0068 —
PC break PC break 27 H'006C IPRESG to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2to O
WOVI1 (interval timer) Watchdog 29 H'0074
timer 1
Reserved for system use — 30 H'0078 —
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved for system use — 37 H'0094 —
to to Yy
39 H'009C Low
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Vector

Origin of Address*!
Interrupt  Vector Advanced

Interrupt Source Source Number  Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00A0 IPRF2t0 0 High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) a7 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2to 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00DO
Reserved for system use — 53 H'00D4 —

to to

55 H'00DC
TGI4A (TGR4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'00E4
capture/compare match)
TCIl4V (overflow 4) 58 H'O0ES8
TCl4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2 to 0
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'0O0F8 vy
TCI5U (underflow 5) 63 H'00FC Low
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Vector

1
Origin of Address*
Interrupt  Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
Reserved for system use — 64 H'0100 — High
to to A
79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 0
RXIO0 (reception completed 0) channel0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channell 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2 to O
RXI2 (reception completed 2) channel2 89 H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C
Reserved for system use — 92 H'0170 —
to to
99 H'018C
I°CIO (1-byte transmission/ I’C 100 H'0190 IPRL2 to O
reception completed) channel 0
DDCSW1 (format switch) (option)** 101 H'0194
I’Cl1 I’C 102 H'0198
Reserved for system use channel1 103 H'019C
(option)*?
PWM1 PWM 104 H'01A0 IPRM6 to 4
channel 1
PWM2 PWM 105 H'01A4
channel 2
ERSO, OVRO, RM1, SLEO, HCAN1 106 H'01A8
RMO 107 H'01AC
ERSO, OVRO, RM1, SLEQ, HCANO 108 H'01BO IPRM2 to O
RMO 109 H'01B4
Reserved for system use — 110 H'01B8 |
111 H'01BC Low

Notes: *1 Lower 16 bits of the start address.

*2 |°C is available as an option in the H8S/2638 and H8S/2639 only. The product equipped
with the I°C bus interface is the W-mask version.
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54 Interrupt Operation

54.1 Interrupt Control Modes and I nterrupt Operation
Interrupt operations in the chip differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to O disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5-5 shows the interrupt control modes.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in PR, and the masking state indicated
by the | bit in the CPU’s CCR, and bits12to 10 in EXR.

Table5-5 Interrupt Control Modes

SYSCR

Interrupt Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5-4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 |

L

Interrupt
acceptance
control

Interrupt source — ] Default.pno.rlty [ > Vector number
determination

8-level
mask control

t 1

12to 10
IPR

Interrupt control mode 2

Figure5-4 Block Diagram of Interrupt Control Operation
(1) Interrupt Acceptance Control
In interrupt control mode O, interrupt acceptance is controlled by the | bit in CCR.
Table 5-6 shows the interrupts selected in each interrupt control mode.
Table5-6 Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode | Selected Interrupts
0 0 All interrupts

1 NMI interrupts
2 * All interrupts
Legend

* : Don't care

HITACHI
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(2) 8-Level Contral

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interrupts in interrupt acceptance control according to the interrupt priority level (IPR).

Theinterrupt source selected is the interrupt with the highest priority level, and whose priority
level setin IPR is higher than the mask level.

Table5-7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10).

(3) Default Priority Determination

When an interrupt is selected by 8-level control, its priority is determined and a vector number is
generated.

If the same value is set for IPR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default prioritiesis selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 5-8 shows operations and control signal functions in each interrupt control mode.
Table5-8 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance

Interrupt .

Control Setting Control 8-Level Control Default Priority T
Mode INTM1 INTMO | 12to 10 IPR Determination (Trace)
0 0 0 O IM X — —x2 O —

2 1 0 X —x1 O M PR O T
Legend

O : Interrupt operation control performed
X : No operation. (All interrupts enabled)
IM : Used as interrupt mask bit
PR : Sets priority.
— : Not used.
Notes: *1 Setto 1 when interrupt is accepted.
*2 Keep the initial setting.
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54.2 Interrupt Control Mode 0

Enabling and disabling of IRQ interrupts and on-chip supporting modul e interrupts can be set by
means of the | bit in the CPU’s CCR. Interrupts are enabled when the | bit is cleared to 0, and
disabled when set to 1.

Figure 5-5 shows a flowchart of the interrupt acceptance operation in this case.

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

[2] Thel bit isthen referenced. If the bit is cleared to O, the interrupt request is accepted. If the
bit isset to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

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

[6] Next, thel bitin CCR isset to 1. Thismasks all interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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1

Program execution status

|

No
Interrupt generated?

Yes

Hold pending

| Save PC and CCR |

1

| |

1

| Read vector address |

1

|Branch to interrupt handling routine|

Figure5-5 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 0
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54.3 Interrupt Control Mode 2

Eight-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 5-6 shows a flowchart of the interrupt acceptance operation in this case.

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

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If anumber of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5-4 is sel ected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

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

[6] TheT hitin EXR iscleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level isset to H'7.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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Y
Program execution status|

Ty

|

nterrupt gm\'\lo
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Level 7 interrupt?

Yes

Mask level 5
or below?

/ \
| Save PC, CCR, and EXR | |Ho|d pending

' I

| Clear T bitto 0 |

/
| Update mask level |

1

| Read vector address |

|Branch to interrupt handling routine|

Y

Figure5-6 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

544

Figure 5-7 shows the interrupt exception handling sequence. The example shown isfor the case

where interrupt control mode O is set in advanced mode, and the program area and stack area are

in on-chip memory.
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Figure5-7 Interrupt Exception Handling
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545 Interrupt Response Times

The chip is capable of fast word transfer instruction to on-chip memory, and the program areais
provided in on-chip ROM and the stack area in on-chip RAM, enabling high-speed processing.

Table 5-9 shows interrupt response times - the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5-9 are explained in table 5-10.

Table5-9 Interrupt Response Times

Normal Mode*® Advanced Mode

No. Execution Status INTM1=0 INTM1=1 INTM1=0 INTM1=1
1 Interrupt priority determination** 3 3 3 3
2 Number of wait states until executing 1 to 1to 1to 1to

instruction ends*? (19+2:S)  (19+2:S) (19+2:S)  (19+2:S)
3 PC, CCR, EXR stack save 2-:Sy¢ 3-S¢ 2:S¢ 3:S¢
4 Vector fetch S, S, 2:S, 2:S,
5 Instruction fetch*? 2-S, 2-S, 2:S, 2:S,
6 Internal processing** 2 2 2 2
Total (using on-chip memory) 11to 31 12 to 32 12 to 32 13to0 33

Notes: *1 Two states in case of internal interrupt.
*2 Refers to MULXS and DIVXS instructions.
*3 Prefetch after interrupt acceptance and interrupt handling routine prefetch.
*4 Internal processing after interrupt acceptance and internal processing after vector fetch.
*5 Not available in the H8S/2636 and H8S/2638.

Table5-10 Number of Statesin Interrupt Handling Routine Execution Statuses

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 S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation Sy
Legend

m: Number of wait states in an external device access.
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55 Usage Notes

55.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to O by an instruction such as BCLR or
MOV, if aninterrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and 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 exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to O.

Figure 5-8 shows an example in which the TCIEV bit inthe TPU's TIER register is cleared to 0.

TIER write cycle by CPU TCFV exception handling

T e T ——
| |

Internal

address bus TIER address ><

Internal
write signal

TCIEV

TCFV

TCRV
interrupt signal

Figure5-8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.
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552 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NM1 are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

55.3 Timeswhen Interrupts are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

Theinterrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.

554 Interrupts during Execution of EEPM OV 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 ingtruction, 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 this
case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

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

555 IRQ Interrupts

When operating by clock input, acceptance of input to an IRQ pin is synchronized with the clock.
In software standby mode, the input is accepted asynchronously. For details on the input
conditions, see section 24.3.2, Control Signal Timing.
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5.6 DTC Activation by Interrupt

5.6.1 Overview

The DTC can be activated by an interrupt. In this case, the following options are available:

e Interrupt request to CPU

e Activation request to DTC

¢ Selection of anumber of the above

For details of interrupt requests that can be used with to activate the DTC, see section 8, Data

Transfer Controller (DTC).

56.2 Block Diagram

Figure 5-9 shows a block diagram of the DTC interrupt controller.

IRQ

interrupt

On-chip
supporting
module

\
Interrupt
request

|

Interrupt source
clear signal

Selection [

circuit

Select
signal

DTCER

Clear signal

B

DTVECR

i

Interrupt controller

Control logic

\
DTC activation
request vector
number

SWDTE
clear signal

Determination of
priority

CPU interrupt
request vector
number

Clear signal
= 0 |

DTC

l,12to0 10

CPU

Figure5-9 Interrupt Control for DTC

HITACHI

121




56.3 Operation
Theinterrupt controller has three main functionsin DTC control.

(1) Selection of Interrupt Source: Interrupt factors are selected as DTC activation request or
CPU interrupt request by the DTCE bit of DTCERA to DTCERG of DTC.

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

If DTC carries out the designate number of data transfers and the transfer counter reads O, after
DTC datatransfer, the DTCE bit is aso cleared to 0, and a CPU interrupt requested.

(2) Determination of Priority: The DTC activation source is selected in accordance with the
default priority order, and is not affected by mask or priority levels. See section 8.3.3, DTC Vector
Table for the respective priority.

(3) Operation Order: If the sameinterrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5-11 shows the interrupt factor clear control and selection of interrupt factors by
specification of the DTCE bit of DTCERA to DTCERG of DTC, and the DISEL bhit of DTC's
MRB.

Table5-11 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X A
1 0 A X

O A

Legend

A : 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 bit cannot be used.

Don't care

*

(4) Noteson Use: SCI and A/D converter interrupt sources are cleared when the DTC reads or
writes to the prescribed register.
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Section 6 PC Break Controller (PBC)

6.1 Overview

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged with
the chip alone, without using an in-circuit emulator. Four break conditions can be set in the PBC:
instruction fetch, data read, data write, and data read/write.

6.1.1 Features

The PC break controller has the following features:
* Two break channels (A and B)

* Thefollowing can be set as break compare conditions:

0 24 address bits

Bit masking possible
O Buscycle

Instruction fetch

Data access. data read, data write, data read/write
[0 Bus master

Either CPU or CPU/DTC can be selected

« Thetiming of PC break exception handling after the occurrence of a break conditionis as
follows:

O Immediately before execution of the instruction fetched at the set address (instruction fetch)

O Immediately after execution of the instruction that accesses data at the set address (data
access)

¢ Module stop mode can be set

O Theinitial setting isfor PBC operation to be halted. Register accessis enabled by clearing
modul e stop mode.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the PC break controller.

j: PC break

interrupt

BARA BCRA
°
<
o
o
5
j=s
Mask control @
Comparator »- ClggtiEOI
Match signal
Internal address
Access
status Comparator - Clggti[:m
Match signal S
<
o
o
Mask control ‘g:_
5
@]
BARB BCRB

Figure6-1 Block Diagram of PC Break Controller
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6.1.3 Register Configuration
Table 6-1 shows the PC break controller registers.

Table6-1 PC Break Controller Registers

Initial Value
Name Abbreviation R/W Reset Address™*
Break address register A BARA R/W H'XX000000 H'FEOO
Break address register B BARB R/W H'XX000000 H'FEO4
Break control register A BCRA R/(W)?  H'00 H'FEOS
Break control register B BCRB R/(W)?  HO00 H'FE09
Module stop control register C MSTPCRC R/W H'FF H'FDEA
Notes: *1 Lower 16 bits of the address.
*2 Only a 0 may be written to this bit to clear the flag.
6.2 Register Descriptions
6.2.1 Break Address Register A (BARA)
Bit 31 ... 24 23 22 21 20 19 18 17 16 7 6 5 4 3 2 1 0
_ | ...| _|BAA[BAA|BAAIBAA|BAA(BAAIBAA [BAA|  [BAA|BAA|BAA|BAA|BAA(BAA| BAA BAA
23| 22| 21| 20|19 (18|17 | 16 7l6|5|4|3|2]1]0
Initial value  ynde- ...Unde- 0 0 0 0 O O 0 O 0 0 0 0 O 0 0 O

fined fined
Read/Write  — .

— R/W R/W R/W R/W R/W RIWR/W R/W ...

R/W R/W R/W R/W R/W R/W R/W R/W

BARA isa32-bit readable/writable register that specifies the channel A break address.

BAA23to BAAO areinitialized to H'000000 by areset and in hardware standby mode.

Bits 31 to 24—Reserved: These bits return an undefined value if read, and cannot be modified.

Bits 23to 0—Break Address A23to A0 (BAA23to BAAOQ): These bits hold the channel A PC

break address.
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6.2.2 Break Address Register B (BARB)
BARB isthe channel B break address register. The bit configuration is the same asfor BARA.
6.2.3 Break Control Register A (BCRA)

Bit 7 6 5 4 3 2 1 0
| cMrA | cpA [BaMRAZ|BAMRALBAMRAG CSELAL|CSELAO| BIEA |

Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)* R/W R/W R/W R/W R/W R/W R/W

Note:* Only a 0 may be written to this bit to clear the flag.

BCRA is an 8-bit readable/writable register that controls channel A PC breaks. BCRA (1) selects
the break condition bus master, (2) specifies bits subject to address comparison masking, and (3)
specifies whether the break condition is applied to an instruction fetch or a data access. It also
contains a condition match flag.

BCRA isinitialized to H'00 by areset and in hardware standby mode.

Bit 7—Condition Match Flag A (CMFA): Set to 1 when a break condition set for channel A is
satisfied. Thisflag isnot cleared to 0.

Bit 7
CMFA Description
0 [Clearing condition]
When 0 is written to CMFA after reading CMFA = 1 (Initial value)
1 [Setting condition]

When a condition set for channel A is satisfied

Bit 6—CPU Cycle/DTC Cycle Select A (CDA): Selectsthe channel A break condition bus
master.

Bit 6

CDA Description

0 PC break is performed when CPU is bus master (Initial value)
1 PC break is performed when CPU or DTC is bus master
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Bits5to 3—Break Address Mask Register A2to A0 (BAMRA2to BAMRAOQ): These bits
specify which bits of the break address (BAA23 to BAAO) set in BARA are to be masked.

Bit 5 Bit 4 Bit 3
BAMRA2 BAMRA1l BAMRAO Description
0 0 0 All BARA bits are unmasked and included in break conditions
(Initial value)
1 BAAO (lowest bit) is masked, and not included in break
conditions
1 0 BAA1-0 (lower 2 bits) are masked, and not included in break
conditions
1 BAA2-0 (lower 3 bits) are masked, and not included in break
conditions
1 0 0 BAA3-0 (lower 4 bits) are masked, and not included in break
conditions
1 BAA7-0 (lower 8 bits) are masked, and not included in break
conditions
1 0 BAA11-0 (lower 12 bits) are masked, and not included in break
conditions
1 BAA15-0 (lower 16 bits) are masked, and not included in break
conditions

Bits 2 and 1—Break Condition Select A (CSELA1, CSELAOQ): These bits selection an
instruction fetch, data read, data write, or data read/write cycle as the channel A break condition.

Bit 2 Bit 1

CSELA1 CSELAO Description

0 0 Instruction fetch is used as break condition (Initial value)
1 Data read cycle is used as break condition

1 0 Data write cycle is used as break condition
1 Data read/write cycle is used as break condition

Bit 0—Break Interrupt Enable A (BIEA): Enables or disables channel A PC break interrupts.

Bit 0

$Description

0 PC break interrupts are disabled (Initial value)
1 PC break interrupts are enabled
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6.2.4 Break Control Register B (BCRB)

BCRB isthe channel B break control register. The bit configuration isthe same asfor BCRA.

6.2.5 Module Stop Control Register C (M STPCRC)

Bit 7 6 5 4 3 2 1 0
| MsTPC7 | MSTPCB|MSTPC5 | MSTPC4 | MSTPC3 | MSTPC2| MSTPC1| MSTPCO|
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCRC is an 8-hit readable/writable register that performs module stop mode control.

When the MSTPC4 hit is set to 1, PC break controller operation is stopped at the end of the bus
cycle, and module stop mode is entered. Register read/write accesses are not possible in module
stop mode. For details, see section 23A.5, 23B.5, Module Stop Mode.

MSTPCRC isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 4—Module Stop (M STPC4): Specifiesthe PC break controller module stop mode.

Bit 4

MSTPC4 Description

0 PC break controller module stop mode is cleared

1 PC break controller module stop mode is set (Initial value)
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6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is shown
in section 6.3.1, PC Break Interrupt Due to Instruction Fetch, and 6.3.2, PC Break Interrupt Dueto
Data Access, taking the example of channdl A.

6.3.1 PC Break Interrupt Dueto Instruction Fetch

(2) Initial settings
O Setthe break addressin BARA. For a PC break caused by an instruction fetch, set the
address of the first instruction byte as the break address.
0 Set the break conditionsin BCRA.

BCRA hit 6 (CDA): With a PC break caused by an instruction fetch, the bus master must
be the CPU. Set 0 to select the CPU.

BCRA bits 5-3 (BAMA2-0): Set the address hits to be masked.
BCRA bits 2-1 (CSELA1-0): Set 00 to specify an instruction fetch as the break condition.
BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.

(2) Satisfaction of break condition

0 When the instruction at the set address is fetched, a PC break request is generated
immediately before execution of the fetched instruction, and the condition match flag
(CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.2 PC Break Interrupt Dueto Data Access

(D) Initial settings
0 Setthe break addressin BARA. For a PC break caused by a data access, set the target

ROM, RAM, 1/O, or external address space address as the break address. Stack operations
and branch address reads are included in data accesses.

0 Set the break conditionsin BCRA.
BCRA bit 6 (CDA): Select the bus master.
BCRA bits 5-3 (BAMA2-0): Set the address bits to be masked.

BCRA bits 2-1 (CSELA1-0): Set 01, 10, or 11 to specify data access as the break
condition.

BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.
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(2) Satisfaction of break condition

O After execution of the instruction that performs a data access on the set address, a PC break
request is generated and the condition match flag (CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.3 Noteson PC Break Interrupt Handling

(1) The PC break interrupt is shared by channels A and B. The channel from which the request
was issued must be determined by the interrupt handler.

(2) The CMFA and CMFB flags are not cleared to 0, so O must be written to CMFA or CMFB
after first reading the flag whileit is set to 1. If the flag isleft set to 1, another interrupt will be
requested after interrupt handling ends.

(3) A PC break interrupt generated when the DTC is the bus master is accepted after the bus has
been transferred to the CPU by the bus controller.

6.3.4 Operation in Transitions to Power-Down Modes

The operation when a PC break interrupt is set for an instruction fetch at the address after a
SLEEP instruction is shown below.

(1) When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
sleep mode, or from subactive mode* to subsleep mode*:
After execution of the SLEEP instruction, atransition is not made to sleep mode or subsleep
mode*, and PC break interrupt handling is executed. After execution of PC break interrupt
handling, the instruction at the address after the SLEEP instruction is executed (figure 6-2
(A)).

(2) When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
subactive mode*:
After execution of the SLEEP instruction, atransition is made to subactive mode* via direct
transition exception handling. After the transition, PC break interrupt handling is executed,
then the instruction at the address after the SLEEP instruction is executed (figure 6-2 (B)).

(3) When the SLEEP instruction causes a transition from subactive mode* to high-speed
(medium-speed) mode:
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After execution of the SLEEP instruction, and following the clock oscillation settling time, a
transition is made to high-speed (medium-speed) mode via direct transition exception
handling. After the transition, PC break interrupt handling is executed, then the instruction at
the address after the SLEEP instruction is executed (figure 6-2 (C)).

(4) When the SLEEP instruction causes a transition to software standby mode or watch mode*:

After execution of the SLEEP instruction, atransition is made to the respective mode, and PC
break interrupt handling is not executed. However, the CMFA or CMFB flag is set (figure 6-2

(D))-

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are availablein the
U-mask and W-mask versions only of the H85/2636, H8S/2638, and H85/2639 only.

SLEEP instruction
execution

Transition to
respective mode

(D)

SLEEP instruction SLEEP instruction SLEEP instruction
execution execution execution

PC break exception
handling

Subclock* -
system clock,

System clock
- subclock*

oscillation settling time

Y Y
Execution of instruction Direct transition* Direct transition*
after sleep instruction exception handling exception handling
®) Y Subactive* Y High-speed
PC break exception mode PC break exception (medium-speed)
handling handling mode
Y Y
Execution of instructio Execution of instruction
after sleep instruction after sleep instruction

(B) ©

Note: * Subclock functions (subactive mode, subsleep mode, and watch mode) are available
in the U-mask and W-mask versions only of the H8S/2636, H8S/2638, and H8S/2639 only.

Figure6-2 Operation in Power-Down Mode Transitions

6.3.5 PC Break Operation in Continuous Data Transfer

If a PC break interrupt is generated when the following operations are being performed, exception
handling is executed on completion of the specified transfer.

(1) When a PC break interrupt is generated at the transfer address of an EEPMOV .B instruction:

PC break exception handling is executed after all data transfers have been completed and the
EEPMOV .B instruction has ended.
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(2) When a PC break interrupt is generated at aDTC transfer address:31

PC break exception handling is executed after the DTC has completed the specified number of
data transfers, or after data for which the DISEL bit is set to 1 has been transferred.

6.3.6 When Instruction Execution is Delayed by One State
Caution is required in the following cases, as instruction execution is one state later than usual.

(1) When the PBC is enabled (i.e. when the break interrupt enable bit is set to 1), execution of a
one-word branch instruction (Bcc d:8, BSR, JSR, IMP, TRAPA, RTE, or RTS) located in on-
chip ROM or RAM is aways delayed by one state.

(2) When break interruption by instruction fetch is set, the set address indicates on-chip ROM or
RAM space, and that address is used for data access, the instruction that executes the data
access is one state later than in normal operation.

(3) When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction has one of the addressing
modes shown below, and that address indicates on-chip ROM or RAM, and that addressis
used for data access, the instruction will be one state later than in normal operation.
@ERnN, @(d:16,ERn), @(d:32,ERN), @-ERN/ERN+, @aa:8, @aa:24, @aa:32, @(d:8,PC),
@(d:16,PC), @@aa:8

(4) When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction is NOP or SLEEP, or has
#xx,Rn asits addressing mode, and that instruction is located in on-chip ROM or RAM, the
instruction will be one state later than in normal operation.
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6.3.7 Additional Notes

(1) When a PC break is set for an instruction fetch at the address following aBSR, JSR, IMP,
TRAPA, RTE, or RTSinstruction:
Even if the instruction at the address following aBSR, JSR, IMP, TRAPA, RTE, or RTS
instruction is fetched, it is not executed, and so a PC break interrupt is not generated by the
instruction fetch at the next address.

(2) When the |l bit isset by an LDC, ANDC, ORC, or XORC instruction, a PC break interrupt
becomes valid two states after the end of the executing instruction. If a PC break interrupt is
set for the instruction following one of these instructions, since interrupts, including NMI, are
disabled for a 3-state period in the case of LDC, ANDC, ORC, and XORC, the next instruction
is always executed. For details, see section 5, Interrupt Controller.

(3) When aPC break is set for an instruction fetch at the address following a Bee instruction:
A PC break interrupt is generated if the instruction at the next addressis executed in
accordance with the branch condition, but is not generated if the instruction at the next address
is not executed.

(4) When a PC break is set for an instruction fetch at the branch destination address of a Bcc
instruction:
A PC break interrupt is generated if the instruction at the branch destination is executed in
accordance with the branch condition, but is not generated if the instruction at the branch
destination is not executed.
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Section 7 Bus Controller

71 Overview

The chip has a built-in bus controller (BSC) that manages the external address space divided into
eight areas. The bus specifications, such as bus width and number of access states, can be set
independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU, and data transfer controller (DTC).

711 Features
The features of the bus controller are listed bel ow.

* Manages external address space in area units
O Managesthe external space as 8 areas of 2-Mbytes
O Bus specifications can be set independently for each area
0 Burst ROM interface can be set

e Basic businterface
0 8-bit access or 16-hit access can be selected for each area
0 2-state access or 3-state access can be selected for each area
0 Program wait states can be inserted for each area

¢ Burst ROM interface
0O Burst ROM interface can be set for area 0
0 Choice of 1- or 2-state burst access

¢ ldlecycleinsertion
O Anidlecyclecan beinserted in case of an external read cycle between different areas

O Anidlecycle can beinserted in case of an external write cycle immediately after an
external read cycle

e Write buffer functions
O External write cycle and internal access can be executed in parallel
e Busarbitration function
O Includes abus arbiter that arbitrates bus mastership among the CPU and DTC

¢ Other features
0O Externa busrelease function
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7.12 Block Diagram

Figure 7-1 shows a block diagram of the bus controller.

Internal
Area decoder address bus
ABWCR K i
External bus control signals ASTCR [ p
< BCRH [ >
BCRL K i
(2]
Bus 2 Internal control
P .
controller g signals
=]
[
i — Bus mode signal
£
Wait
controller WCRH [ D
werL K
l-+—— CPU bus request signal
[-+—— DTC bus request signal
Bus arbiter = CPU bus acknowledge signal
= DTC bus acknowledge signal

Legend:
ABWCR
ASTCR
BCRH
BCRL
WCRH
WCRL

: Bus width control register

: Access state control register
: Bus control register H

: Bus control register L

: Wait control register H

: Wait control register L
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7.13 Pin Configuration

Table 7-1 summarizes the pins of the bus controller.

Table7-1 BusController Pins

Name Symbol I/0 Function

Address strobe AS Output  Strobe signal indicating that address output on address
bus is enabled.

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

High write HWR Output  Strobe signal indicating that external space is to be
written, and upper half (D15 to D8) of data bus is
enabled.

Low write LWR Output  Strobe signal indicating that external space is to be

written, and lower half (D7 to DO) of data bus is enabled.

714 Register Configuration

Table 7-2 summarizes the registers of the bus controller.

Table7-2 BusController Registers

Name Abbreviation R/W Initial Value Address**
Bus width control register ABWCR R/W H'FF/H'00*? H'FEDO
Access state control register ASTCR R/W H'FF H'FED1
Wait control register H WCRH R/W H'FF H'FED2
Wait control register L WCRL R/W H'FF H'FED3
Bus control register H BCRH R/W H'DO H'FED4
Bus control register L BCRL R/W H'08 H'FED5S
Pin function control register PFCR R/W H'OD/H'00 H'FDEB
Notes: *1 Lower 16 bits of the address.
*2 Determined by the MCU operating mode.
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7.2 Register Descriptions

721 BusWidth Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

Modes 5to 7

Initial value : 1 1 1 1 1 1 1 1

RwW : R/IW R/W RIW RIW R/W RIW RIW R/W

Mode 4

Initial value : 0 0 0 0 0 0 0 0

RW : R/W R/W R/W R/W R/W R/W R/W R/W

ABWCR is an 8-hit readable/writable register that designates each areafor either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registersis fixed regardless of the settingsin ABWCR.

After areset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 5, 6, 7, and
to H'00 in mode 4. It is not initialized in software standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These bits select whether the
corresponding areaisto be designated for 8-bit access or 16-bit access.

Bitn
WDescription
0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access
(n=71t00)
7.2.2 Access State Control Register (ASTCR)
Bit : 7 6 5 4 3 2 1 0
AST7 AST6 ASTS5 AST4 AST3 AST2 AST1 ASTO
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR isan 8-bit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.
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ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/0 registersis fixed regardless of the settingsin ASTCR.

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areaisto be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bitn
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)
Wait state insertion in area n external space is enabled
(n=7100)
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7.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area.

Program waits are not inserted in the case of on-chip memory or internal 1/O registers.

WCRH and WCRL are initialized to H'FF by areset and in hardware standby mode. They are not
initialized in software standby mode.

WCRH
Bit : 7 6 5 4 3 2 1 0
w71 W70 W61 W60 W51 W50 w41 W40
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external space is accessed whilethe AST7 bitin ASTCR is set
to 1

Bit 7 Bit 6
W71 w70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits 5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These hits select the number of
program wait states when area 6 in external space is accessed whilethe AST6 bit in ASTCR is set
to L

Bit 5 Bit 4
w61 w60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed
(Initial value)
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Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These hits select the number of
program wait states when area 5 in external space is accessed while the AST5 bitin ASTCR is set
to L

Bit 3 Bit 2
w51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external spaceis accessed while the AST4 bit in ASTCR is set
tol

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
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WCRL

Bit 7 6 5 4 3 2 1 0
w31l W30 w21 w20 wil w10 wo1l W00

Initial value : 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in external space is accessed whilethe AST3 bit in ASTCR is set

to 1
Bit 7 Bit 6
w31 w30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These hits select the number of
program wait states when area 2 in external space is accessed whilethe AST2 bitin ASTCR is set

to L
Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed
(Initial value)
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Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bitin ASTCR is set
to L

Bit 3 Bit 2
w11l W10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, WQ00): These bits select the number of
program wait states when area 0 in external spaceis accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
wo1 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0O is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
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724 Bus Control Register H (BCRH)

Bit : 7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO — — —

Initial value : 1 1 0 1 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area2to 5, and 0.

BCRH isinitialized to H'DO by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Ildle CycleInsert 1 (1CIS1): Selects whether or not one idle cycle state isto be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Ildle CycleInsert 0 (1CIS0): Selects whether or not one idle cycle state isto be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface.

Bit5
BRSTRM Description

0 Area 0 is basic bus interface (Initial value)
1 Area 0 is burst ROM interface
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Bit 4—Burst Cycle Select 1 (BRSTS1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4
BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits 2 to 0—Reserved: Only 0 should be written to these bits.

7.25 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
— — — — — — WDBE —

Initial value : 0 0 0 0 1 0 0 0

R/W : R/W R/W — R/W R/W R/W R/W R/W

BCRL is an 8-hit readable/writable register that performs selection of the external bus-released
state protocol, enabling or disabling of the write data buffer function.

BCRL isinitialized to H'08 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 and 6—Reserved: Only 0 should be written to these bits.
Bit 5—Reserved: It isawaysread as 0. Cannot be written to.
Bit 4—Reserved: Only 0 should be written to this hit.

Bit 3—Reserved: Only 1 should be written to this hit.

Bit 2—Reserved: Only 0 should be written to this bit.
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Bit 1—Write Data Buffer Enable (WDBE): This bit selects whether or not to use the write

buffer function in the external write cycle.

Bit 1
WDBE Description
0 Write data buffer function not used (Initial value)
1 Write data buffer function used
Bit 0—Reserved: Only 0 should be written to these bits.
7.2.6 Pin Function Control Register (PFCR)
Bit : 7 6 5 4 3 2 1 0
— — — — AE3 AE2 AE1 AEO
Initial value : 0 0 0 0 1/0 1/0 0 1/0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-hit read/write register that controls the address output in expanded mode with ROM.

PFCR isinitialized to H'OD/H'00 by areset and in hardware standby mode. It retainsits previous

state in software standby mode.

Bits 7 to 4—Reserved: Only 0 should be written to these bits.
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Bits 3to 0—Address Output Enable 3to 0 (AE3-AEO): These bits select enabling or disabling
of address outputs A8 to A23 in ROMIess expanded mode and modes with ROM. When apinis

enabled for address output, the address is output regardless of the corresponding DDR setting.

When apin isdisabled for address output, it becomes an output port when the corresponding DDR

bitissetto 1.
Bit 3 Bit 2 Bit 1 Bit 0
AE3 AE2 AEl AEO Description
0 0 0 0 A8-A23 address output disabled (Initial value*)
A8 address output enabled; A9—A23 address output disabled
1 0 A8, A9 address output enabled; A10-A23 address output
disabled
1 A8-A10 address output enabled; A11-A23 address output
disabled
1 0 0 A8-A11 address output enabled; A12—A23 address output
disabled
1 A8-A12 address output enabled; A13-A23 address output
disabled
1 0 A8-A13 address output enabled; A14-A23 address output
disabled
1 A8-A14 address output enabled; A15-A23 address output
disabled
1 0 0 0 A8—A15 address output enabled; A16—A23 address output
disabled
1 A8-A16 address output enabled; A17-A23 address output
disabled
1 0 A8-A17 address output enabled; A18—-A23 address output
disabled
1 A8-A18 address output enabled; A19-A23 address output
disabled
1 0 0 A8-A19 address output enabled; A20-A23 address output
disabled
1 A8-A20 address output enabled; A21-A23 address output
disabled (Initial value*)
1 0 A8-A21 address output enabled; A22, A23 address output
disabled
1 A8-A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEQ are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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7.3 Overview of Bus Control

731 Area Partitioning

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external space in area units. In normal mode*, it
controls a 64-kbyte address space comprising part of area 0. Figure 7-2 shows an outline of the
memory map.

Note: * Not available in the H85/2636, H8S/2638, and H8S/2639.

woooooo [ | T H'0000
Area 0 N
(2Mbytes)
H'1FFFFF
H'200000
Area 1l
(2Mbytes)
H'3FFFFF
H'400000
Area 2
2Mbyt
(eMbytes) - HFFFE
H'5FFFFF
H'600000
Area 3
(2Mbytes)
H'7FFFFF
H'800000
Area 4
(2Mbytes)
H'9FFFFF
H'A00000
Area 5
(2Mbytes)
H'BFFFFF
H'C00000
Area 6
(2Mbytes)
H'DFFFFF
H'E00000
Area 7
(2Mbytes)
__. HFFFFFF_
(1) Advanced mode (2) Normal mode*

Note: * Not available in the H8S/2636, H8S/2638, and H8S/2639.

Figure7-2 Overview of Area Partitioning
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7.3.2 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal 1/0 registers are
fixed, and are not affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with ADWCR. An areafor which an 8-bit
busis selected functions as an 8-hit access space, and an area for which a 16-bit busis selected
functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus modeis set; if any areais designated for 16-bit
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus modeis
aways set.

Number of Access States. Two or three access states can be selected with ASTCR. An areafor
which 2-state access is selected functions as a 2-state access space, and an area for which 3-state
access is selected functions as a 3-state access space.

With the burst ROM interface, the number of access states may be determined without regard to
ASTCR.

When 2-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

Table 7-3 shows the bus specifications for each basic bus interface area.
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Table7-3 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR  ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Program Wait
ABWn ASTn Wn1l Wno Bus Width Access States States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 3 0
1 1
1 0 2
1 3

7.3.3 Memory Interfaces

The chip's memory interfaces comprise a basic bus interface that allows direct connection or
ROM, SRAM, and so on, and aburst ROM interface that allows direct connection of burst ROM.
The memory interface can be selected independently for each area.

An areafor which the basic bus interface is designated functions as normal space, and an area for
which the burst ROM interface is designated functions as burst ROM space.
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734 I nterface Specificationsfor Each Area

Theinitial state of each areais basic bus interface, 3-state access space. The initial bus width is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (7.4, Basic Bus Interface, and 7.5, Burst ROM
Interface) should be referred to for further details.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area0is
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

Either basic businterface or burst ROM interface can be selected for area 0.
Areas1to 6: In external expansion mode, all of areas 1 to 6 is external space.
Only the basic businterface can be used for areas 1 to 6.

Area7: Area7 includes the on-chip RAM and internal /O registers. In external expansion mode,
the space excluding the on-chip RAM and internal /O registersis external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SY SCR) is set to 1; when the
RAME hit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

Only the basic bus interface can be used for the area 7.
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7.4 Basic BusInterface

7.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (see
table 7-3).

742 Data Size and Data Alignment

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

8-Bit Access Space: Figure 7-3 illustrates data alignment control for the 8-bit access space. With
the 8-hit access space, the upper data bus (D15 to D8) is aways used for accesses. The amount of
data that can be accessed at one time is one byte: aword transfer instruction is performed as two
byte accesses, and alongword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte S|Ze | T T T T T T T |

| 1stbuscycle |

Word size | 2nd bus cycle |

[ 1st bus cycle |
2nd bus cycle |
|
|

Longword size

3rd bus cycle

| 4th bus cycle

Figure7-3 Access Sizes and Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space: Figure 7-4 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) are
used for accesses. The amount of data that can be accessed at one time is one byte or one word,
and alongword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8 D7 DO,

Byte size « Even address [T T 7T ]
Byte size  »Odd address T

Word size |“H‘ww|www\”‘|

Longword 1st bus cycle |
size 2nd bus cycle |

Figure 7-4 Access Sizes and Data Alignment Control (16-Bit Access Space)
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7.4.3 Valid Strobes

Table 7-4 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the

data bus.

In awrite, the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the

lower half.

Table7-4 Data BusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write Address Strobe (D15 to D8) (D7 to DO)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-z Valid
Word Read — RD Valid Valid
Write  — HWR, LWR Valid Valid
Note: Hi-Z: High impedance.

Invalid: Input state; input value is ignored.
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744 Basic Timing

8-Bit 2-State Access Space: Figure 7-5 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 busis used.

The LWR pin isfixed high. Wait states cannot be inserted.

+————— Buscycle —————————
i 4 i

T T2
o J
Address bus ix | 3X
AS : i :
RD 1 |
Read D15 to D8 : { vaid }—
D7 to DO : : {  Invalid 3 —
. 1 R S
HWR | 3 |
[WR | ngh 3
Write 3 | 3
D15 to D8 4< ' Valid >7
| iHi h impedance |
D7 to DO : e

Figure7-5 BusTiming for 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 7-6 shows the bus timing for an 8-hit 3-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data busis used.

The LWR pinisfixed high. Wait states can be inserted.

- Bus cycle »
Ty ! T2 T3

Read D15 to D8

D7 to DO

I
By

LWR

D15 to D8 ‘v—<

D7 to DO 1

Write

Figure7-6 BusTiming for 8-Bit 3-State Access Space
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16-Bit 2-State Access Space: Figures 7-7 to 7-9 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 databusis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states cannot be inserted.

————— Buscycle ————»
| |

‘ T : T2 ‘

Address bus EX

i
-
s —
o -
Read D15 to D8 { Valid )—
D7 to DO j j { Invalid % )—
o ;
Write 1 ; :
D15 to D8 ~—< Valid >—
D7 to DO % %High impedance %

Figure7-7 BusTiming for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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Address bus

D15 to D8

D7 to DO

D15 to D8

D7 to DO

Read

Write

Figure7-8 BusTiming for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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16-Bit 3-State Access Space: Figures 7-10 to 7-12 show bustimings for a 16-hit 3-state access
space. When a 16-bit access space is accessed , the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states can be inserted.

Bus cycle
Ty ! T, | T3

Read | D15to D8 — : valid
D7to DO —— : : { Invalid 1y—

AWR : 3

wR ! High ! !

Write 1 1 | i
D15 to D8 ——< valid | >—

: | High impedance ' :

D7 to DO T : o1 mp T T

Figure7-10 BusTiming for 16-Bit 3-State Access Space (1) (Even Address Byte Access)

160
HITACHI




Bus cycle
T, Ts

—
[N

g L[
Address bus : : 3)(
RD | |
Read 1 D15 to D8 3 1 { invalid | }—
D7 to DO : Valid |

| High

Write
D15 to D8

D7 to DO

SREIRRNLE

Figure7-11 BusTimingfor 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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T3

Bus cycle
T2

Ty

Address bus
D15 to D8
D7 to DO

H
D7 to DO

Read
Write

=0to7

Note: n

Figure7-12 BusTiming for 16-Bit 3-State Access Space (3) (Word Access)
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7.45 Wait Control

When accessing external space, the chip can extend the bus cycle by inserting one or more wait
states (T,,). There are two ways of inserting wait states: program wait insertion.

Program Wait Insertion

From O to 3 wait states can be inserted automatically between the T, state and T, state on an
individual areabasisin 3-state access space, according to the settings of WCRH and WCRL.
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Figure 7-13 shows an example of wait state insertion timing.

By program wait

T, | T, Tw Tw Tw Ts

|
I
Address bus :><

RD ’(
Read
Data bus { Readdata |-
HWR, LWR
Write
Data bus 4< Write data >>

Figure7-13 Example of Wait State Insertion Timing

The settings after areset are: 3-state access, 3 program wait state insertion.
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75 Burst ROM Interface

7.5.1 Overview

In this LSI, the area O external space can be set as burst ROM space and burst ROM interfacing
performed. Burst ROM space interfacing allows 16-bit ROM capable of burst access to be
accessed at high-speed.

The BRSTRM bit of BCRH sets area 0 as burst ROM space. CPU instruction fetches (only) can be
performed using a maximum of 4-word or 8-word continuous burst access. 1 state or 2 states can
be selected in the case of burst access.

7.5.2 Basic Timing

The ASTO bit of ASTCR sets the number of access states in theinitial cycle (full access) of the
burst ROM interface. Wait states can be inserted when the ASTO bit is set to 1. The burst cycle
can be set for 1 state or 2 sttes by setting the BRSTSL1 bit of BCRH. Wait states cannot be inserted.
When area 0 is set as burst ROM space, area 0 is a 16-bit access space regardless of the ABWO bit
of ABWCR.

When the BRST SO0 bit of BCRH is cleared to 0, 4-word max. burst accessis performed. When the
BRSTSO hit is set to 1, 8-word max. burst access is performed.

Figures 7-14 (a) and (b) show the basic access timing for the burst ROM space.
Figure 7-14 (a) is an example when both the AST0 and BRSTS1 hits are set to 1.

Figure 7-14 (b) is an example when both the ASTO and BRSTS1 hits are set to 0.
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Address bus

LB

Full access

T, T3

Burst access

T, T

\/
Low address/(\)nly changes

\

Data bus —< Read data >—< Read data >—< Read data >>

Figure7-14 (a) Example Burst ROM Access Timing (AST0=BRST S1=1)

Address bus

Full access

LE Tz

Burst access

LE Ty

)

\/ ) :
XLOW address only changes
/\

Data bus 4< Read data ><Read data><Read data>i

Figure 7-14 (b) Example Burst ROM Access Timing (AST0=BRST S1=0)
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7.5.3 Wait Control

Aswith the basic bus interface, program waits can be inserted in the burst ROM interface initial
cycle (full access). See section 7.4.5, Wait Control.

Wait states cannot be inserted in the burst cycle.
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7.6 Idle Cycle

76.1 Operation

When the chip accesses external space, it caninsert a 1-state idle cycle (T,) between bus cyclesin
the following two cases: (1) when read accesses between different areas occur consecutively, and
(2) when awrite cycle occurs immediately after aread cycle. By inserting anidle cycleit is
possible, for example, to avoid data collisions between ROM, with along output floating time, and
high-speed memory, 1/0 interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH issetto 1, anidle
cycleisinserted at the start of the second read cycle.

Figure 7-15 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (a), an idle cycleis not inserted, and a collision occursin
cycle B between the read data from ROM and that from SRAM. In (b), anidle cycleisinserted,
and adata collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

| | | |
- r Tt 1
| | | |
| | | |
| | | |

Address bus :b( X X: Address bus :b( Y

CS* (area A) 3 CS* (area A)
CS* (area B) !

CS* (areaB) |

S I o T 1T

S 1
Data bus § Data bus ‘ )—( ’)—
' : Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 = 1)

Note: * The CS signal is generated externally rather than inside the LSI device.

Figure7-15 Exampleof Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICIS0 bitin BCRH issetto 1, anidle
cycleisinserted at the start of the write cycle.

Figure 7-16 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycleisinserted, and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

Address bus :b( :X X: Address bus j X

CS* (area A) ! CS* (area A) 3

i ! CS* (areaB) i

A5 e LT

CS* (area B)

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 =1)

Note: * The CS signal is generated externally rather than inside the LS| device.

Figure7-16 Example of Idle Cycle Operation (2)
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(3) Relationship between Chip Select (CS*) Signal and Read (RD) Signal

Depending on the system’s load conditions, the RD signal may lag behind the CS signal*. An

example is shown in figure 7-17.

In this case, with the setting for no idle cycle insertion (@), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycleinsertion, asin (b), however, will prevent any overlap between the RD and CS

signals.

Intheinitial state after reset release, idle cycleinsertion (b) is set.

Note: * The CS signal is generated externally rather than inside the LSI device.

, BuscycleA Buscycle B , BuscycleA  BuscycleB
T T, T T T, T T, T T T T,
o [ LT LI LT LI LT o [ LI LI LI LT LI L
Address bus :b( 9( X: Address bus j 1X X:
CS* (area A) | CS* (area A) |
CS* (areaB) CS* (areaB) i
RD | | RD | 1
R s s R s s
S (I N O S o S ey

Long output

Data
collision

floating time

(a) Idle cycle not inserted
(ICIS0 =0)

(b) Idle cycle inserted
(Initial value ICISO = 1)

Note: * The CS signal is generated externally rather than inside the LSI device.

Figure 7-17 Relationship between Chip Select (CS)* and Read (RD)

7.6.2 Pin States During Idle Cycles

Table 7-5 shows the pin states during idle cycles.
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Table 7-5 Pin States During ldle Cycles

Pins Pin State

A23to AO Content identical to immediately following bus cycle
D15 to DO High impedance

AS High level

RD High level

HWR High level

LWR High level
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7.7 Write Data Buffer Function

The chip has awrite data buffer function in the external data bus. Using this function enables the
write data buffer to be accessed in parallel. The write data buffer function is made available by
setting the WDBE bit in BCRL to 1.

Figure 7-18 shows an example of the timing when the write data buffer function is used. When
this function is used, if an external write continues for 2 states or longer, and thereis an internal
access next, only an external write is executed in the first state, but from the next state onward an
internal access (on-chip memory or internal 1/O register read/write) is executed in parallel with the
external write rather than waiting until it ends.

On-chip memory read Internal I/O register read

External write cycle

Ty Ts Tw Tw T3

Internal address bus >< >< >< >< ><

Internal memory  Internal I/O register address

Internal read signal

A23 to A0 >< External address ‘
External —:— —:—
space | AWR,[WR | |
write ! !
D15 to DO ——< >7
Figure7-18 Example of Timing when Write Data Buffer Function is Used
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7.8 Bus Arbitration

7.8.1 Overview
The chip has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and DTC which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of abus request signal. The
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of a
bus request acknowledge signal. The selected bus master then takes possession of the bus and
begins its operation.

7.8.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
more 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 of the
bus until that signal is canceled.

The order of priority of the bus mastersis as follows:

(Highy DTC > CPU (Low)

7.8.3 Bus Transfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC,
the bus arbiter transfers the bus to the bus master that issued the request. The timing for transfer of
the busisasfollows:

e Thebusistransferred at a break between bus cycles. However, if abus cycle is executed in
discrete operations, asin the case of alongword-size access, the busis not transferred between
the operations. See Appendix A.5, Bus States during Instruction Execution, for timings at
which the busis not transferred.

¢ |If the CPU isin sleep mode, it transfers the bus immediately.

DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.
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The DTC can release the bus after a vector read, aregister information read (3 states), asingle data
transfer, or aregister information write (3 states). It does not release the bus during aregister
information read (3 states), asingle data transfer, or aregister information write (3 states).

7.9 Resets and the Bus Controller

In areset, the chip, including the bus controller, enters the reset state at that point, and an
executing bus cycle is discontinued.
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Section 8 Data Transfer Controller (DTC)

81 Overview

The chip includes a data transfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

811 Features

e Transfer possible over any number of channels
0 Transfer information is stored in memory
O One activation source can trigger a number of data transfers (chain transfer)

¢ Widerange of transfer modes
0 Normal, repeat, and block transfer modes available
O Incrementing, decrementing, and fixing of source and destination addresses can be selected

e Direct specification of 16-Mbyte address space possible
0 24-bit transfer source and destination addresses can be specified

e Transfer can be set in byte or word units

¢ A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends

O Aninterrupt request can be issued to the CPU after the specified data transfers have
completely ended

e Activation by software is possible

¢ Module stop mode can be set

O Theinitia setting enables DTC registers to be accessed. DTC operation is halted by setting
modul e stop mode.
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8.12 Block Diagram

Figure 8-1 shows a block diagram of the DTC.

The DTC'sregister information is stored in the on-chip RAM*. A 32-hit bus connectsthe DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information.

Note: * When the DTC is used, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller DTC RAM
c
o
T
¢ e g 32
Interrupt o || = L
request) 5o = 3 g 2 5(:9(: C> =
=5 |IBl |ew | E | |S|<|gow T
(=) g Q Q —x|x 0
=3 | O < /0|0 >
(3 5 o o
1) = = a4 !
|_
0
CPU interrupt Internal data bus
request
Legend
MRA, MRB : DTC mode registers A and B
CRA, CRB : DTC transfer count registers A and B
SAR : DTC source address register
DAR : DTC destination address register
DTCERA to DTCERG : DTC enable registers A to G
DTVECR : DTC vector register
Figure8-1 Block Diagram of DTC
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8.13 Register Configuration
Table 8-1 summarizesthe DTC registers.

Table8-1 DTC Registers

Name Abbreviation R/W Initial Value  Address**

DTC mode register A MRA —*2  Undefined —*3

DTC mode register B MRB —*2  Undefined —x3

DTC source address register SAR —*2  Undefined —*3

DTC destination address register DAR —*2  Undefined —*3

DTC transfer count register A CRA —*2  Undefined —x3

DTC transfer count register B CRB —*2  Undefined —x3

DTC enable registers DTCER R/W  H'00 H'FE16 to H'FE1C
DTC vector register DTVECR R/W  H00 H'FE1F

Module stop control register A MSTPCRA R/W  H'3F H'FDES8

Notes: *1 Lower 16 bits of the address.
*2 Registers within the DTC cannot be read or written to directly.

*3 Register information is located in on-chip RAM addresses H'EBCO to H'EFBF. It cannot
be located in external memory space. When the DTC is used, do not clear the RAME
bit in SYSCR to 0.
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8.2 Register Descriptions
821 DTC Mode Register A (MRA)
Bit 7 6 5 4 3 2 1 0
SM1 SMO DM1 DMO MD1 MDO DTS Sz
Initial value : * * * * * * * *
RIW — — — — — — — —
*: Undefined

MRA is an 8-hit register that controls the DTC operating mode.

Bits 7 and 6—Source AddressMaode 1 and 0 (SM 1, SM0): These bits specify whether SAR is
to be incremented, decremented, or |eft fixed after a data transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by =1 when Sz = 0; by —2 when Sz = 1)

Bits 5 and 4—Destination AddressMode 1 and 0 (DM 1, DMO0): These bits specify whether
DAR isto beincremented, decremented, or |eft fixed after adatatransfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)
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Bits3and 2—DTC Mode (M D1, MDO): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 J—

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
sideis set to be arepeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifiesthe size of datato be transferred.

Bit O

Sz Description

0 Byte-size transfer
1 Word-size transfer
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822  DTC ModeRegister B (MRB)

Bit : 7 6 5 4 3 2 1 0

CHNE DISEL — — — — — —

Initial value: * * * * * * * *

RIW : — — — — — — — —
*: Undefined

MRB is an 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of data transfers can be performed consecutively in response to a single transfer request.

In data transfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER is not performed.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6
DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the
interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—Reserved: These bits have no effect on DTC operation in the chip, and should
always be written with O.
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8.2.3 DTC Source Address Register (SAR)

Bit : 23 22 21 20 19 - 4 3 2 1 0

Initial value: * * * * * --- * * * * *

R/W : —_ = = = = --- _ = = = —
*: Undefined

SAR isa24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

8.24 DTC Destination Address Register (DAR)

Bit : 23 22 21 20 19 --- 4 3 2 1 0

Initial value : * * * * * --- * * * * *

RIW - - - = - S
*: Undefined

DAR is a24-hit register that designates the destination address of datato be transferred by the
DTC. For word-size transfer, specify an even destination address.

8.25 DTC Transfer Count Register A (CRA)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: * * * * * * * * * * * * * * * *
RIW - - - - - - - - = = = = = = = =

*: Undefined

CRA isa 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-hit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.
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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 datais
transferred, and the contents of CRAH are sent when the count reaches H'00. This operation is
repeated.

8.2.6 DTC Transfer Count Register B (CRB)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: * * * * * * * * * * * * * * * *

RIW - = = = = = = = = = = = = = = =
*: Undefined

CRB isa 16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

827  DTC Enable Registers (DTCER)

Bit : 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The DTC enable registers comprise seven 8-bit readable/writable registers, DTCERA to DTCERG
with bits corresponding to the interrupt sources that can control enabling and disabling of DTC
activation. These bits enable or disable DTC service for the corresponding interrupt sources.

The DTC enableregisters are initialized to H'00 by areset and in hardware standby mode.
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Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 1 and the data transfer has ended
* When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=71to00)

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bitsis shown in table 9-4, together with the vector number
generated for each interrupt controller.

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR for reading and
writing. If al interrupts are masked, multiple activation sources can be set at one time by writing
data after executing adummy read on the relevant register.

82.8  DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVECS5|DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO

Initial value: 0 0 0 0 0 0 0 0

R/W o RI(W)*1  R/W*2  R/W*2  R/W*2 R/W*2 R/W*2 R/W*2 R/W*2

Notes: *1 Only 1 can be written to the SWDTE bit.
*2 Bits DTVEC6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECRIsinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—DTC Softwar e Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7
SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 0 and the specified nhumber 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

1 DTC software activation is enabled
[Holding conditions]
* When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
» During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECO): These bits
specify avector number for DTC software activation.

The vector address is expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit | eft-
shift. For example, when DTV EC6 to DTVECO = H'10, the vector addressis H'0420.

8.29 Module Stop Control Register A (MSTPCRA)

Bit 7 6 5 4 3 2 1 0

| MSTPA7 | MsTPAG | MSTPAS | MSTPA4 | MsTPA3 | MSTPA2 | MsTPAL | MSTPAO |
Initial value 0 0 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W RIW R/W

MSTPCRA is a 8-bit readable/writable register that performs module stop mode control.

When the MSTPAG6 bit in MSTPCRA is set to 1, the DTC operation stops at the end of the bus
cycle and atransition is made to module stop mode. However, 1 cannot be written in the MSTPAG
bit while the DTC is operating. For details, see section 23A.5, 23B.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 6—Module Stop (M STPAGB): Specifies the DTC module stop mode.

Bit 6

MSTPA6  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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8.3 Operation

83.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the datatransfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible to
perform a number of transfers with asingle activation.

Figure 8-2 shows aflowchart of DTC operation.

Start

\
Read DTC vector

Next transfer

v

Read register information

Y

Data transfer

L

Write register information

;

No

Transfer Counter= 0
or DISEL=1

Yes

Y
Clear an activation flag Clear DTCER

End Interrupt exception
handling

Figure8-2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,

decremented, or |eft fixed.

Table 8-2 outlines the functions of the DTC.

Table8-2 DTC Functions

Address Registers

Transfer  Transfer
Transfer Mode Activation Source Source Destination
* Normal mode « IRQ 24 bits 24 bits
O One transfer request transfers one e TPUTGI
byte or one word e SCITXl or RXI

O Memory addresses are incremented
or decremented by 1 or 2

0 Up to 65,536 transfers possible
¢ Repeat mode
O One transfer request transfers one
byte or one word
O Memory addresses are incremented
or decremented by 1 or 2
O After the specified number of
transfers (1 to 256), the initial state
resumes and operation continues
e Block transfer mode

O One transfer request transfers a block

of the specified size

O Block size is from 1 to 256 bytes or
words

O Up to 65,536 transfers possible

O A block area can be designated at
either the source or destination

A/D converter ADI

Motor control PWM
CMI

HCAN RMO
(mail box 0)

Software
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8.3.2 Activation Sources

The DTC operates when activated by an interrupt or by awriteto DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit isset to 1, and a
CPU interrupt source when the bit is cleared to O.

At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 8-3 shows activation source and
DTCER clearance. The activation source flag, in the case of RXI0, for example, is the RDRF flag
of SCI0.

Table8-3 Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source Transfers Have Not Ended Have Ended

Software activation The SWDTE bit is cleared to 0 The SWDTE bit remains set to 1
An interrupt is issued to the CPU

Interrupt activation The corresponding DTCER bit The corresponding DTCER bit is cleared

remains set to 1 to 0
The activation source flag is The activation source flag remains set to 1
cleared to O A request is issued to the CPU for the

activation source interrupt

Figure 8-3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.

Source flag cleared

Clear
controller

Clear
A

DTCER
Clear request
Select
Y Y
On-chip -~
supporting = pTC
module o
'S
. c
IRQ interrupt 18
Interrupt ©
(0]
request @ -
DTVECR 0 »| Interrupt controller CPU

Interrupt mask

Figure8-3 Block Diagram of DTC Activation Source Control
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When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC operates in accordance with the default priorities.

8.3.3 DTC Vector Table
Figure 8-4 shows the correspondence between DTC vector addresses and register information.

Table 8-4 shows the correspondence between activation and vector addresses. Whenthe DTC is
activated by software, the vector address is obtained from: H'0400 + (DTVECR[6:0] << 1) (where
<< 1indicates a 1-bit left shift). For example, if DTVECR is H'10, the vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector addressis the same in both normal* and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

Note: * Not available in the H8S/2636, H85/2638, and H8S/2639.

m m
DTC vector Register information / _ .
| — Register information
address start address

.

Chain transfer
\_ﬂ \_ﬂ

Figure8-4 Correspondence between DTC Vector Address and Register Information
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Table8-4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector

Interrupt Source Source Number  Address DTCE*! Priority
Write to DTVECR Software DTVECR H'0400+ — High

(DTVECR A

[6:0]

<<1)
IRQO External pin 16 H'0420 DTCEA7Y
IRQ1 17 H'0422 DTCEAG6
IRQ2 18 H'0424 DTCEAS
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEAS3
IRQ5 21 H'042A DTCEA2
Reserved — 22 to 27 H'042Cto —

H'0436
ADI (A/D conversion end) A/ID 28 H'0438 DTCEB6
Reserved — 29to 31 H'043Ato —

H'043E
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEBS
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
Reserved — 36to 39 H'0448t0 —

H'044E
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCEC7
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCEC6
input capture) Low

190

HITACHI



Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE*! Priority
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCEC5 High
input capture) channel 3 A
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCEC3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
Reserved — 52t0 55 H'0468t0 —
H'046E
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
Reserved — 58, 59 H0474t0 —
H'0476
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCEDS
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCED4
input capture)
Reserved — 62 to 80 H'047Cto —
H'04A0
RXI0 (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel 0 82 H04A4  DTCEE2
Reserved — 83, 84 H'O04A6t0 —
H'04A8
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 HO4AC  DTCEEO
Reserved — 87, 88 H'O4AEto —
H'04B0
RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) channel 2 90 H04B4  DTCEF6 ¥
Reserved — 91 to 97 H04B6t0 — Low
H'04C2
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Origin of

Interrupt Vector Vector

Interrupt Source Source Number  Address DTCE*! Priority
I?CIO (1-byte transmission/ I°’C channel0 100 H'04C8 DTCEF1  High
reception completed)*? (option) A
I°’ClI1 (1-byte transmission/ I°C channel 1 102 H'04CC DTCEFO
reception completed)*? (option)
CMI1 (PWCYR1 compare match) PWM 104 H'04D0 DTCEGY
CMI2 (PWCYR2 compare match) 105 H'04D2 DTCEG6
Reserved — 106 H'04D4 —
RMO (HCAN1 mail box 0) HCAN1 107 H'04D6 DTCEG4
Reserved — 108 H'04D8 —
RMO (HCANO mail box 0) HCANO 109 H'04DA DTCEG2
Reserved — 110to 124 H'04DC — Low

to

H'04F8

Notes: *1 DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
*2 1°C bus interface is available as an option in the H8S/2638 and H8S/2639.

These bits become reserved bits when this optional feature is not used or in the

H8S/2636.
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8.34 L ocation of Register Information in Address Space

Figure 8-5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive areas.

L ocate the register information in the on-chip RAM (addresses: H'FFEBCO to H'FFEFBF).

Register

information — ™| MRA

start address

Lower address

Chain
transfer

0 1 2
I SAR I

MRB DAR

CRA CRB
= MRA SAR

MRB DAR

CRA CRB
= 4 bytes >

T

Register information

Register information
for 2nd transfer in
chain transfer

Figure8-5 Location of Register Information in Address Space
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8.35 Normal Mode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a

CPU interrupt can be requested.

Table 8-5 lists the register information in normal mode and figure 8-6 shows memory mapping in

normal mode.

Table8-5 Register Information in Normal Mode

Name Abbreviation

Function

DTC source address register SAR

Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used
m m
SAR —» -— DAR

~N_

Transfer

~N_

Figure8-6 Memory Mappingin Normal Mode
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8.3.6 Repeat M ode
In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified asthe repeat areais restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.

Table 8-6 lists the register information in repeat mode and figure 8-7 shows memory mapping in
repeat mode.

Table8-6 Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used

N M N

SAR or DAR or
DAR — ™ Repeat area <:> -— 5AR
Transfer

Figure8-7 Memory Mappingin Repeat Mode
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8.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area.

The block sizeis 1 to 256. When the transfer of one block ends, the initia state of the block size
counter and the address register specified as the block areais restored. The other address register
isthen incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 8-7 lists the register information in block transfer mode and figure 8-8 shows memory
mapping in block transfer mode.

Table8-7 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Transfer count
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H First block

B N
SAR B N B DAR
DAR or <:> Block area - gAR or

- - Transfer -

~ — ~N_

Nth block
u_\
Figure8-8 Memory Mappingin Block Transfer Mode
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8.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of data transfers to be performed consectutively in
response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 8-9 shows the memory map for chain transfer.

T~
Source
/\_/ /\_/
_ _ _ ) Destination
Register information
CHNE=1
DTC vector Register information
address start address
Register information
CHNE =0
7 Source
L\ .
) Destination
/\_/

Figure8-9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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8.3.9 Operation Timing

Figures 8-10 to 8-12 show an example of DTC operation timing.

° JuuyuuuuuuyyunL
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

e e
s O OOt SO0
-~ -

Transfer Transfer
information read information write

Figure8-10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)

0 JuyyuururyuyriyyUyyL
DTC activation
request / \

DTC request / \

Data transfer

Vector read

B T
parss O OO et OO0

- -
Transfer Transfer
information read information write

Figure8-11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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o vy iriryiuuyyyuy

DTC activation
request J \
DTC
request J \_
Data transfer Data transfer
Vector read B — B —
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure8-12 DTC Operation Timing (Example of Chain Transfer)

8.3.10 Number of DTC Execution States

Table 8-8 lists execution statuses for asingle DTC data transfer, and table 8-9 shows the number
of statesrequired for each execution status.

Table8-8 DTC Execution Statuses

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)

200
HITACHI



Table8-9 Number of States Required for Each Execution Status

On- On-
Chip Chip On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 16 8 16 8 8 16 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S, — 1 — — 4 6+2m 2 3+m
status Register S, 1 U —
information
read/write
Byte data read Sy 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 6+2m 2 3+m
Byte data write S, 1 1 2 2 2 3+tm 2 3+m
Word data write S, 1 1 4 2 4 6+2m 2 3+m
Internal operation S,, 1 1 1 1 1 1 1 1

The number of execution statesis calculated from the formula below. Note that = means the sum
of all transfers activated by one activation event (the number in which the CHNE bit isset to 1,
plus 1).

Number of execution states=1-(§+1)+2Z(J-S;+K-S§+L-S)+M S,

For example, when the DTC vector address table islocated in on-chip ROM, normal mode is set,
and data is transferred from the on-chip ROM to an internal 1/O register, the time required for the
DTC operation is 14 states. The time from activation to the end of the datawriteis 11 states.
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8.3.11 Proceduresfor UsingDTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

[2] Set the start address of the register information in the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE hit is cleared to 0 and a CPU interrupt is requested. |f the DTC isto continue
transferring data, set the DTCE hit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE bit is 0.

[4] Write 1 to SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to O. If the DTC is to continue transferring data, set the SWDTE hit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit isheld at 1 and a CPU interrupt is requested.
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8.3.12 Examplesof Useof theDTC
(1) Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data viathe SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM area where the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

[2] Set the start address of the register information at the DTC vector address.
[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RX1) interrupt. Since the generation of areceive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRisset to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flag is
automatically cleared to O.

[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE bit iscleared to 0, and an RX| interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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(2) Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG.
Chain transfer can be used to perform pulse output data transfer and PPG output trigger cycle
updating. Repeat mode transfer to the PPG’s NDR is performed in the first half of the chain
transfer, and normal mode transfer to the TPU’s TGR in the second half. Thisis because clearing
of the activation source and interrupt generation at the end of the specified number of transfers are
restricted to the second half of the chain transfer (transfer when CHNE = 0).

[1] Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 =0,
MDO = 1), and word size (Sz = 1). Set the source side as arepeat area (DTS =1). Set MRB to
chain mode (CHNE = 1, DISEL = 0). Set the data table start addressin SAR, the NDRH
addressin DAR, and the data table sizein CRAH and CRAL. CRB can be set to any value.

[2] Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1=1, SMO = 0), fixed destination address (DM 1 = DMO = 0), normal mode (MD1 =
MDO = 0), and word size (Sz = 1). Set the data table start addressin SAR, the TGRA address
in DAR, and the datatable size in CRA. CRB can be set to any value.

[3] Locatethe TPU transfer register information consecutively after the NDR transfer register
information.

[4] Setthe start address of the NDR transfer register information to the DTC vector address.
[5] Setthebit corresponding to TGIA in DTCER to 1.

[6] Set TGRA asan output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

[7] Settheinitial output value in PODR, and the next output value in NDR. Set bitsin DDR and
NDER for which output is to be performed to 1. Using PCR, select the TPU compare match
to be used as the output trigger.

[8] SettheCST bitin TSTRto 1, and start the TCNT count operation.

[9] EachtimeaTGRA compare match occurs, the next output value is transferred to NDR and
the set value of the next output trigger period istransferred to TGRA. The activation source
TGFA flag iscleared.

[10] When the specified number of transfers are completed (the TPU transfer CRA valueis 0), the
TGFA flagisheld at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is sent to
the CPU. Termination processing should be performed in the interrupt handling routine.
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(3) Software Activation

An exampleis shown in which the DTC is used to transfer a block of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the destination address is
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 (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04C0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

[4] Write 1 to the SWDTE hit and the vector number (H'60) to DTVECR. The write datais H'EO.

[5] 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. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and a block of 128 bytes of datais transferred.

[7] After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE bit to 0 and perform other wrap-up processing.
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8.4 Interrupts

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adata 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 are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE hit isheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should 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 hit isset to 1.

8.5 Usage Notes

Module Stop: When the MSTPAG bit in MSTPCRA isset to 1, the DTC clock stops, and the
DTC enters the module stop state. However, 1 cannot be written in the MSTPAG hit while the
DTC is operating.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip
RAM. When the DTC is used, the RAME bit in SY SCR must not be cleared to 0.

DTCE Bit Setting: For DTCE hit setting, use bit manipulation instructions such as BSET and
BCLR. If al interrupts are masked, multiple activation sources can be set at one time by writing
data after executing adummy read on the relevant register.
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Section 9 1/0O Ports

9.1 Overview

The chip has 10 I/O ports (ports 1, 3 and A to F, H, J), and two input-only port (ports 4 and 9).
Table 9-1 summarizes the port functions. The pins of each port also have other functions.

Each 1/O port includes a data direction register (DDR) that controls input/output, a data register
(DR) that stores output data, and a port register (PORT) used to read the pin states. The input-only
ports do not have a DR or DDR register.

Ports A to E have a built-in pull-up MOS function, and in addition to DR and DDR, have aMOS
input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3, and A to C include an open-drain control register (ODR) that controls the on/off state of
the output buffer PMOS.

When ports 10 to 13 and A to F are used as the output pins for expanded bus control signals, they
can drive one TTL load plus a 90pF capacitance load. Those portsin other cases and ports 14 to 17
and 3 can drive one TTL load and a 30pF capacitance load. All I/O ports can drive Darlington
transistors when set to outpuit.

Port 1 pins (P16 and P14) and port 3 pins (P35 and P32) are Schmitt-trigger inputs.

See Appendix C, 1/0 Port Block Diagrams, for a block diagram of each port.
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Table9-1

Port Functions

Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port 1 |« 8-bit 1/0 P17/PO15/TIOCB2/ 8 bit 1/0O port also functioning as TPU I/O pins |8-hit I/O port
port TCLKD (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO, also function-
. Schmitt- | P16/PO14/TIOCA2/ | TIOCBO, TIOCCO, TIOCDO, TIOCAL, TIOCBL, |ing as TPU /0
triggered RQT TIOCA2, TIOCB2), PPG output pins (PO15 to |pins (TCLKA,
; PO8), interrupt input pins (IRQO, IRQ1), and TCLKB,
input (P16,
Pf4) ( P15/PO13/TIOCBY/ address outputs (A20 to A23) TCLKC,
TCLKC TCLKD,
P14/PO12/TIOCA1/ TIOCAQ,
IRQO TIOCBO,
P13/PO11/TIOCDO/ TIoCCo,
TCLKB/A23 TIOCDO,
P12/PO10/TIOCCO/ Egggi
TCLKA/A22 TIOCA2,
P11/PO9/TIOCBO/A21 TIOCB2), PPG
P10/PO8/TIOCAO/A20 output pins
(PO15 to
PO8), interrupt
input pins
(IRQO, IRQ1)
Port 3 | 6-bit 110 P35/SCK1/SCLO*/ 6-bit I/0 port also functioning as SCI (channel 0, 1) I/O pins
port IRQ5 (TxDO, RxDO, SCKO, TxD1, RxD1, SCK1), interrupt input pins
- Open-drain |P34/RxD1/SDAO* (IRQ4, TRQ5), IIC (channel 0, 1) /O pins (SCLO, SDAO, SCL1,
SDA1)*
output P33/TXD1/SCL1* )
capability
P32/SCKO/SDA1*/
* Schmitt- IRQ4
triggered 31/ 0
input (P35, |P31/RXD
P32) P30/TxDO
Port 4 | 8-bitinput |P47 /AN7/DA1 8-bit input port also functioning as A/D converter analog inputs
port P46 JANG/DAO (AN7 to ANO) and D/A converter analog outputs (DA1, DAQ)
P45 /AN5
P44 |AN4
P43 /AN3
P42 JAN2
P41 /AN1
P40/ANO
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port 9 | 4-bitinput |P93/AN11 4-bit input port also functioning as A/D converter analog inputs
port P92/AN10 (AN11 to AN8)
P91/AN9
P90/AN8
Port A |+ 4-bit 110 PA3/A19/SCK2 4-bit I/O port also functioning as SCI (channel |4-bit I/O port
port PA2/A18/RXD2 2) I/0 pins (TxD2, RxD2, SCK2) and address glso function-
« Built-in P ALIALT/TXD2 outputs (A19 to A16) ing as SCI
X
MOS input (chaqnel 2)
pull-up PAO/A16 I/0 pins (TxD2,
RxD2, SCK2)

» Open-drain
output
capability

Port B |+ 8-bit I/0 PB7/A15/TIOCB5 8-bit 1/0 port also functioning as TPU 1/O pins |8-bit I/O port
port PB6/A14/TIOCAS (TIOCBS, TIOCAS, TIOCB4, TIOCA4, TIOCD3,|also o

« Built-in TIOCC3, TIOCB3, TIIOCA3) and address functioning as
MOS input PB5/A13/TIOCB4 outputs (A15 to A8) TPU /O pins
pull-up PB4/A12/TIOCA4 (TIOCBS,

TIOCAS5,

. Open_drain PB3/A11/TIOCD3 T|OCB4,
output PB2/A10/TIOCC3 TIOCA4,
capabilit

PabIY | pB1/AGITIOCES TIochs,
TIOCC3,
PBO/A8/TIOCA3 TIOCBS,
TIOCA3)
Port C |+ 8-bit I/O PC7/A7 8-bit I/O port also functioning as address 1/0 port
port PC6/AG outputs (A7 to A0)

*Buitin - peg/as
MOS input
pu"_up PC4/A4

« Open-drain |PC3/A3
output PC2/A2
capabilit

P y PC1/A1
PCO/A0
Port D | 8-bit I/O PD7/D15 Data bus input/output 1/0 port
port PD6/D14

*Buitin  ppgp13

MOS input
PD3/D11
PD2/D10
PD1/D9
PDO0/D8
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port E | 8-bit I/0 PE7/D7 In 8-bit-bus mode: I/O port 1/0O port
port PE6/D6 In 16-bit-bus mode: data bus input/output
* Built-in PE5/DS
MOS input
pu”_up PE4/D4
PE3/D3
PE2/D2
PE1/D1
PEO/DO
Port F | 6-bit 110 PF7 /g When DDR = 0: input port When
port When DDR =1 (after reset): g output DDR =_O (after
reset): input
port
When
DDR=1: 9
output
PF6 /AS RD, HWR, LWR outputs 1/0 port
PF5 /RD ADTRG, IRQ3 input ADTRG, IRQ3
PF4 HWR Input
PF3/LWR/ADTRG/
IRQ3
PFO/IRQ2 IRQ2 input, 1/O port
Port H |« 8-bit 110 PH7/PWM1H Function as both Motor Control PWM Timer output pins and 8-
port PH6/PWM1G bit 1/0 port.
PH5/PWM1F
PH4/PWM1E
PH3/PWM1D
PH2/PWM1C
PH1/PWM1B
PHO/PWM1A
Port J |« 8-bit I/O PJ7/PWM2H Function as both Motor Control PWM Timer output pins and 8-
port PJ6/IPWM2G bit I/O port.
PJ5/PWM2F
PJ4/PWM2E
PJ3/PWM2D
PJ2/PWM2C
PJ1/PWM2B
PJO/PWM2A

Note: * Pins for 1°C bus interface.
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9.2 Port 1

9.21 Overview

Port 1 isan 8-bit 1/0 port. Port 1 pins also function as PPG output pins (PO15 to PO8), TPU 1/0
pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAOQ, TIOCBO, TIOCCO, TIOCDO, TIOCA1,
TIOCB1, TIOCA2, and TIOCB2), external interrupt pins (IRQO and IRQ1), and address bus
output pins (A23 to A20). Port 1 pin functions change according to the operating mode.

Figure 9-1 shows the port 1 pin configuration.

Port 1

Port 1 pins
Pin functions in modes 4to 6

P17 (1/0) / PO15 (output) / TIOCB2 (I/O) / TCLKD (input)

P16 (1/0) / PO14 (output) / TIOCA2 (I/0) / TRQT (input)

P15 (I/0) / PO13 (output) / TIOCBL1 (1/0) / TCLKC (input)

P14 (1/0) / PO12 (output) / TIOCA1 (1/0) / IRQO (input)

P13 (1/0) / PO11 (output) / TIOCDO (1/O) / TCLKB (input) / A23 (output)
P12 (1/0) / PO10 (output) / TIOCCO (1/O) / TCLKA (input) / A22 (output)
P11 (I/O) / PO9 (output) / TIOCBO (1/0) / A21 (output)

P10 (1/0) / PO8 (output) / TIOCAO (I/0) / A20 (output)

Pin functions in mode 7

P17 (1/0) / PO15 (output) / TIOCB2 (1/O) / TCLKD (input)
P16 (1/0) / PO14 (output) / TIOCA2 (I/0) / TRQT (input)
P15 (1/0) / PO13 (output) / TIOCB1 (I/O) / TCLKC (input)
P14 (1/0) / PO12 (output) / TIOCAL1 (I/O) / TRQO (input)
P13 (1/0) / PO11 (output) / TIOCDO (1/0) / TCLKB (input)
P12 (1/0) / PO10 (output) / TIOCCO (I/0) / TCLKA (input)
P11 (I/O)/ PO9 (output) / TIOCBO (I/O)

P10 (1/0) / PO8 (output) / TIOCAO (I/O)

Figure9-1 Port 1 Pin Functions
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922 Register Configuration
Table 9-2 shows the port 1 register configuration.

Table9-2 Port 1 Registers

Name Abbreviation R/W Initial Value Address*
Port 1 data direction register P1DDR W H'00 H'FE30
Port 1 data register P1DR R/W H'00 H'FFO0
Port 1 register PORT1 R Undefined H'FFBO

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit L7 6 5 4 3 2 1 0

| P17DDR | P16DDR| P15DDR | P14DDR| P13DDR | P12DDR| P11DDR | P10DDR)|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w W W W W W W

P1DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 1. PIDDR cannot be read; if it is, an undefined value will be read.

Setting a PIDDR hit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 1 Data Register (P1DR)

Bit L7 6 5 4 3 2 1 0

| PI7DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

P1DR isan 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).

P1DR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.
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Port 1 Register (PORT1)

Bit L7 6 5 4 3 2 1 0

| P17 | P16 | P15 | P14 | P13 | P12 | PIL | P10 |
Initial value : —* —* —* —x _x _x _ _
RIW . R R R R R R R R

Note: * Determined by state of pins P17 to P10.

PORT1 is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P17 to P10) must always be performed on P1DR.

If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read. If aport 1
read is performed while PLDDR bits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORT 1 contents are determined by the pin states, as
P1DDR and P1DR areinitialized. PORT1 retainsits prior state in software standby mode.
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9.2.3

Pin Functions

Port 1 pins also function as PPG output pins (PO15 to PO8), TPU 1/O pins (TCLKA, TCLKB,
TCLKC, TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and

TIOCB?2), external interrupt input pins (IRQO and IRQ1), and address bus output pins (A23 to
A20). Port 1 pin functions are shown in table 9-3.

Table9-3 Port 1 Pin Functions
Pin Selection Method and Pin Functions
P17/PO15/ The pin function is switched as shown below according to the combination of
TIOCB2/ the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOB3 to IOB0O
TCLKD in TIOR2, and bits CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO0 in
TCRO and TCRS5, bit NDER15 in NDERH, and bit P17DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P17DDR — 0 1 1
NDER15 — — 0 1
Pin function TIOCB2 output P17 P17 PO15
input output output
TIOCB2 input **
TCLKD input *?
Notes: *1 TIOCB2 input when MD3 to MDO = B'0000 or B'01xx, and IOB3 =
1.
*2 TCLKD input when the setting for either TCRO or TCR5 is: TPSC2
to TPSCO =B'111.
TCLKD input when channels 2 and 4 are set to phase counting
mode.
TPU Channel
2 Setting (2) 1) (2) (2) Q) @
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xXxX B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin

Selection Method and Pin Functions

P16/PO14/
TIOCA2/
IRQ1

The pin function is switched as shown below according to the combination of
the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOA3 to IOA0
in TIOR2, and bits CCLR1 and CCLRO in TCR2), bit NDER14 in NDERH, and

bit P16DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P16DDR — 0 1 1
NDER14 — — 0 1
Pin function TIOCAZ2 output P16 P16 PO14 output
input output
TIOCAZ input **
IRQ1 input
TPU Channel
2 Setting (2) (D) )] (@) (@) 2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxXx B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output *?| output
x: Don't care

Notes: *1 TIOCAZ2 input when MD3 to MDO = B'0000 or B'01xx, and I0A3 =

1

*2 TIOCB2 output is disabled.
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Pin Selection Method and Pin Functions

P15/PO13/ The pin function is switched as shown below according to the combination of

TIOCB1/TCLKC  the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOB3 to IOB0O
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO0 in
TCRO, TCR2, TCR4, and TCRS5, bit NDER13 in NDERH, and bit P15DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)

P15DDR — 0 1 1

NDER13 — — 0 1

Pin function TIOCBL1 output P15 P15 PO13
input output output

TIOCB1 input **

TCLKC input *?

Notes: *1 TIOCB1 input when MD3 to MDO = B'0000 or B'01xx, and I0B3
to IOBO = B"10xx.

*2 TCLKC input when the setting for either TCRO or TCR2 is: TPSC2

to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is

TPSC2 to TPSCO = B'101.

TCLKC input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
1 Setting 2 Q) )] 2 @) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
BI].XXX B'OlOl to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin

Selection Method and Pin Functions

P14/PO12/
TIOCAL/IRQO

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOA0
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bit NDER12 in NDERH, and

bit P14DDR.
TPU Channel
1 Setting Table Below (1) Table Below (2)
P14DDR — 0 1 1
NDER12 — — 0 1
Pin function TIOCA1 output P14 P14 PO12

input output output

TIOCA1 input **
IRQO input
TPU Channel
1 Setting (2) (1) (2) (1) (1) 2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001to B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care

Notes: *1 TIOCA1L input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to

I0AQ = B'10xx.
*2 TIOCBL1 output is disabled.
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Pin Selection Method and Pin Functions
P13/PO11/ The pin function is switched as shown below according to the combination of
TIOCDO/TCLKB/ the operating mode, and the TPU channel O setting (by bits MD3 to MDO in
A23 TMDRO, bits IOD3 to I0DO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO),
bits TPSC2 to TPSCO in TCRO to TCR2, bits AE3 to AEO in PFCR, bit
NDER11 in NDERH, and bit P13DDR.
Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P13DDR — 0 1 1 —
NDER11 — — 0 1 —
Pin function TIOCDO | P13 input | P13 output PO11 A23 output
output output
TIOCDO input **
TCLKB input *?
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Table Below (2)
0 Setting Below (1)
P13DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCDO P13 input P13 output | PO11 output
output
TIOCDO input **
TCLKB input *?
Notes: *1 TIOCDO input when MD3 to MDO = B'0000, and 10D3 to I0DO0 =
B'10xx.
*2 TCLKB input when the setting for TCRO to TCR2 is: TPSC2 to
TPSCO = B'101.
TCLKB input when channels 1 and 5 are set to phase counting
mode.
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Pin Selection Method and Pin Functions
P13/PO11/ TPU Channel
TIOCDO/TCLKB/ | O Setting 2 (@) )] )] (@) 2)
A23 MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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Pin Selection Method and Pin Functions
P12/PO10/ The pin function is switched as shown below according to the combination of
TIOCCO/TCLKA/  the operating mode, and the TPU channel O setting (by bits MD3 to MDO in
A22 TMDRO, bits IOC3 to I0OCO in TIOROL, and bits CCLR2 to CCLRO in TCRO),
bits TPSC2 to TPSCO in TCRO to TCR5, bits AE3 to AEO in PFCR, bit
NDER10 in NDERH, and bit P12DDR.
Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P12DDR — 0 1 1 —
NDER10 — — 0 1 —
Pin function TIOCCO P12 P12 PO10 A22 output
output input output output
TIOCCO input **
TCLKA input *?
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Table Below (2)
0 Setting Below (1)
P12DDR — 0 1 1
NDER10 — — 0 1
Pin function TIOCCO P12 input P12 output | PO10 output
output
TIOCCO input **
TCLKA input *?
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Pin Selection Method and Pin Functions
P12/P0O10/ TPU Channel
TIOCCO/TCLKA/ | O Setting 2) (1) 2) (1) (1) 2
A22 MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'O000 |B'0001to B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*® | output
x: Don't care
Notes: *1 TIOCCO input when MD3 to MDO = B'0000, and IOC3 to I0CO =
B'10xx.
*2 TCLKA input when the setting for TCRO to TCR5 is: TPSC2 to
TPSCO = B'100.
TCLKA input when channels 1 and 5 are set to phase counting
mode.

*3 TIOCDO output is disabled.

When BFA = 1 or BFB = 1 in TMDRO, output is disabled and setting
(2) applies.
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Pin

Selection Method and Pin Functions

P11/PO9/TIOCBO/ The pin function is switched as shown below according to the combination of

A21 the operating mode, and the TPU channel O setting (by bits MD3 to MDO in
TMDRO, and bits IOB3 to I0BO0 in TIOROH), bits AE3 to AEO in PFCR, bit
NDER9 in NDERH, and bit P11DDR.

Operating Modes 4 to 6

mode

AE3 to AEO B'0000 to B'1101 B'1110 to

B'1111

TPU Channel Table Table Below (2) —

0 Setting Below (1)

P11DDR — 0 1 1 —
NDER9 — — 0 1 —
Pin function TIOCBO P11 P11 PO9 A21 output

output input output output
TIOCBO input *

Operating Mode 7

mode

AE3 to AEO —

TPU Channel Table Table Below (2)

0 Setting Below (1)

P11DDR — 0 1 1
NDER9 — — 0 1

Pin function TIOCBO P11 P11 PO9

output input output output
TIOCBO input *
Note: * TIOCBO input when MD3 to MDO = B'0000, and IOB3 to IOB0O =
B'10xx.
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Pin Selection Method and Pin Functions
P11/PQO9/TIOCBO/ | TPU Channel
A21 0 Setting 2 (@) )] )] (@) 2)
MD3 to MDO B'0000 B'0010 B'0011
I0OB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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Pin Selection Method and Pin Functions

P10/PO8/TIOCAO/ The pin function is switched as shown below according to the combination of

A20 the operating mode, and the TPU channel O setting (by bits MD3 to MDO in
TMDRO, bits IOA3 to IOAO in TIOROH, and bits CCLR2 to CCLRO in TCRO),
bits AE3 to AEO in PFCR, bit NDERS8 in NDERH, SAEO bit in DMABCRH, and

bit P1ODDR.
Operating Modes 4 to 6
mode
AE3 to AEO B'0000 to B'1110 B'1101 to
B'1111
TPU Channel Table Table Below (2) —
0 Setting Below (1)
P10DDR — 0 1 1 —
NDERS8 — — 0 1 —
Pin function TIOCAO P10 P10 PO8 A20 output
output input output output
TIOCAO input **
Operating Mode 7
mode
AE3 to AEO —
TPU Channel Table Table Below (2)
0 Setting Below (1)
P10DDR — 0 1 1
NDERS8 — — 0 1
Pin function TIOCAO P10 P10 PO8
output input output output
TIOCAOQ input **
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Pin Selection Method and Pin Functions
P10/PO8/TIOCA0/ | TPU Channel
A20 0 Setting 2 (@) )] @ (@) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to, B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care

Notes: *1 TIOCAO input when MD3 to MDO = B'0000, and IOA3 to IOAQ =
B'10xx.

*2 TIOCBO output is disabled.
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9.3 Port 3

9.3.1 Overview

Port 3isan 6-bit 1/0 port. Port 3 isamulti-purpose port for SCI 1/0 pins (TxDO0, RxDO, SCKO,
TxD1, RxD1, SCK1), external interrupt input pins (IRQ4, IRQS), and I1C I/O pins* (SCLO,
SDAQO, SCL1, SDA1). All of the port 3 pin functions have the same operating mode. The
configuration for each of the port 3 pinsis shown in figure. 9-2.

Note: * Available when using 12C bus interface as an option in the H85/2638 and H85/2639 (the
product equipped with the 12C businterface is the W-mask version).

Port 3 pins

~—— P35 (I/0) / SCK1 (I/0O) / SCLO* (1/O) / IRQ5 (input)
~+—— P34 (1/0) / RxD1 (input) / SDAO* (1/O)
~«—— P33 (1/0) / TxD1 (input) / SCL1* (I/O)
Port 3
~«—— P32 (1/0) / SCKO (I/O) / SDA1* (1/O) / IRQ4 (input)

l«—— P31 (1/0) / RxDO (input)

~—— P30 (1/0) / TxDO (output)

Note: * Available when using 12C bus interface as an option in the H8S/2638 and H8S/2639
(the product equipped with the I12C bus interface is the W-mask version).

Figure9-2 Port 3 Pin Functions
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9.32 Register Configuration
Table 9-4 shows the configuration of port 3 registers.

Table9-4 Port 3 Register Configuration

Name Abbreviation R/W Initial Value*®> Address**
Port 3 data direction register P3DDR W B""000000 H'FE32
Port 3 data register P3DR R/W  B"'000000 H'FF02
Port 3 register PORT3 R Undefined H'FFB2
Port 3 open drain control register P30DR R/W  B""000000 H'FE46

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 5 to 0.

Port 3 Data Direction Register (P3DDR)

Bit 7 6 5 4 3 2 1 0

| — | — |P35DDR|P34DDR |P33DDR | P32DDR| P31DDR| P30DDR |
Initial value  Undefined Undefined 0 0 0 0 0 0
Read/Write — — W W W W W W

P3DDR is an 8-hit write-dedicated register, which specifies the I/O for each port 3 pin by bit.
Read isdisenabled. If aread is carried out, undefined values are read out.

By setting P3DDR to 1, the corresponding port 3 pins become output, and be clearing to 0 they
become input.

P3DDR isinitialized to B"*000000 by areset and in hardware standby mode. The previous state
is maintained in software standby mode. The pin state is determined by specifying SCI, I1C,
P3DDR, and P3DR.

Port 3 Data Register (P3DR)

Bit 7 6 5 4 3 2 1 0

| — | — | P3sDR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value  Undefined Undefined 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

P3DR is an 8-bit readable/writable register, which stores the output data of port 3 pins (P35 to
P30).
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P3DR isinitialized to B *000000 by areset and in hardware standby mode. The previous state is
maintained in software standby mode.

Port 3 Register (PORT3)

Bit 7 6 5 4 3 2 1 0

| — | — | pss | Paa | P33z | P32 | P31 | P30 |
Initial value  Undefined Undefined = —* —* —* —* —* —*
Read/Write — — R R R R R R

Note: * Determined by the state of pins P35 to P30.
PORT3 is an 8-bit read-dedicated register, which reflects the state of pins. Writeis disenabled.

Always carry out writing off output data of port 3 pins (P35 to P30) to P3DR without fail.

When P3DDRis set to 1, if port 3 isread, the values of P3DR are read. When P3DDR is cleared to
0, if port 3 isread, the states of pins are read out.

P3DDR and P3DR areinitialized by areset and in hardware standby mode, so PORT3 is
determined by the state of the pins. The previous state is maintained in software standby mode.

Port 3 Open Drain Control Register (P30DR)

Bit 7 6 5 4 3 2 1 0

| — | — |P350DR|P340DR |P330DR | P320DR| P310DR| P30ODR |
Initial value  Undefined Undefined 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

P30DR is an 8-hit readable/writable register, which controls the on/off of port 3 pins (P35 to P30).

By setting P3ODR to 1, the port 3 pins become an open drain out, and when cleared to 0 they
become CMOS outpuit.

P30DR isinitialized to B™**000000 by areset and in hardware standby mode. The previous state
is maintained in software standby mode.
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9.3.3

Pin Functions

The port 3 pins double as SCI 1/0 input pins (TxDO, RxDO, SCKO, TxD1, RxD1, and SCK1)
externa interrupt input pins (IRQ4 and IRQ5), and I1C 1/O pins* (SCLO, SDAO, SCL1, and
SDA1). The functions of port 3 pins are shown in table 9-5.

Note: * Available when using I°C bus interface as an option in the H8S/2638 and H8S/2639 (the
product equipped with the 12C businterface is the W-mask version).

Table9-5

Pin

Selection Method and Pin Functions

Port 3 Pin Functions

P35/SCK1/

Switches as follows according to combinations of ICCRO ICE bit** of 11CO, bit C/A of
SCLO**/IRQ5 SMRL1, bits CKEO and CKE1 of SCR1, and bit P35DDR.

When used as a SCLO 1/O pin, always be sure to clear the following bits to 0: bit C/A
of SMR1, and bits CKEOQ and CKE1 of SCR1. The SCLO output format is NMOS
open drain output, enabling direct bus driving.

ICE*! 0 1

CKE1l 1 0

C/A 0 1 — 0

CKEO 1 — — 0

P35DDR 0 1 — — — —

Pin function P35 P35 SCK1 SCK1 SCK1 SCLO
input output* output* output* input 110

IRQ5 input

Note: * When P350DR = 1, it becomes NMOS open drain output*?.

P34/RxD1/
SDAO*!

Switches as follows according to combinations of ICCRO ICE bit** of 1ICO, bit RE of
SCR1 and bit P34DDR. The SDAO output format is NMOS open drain output,

enabling direct bus driving.

ICE** 0 1
RE 0 1 —
P34DDR 0 1 — —
Pin function P34 input P34 output* RxD1 input SDAO I/0

Note: * When P340DR = 1, it becomes NMOS open drain output*?.
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Pin Selection Method and Pin Functions
P33/TxD1/  Switches as follows according to combinations of ICCR1 ICE bit** of [IC1, bit TE of
SCL1** SCR1 and bit P33DDR. The SCL1 output format is NMOS open drain output,
enabling direct bus driving.
ICE** 0 1
TE 0 1 —
P33DDR 0 1 — —
Pin function P33 input P33 output* TxD1 output* SCL1 /0
Note: * When P330DR =1, it becomes NMOS open drain output.
P32/SCKO/ Switches as follows according to combinations of ICCR1 ICE bit** of 1IC1, bit C/A of

SDA1*/IRQ4 SMRO, bits CKEO and CKE1 of SCRO, and bit P32DDR. Whgn used as a SDA1 I/O
pin, always be sure to clear the following bits to 0: SMRO C/A bit, SCR0 CKEO and

CKEL1 bits.

The SDAL1 output format is NMOS open drain output, enabling direct bus driving.
ICE*! 0 1
CKE1l 0 1 0
C/A 0 1 — 0
CKEO 0 1 — — 0
P32DDR 0 1 — — — —
Pin function P32 P32 SCKO SCKO SCKO SDAl

input output output* output* input 110
TRQ4 input

Note: * When P320DR = 1, it becomes NMOS open drain output.

P31/RxD0/ Switches as follows according to combinations of bit RE of SCRO and bit P31DDR.
IrRxD

RE 0 1

P31DDR 0 1 —

Pin function P31 input P31 output* RxDO input

Note: * When P310DR =1, it becomes NMOS open drain output.
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Pin Selection Method and Pin Functions

P30/TxDO0/ Switches as follows according to combinations of bit TE of SCRO and bit P30DDR.
IrTxD

TE 0 1
P30DDR 0 1 —
Pin function P30 input P30 output* TxDO output*

Note: * When P300DR = 1, it becomes NMOS open drain output.

Notes: *1 Available when using I°C bus interface (the W-mask version of the H8S/2638 and
H8S/2639 only).

*2 When using the I°C bus interface (the W-mask version of the H8S/2638 and H8S/2639
only), the output format for pins P35 and P34 is NMOS push-pull output. However,
when P34 ODR (P35 ODR) is equal to 1, the output format is NMOS open drain output.

94 Port 4

94.1 Overview

Port 4 is an 8-hit input-only port. Port 4 pins also function as A/D converter analog input pins
(ANO to AN7) and D/A converter analog output pins (DAO, DAL). Port 4 pin functions are the
samein all operating modes. Figure 9-3 shows the port 4 pin configuration.

Port 4 pins

~—— P47 (input) / AN7 (input) / DAL (output)
~«—— P46 (input) / ANG6 (input) / DAO (output)
~—— P45 (input) / AN5 (input)

Port 4 +—— P44 (input) / AN4 (input)

~—— P43 (input) / AN3 (input)
—— P42 (input) / AN2 (input)
+—— P41 (input) / AN1 (input)
~—— P40 (input) / ANO (input)

Figure9-3 Port 4 Pin Functions
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