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PanaX Seriesis atrademark of Matsushita Electric Industrial Co., Ltd.
The other corporation names, logotypes and product names written in this manual are trademarks or registered trademarks

of their corresponding corporations.

The MN102L F25Z is manufactured and sold under the License Agreement with BULL CP8 Inc., and the use of
the MN102L F25Z into the IC card is not allowed.

Request for your special attention and precautions in using the technical informa-
tion and semiconductors described in this manual.

(1) Theapproval of the Japanese Government is required for the export of any products and
technologies listed in this manual which are subjected to the provisions of the Foreign

Exchange and Foreign Trade Law.

(2) The contents of this manual are subject to change without notice to improve design, func-
tion, or performance.

(3) Matsushita Electronics assumes no responsibility or liability for damages or for infringe-
ments of patents or other rights arising from use of the information in this manual.

(4) The contents of this manual may not be copied or reproduced without permission in writ-
ing from Matsushita Electronics.

(5) Thismanual describes standard specifications. Obtain the latest product standard specifi-
cations before you design, purchase, or use.

For inquiries regarding this manual or any Matsushita semiconductor, please contact one of the sales offices listed at
the end of this manual or the sales department of Matsushita Electronics Corporation.



About This Manual

Thismanual isintended for assembly-language programming engineers.
It describes the internal configuration and hardware functions of the
MN102L 25x series microcontrollers.

Text Conventions

This manual contains titles, sub-titles, special notes and warnings.
Supplementary comments appear in the sidebar.

() Key Information
‘ This note describes key points of an operation.

‘ Warning
H Please read and follow these instructions to prevent damage or
reduced performance.



Finding Desired Information

Thismanual provides four methods for finding desired information quickly and easily.
(1) Anindex for the front of the manual for finding each section.

(2) A tableof contents at the front of the manual for finding desired titles.

(3) A listof figuresat the front of the manual for finding illustrations and charts by
names.

(4) A chapter nameislocated at the upper corner of each page.

Related Manuals

m MN210200 Series Linear Addressing Version LSl User Manual

(Describes the MN 10200 series specifications)

m MN210200 Series Linear Addressing Version Instruction Manual

(Describes the instruction set)

m MN210200 Series Linear Addressing Version C Compiler User Manual Usage Guide
(Describes the installation, commands, and options for the C complier)

m MN210200 Series Linear Addressing Version C Compiler User Manual Language
Description (Describes the syntax for the C complier)

m MN210200 Series Linear Addressing Version C Compiler User Manual Library
Reference (Describes the standard libraries for the C complier)

m MN210200 Series Linear Addressing Version Cross Assembler User Manual Lan-
guage Description (Describes the assembler syntax and notation)

m MN210200 Series Linear Addressing Version C Source Code Debugger User Manual
(Describes the use of the C source code debugger)

m MN210200 Series Linear Addressing Version PanaX Series Installation Manual
(Describes the installation of the C complier, cross-assembler, and C source code
debugger and the procedures for using the in-circuit emulator)

Questions and Comments

Please send your questions, comments and suggestions to the semiconductor design
center closest to you. Seethe last page of this manual for alist of addresses and tele-
phone numbers.
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Chapter 1 General Description

1-1 General Description

1-1-1 Introduction

The MN10200 serieslinear addressing version designsthe new architecture
for C-language programming based on a detailed analysis for embedded
applications. Thisimprovesthe system architecture in speed and function
to meet the requirementsin user systems including miniaturization and low
power consumption.

The 16-bit MN102L (P, F) 25x series contains various periphera functions and memory
interfaces for supporting four chip select (CS) signals and Burst ROM. Thisimproves
high real-time control performancein awide variety of fieldsincluding printers, electric
instruments, audiovisual equipment, electric appliances, automobiles, robotics and com-
puter periphera devices. This series adapts aload/store architecture method for comput-
ing within registers and a harvard architecture method for separating instructions bus and
operand bus. Using one byte/one machine cycle basic instructions reduces code size and
improves compiler efficiency.

[Model Explanation]

MN102 L P xx G MN102L490A

L ROM/RAM sizes

25G 128 KB/5 KB

25Z 128 KB/3 KB

25D 64 KB/3 KB Input Level TTL

25A 32 KB/3KB of MN102L2503 pins
2503 0KB/3KB Refer to "9-2-3 List of
62G 128 KB/5 KB Pin Functions" for details.
62F 96 KB/5 KB

62D 64 KB/5 KB

Model Number

Internal ROM
P: OTP
F: Flash
None: Mask ROM

Core Version

16-hit 10200 Series

1-1-2 Features

This series contains a flexible and optimized hardware architecture as well
asasmple and efficient instruction set. This alows economy and speed.
This section describes the features of this series CPU.

1. Linear Addressing for Large Systems

The MN10200 series contains up to 16 Mbytes of linear address space. The CPU pro-
vides an effective development environment without detecting borders between address
gpaces. The hardware architectureisalso optimized for large systems. The memory isnot
divided into instruction areas and data areas so that operations can share instructions.

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G



2. Single-byte Basic Instruction Length

The MN10200 series has replaced general registerswith eight internal CPU
registers divided four address registers (A0 - A3) and four data registers
(DO-D3). Theregister specification fields are four bits or less, and the code
sizes of the frequently used basic instructions including register- to-regis-
ter operations and load/store operations are one byte.

3. High-speed Pipdline Processing

The MN10200 series executes instructions in a 3-stage pipeline: fetch,
decode and execute. This allows the MN10200 series to execute instruc-
tions of single bytein one machine cycle (100 nswith a20-MHz oscilla-
tor).

4. Simple Ingtruction Set

Chapter 1 General Description

Conventional Register Assignment

15 8 7 0

LTI T T I T T I T

Register Specification Field

7 0

Register Specification Field

New Register Assignment

1 Cycle

Instruction 1 Fetch |>| Decode

Address

Calculation| = | EXecute

Fetch

Instruction 2 C>| Decode

Address =

Calculation Execute

The MN10200 series uses an ingtruction set of 36 instructions, designed specialy for the
programming model for embedded applications. To compress the code size, instructions
have avariable length of one byteto five bytes. The most frequently used instructionsin

C-language compiler are single byte.

5. High-speed Interrupt Response

The MN10200 series suspends instruction execution even during the ex-
ecution of the instruction with long execution cycles. After an interrupt
occurs, the program movesto the interrupt service routine within 11 cycles
or less. The MN10200 seriesimproves real-time control performance us-
ing the interrupt handler which adjustsinterrupt servicing speed depending
0on user requirements.

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Main Program

—

Instruction 1 . .
Interrupt Service Routine

Instruction 2

Interrupt Request /\/4

Instruction 3

Instruction 4
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Chapter 1 General Description

6. Flexible Interrupt Control Structure

The interrupt controller divides into eight groups (of them, group O is reserved for NMI)
and supports amaximum of four vectorsfor each group in total of 26 vectors. Each group
can be set to one of seven priority levels. This providesthe software design flexibility and
control. The CPU is compatible with software from previous Panasonic peripheral mod-
ules.

7. High-speed, High-functional Externd Interface

The MN10200 series supports externa interface functionsincluding chip select (CS) sig-
nal generation, handshake function and bus arbitration.

8. C-Language Development Environment

The MN10200 series contains highly efficient C compiler and simple hardware optimized
for C-language programming. With this advantage, this series improves development
environment for C-language embedded applications without expanding the program size.
The PanaXSeries development tools support the MN10200 series devices.

9. Outstanding Power Savings

The MN10200 series contains separate buses which distribute and reduce load capaci-
tance. Thisreducesoverall power consumption. The MN10200 series a so supportsthree
modes of SLOW, HALT and STOP for power savings.

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G



Chapter 1 General Description

1-1-3 Overview

This section describes the basi ¢ configuration and function of this series.

m Address Space

The memory contains up to 16-Mbyte linear address space. Theinstruction areaand data
areaare not separated so that internal RAM, special function registersfor internal periph-
eral functions are alocated into the first 64 kbytesin memory as the basic configuration.
Three memory modes shown in Table 1-1-1 are avail able depending on models and sizes
of user programs.

X'000000 o
External Memory 1 This is a general example of the
x'008000' I memory expansion mode.
Int | RAM Both start address and end address
nterna
gﬂlaf(g;tes of internal RAM are changed within
y x’008000' to x’ OOFBFF' depending
X'00FCO00' i
/O Control Registers y 1Kbyte on models.
X'010000
Program start address External Memory
X'080000' 16 Mbytes
Interrupt handlerstart address X'080000" » Ty

x'080008' ————————

Internal ROM Max of
496 Kbytes

X0FC000 ' The start address of internal ROM
isfixed at x’008000" while the end
External Memory address of internal ROM depending
% on sizes of internal ROM. (Theend
address in this example is 496

X'FFFFFF' Y kbytes.)

Figure 1-1-1 Address Space

Table 1-1-1 Memory Modes

Mode Address Bit Width | Internal ROM Capacity

Single-chip Mode
Memory Expansion Mode Up to 24 bits
Processor Mode None

16 kbytes or more

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G 5
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m Internal Registers, Memory and Specia Function Registers

Program Counter

23 0
PC

Address Registers

AO

| |
| AL |
| A2 |
| |

A3

Data Registers

DO

D1

D2
D3

Multiplication/Division Register
15 0
MDR

Processor Status Word
15 0
PSW

Memory, Special Registers, 1/0 Ports

ROM

RAM

CPUM, MEMCTR, IAGR

GnICR

SCnCTR, SCnTRB, SCnSTR

ANCTR, ANBUF

TMnMD, TMnBC, TMnBR...

MEMMDn, EXMCTR

ATCBC, ATCCTR

PnOUT, PnIN, PnDIR

6 MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

The program counter specifies the address (24 bits) of the program during
the execution.

The address registers specify the data location on the memory. Of four reg-
isters, A3 is assigned as the stack pointer.

The data registers perform all arithmetic and logic operations. When the
byte (8-bit) data or the word (16-bit) data is transferred to memory or an-
other register, the instruction adds a zero or sign extension.

The multiplication/division register stores the upper 16 bits of the 32-bit
product of the multiplication operations. In division operations, thisregister
stores the upper 16 bits of the 32-hit dividend before the execution and the
16-hit remainder of the quatient after the execution.

The processor status word indicates the CPU status. Thisregister storesthe
operation result flags and interrupt mask levels.

Memory (ROM and RAM), special registersfor controlling peripheral func-
tions and I/O ports are assigned to the same address space.

Internal Control Registers
Interrupt Control Registers
Seria Interface

A/D Converter
Timers/Counters

Memory Control

ATC Controller

1/0 Ports
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m Interrupt Controller

The interrupt controller (group O to group 7) allocated to the outside of the CPU controls
all nonmaskabl e interrupts and maskable interrupts except reset. Each group contains up
to four interrupt vectors and specifies any of seven priority levels.

CPU Core
Maskable Interrupt ‘ Nonmaskable Interrupt ‘ ‘ Reset
Receive Receive Receive | Reset
— Interrupt Controller ——
* Nonmaskable Interrupts
‘ Interrupt Mask ‘ Nonmaskable Interrupt Controller 3 Watchdog Timers
Group 0 (GOCIR) Undefined Instruction
6| 5| 4| 3| 2| 1 0 External Pin NMI

- 3
Maskable Interrupt Controller
Group 1 (G1CIR)

Maskable Interrupts

L 26 Vectors
3 External Pin Interrupts
Maskable Interrupt Controller Peripheral Interrupts, etc.

Group 7 (G7CIR)

Figure 1-1-2 Interrupt Controller Configuration

The CPU checks the processor status word status to determine whether an interrupt re-
quest is accepted or not. When an interrupt is accepted, automatic servicing by hardware
starts and the program counter and PSW are pushed to the stack. Next, the program
movesto theinterrupt, searchesto the interrupt vector and branchesto the entry address of
theinterrupt service for that interrupt.

Interrupt preprocessing
Push registers, branch to entry address, etc.

Main Program %'080008'

Interrupt service routine

\ Hardware processing ReT]et ki)nte_rrupt vectors
Push PC, PSW at the beginning

JMP, etc.

Interrupt %4 ——

Max. of 4 mashine cycles 7 machine cycles

Figure 1-1-3 Interrupt Servicing Sequence

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G 7
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1-2 Basic Specifications

This section describes the basic specification of this series. Pleaserefer to
Product Standards for details.

Table 1-2-1 Basic Specifications (1/2)

CPU Structure

L oad/store architecture
Eight registers: Four 24-bit data registers
Four 24-bit address registers
Others: 24-bit program counter
16-bit processor status word
16-bit multiplication/division register

Instruction

36 instructions

6 addressing modes

One-byte basic instruction length

Code assignment: 1 to 2 bytes (Basic) + 0 to 3 bytes (Extension)

Basic Performance

10 MHz internal operating frequency with a 20-MHz oscillator
Clock cycles:
For instruction execution, minimum 1 cycle (100 ns)
For register-to-register operations, minimum 1 cycle
For load/store operations, minimum 1 cycle
For branch operations, 1 to 3 cycles

Pipeline 3-stage: Instruction fetch, decode, execute
Address Space 16-Mbyte linear address space
External Bus 24-bit address bus

Four chip select (CS) signals (fixed addresses)
8- or 16- bit data bus
Minimum 1 bus cycle (100 ns with a 20-MHz oscillator)
Set bus width for each 4 Mbytes
Set wait control (Handshake setting and fixed wait setting are possible.)
Support ROM burst mode
Select address/data separate pins or address/data shared pins

Low-power Mode

SLOW mode, STOP mode, HALT mode

Frequency Circuit

High-speed: Up to 20 MHz
Low-speed: Up to 32 kHz

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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Table 1-2-1 Basic Specifications (2/2)

Interrupt 26 vectors
3 nonmaskabl e interrupts
23 maskable interrupts (7 interrupt priority level settings)
6 external interrupts
5 external interrupts (individual IRQ, edge specification)
1 external nonmaskable interrupt
20 internal interrupts
12 timer interrupts, 4 serial interrupts, 1 ATC interrupt, 1 A/D interrupt,
1 watchdog timer interrupt, 1 undefined instruction interrupt

Timer/Counter Six 8-bit timers (down counters)
Reload timer
Cascading function (form as 16-bit or 40-bit timer)
Timer output (duty of 1:1)
Internal clock source or external clock source
Serial interface clock generation
Start timing generation for A/D converter

Two 16-bit timers (up/down counters)
Two channels of compare/capture registers
Internal clock source or external clock source
Timer output (duty of 1:1) (Max. of four channels)
PWM/one-shot pulse output (Max. of two channels)
Two-phase encoder input (4x or 1x method)

17-bit watchdog timer

ATC* 1 Channel (fixed between seria channel 0 and internal RAM)
Serial (chO) transmit/receive interrupt request
600 ns of 1-byte data transfer speed with a 20-MHz oscillator

Seria Interface Two UART/Synchronous (shared) serial interfaces

Analog Interface A/D converter
Eight 8-bit inputs
Auto scanning (1 to 8 channel settings)

Byte-swap Register 2-byte byte-swap, 3-byte byte-swap, or 4-byte byte-swap

1/0 Port 80 1/0 ports (All shared pins except ROM less)
481/0 ports (all shared pins, with ROM less)

Package 100-pin LQFP

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G 9
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Address Registers

1-3 Block Diagram

Figure 1-3-1 showsthe block diagram including the CPU core and the table
1-3-1 describes the block functions.

Data Registers

T1 - Clock |«— Clock Source

T2 -+— Generator

A0 DO
Al D1
A2 D2 Multiplication/Division Register
A3 D3 [ wDR |
A i !
B
Program
Counter
PSW
Increment
— ALU

!

Program Address ‘

i

|

Operand Address

!

Instruction Execution
Controller

Instruction Decoder

Instruction
Queue

Interrupt
Controller

f

Interrupt Bus

Bus Controller

( ROM Bus )

( RAM Bus )

 —

Internal ROM

Internal RAM

External Interface

External Expansion Bus

BREQ BRACK T

Figure 1-3-1 Block Diagram

10 MN102L2503/25A/25D/252/25G/F25Z/490A/62D/62F/62G
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Table 1-3-1 Block Functions

Block

Function

Clock Generator

The clock generator contains the clock oscillation circuit connected to an externa crystal
and suppliesthe clock to al CPU blocks.

Program Counter

The program counter generates addressesfor instruction queues. Normally, it increments
based on the sequencer indication, but for branch instructions and interrupt acceptance, it
sets the branch address or ALU operation results.

Instruction Queue

The instruction queue saves up to 4 bytes of prefetched instructions.

Instruction Decoder

The instruction decoder decodes the instruction queue content, generates control signals
needed for the instruction execution, and executes the instruction by controlling each
block in the CPU.

Instruction Execution
Controller

The instruction execution controller controls the operations of each CPU function based
on results from the instruction decoder and interrupt requests.

ALU

The ALU calculates the operand addresses for arithmetic operations, logic operations,
shift operations, register relative indirect addressing, indexed addressing and register in-
direct addressing.

Internal ROM, Internal RAM

Internal ROM and internal RAM are allocated as the program, data and stack areas.

The address registers (An) store the addresses of memory accessed during data transfer.

Address Registers (An)
They aso store the base addressesin the register relative indirect, indexed addressing and
register indirect addressing modes.

Operation Registers The data registers (Dn) store the operation results and transfer the datato memory. They

(Dn, MDR) also store the operand addresses in indexed addressing and register indirect addressing
mode.
The multiplication/division register (MDR) stores the data for multiplication/division op-
erations.

PSW The processor status word (PSW) stores the flags that indicate the status of the CPU

interrupt controller and operation results.

Interrupt Controller

The interrupt controller detects the interrupt requests from the periphera functions, and
requests the CPU to move to the interrupt service routine.

Bus Controller

The bus controller controls the connection between the CPU internal bus and the CPU
external bus. It aso contains the bus arbitration function.

Internal Peripheral Function

This series contains the peripheral functions including timers, serid interface and A/D
converter.

MN102L2503/25A/25D/25Z/25G/F252/490A/62D/62F/62G 11
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1-4 Pin Description

75 [~+——— NMI

72 |~4—m SBO1,P75
71 |-—m SBI1,P74
70 |~«—m- SBT1,P73

69 |~4—m SBOO,P72
68 |~-—m SBIO,P71

67 |[~«—» SBTO,P70
66 |~4—— \/pD (Vpp)

65 |-t—m AN3 P97

64 |-a—m AN2,P96

63 |—m AN1,P95

62 |-—» ANO,P94

61 [-—— Vss

60 |-e—m= TM7IC,P93
59 |.—m TM710B,P92
58 | s TM7IOA,P91
57 | <¢—m TMGIC,P90
56 | -a—m TM6I0OB,P87
55 |—m T\6IOA, P86
54 <_VDD

53 |«4—m TM5IO,P85
52 |—m TM410,P84
51 |-—= TM3I0,P83

74 FAMA*
3 AN

PAO,[RQO ~—m
PALIRQL ~—m
PA2,RQ2 ~a—»|
PA3,RQ3 ~a—m]
PA4IRQ4 ~a—m

-——» TM210,P82

-+— TM1I10,P81

<«—» TMOIO,P80

-«—» A23,WDOUT,AN7,P47
--+— A22,STOP,ANG6,P46

© N N NN
S © ® N o
N N N N
S N »® © O

PA5,ADSEP ~— 81 45 |<——m A21,AN5, P45
RST —» 82 44 |——m A20,AN4,P44
Vbb —={ 83 43 |-4—— Vss
P00,D00,ADOQ ~—w= 84 42 |--—m A19,P43
P01,D01,AD01 ~e—» 85 41 |~— A18 P42
P02,D02,AD02 = 86 L] 40 [~— AL17,P41
P03,D03,AD03 ~a—# 87 M N 102 L(P y F)25X SerleS 39 [<—A16,P40
P04,D04,AD04 ~=—%| 88 38 |-—» A15,P37

s s s == (TOP VIEW) o
A13,P35

P06,D06,AD06 ~«—#| 90

P07,D07,ADQ7 ~— 91 35 [-—m A12, P34
Vss —m= 92 34 |-—— VDD
P10,D08,AD08 ~=—# 93 33 |[--— A11 P33
P11,D09,AD09 -e—m 94 32 |-e— A10,P32
P12,D10,AD10 —=— 95 31 [-— A09,P31
P13,D11,AD11 —=—m{ 96 30 [«-— AQ08,P30
P14,D12,AD12 -—a—um{ 97 29 [-— AQ7,P27

P15,D13,AD13 -.—m 98 -+—» AQ6,P26
P16,D14,AD14 -—m{ 99 -«—» AQ5,P25
P17,D15,AD15 -e— 100 26 |[-—m A04,P24

NN
~N

VoD — | 17
X| —»{ 20
XO «—] 21
Vbp —»| 22
OSC| —»{ 23
OSCO w——| 24
MODE —»{ 25

SYSCLK -4—— 18

Vss —»={ 19

P50,CSO -~ 5

P51,CS1 {6

P52,CS2 ~—»7

P53,CS3 <8

P62,WEL ~—»3

P63,WEH ~*+—™4
P54,BREQ *+—"{9
P55,BRACK ~#—*=| 10

P61,RE -w—»-|2
P56,ALE,ALE,BSTRE ~#—»11

P20,A00 ~—| 13
P21,A01 ~a—| 14
P22,A02 ~4—»| 15
P23,A03 <¢—»| 16

P60, WAIT t—m| 1
P57,WORD ~a—m 12

*: Use 33 kQ to 50 kQ.

Figure 1-4-1 Pin Configuration

‘ The unused input pins are connected to VDD/V ss, the unused output pins are opened
and the unused 1/0 pins are connected to VDD/V ss by setting the direction in ports.

12 MN102L2503/25A/25D/252/25G/F25Z/490A/62D/62F/62G



1-4-1 List of Pin Functions

Chapter 1 General Description

Refer to “9-2-3 List of Pin Functions’ for each pin’sinput level, Schmidt and pull-up
resistor availability. TTL intheinput level column meansthat the input is determined at
TTL level. CMOSintheinput level column meansthat theinput is determined &t CMOS
level. The columnwith “yes’ sign shows Schmidt, while the column with no mark shows
no Schmidt. Pull-up can be programmable with the pull-up control registers. Please see
“Chapter 8 Ports’ for details.

Table 1-4-1 List of Pin Functions (1/9)

kHz)
Low-speed Oscillator
Output (32 kHz to 200
kHz)

Pin Name Input/Output | Shared Pin Function Description
VDD — — Power Thereare six VDD pins. Connect these six pinsto
apower supply of 4.5V to5.5V.
VSS - - Power (Ground) There are four VSS pins. Connect these four pins
to a power supply of OV.
oscl Input — High-speed Oscillator For a self-excited oscillator configuration, connect
0SCO Output — Input (4 MHz to 20 crystal or ceramic oscillator across these two pins.
MHz2) They have abuilt-in feedback resistor between them.
High-speed Oscillator For stability, insert capacitor of 20 pF to 33 pF be-
Output (4 MHz to 20 | tweenthe OSCI or OSCO pinand VSSpin. (For the
MHz) exact capacitance, consult the oscillator manufac-
turer.)
For an external oscillator configuration, connect the
OSCl pinto an oscillator with an amplitude of 4 MHz
to 20 MHz and the width between VDD and VSS.
Leave the OSCO open. See“Figure1-4-2”.
Connecting the OSCO pin with the external circuitis
not allowed. Select the SYSCLK pin as a synchro-
noussignal.
X Input - L ow-speed Oscillator For a self-excited oscillator configuration, connect
XO Output —_— Input (32 kHz to 200 crystal or ceramic oscillator across these two pins.

They have abuilt-in feedback resistor between them.
For stability, insert capacitor of 100 pF to 200 pF be-
tween the X1 or XO pinand VSS pin. (For the exact
capacitance, consult the oscillator manufacturer.) See
“Figure 1-4-3".

For an external oscillator configuration, connect the
XI pinto an oscillator with an amplitude of 32 kHz to
200 kHz and the width between VDD and VSS.
Leave the XO open. See“Figure 1-4-3".

If these pins are not used, fix XI to VDD or VSSand
leave XO open. Connecting the XO pin with the ex-
ternal circuitisnot allowed. Select the SYSCLK pin
asasynchronous signal.

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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Table 1-4-1 List of Pin Functions (2/9)

Pin Name

Input/Output

Shared Pin

Function

Description

RST

Input

Reset Input

This pin resets the chip. With a20-MHz oscillator,
reset starts when the low level isinput to this pin
for more than 400 ns. Reset starts even when the
noiseisinput to this pin for lessthan 400 ns. Reset
is released when the high level isinput to the pin.
The oscillation waits of the high-speed oscillation
pin (OSCI) are performed (approximately 6 msto
7 mswith a20-MHz oscillator). After that, the chip
starts executing the instruction from x’ 08000". See
“Figure 1-4-4".

SYSCLK

Output

System Clock Output

This pin provides the system clock. After reset re-
lease, the oscillation waits of OSCI are aways per-
formed and this pin outputs the clock of 10 MHz.
Thispin hold the high level until the oscillation waits
are released after the RST pin becamethe low level.

MODE

Input

Memory Mode Setup
Input

This pin sets either processor mode or single-chip
mode (memory expansion mode). Pulling the pin
low sets the processor mode and internal ROM area
becomes the external memory area. Pulling the pin
high sets the single-chip mode (memory expansion
mode). See"2-1-1, 2-2-3 Memory Expansion Mode’.
Do not change the mode setting in this pin during
operation. When the setting is changed, proper op-
eration cannot be guaranteed.

In the MN102L 2503 (ROM less), thispin isfixed
thelow level.

P57

110

WORD

General-purpose Port 5

Data Bus Width Setup
Input

This pin can be used as a general -purpose input/out-
put port only in the single-chip mode. See “Chapter
8 Ports’.

In processor mode or memory expansion mode, this
pin sets either 8-bit data bus width or 16-bit data bus
width in block O (the address of x’010000" to
X' 3FFFFF) of 4 blocks (Block 0 to Block 3) divided
inthe 16-MB space. Thedatabuswidthsfor internal
ROM, RAM and special registers are 16-bit width
regardless of this pin setting.

Pulling the pinlow setsthe 16-hit databuswidth while
pulling the pin high sets the 8-bit data buswidth. In
processor mode or memory expansion mode, al-
waysusethispin asan input pin for specifyingthe
data buswidth.

Do not change the data bus width in this pin during
operation. When the setting is changed, proper op-
eration cannot be guaranteed.

14
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Table 1-4-1 List of Pin Functions (3/9)

Pin Name Input/Output | Shared Pin Function Description
P54 1/0 General-purpose Port 5 This pin can be used as a general-purpose input/out-
Input ﬁ Bus Request put port. See*Chapter 8 Ports”.
P55 1/0 Generd-purpose Port 5 | The BREQ and BRACK pins operate bus arbitration.
Output BRACK Bus Request Enable Pulling the BREQ pin low suspendsthe execution of
Output the current instruction. After that, the CPU releases
busand pullsthe BRACK pinlow. Whilethe CPU is
accessing bus, the CPU rel eases the bus after the bus
accessis completed and then pullsthe BRACK pin
low. Pulling the BREQ pin high restores the bus
master to the CPU. See “2-2-2 External Memory
Connection Example’.
P62 1/O General-purpose Port 6 This pin can be used as a general-purpose input/out-
Output ‘WEL Lower Byte Write En- put port. See*Chapter 8 Ports”.
able Output These pins provide control signals for the memory
P63 /0 General-purpose Port 6 | ead/write
Output WEH Upper Byte Write En- When connecting SRAM and ROM, connect RE to
able Output OE in memory. RE outputs low level during read
P61 1/O General-purpose Port 6 operation and the CPU read out the content of the
Output RE Read Enable Output memory. When connecting SRAM, connect WEL

and WEH to WE pinsin memory. WEL and WEH
output low level during write operation and the CPU
writes the data to the memory. WEH controls writ-
ing of D15 to D08 while WEL controls writing of
D00 to DO7. WEL isinvalid and used as a general-
purpose port 6 when 8-bit bus width for the external
memory space is selected in the memory expansion
mode.

These pins become WEL, WEH and RE pinsin the
processor mode. (It means these cannot be used as
general-purpose ports.)

During busrequest, STOPmode or HALT mode, these
pins becomein ahigh impedance state. (Whenusing
as ports, these are not in a high impedance state.)
See “2-2-, 2-2-4 External Memory Connection Ex-
ample’.

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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Table 1-4-1 List of Pin Functions (4/9)

Pin Name

Input/Output

Shared Pin

Function

Description

PA3 to P40

110

Output

Al19t0A16

General-purpose Port 4

Address Output

When using as general -purpose input/output ports,
thel/O directioniscontrolled in bit units. See*Chap-
ter 8 Ports”.

Those pins output addresses (A19 to A16) of memory
in processor mode or memory expansion mode. Con-
nect them to address pins of memory or address de-
code circuit. When they are not accessing the
memory, they output undefined addresses. (They
output the some fixed values.)

During the processor mode, these pins function as
A19t0A16, and cannot be used as general-purpose
1/O ports. During abusrequest (BREQ islow level),
STOP mode or HALT mode, these pinswill bein a
high impedance state. (However, these pinswill not
be in a high impedance state when they are using as
general-purpose /O ports.)

PAS to P44

110

Input

Output

AN5toAN4

A19t0A16

General-purpose Port 4

A/D Converter Input

Address Output

When using as general -purpose input/output ports,
the 1/O direction is controlled in bit units.

These pins are used as A/D conversion input pins.
See“Chapter 6 A/D Converter”.

These pins output addresses (A21 to A20) of memory
in processor mode or memory expansion mode. Con-
nect them to address pins of memory or address de-
code circuit. When they are not accessing the
memory, they output undefined addresses. (They
output the some fixed values.)

During the processor mode, these pins function as
A21toA20, and cannot be used as general-purpose
1/O ports. During abusrequest (BREQ islow level),
STOP mode or HALT mode, these pinswill bein a
high impedance state. (However, these pinswill not
be in a high impedance state when they are using as
general-purpose |/O ports or analog input pins.)

16
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Chapter 1 General Description

Table 1-4-1 List of Pin Functions (5/9)

Pin Name

Input/Output

Shared Pin

Function

Description

P46

110

Input

Output

Output

ANG

STOP

A22

General-purpose Port 4

A/D Conversion Input

STOP Status Signal

Address Output

When using as a general-purpose input/output port,
the1/O direction is controlled in bit units.
Thispinisused asan A/D conversioninput pin. See
“Chapter 6 A/D Converter”.

This pin becomes high level during STOP or HALT
mode.

Thispin outputsthe address (A22) of memory in pro-
cessor mode or memory expansion mode. Connect
it to address pin of memory or address decode cir-
cuit. When itisnot accessing the memory;, it outputs
undefined address. (It outputs the any fixed value.)
During a bus request (BREQ is low level), STOP
mode or HALT mode, this pin will bein ahigh im-
pedance state. (However, it will not beinahighim-
pedance state when they are using as a general-pur-
pose I/O port, an analog input or STOP pin.)

P47

110

Input

Output

Output

AN7

WDOUT

A23

General-purpose Port 4
A/D Converter Input
Watchdog Timer Over-

flow Signa
Address Output

When using as a general-purpose input/output port,
the1/O direction is controlled in bit units.
Thispinisused asan A/D conversion input pin. See
“Chapter 6 A/D Converter”.

This pin outputs a pulse when the watchdog timer
overflows.

Thispin outputsthe address (A23) of memory in pro-
cessor mode or memory expansion mode. Connect
it to address pin of memory or address decode cir-
cuit. Whenit is not accessing the memory, it outputs
undefined address. (It outputs the any fixed value.)
During a bus request (BREQ is low level), STOP
mode or HALT mode, this pin will bein ahigh im-
pedance state. (However, it will not bein ahighim-
pedance state when they are using as a general-pur-
pose I/O port, an analog input or WDOUT pin.)

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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Chapter 1 General Description

Table 1-4-1 List of Pin Functions (6/9)

Pin Name

Input/Output

Shared Pin

Function

Description

P37 to P30

110

Output

A15t0A08

General-purpose Port 3

Address Output

When using as general -purpose input/output ports,
thel/O directioniscontrolled in bit units. See*Chap-
ter 8 Ports”.

These pins output addresses (A 15 to A08) of memory
in processor mode or memory expansion mode. Con-
nect them to address pins of memory or address de-
code circuit. When they are not accessing the
memory, they output undefined addresses. (They
output the some fixed values.)

During the processor mode, these pins function as
A15t0A08, and cannot be used as general-purpose
1/O ports. During abusrequest (BREQ islow level),
STOP mode or HALT mode, these pinswill bein a
high impedance state. (However, these pinswill not
be in a high impedance state when they are using as
general-purpose /O ports.)

P27 to P20

110

Output

AQ7to ACO

General-purpose Port 2

Address Output

When using as general -purpose input/output ports,
thel/O directioniscontrolled in bit units. See*“Chap-
ter 8 Ports”.

These pins output addresses (A07 to A0Q) of memory
in processor mode or memory expansion mode. Con-
nect them to address pins of memory or address de-
code circuit. When they are not accessing the
memory, they output undefined addresses. (They
output the some fixed values.)

During the processor mode, these pins function as
AQ7 to A00, and cannot be used as general-purpose
1/O ports. During abusrequest (BREQ islow level),
STOP mode or HALT mode, these pinswill bein a
high impedance state. (However, these pinswill not
be in a high impedance state when they are using as
genera-purpose 1/0 ports.)

18
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Chapter 1 General Description

Table 1-4-1 List of Pin Functions (7/9)

Pin Name

Input/Output

Shared Pin

Function

Description

P17 to P10
PO7 to POO

110

110

D15 to DOO
(AD15 to
ADOO)

General-purpose Port 1
Generd-purpose Port 0

Data(Address/Data) I/O
pin

When using as general-purpose input/output ports,
thel/Odirectioniscontrolled in bit units. See* Chap-
ter 8 Ports’.

In processor mode or memory expansion mode, these
pins function as data input/output during address/
data separate mode, and these pins time-divide the
address (the lower 16-bit) output of memory and data
input.output during address/data shared mode. When
they are not accessing the memory, they becomein-
put.

When the 8-bit data bus width is selected in memory
expansion mode or address/data separate mode, P07
to POO can function as1/O ports. See“2-2-2, 2-2-4
External Memory Connection”

During a bus request (BREQ is low level), STOP
mode or HALT mode, these pinswill be in ahigh
impedance state. (However, these pinswill not be
in a high impedance state when they are using as
general-purpose |/O ports.)

P53 to P50

110

Output

CS3t0 CSO

General-purpose Port 5

Chip Select Output

When using as general -purpose input/output ports,
thel/O directioniscontrolled in bit units. See* Chap-
ter 8 Ports’.

Connect CS3 to CS0 to each corresponding CS pin
of the memory when accessing SRAM and ROM.
See“ Chapter 2 BusInterface” for address dlocation
for CS3 to CSO. CSO cannot be output when
accesssing internal ROM.

During a bus request (BREQ is low level), STOP
mode or HALT mode, these pins will bein ahigh
impedance state. (However, these pinswill not bein
a high impedance state when they are using as gen-
era-purpose |/O ports.)

PAS

110

Input

ADSEP

General-purpose Port A

Addree/Data Separate/
Shared Mode Setup

This pin can be used as a general-purpose input/out-
put port only during single-chip mode. See*“ Chapter
8 Ports’.

This pin sets either address/data separate mode or
address/data shared mode in processor mode or
memory expansion mode. Pulling the pin high sets
the address/data separate mode while pulling the pin
low sets the address/data shared mode. Always use
asADSEPin processor mode or memory expansion
mode.

Do not changethis pin's setting during the operation.
When the setting is changed, proper operation can-
not be guaranteed.

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

19



Chapter 1 General Description

Table 1-4-1 List of Pin Functions (8/9)

Pin Name

Input/Output

Shared Pin

Function

Description

P56

110

Output

BSTRE
(ALE/ALE)

General-purpose Port 5

Read Enable for Burst
ROM (Address Latch
Enable Output)

This pin can be used as a general-purpose input/out-
put port. See*Chapter 8 Ports”.

This pin becomesaRE signal for burst ROM during
the address/data separate mode in processor mode.
(However, this pinisnot used as BSTRE because
connecting the RE pinto burst ROM ispossiblewith
the penalty for burst ROM.) See*2-1-3 ROM Burst
Mode Timing”

This pin providesatiming signal of latching the ad-
dress which outputs to A15 to AOO during the ad-
dress/datashred mode. ALE outputsat positivelogic
at reset release, but the register switchesto negative
logic. Because of this, ALE cannot be used at nega-
tivelogicin ROM less or processor mode. ALE can
be output even during cycles when ALE is not ac-
cessing the external device.

During a bus request (BREQ is low level), STOP
mode or HALT mode, this pin will bein ahighim-
pedance state. (However, this pin will not bein a
high impedance state when it is using as a general-
purpose I/0O port.)

P60

110

Input

WAIT

General-purpose Port 6

Bus Cycle Wiat Input

This pin can be used as a general-purpose input/out-
put port. See“Chapter 8 Ports’.

This pin extends the cycle of accessing to the exter-
nal memory when the external memory wait is set to
handshake mode. Pulling this pin low ends accessto
the external memory. See“Figure 1-4-5"

P74, P71

P75, P72

110
Input

I1/10
Output

SBI1to SBIO

SBO1to
SBOO

Genera-purpose Port 7
Serid Interface Dataln-
put

General-purpose Port 7
Serial Interface Data
Output

These pins can be used as general-purpose input/out-
put ports. See“Chapter 8 Ports’.

These pins can be used as datainput/output for serial
interface.

When these are unused, the input pins are fixed as
high level while the output pins are opened. See
“Chapter 5 Seria Interface”.

P70

P73

110
/0

110
110

SBTO

SBT1

General-purpose Port 7
Serial Interface 0 Clock
Input/Output

General-purpose Port 7
Seria Interface 1 Clock
Input/Output

These pins can be used as general-purpose input/out-
put ports. See“Chapter 8 Ports’.

These pins can be used as synchronoustransfer clock
signalsfor seria interface.

When these are unused, the input pins are fixed as
high level while the output pins are opened. See
“Chapter 5 Seria Interface’.

20
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Chapter 1 General Description

Table 1-4-1 List of Pin Functions (9/9)

Pin Name Input/Output | Shared Pin Function Description
P85 to P80 1/0 General-purpose Port 8 | When using as general-purpose input/output ports,
thel/Odirectioniscontrolled in bit units. See* Chap-
ter 8 Ports’.
110 TM5I0 to Timer 5to Timer 0 In- | These pins can be used astimer 5 to timer 0 input/
TMOIO put/Output output pins.
P86 /0 This pin can be used as a general-purpose input/out-
put port.
1/0 TM6I0A Timer 6A Input/Output This pin can be used as atimer input capture input/
output compare output pin.
P87 110 This pin can be used as a general-purpose input/out-
put port.
1/10 TM6I0B Timer 6B Input/Output This pin can be used as atimer input capture input/
output compare output pin.
P90 1/0 Thispin can be used as ageneral-purpose input/out-
put port.
I nput TM6IC Timer 6 Counter Clear This pin can be used as atimer 6 counter clear pin.
See “Chapter 4 Timers’
PI1 110 This pin can be used as a general-purpose input/out-
put port.
/10 TM7I0A Timer 7A Input/Output This pin can be used as atimer input capture input/
output compare output pin.
P92 110 General-purpose Port 8 This pin can be used as a general-purpose input/out-
put port.
/10 TM710B Timer 7B Input/Output This pin can be used as atimer input capture input/
output compare output pin.
P93 /0 This pin can be used as a general-purpose input/out-
put port.
Input TM7IC Timer 7 Counter Clear This pin can be used as atimer 7 counter clear pin.
See “ Chapter 4 Timers’
P97 to P94 1/0 General-purpose Port 9 | When using as a general-purpose input/output port,
the1/O direction is controlled in bit units.
Input AN3to A/D Conversion Input Thispinisused asanA/D conversioninput pin. See
ANO “Chapter 6 A/D Converter”.
NMI I nput NMI A NMI interrupt occurs on the falling edge to low
level at negative logic. (When reading the Port A,
monitor the pin value &t bit 6.)
PA4 to PAO 1/O Generdl-purpose Port A | When using as a general-purpose input/output port,
thel/Odirectioniscontrolledin bit units. See*Chap-
Input IRQ4 to External Interrupt ter 8 Ports’.
IRQO

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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‘ oscl 0Osco ‘ OSCI 0OSCOo

4 MHz to 20 MHz |

v/
——20pFto33pF —— 20 pF to 33 pF 4 MHz to 20 MHz
7777 7777 Oscillation
Circuit
Figure 1-4-2 OSCI and OSCO Connection Example
X X0 ‘ XI X‘O
32 kHz to 200 kHz
Ir44444+[:}%44444ﬂ
v
| 100 pFto 200 pF | 100 pF to 200 pF 32 kHz to 200 kHz
Oscillation
nr e Circuit

Figure 1-4-3 Xl and XO Connection Example

10 kQ to 50 kQ

RST

10 UF to 100pF 7j7i SwW

Figure 1-4-4 Reset Connection Example

iz
]

=
u

RESET
Delay
Circuit

WAIT

Figure 1-4-5 WAIT Signal Control Circuit Example
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Chapter 1 General Description

1-5 External Dimensions

Package Code: L QFP100-P-1414

| 16.00 £0.20
14.00 x0.10
75 51 i
RARRARARARAAARAAAAAAARRARE r*
% G
76 b= e =
[ —c=] o =
faia e 2 =
= = =23 =
pi == gl s =
=== o= S| 8 i
= = d|= =
== E =
- = =
= B =
100 :::EL O o= 26 3
EEEELELEERER R LELE R |
1 25 |
oo | | Ll 0.20°%1% ToE @ o .
8| E
o o
SRR
g
|
(1.00) (= 0.10] )
o

Z SEATING PLANE
/

04508

0.50 *0.20

Body Material: Epoxy Resin, Lead Material: FeNi42 Alloy, Lead Finish Method: Solder Plating

Figure 1-5-1 External Dimensions: 100-pin LQFP

External Dimensions are subject to change. Before using, please contact
= Yyour nearest sales office for the latest product specifications.
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Chapter 2 Bus Interface

The MN102L 2503 has only proces-

sor mode.

* Accessing the virtual areausing
the program means accessing the

real areain this series.

2-1 Bus Interface

2-1-1 Overview

This series contains three memory modes of single-chip mode, memory
expanson mode and processor mode. The chip of this series connectsto the
external memory or 1/O consisted of gate array in the expansion mode or
processor mode. The address spaceisdivided into four fixed areas (Block O
to Block 3). Each block has approximately 4 MB areaand generates four
chip-select sgnalsto its corresponding external space. (The address space
isoptiondly divided when the chip-select Sgnals are generated externally.)

16-bit buswidth or 8-hit buswidth is selected for each block. The WORD pin setsthe 16-
bit bus width or 8-bit bus width for Block O where the reset handler exists. On the other
hand, the MEMMDn register sets the bus width for Block 1 to Block 3. See“1-4 Pin
Functions for pin setting.

x'000000" Virtual Image A
External Memory
(56 KB)
x00E000 Internal RAM
X'00ECO0' > (5 KB or 3 KB)
or x'00F400' ccess Prohibited Area/
’ ’ (2 KB or 4 KB)
X'00FCO00 : a
Special Registers
1KB
X010000" — ( | M)
xternal Memory
x'080000' (448 KB) Bt
Internal ROM
x'080000' - (128 KB or 64 KB or 32 KB or OKB)| Burst ROM
or x'088000' External Memory Support Area
or x'090000' (384 KB or 448 KB or 480 KB or 512 KB)
or X0A0000' X100000 External Memory CS0 Area
(3952 KB)
x'400000'
AZ EXter?f 'M“Q)emmy A  CSlArea Block1
X'800000'
Actual Image|
External Memory
(56 KB) CS2Area  Block 2
External Memory
(4 MB) A\
X'C00000’
T Exterr}?IMl\él)emory WA CS3Area  Block 3
XFFFFFF'

Figure 2-1-1 Address Space
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Xx'000000'
x'00E000'

X'00F3FF'
X'00FC00'

XOOFFFF'

x'080000'

XO9FFFF'

XFFFFFF'

Single-chip Mode

Access Prohibited Area

Internal RAM

Access Prohibited Area

Special Registers

Access Prohibited Area

Memory Expansion Mode

External Memory

Internal RAM

Access Prohibited Area

Special Registers

External Memory

Processor Mode

External Memory

Internal RAM

Access Prohibited Area

Special Registers

External Memory

Chapter 2 Bus Interface

Figure 2-1-2 shows the bus control -
ler of the MN102L25G.

Access Prohibited Area

Pin Mode ="'H'

External Memory

Pin Mode = 'H'

After reset, set ports 0,1,2,3,4,5,6 to
A23 -A00, D15 - D00 and Bus interface

signals using software.

Figure 2-1-2 Bus Controller

%

Pin Mode ="L"

- < -
o Reset Handler Reset Handler Reset Handler
Internal ROM Interrupt Handler Internal ROM Interrupt Handler Interrupt Handler

7 External Memory

Inthis series, the addresses of x’ 000000' to X’ 00DFFF replacesthe addresses of x’ 800000
to X’ 80DFFF . Beacuse of this, the CS2 signal is generated even though the program
accesses the address of x’ 000000 to x’ 00DFFF' shown in Figure 2-1-1. The CS1 pin,
CS2 pin and CS3 pin are dlocated into Blockl, Block2 and Block 3 respectively, and
these pins become low level.

Cso x'010000’ to x'3FFFFF’
(The CSO0 signal is not generated in the internal ROM area.)
Cs1 X'400000’ to X' 7FFFFF’
CS2 x'000000’ to X'00DFFF’
x'800000’ to X BFFFFF’
Cs3 x'C00000’ to X’ FFFFFF’

Table 2-1-1 CS Signal Generation

The CS0 signal isgenerated evenin
the internal ROM area during pro-
cessor mode.

Accessing the logical addresses of
X’ 000000’ to x’ OODFFF means ac-
cessing the addresses of x’ 800000’
to x’ 80DFFF'.

This series has two modes of address/data shared mode and address/data separated mode.
The ADSEP pin selects each mode. Figure 2-1-3 to Figure 2-1-7 show the pin configura:
tion in each mode.
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50 | 4w TM7IOB,P92
58 |4 TM7IOA,PO1
57 |.¢—m- TMBIC,P90

56 | 4—= TM6IOB,P87
55 |—m TM6IOA,P86

54 |- Vop

72 |~+—w SBO1,P75
71 [~4—m= SBI1,P74
70 |-+—m SBT1,P73
69 |-+—m SBOO,P72
68 |[~— SBIO,P71
67 [~— SBTO0,P70

66 |--—— \/op (Vpp)
65 |—m AN3,P97

64 |-a—m= AN2,P96
63 |wt—m AN1,P95
62 [-t—m ANO,P94
61 |[-—— Vss

60 |~a—m TM7IC,P93
53 |-—m TM5I0,P85
52 |«—m TM410,P84
91 |—» TM3I0,P83

74 MV
73 —AMV

75 [~—— NMI

PAO,IRQO —w 76 50 |~— TM2I0,P82
PALIRQL ~a—w{ 77 49 |-—m TM1I0,P81
PA2,JRQ2 ~—»{ 78 48 |-——m TMOIO,P80
PA3,RQ3 ~a— 79 47 |——m A23WDOUT,AN7,P47
PA4,RQ4 ~=—»{ 80 46 |-——w- A22,STOP,AN6,P46
45 |-4——w A21,AN5,P45

44 |a——w A20,AN4,P44

43 |-—— Vss

42 |[—wA19,P43

41 |— A18,P42

40 [—= A17,P41

MN102L25x o

38 |-— P37

(TOP VIEW) a7 |=—= P36
36 |-—» P35

35 |[~-— P34

. 34 |-+—— VoD
100-pin LQFP 22 [+ P33
32 |-— P32
31 [ P31
30 |— P30
29 |-—= P27
28 |4—» P26
27 |~— P25
26 |--—m P24

25

LT

RE -«——2

P62 WEL ~#—¥|3

P20 ~a—w{ 13
P21 ~—w-( 14
P22 ~—m| 15
P23 —w={ 16
VDD — | 17
SYSCLK -——| 18
Vss —m=( 19
X| —{ 20
XO --——| 21
VoD ——m{ 22
OSCl —»23
OSCO ~w——|24

WEH <4

P50,CS0O ~—»(5

P51,CS1 ~—m| 6
P52,CS2 ~—w|7

P53,CS3 ~—m 8

ALE ALE ~— 11

WORD —» 12

P54,BREQ |9
P55,BRACK %10

P60,WAIT t—m| 1

Figure 2-1-3 Memory Expansion Mode
(Address/Data Shared Pin Configuration)

0830 B8 s o
&f\rﬁﬁﬁganomv 8&5%3%2 [
£8850%28888 J00J00 odg
s%gm%%;gsgzmggg% £2g23¢
LT
£§m££££££$£ss%s%%%sgmmsms
PAO,IRQO ~—m=i 76 50 [-— TM2I0,P82
PALIRQL ~—wi 77 49 |-+— TM1I0,P81
PA2,|RQ2 ~a—= 78 48 |-¢— TMOIO,P80
47 |-——m A23,WDOUT AN7,P47
PA4,]IRQ4 ~a—~i 80 46 |-4—m A22,STOP,ANG6,P46
81 45 |-4— A21,AN5,P45
RST —»| 82 44 |-w—m A20,AN4,P44
Vop —= 83 43 |-—— Vss
P00,DO0 ~t—m= 84 42 |-— A19 P43
P01,D01 ~e—m=! 85 41 [=— A18,P42

P02,D02 ~— 86 40 |~— A17 P41
P03,D03 ~—#= 87 M N 102 L25X 39 [—»A16,P40
P04,D04 ~—¥- 88 38 |[w—»A15,P37
P05,D05 ~+—# 89 (I-OP VI EW) 37 |—= A14,P36
P06,D06 ~—#=| 90 36 |[=—= A13,P35
PO7,D07 ~a—=] 91 35 [—w A12,P34
34 [-—— VoD

I;/OSSS i Zz 100-pin LQFP 33 |—» Al11,P33

-3

D09 ~—w 94 32 [-¢— A10,P32
D10 ~a—»={ 95 31 |-— AQ9,P31
D11 ~=—w 96 30 [~— A08,P30
D12 ~a—w- 97 29 |-— AQ7,P27

D13 ~w—m{ 98 28 |-—= AQ6,P26
D14 —t—mi 99 27 |-—= AQ05,P25
D15 ~a—w{ 100 26 |-—= A04,P24

25

LT

RE -—2

P62,WEL ~—|3

WEH 4
VDD — | 17
SYSCLK -——|18
Vss —m=( 19

X| —m={ 20

XO --——|21

Vop —m| 22
OSCl —»=(23
OSCO -——|24

P50,CSO ~—»{5

P51,CS1 w6
P52,CS2 |7
P53,CS3 w8

P54,BREQ |9

P55,BRACK ~*—| 10

WORD —»| 12

P20,A00 ~—| 13

P60,WAIT wt—m| 1
P21,A01 ~—| 14
P22,A02 ~a—»| 15
P23,A03 ~a—m-| 16

P56,BSTRE ~#— 11

Figure 2-1-4 Memory Expansion Mode
(Address/Data Separated Pin Configuration)
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(Address/Data Separated Pin Configuration)

Figure 2-1-6 Processor Mode
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ERfErfesgsy Sg<dgg 884
gt Golksg>aaaa Q90000 00O
§%%8558%532%2%%%§§§ £5g23¢
L
RERRIRSB8588 IBI3335883 333
PAO,RQD ~—m-| 76 50 [—m TM210,P82
PALIRQL ~—m 77 49 |-——w TM1I0,P81
PA2,IRQ2 ~a—w78 48 |-—m TMOIO,P80
PA3,IRQ3 ~a—= 79 47 |-—m A23, WDOUT,AN7,P47
PA4,JIRQ4 ~a—»= 80 46 |-—m A22,STOP,ANG,P46
81 45 — A21
RST —» 82 44— A20
VDD ——m 83 43 |-—— Vss
ADQOQ ~=—w={ 84 42 —= A19
ADOL ~—»~i 85 41— A8
ADO2 ~a—m=! 86 40 —» Al17
so0s ~—|o MN102L25x o
AD04 ~e—| 88 3g |— P37
ADO5 | 89 (I-OP VlEW) 37 |[-—» P36
ADO6 ~—#= 90 36 |[-— P35
ADOQ7 ~—»= 91 35 |-— P34
Vss —m| 92 . 34 |[-+—— VoD
ADO8 ~=—=i 93 100-p|n LQFP 33 |— P33
ADOQ9 -~=—»= 94 32 |-—= P32
AD10 ~«—m= 95 31 |[~— P31
AD11 ~=—m={96 30 [«—» P30
AD12 w97 29 |--— P27
AD13 -w—m{ 98 . 28 |--—» P26
AD14 t—m=! 99 27 |-— P25
AD15 ~=—w= 100 26 |--—w P24
dn mswo~0 09032303583 RJIIIIR
Elw L] Tlo|H N m X uWwoodume ¥ 8920250
<l |2|EBIBI3IE|g|g R RERRE S 27238 =
g - 5
Bl
Figure 2-1-5 Processor Mode
(Address/Data Shared Pin Configuration)
o oo 288258 g3
ErREicResgsy Loclgg BEC
& GFogkg>aaaa QOO OO 000
‘3/[/[8558%:5 §997935558£¢525¢
LT
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PALIRQL ~—w{ 77 49 |—m TM1I0,P81
PA2,IRQ2 ~—»={ 78 48 |~——m TMOIO,P80
PA3,IRQ3 ~&—m={ 79 47 |-a——p A23,WDOUT,AN7,P47
PA4,IRQ4 ~—=| 80 46 |«—m A22,STOP ANG,P46
81 45 —m A21
RST —»={ 82 44— A20
VDD —== 83 43 |-4—— Vss
P00,DO0 ~—m- 84 42 —= A19
P01,D01 ~—m= 85 41 —= A8
P02,D02 ~—w~{ 86 40 —= AlL7
P03,D03 ~a—»={ 87 MN102L25X 39 —= Al6
P04,D04 ~&—w= 88 38 —m Al5
P05,D05 ~—m={ 89 (TOP VI EW) 37 —= Al4
P06,D06 ~t—wm={ 90 36— Al3
P07,D07 ~—m={ 91 35 —m Al2
Vss —mw| 92 - 34 |-4—— VoD
D08 ~—»={ 93 100-p|n LQFP 33 [ All
D09 ~—w=i 94 32 [— A10
D10 ~=t—m={ 95 31— A09
D11 ~—w={ 96 30 [—™ AO08
D12 ~w—w 97 29 [—™ A07
D13 ~—ml 98 28 [—» A06
D14 —a—m| 99 . 27 [—» A05
D15 ~et—#={ 100 26 [—» A04
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ALE isnot generated during proces-

sor mode.
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ﬁvﬁpﬂgar\mmv 3&'&'31"1' KEE
oa~gaAan 8§00 0 0 -0 < oo < - &0
SkSgig>aaaa 920C 00 000
‘51{8558553‘2222%5552 22g23¢
UL O
PNRRIRE B8 ITSIIIBIIFBBI B3
PAO,IRQD ~—»- 76 50 |—m TM210,P82
PALIRQL ~—m{ 77 49 |-—m TM1I0,P81
PA2,IRQ2 {78 48 |-——m TMOIO,P80
PA3,IRQ3 ~4—»| 79 47 |-——» WDOUT,AN7,P47
PA4,IRQ4 ~a—»={ 80 46 |-a——m STOP,AN6,P46
PA5 ~a—m= 81 45 |-t—m AN5,P45
RST —»| 82 44 |—m AN4,P44
Vop —»{ 83 43 |-4—— Vss
P00 ~t—m= 84 42 |--—m P43
POl ~—m 85 41 |[~——» P42

P02 ~s—m- 86 40 |—» P41

w13 MN102L25x  ifee

P04 ~a—m= 88 38 |[-—= P37

P05 ~—{ 89 (TOP VI EW) 37 |[+—» P36

P06 ~=—= 90 36 |-— P35

PO7 ~—w= 91 35 |-—m P34
Vss ——m={ 92 . 34 |-+—— VoD
P10 ~=—» 93 100-p|n LQFP 33 [«—» P33
P11 ~—m 94 32 [~— P32
P12 ~—» 95 31 [—» P31
P13 ~a—mi 96 30 [ P30
P14 —a—m]{ 97 29 [— P27
P15 ~a—{ 98 . 28 |-—» P26
P16 —a—m 99 27 |~— P25
P17 ~e—» 100 26 |[-— P24

25

LT

P60 ~—= 1
P61 -2
P62 ~—» 3
P63 -4
P50 ~«—w=|5
P51 ~—=|6
P52 {7
P53 ~—m=|8
P54 ~—®g
P55 ~— 10
P56 ~—=11
P57 ~a—w—12
P20 ~a—m13
P21 -—|14
P22 ~a—w| 15
P23 ~a—w| 16
VoD ——| 17
X| —=(20
XO -—| 21
Vpp —®=|22
0sCl —={ 23
OSCO -——|24

SYSCLK -«——|18

Vss —m=| 19

Figure 2-1-7 Single-chip Mode
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Chapter 2 Bus Interface

2-1-2 Control Registers

These registers control the bus interface: the memory control register
(MEMCTR), the memory moode control register (MEMMDn) and the ex-
terna memory control register (EXMCTR).

Table 2-1-2 List of Bus Interface Control Registers

Register Address R/W Function
MEMCTR x'00FC02' R/W Memory Control Register
MEMMDO X'00FC30' R/W Memory Mode Control Register O
MEMMD1 x'00FC32' R/W Memory Mode Control Register 1
MEMMD2 x'00FC34' R/W Memory Mode Control Register 2
MEMMD3 x'00FC36' R/W Memory Mode Control Register 3
EXMCTR x'00FDO0' R/W External Memory Control Register

The MEMCTR register and the MEMMDn register need to set the conditions matched
the system configuration during the initialization program. [See*“9-4 Initidization Pro-
gram’]

‘0’ The MEMCTR register sets x’04n0’ (n = 0 to 3, the wait cycle of
specid registersis normally 1) during the initialization program.

The MEMMDO register setsthewait cycle for the device connected to Block 0. The bits
for selecting bus mode do noe exist in the MEMMDO register like other MEMMDn reg-
isters because the bus width for Block 0 is selected using the pin. Setting the WAIT[1:0]
isignored in the burst ROM support areawhen using burst ROM.

MEMMDO: x'00FC30’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— — | WAIT |WAIT
1 0

[

L Wait Cycle Setting for Block 0

00: None

01: 1cycle

10: 2 cycles
11: Handshake
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The MEMMDL1 register setsthe wait cycles and bus mode for Block 1.

MEMMD1: x'00FC32’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- BSMOD| — — | WAIT | WAIT
1 0
L 1
L Wait Cycle Setting for Block 1
00: None
01: 1 cycle
10: 2 cycles
11: Handshake

Bus Width Setting for Block 1
0: 16-bit Bus Width
1: 8-bit Bus Width

The MEMMD2 register setsthe wait cycles and bus mode for Block 2.

EO] When using the address converted area (x’ 000000' to X’ 0OODFFF'),
set the bus width for block 2 as the same as the bus width for block O.

MEMMD2: x'00FC34’

15 14 13 12 11 10

- BSMOD - — WAIT | WAIT

1 0
L 1

L Wait Cycle Setting for Block 2

00: None

01: 1 cycle

10: 2 cycles
11: Handshake

Bus Width Setting for Block 2
0: 16-bit Bus Width
1: 8-bit Bus Width

The MEMMD3 register setsthe wait cycles and bus mode for Block 3.

MEMMD3: x'00FC36’

15 14 13 12 11 10 9

BSMOD - — WAIT | WAIT

1 0

[

L Wait Cycle Setting for Block 3

00: None

01: 1 cycle
10: 2 cycles
11: Handshake

Bus Width Setting for Block 3
0: 16-bit Bus Width
1: 8-bit Bus Width

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

33



Chapter 2 Bus Interface

The EXMCTR register sets the burst mode for ROM, the polarity of ALE signal during
the address/data shared mode, and the pulse width of WEH signal and WEL signal.

EXMCTR: x’00FDO0’

*3 See “2-1-3 ROM Burst Mode
Timing” for the penalty availability
of burst mode. ROM burst mode
without penalty is not allowed dur-
ing processor mode or in the
MN102L 2503.

*2 Setting the NALEEN bit isin-
valid during the address/data sepa-
rated mode.

*1 Setting the WESHT bit to 1
makes the rising edge of WEH and
WEL 1/4 cycle (25 ns with a 20-
MHz oscillator) forward and the
hold time of address/data longer.

15

14

13

12

11

10

1 0

WE
SHT

NALE

BRPG

BRPG

BREN | BREN
1 0

T

*
L ROM Burst Mode( 3
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00: Disable

01: Reserved

10: Enable (Without penalty)
11: Enable (With penalty)

Page Size of ROM Burst Mode
00: 4 bytes

01: 8 bytes

10: 16 bytes

11: Reserved

' (2
ALE Siganl Polarity

0: Pogitive logic
1: Negative logic

WEH, WEL Pulse Width Shorteni ng(* n
0: Disable
1: Enable
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(

Use burst mode only during the ad-
dress/data separated mode. (Do not
use burst mode during the address/
data shared mode.)

Access area for burst mode is
X' 080000’ to X’ OFFFFF'. The ac-
cess cycle in x’080000" to
X' OFFFFF is1wait cycleoutsidethe
page and no wait cycle in the page.
(Bitsg[1:0] of the MEMMDO regis-
ter areignored.)

2-1-3 ROM Burst Mode Timing

This LSl series supports interface for ROM corresponding to burst mode
accesses. The burst mode is a mode which reads the data of consecutive
few bytes (only few lower bits are changed) at high-speed (access twice
faster than normal access).

This series supports the lower 2 bits (4 bytes for page size), the lower 3 bits (8 bytes for
page size), and the lower 4 bits (16 bytes for page Siz€).

An - AO2

OE

A01 - 00

D07 - 00

Figure 2-1-8 ROM Timing for Burst Mode
(4 bytes for Page Size)
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This series has the access cycle with penalty and without penalty when the chip accesses
to devices except ROM dfter it accesses to ROM during the burst mode. Figure 2-1-9
showstheir timings and Figure 2-1-10 shows the connection example.

The ROM burst modeis used only during the address/data separated mode and the WAIT
pinisignored even though handshake mode us selected. (Figure 2-1-9 showsthetiming
of 8 bytes/page during the 16-bit bus mode.)

With Penalty

oso [ HUUUTUUUHULUUULUL

SYSCLK |

o | | _—

oeor — T { H — —— |
s L T
= LI

111 T O O O W

WEH

WEL

Without Penalty

(A2-0=000) (A2-0=010)(A2-0=100)(A2-0=110) (A2-0=000) (Not ROM)  (A2-0=010)
A23-00 | | ‘

i 10 M B M A s e R
= =
= 1T 1L

-

WEH

WEL

Figure 2-1-9 ROM Burst Mode Access Timing

Chapter 2 Bus Interface

(1

When the access without penalty is
selected, accessing x’010000° to
Xx'07FFFF’ and x’100000’ to
X' 3FFFFF is not allowed.
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MN102L25x

MN102L25x%
A23-00 A23-00
| | | |
D15-00 D15-00
A A A
,,,,,,,, ---| OE [*Note
v v \ 4 A4 A\ 4 Y
A D A D A D A D
ROM RAM ; ROM RAM
OE CE OE WR CE OE CE OE WR CE
BSTRE H—J
RE RE
WEH WEH
(WEL) (WEL)
CSo CS0
CSn CSn

*Note: When using ROM with longer output
data hold time, you may need to equip
the 3-state buffer (for example, 74ALS541)
in the broken line.

Figure 2-1-10 Access Timing Memory Connection Example
During ROM Burst Mode

As Figure 2-1-10 shows, the access is fast but RE signal (BSTRE) for burst ROM is
required when access without penalty cycleis selected. In addition, the external 3-state
buffer (for example, 74ALS541) may be required when the ROM data hold timeislong.
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2-2 External Memory Connection Examples

2-2-1 Memory Expansion Mode (Address/Data Separated Mode)

InthisLSl series, the control registers for address or data setting need to be
st asfollows during address/data separated mode. [ See Chapter 8 Ports.]

40

No. 1

Up to 16 bytes
(A03 to ACD)

8 bit
(D15 to DO8)

ropiR=[ LT TTTT]
Pa01R=[ LT T
r20R (LT LT
rapiR= [T T TTTT]
papi=[TTTTTTT]

POMD= [ [-T-T-T-T-T-T"]
PIMD= [ [-T-T-T-T-T-T7]
P2vD= [ [-T-Jo[ - T-T 7]
P3VD= [o]oJo]oJofo]o]0]
PAMD= [o]oJoJoJofoJo]o]

Use D07 to DOO as general-purpose ports.

Use A23 to A04 as general-purpose ports.

16 bit
(D15 to DOO)

PODIR=[-[-[-T-T-T-T-To] PomD=[-T-T-T-T-T-T-T7]

P1DIR to PADIR and PIMD to PAMD are same as those
in the above 8-hit bus width of No. 1.

Use A23 to A04 as general-purpose ports.

Up to 256 bytes
(AOT to ACO)

8 bit
(D15to D08)

PODIR=[-[-[-T-[-T-T-T"] PomD=[-T-T-T-T-T-T-]"]
PIDIR=[-]-[-T-T-T-T-To] PwvD=[-[-T-T-T-T-T-T7]
P2MD= [ ] [ 11

P3DIR to PADIR and PIMD to PAMD are same as those
in the above 8-hit bus width of No. 1.

Use DO7 to DOO as general-purpose ports.

Use A23 to A0B as general-purpose ports.

16 bit
(D15 to DOO)

PODIR=[--[-T-T-T-T-To] PomD=[-T-T-T-T-T-]-T7]

P1DIR to PADIR and PIMD to PAMD are same as those
in the above 8-bit bus width.

Use A23 to A08 as general-purpose ports.

Up to 512 bytes
(A08 to ACD)

8 bit
(D15to D08)

PODIR to P2DIR, P4DIR and POMD to P2MD, PAMD are
_same as those in the above 8-bit bus width of No. 1.

PDIR=[["[*[*["]*["]°] PamD=[o]oJoJoJofo]o]1]

Use DO7 to DOO as general-purpose ports.

Use A23 to A09 as general-purpose ports.

16 bit
(D15 to DOO)

PODIR to P2DIR, P4DIR and POMD to P2MD, PAMD are

_same asthose in the above 16-bit bus width of No. 1.
P3DIR and PBMD are same as those in the above 8-bit
bus width.

Use A23 to A09 as general-purpose ports.

Up to 1k bytes
(A09 to ACO)

8bit
(D15 to DO8)

PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are
_same as those in the above 8-bit bus width of No. 1.

PDIR=["["[*[*]"*JoJo] P3VD=[o]JoJoJoJofo]1]1]

Use DO7 to DOO as general-purpose ports.

Use A23 to A10 as general-purpose ports.

16bit
(D15 to DOO)

PODIR to P2DIR, P4DIR and POMD to P2MD, PAMD are
same as those in the above 16-bit bus width of No. 1.
P3DIR and PBMD are same as those in the above 8-bit
bus width.

Use A23 to A10 as general-purpose ports.

Up to 2k bytes
(A10to ACO)

8bit
(D15to DO8)

PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are
same as those in the above 8-bit bus width of No. 1.

PDIR=[*]-[*[-]-Jo[oJo] P3MD=[o]oJoJoJo]1]1]1]

Use DO7 to DOO as general-purpose ports.

Use A23 to A11 as general-purpose ports.

16bit
(D15 to DOO)

PODIR to P2DIR, P4DIR and POMD to P2MD, PAMD are
same as those in the above 16-bit bus width of No. 1.
P3DIR and PBMD are same as those in the above 8-bit
bus width.

Use A23 to A11 as general-purpose ports.

No.6

Up to 4K bytes
(A11t0 AOOD)

8bit
(D15 to D08)

PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are
same as those in the above 8-bit bus width of No. 1.

P3DIR=[*]-[*]"JoJo[oJo] P3MD=[oJofoJo]x]1]1]1]

Use DO7 to DOO as general-purpose ports.

Use A23 to A12 as general-purpose ports.

16bit
(D15 to DOO)

PODIR to P2DIR, P4DIR and POMD to P2MD, PAMD are
same as those in the above 16-bit bus width of No. 1.
P3DIR and PBMD are same as those in the above 8-bit
bus widith.

Use A23 to A12 as general-purpose ports.

No.7

Up to 8 bytes
(A12to ACO)

8bit
(D15 to DOB)

PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are
same as those in the above 8-bit bus width of No. 1.

P3DIR=[*]-[*Jo]oJo]o]o] P3MD=[oJofos]x]s]1]1]

Use DO7 to DO as general-purpose ports.

Use A23 to A13 as general-purpose ports.

16bit
(D15 to DOO)

PODIR to P2DIR, P4DIR and POMD to P2MD, PAMD are
same as those in the above 16-bit bus width of No. 1.
P3DIR and P3MD are same as those in the above 8-bit
bus width.
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PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are

No.8 |Upto 16k bytes  |8bit same as those in the above 8-bit bus width of No. 1. Use DO7 to DOO as general-purpose ports.
(A13to AOO) (D15 to DO8)
P3DIR=[*]*JoJoJoJoJoJo] P3MD=[oJo[x]22]2]1]1] Use A23 to Al14 as general-purpose ports.
16bit PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are Use A23 to A14 as general-purpose ports.
(D15 to DOO) same as those in the above 16-bit bus width of No. 1.
P3DIR and P3MD are same as those in the above 8-bit
DUS wiatn.
PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are
No.9 Up to 32k bytes 8hit same as those in the above 8-bit bus width of No. 1. Use D07 to DOO as general-purpose ports.
(A14 to AOO) (D15 to DO8)
P3DIR=[*JoJoJoJoJoJoJo] P3MD=[o]x]z]2]2]2]1]1] Use A23 to A15 as general-purpose ports.
PODIR to P2DIR, P4DIR and POMD to P2MD, PAMD are
16bit same as those in the above 16-bit bus width of No. 1. Use A23 to A15 as general-purpose ports.
(D15 to DOO) P3DIR and P3MD are same as those in the above 8-bit
bus width.
PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are
No.10 |Up to 64k bytes 8bit same as those in the above 8-bit bus width of No. 1. Use D07 to DOO as general-purpose ports.
(A15to AOO) (D15 to DO8)
P3DIR=[oJoJoJoJoJoofo] P3MD=[1]1]2]2]2]1]1]1] Use A23 to A16 as general-purpose ports.
PODIR to P2DIR, PADIR and POMD to P2MD, PAMD are
16bit same as those in the above 16-bit bus width of No. 1. Use A23 to A16 as general-purpose ports.
(D15 to DOO) P3DIR and P3MD are same as those in the above 8-hit
bus width.
PODIR to P3DIR and POMD to P3MD are same as those
No.11 [Upto 128k bytes |[8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to DOO as general-purpose ports.
(A16 to AOO) (D15 to DO8)
PADIR=["T"T" """ [*]°] PAMD=[oJoJoJoJoJoJo]1] Use A23 to A17 as general-purpose ports.
PODIR to P3DIR and POMD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use A23 to A17 as general-purpose ports.
(D15 to DOO) P4DIR and PAMD are same as those in the above 8-bit
bus width.
PODIR to P3DIR and POMD to P3MD are same as those
No.12 |Up to 256k bytes [8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to DOO as general-purpose ports.
(A17 to AOO) (D15 to DO8)
PADIR=[T-T-T-[-[*]°]°] PAMD= [oJoJoJoJoJo]1]1] Use A23 to A18 as general-purpose ports.
PODIR to P3DIR and POMD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use A23 to A18 as general-purpose ports.
(D15 to DOO) PADIR and PAMD are same as those in the above 8-hit
bus width.
PODIR to P3DIR and POMD to P3MD are same as those
No.13 |Upto 512k bytes [8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to DOO as general-purpose ports.
(A18 to AOO) (D15 to DO8)
PADIR=["T-T*["[*J°J°J°] PAMD=[oJoJoJoJoJ1]1]1] Use A23 to A19 as general-purpose ports.
PODIR to P3DIR and POMD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use A23 to A19 as general-purpose ports.
(D15 to DOO) P4DIR and PAMD are same as those in the above 8-bit
bus width.
PODIR to P3DIR and POMD to P3MD are same as those
No.14 |Upto 1M bytes 8hit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to DOO as general-purpose ports.
(A18 to AOO) (D15 to DO8)
PADIR=[*T-[*[-JoJoJeJe] PAMD=[oJoJoJoz]x]1]1] Use A23 to A20 as general-purpose ports.
PODIR to P3DIR and POMD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use A23 to A20 as general-purpose ports.
(D15 to DOO) P4DIR and PAMD are same as those in the above 8-bit
bus width.
PODIR to P3DIR and POMD to P3MD are same as those
No.15 [Upto 2M bytes 8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to DOO as general-purpose ports.
(A19 to AOO) (D15 to DO8)
PADIR=["T-[-JoJoJoJoJo] PAMD= [oJoJoJ22]2]1]1] Use A23 to A21 as general-purpose ports.
PODIR to P3DIR and POMD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use A23 to A21 as general-purpose ports.
(D15 to DOO) P4DIR and PAMD are same as those in the above 8-bit
bus width.
PODIR to P3DIR and POMD to P3MD are same as those
No.16 |Up to 4M bytes 8hit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to DOO as general-purpose ports.
(A20 to AOO) (D15 to DO8)
PADIR=[*T*JoJoJoJoJoJo] PAMD= [oJoJ1J1]2]1]1]1] Use A23to A22 as general-purpose ports.
PODIR to P3DIR and POMD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use A23to A22 as general-purpose ports.
(D15 to DOO) P4DIR and PAMD are same as those in the above 8-bit
bus width.
PODIR to P3DIR and POMD to P3MD are same as those
No.17 [Up to 8M bytes 8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to DOO as general-purpose ports.
(A21to AOO) (D15 to DO8)
or PADIR=[*TJoJoJoJoJoJoJo] PAMD= [o]1]z]22]2]1]1] In addition, use A22 as a general-purpose
(/CS2 to /CS0, port when the address is determined by
A21 to AOO) PEMD= [~ o -] HEE /CS2 to /CSO.
PODIR to P3DIR and POMD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use A23 as a general-purpose port.
(D15 to DOO) P4DIR and PAMD are same as those in the above 8-bit In addition, use A22 as a general-purpose
bus width. port when the address is determined by
/CS2 to /CS0.
PODIR to P3DIR and POMD to P3MD are same as those
No.18 [Upto 16M bytes |8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to DOO as general-purpose ports.

(A23t0 AOD)
or

(/CS3 to /CSD,
A23t0 AO0)

(D15 to DO8)
PADIR=[oJoJoJoJoJoJoJo] PaMD=[1]1]2]2]2]1]1]1] In addition, use A23 to A22 as general-
purpose ports when the address is
PEMD= [oJ o -T-T" " [*]-] determined by /CS3 to CSO.
PODIR to P3DIR and POMD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use /CS3 to /CS0 as general-purpose ports.
(D15 to DOO) P4DIR and PAMD are same as those in the above 8-bit In addition, use A23 to A22 as general-

bus width.

purpose ports when the address is
determined by /CS3 to CS0.
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2-2-2

External Memory Connection Examples
(Address/Data Separeted Mode)

This section describes the external memory connection examples.

m Memory System with 16-bit Bus Width
Thefollowing is the example of connecting the 4-Mbit ROM (256 kilowords x 16 hits),
the 1-Mbit SRAM (128 kilo words x 8 hits) and the ASIC with 16-bit bus width to the
CS0 area (1 wait cyclefixed), the CS1 area (no wait cyclefixed) and the CS3 area (hand-

shake), respectively.
A18-A00 TEY ) )
D15-D00
150 \ 158 ) \ 150 ) \
o—{A23-A19 D15-DO0 A17-A00 1/07-0 A16-A00 D A
Port
ROM
— J— I SRAM
Cso cs OE o
N Cs
&s1 = ASIC
OE WE
LADSEP WAIT WAIT
fm cs3 cs
OE WEH WEL
RE
WEH
WEL
Figure 2-2-1 Memory Connection Example with 16-bit Bus Width
(Address/Data Separated Mode)
MEMMDO: x’00FC30’
15 14 13 12 11 10 9 8 6 5 4 2 1 0
— — — — — — — — — —_ — —  [WAITLWAITO
— — — — — — — — — — — — 0 1
MEMMD1: x’00FC32’
15 14 13 12 11 10 9 8 6 5 4 2 1 0
— — — — — — — | BMOD — — — — [WAITLWAITO
- - - = = = = 1 - - = — 0 0
MEMMD3: x’00FC36’
15 14 13 12 11 10 9 8 6 5 4 2 1 0
— — — — — — — | BMOD — — — —  |WAITZJWAITO|
- - - = = = = 0 - - = — 1 1
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m Memory System with 8-bit BusWidth inAll Areas

Thefollowing isthe example of connecting the 4-Mbit ROM (512 kilowords x 8 hits), the
1-Mbit SRAM (128 kilowords x 8 hits) and theAS|C with 8-bit buswidth to the CS0 area
(2 wait cyclesfixed), the CS1 area (1 wait cycle fixed) and the CS3 area (handshake),

respectively.

AL8-A00 18:0 16:0)
D15-D08
158 ) \ 158 ) \ 158 ) \
o—| A23-A19 D15-D00 A18-A00 1/07-0 A16-A00 D A
o— D07-D00
Port — RoM SRAM
€S0 s oE B
cs1 s ASIC
OE WE
LADSEP WAIT WAIT
Cs3 cs
WORD .
OF WE
RE
WEH

Figure 2-2-2 Memory Connection Example with 8-bit Bus Width
(Address/Data Separated Mode)

MEMMDO: x’00FC30’
15 | 14 | 13 [ 12 [ 12 | 10 | 9 8 7 6 5 4 3 2 1 0

— - =|=|=]=1=1=1=1=1=1=1 = |wATjwAIT0

- - - = = = = = = = = === 1 0
MEMMD1: x’00FC32’

15 [ 14 | 13 [ 12 [ 11 [ 10 | 9 8 7 6 5 4 3 2 1 0

— | -l = | =l = =1]=emop| — | — | — | — | — | — |wAITHWAITO

- - = = = = = 1 - - - = = = 0 1
MEMMD3: x’00FC36’

15 [ 14 | 13 [ 12 [ 11 [ 10 | 9 8 7 6 5 4 3 2 1 0

— | - = | == =] —=8vwop| — | — | — | — | — | — |WAITYWAITO

- - - = = - = 1 - - - = = = 1 1

Chapter 2 Bus Interface

In the MN10200 series, the data is
input to the upper pins of D15 to
DO8.
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m ROM, RAM Access Timing with 16-bit Bus Width

OSCI

SYSCLK

WEH

B
=

WEL

:<—>: e ——— "

8-bit Write 8-bit Write

High Side Low side

Read 16-bit Write

Figure 2-2-3 No Wait Access Timing with 16-bit Bus Width

OSCI

SYSCLK

A23-00 4{

D15-08

D07-00

cs

RE

WEH

WEL

Read ‘ ‘ 16-bit Write ‘ ‘ 8-bit Write
Low Side

Figure 2-2-4 1 Wait Access Timing with 16-bit Bus Width
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m ROM, RAM Access Timing with 16-bit Bus Width

oscl
SYSCLK
A23-00 —1 | | )

D15-08

DO07-00

16-bit Read 16-bit Write

Figure 2-2-5 Handshake Access Timing with 16-bit Bus Width

m ROM, RAM Access Timing with 8-bit Bus Width

oscl | | | | |
SYSCLK
A23-00 |
;(Aoo=0)|_i(Aoo=1) ==
D15-08 : ;
_ = =
CS - |
RE | | |
WEH : : ‘ : -
- || ==
16-bit Read 8-bit Write

Figure 2-2-6 No Wait Access Timing with 8-bit Bus Width
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m ROM, RAM Access Timing with 8-bit Bus Width

—1
= — 1 1L T

WEH : : : : \—’7

A23-00

|

(A00=0) (A00=1)
D15-08 3 D

I I |
— [ —

16-bit Read " g-bit Write

Figure 2-2-7 1 Wait Access Timing with 8-bit Bus Width

OSClI

SYSCLK

A23-00

D15-08

cs

WE

—A
L

WAIT

16-bit Write

Figure 2-2-8 Handshake Access Timing with 8-bit Bus Width
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m Access Timing during Bus Request (Address/Data Separated Mode)

oo [UUUTUUUUYH UHUUUUULUL
ssew | LT J LT L)

A23-16 | | FLOATING | ‘
csn | | FLOATING | ’7
BRE 3 | FLOATING |
RE ‘ FLOATING
| FLOATING L

WEH,WEL !

WAIT

BRACK

BREQ 10/
o

External Device

Figure 2-2-9 Access Timing during Bus Request

(Address/Data Separated Mode)
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2-2-3 Memory Expansion Mode
(Address/Data Shared Mode)

InthisLSl series, the control registers for address or data setting need to be
st asfollows during address/data shared mode. [ See Chapter 8 Ports.]

No.l |Upto64Kbytes |8/16bit PODIR=[-T-T-T-T-T-T-Te] PomD=[-T-T-T-T-1-T-1%] Use A23 to A16 as general-purpose ports.
PIDIR=[-[-[-[-[-[-T-Te] PamD=[-[-[-T-T-T-[-]2]
PADIR=*T*T*T"T*T*T* 0| P4|\/|D:|o|0|0|0|0|0|0|0|

No.2 |Upto 128 Kbytes |8/16bit PODIR to P1DIR and POMD and PIMD are set as same as Use A23 to A17 as general -purpose ports.
those in the above.
PaDIR[ [ [ " "["T1] PaM=[e[o[o]o[o]eo[1]

No.3  |Upto 256 Kbytes |8/16bit PODIR to P1DIR and POMD and PIMD are set as same as Use A23 to A18 as genera -purpose ports.
those in the above.
PADIR=[*T*T* [ [*[*[1][t] PAMD=[oJoJoJoJoJo]1]1]

No.4 |Upto512 Kbytes |[8/16bit PODIR to P1DIR and POMD and PIMD are set as same as Use A23 to A19 as genera -purpose ports.
those in the above.
PADIR=[*T*T*[*[*J2]1[z] PAMD=[oJoJoJoJoJ1]1]1]

No5 |Upto1Mbyte 8/16bit PODIR to P1DIR and POMD and PIMD are set as same as Use A23 to A20 as general -purpose ports.
those in the above.
PaDIR[" [ [ [Z[1[1] PaM=[[o[o[o[1]1[[7]

No.6 |Upto2Mbytes [8/16bit PODIR to P1DIR and POMD and PIMD are set as same as Use A23 to A21 as genera -purpose ports.
those in the above.
PADIR=[*[*[* 1]z 2]1]1] PAMD=[oJoJoJ1]1]1]1]1]

No.7 |Upto4 Mbytes [8/16bit PODIR to P1DIR and POMD and PIMD are set as same as Use A23 to A22 as general -purpose ports.
those in the above.
PaDIR [ [ [T[[1[1] PaM=[S[o L[ [T[1[[7]

No.8 |Upto8Mbytes [8/16bit PODIR to P1DIR and POMD and PIMD are set as same as Use A23 as a general-purpose port.
those in the above.
PADIR=[*J1]1]1]1]2]1]1] PAMD=[oJz]1]a]1]1]1]1]

PeMD=[To[-[-T* " T[]

No.9 |Upto 16 Mbytes |[8/16bit PODIR to P1DIR and POMD and PIMD are set as same as
those in the above.
PaDIR=[ T[T [T[[1[11] Pam=[T[[L[[[1[[7]

PeMD=[oo[- [-T-[*[*]-]
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Chapter 2 Bus Interface

During the address/data shared
mode, this LSI series operatesin 1
wait cycle even though WAIT[1:0]
aresetto’00'.

2-2-4

External Memory Connection Examples

(Address/Data Shared Mode)

This section describes the external memory connection examples.

m Memory System with 16-bit Bus Width

The following isthe example of connecting the 4-Mbit ROM (256 kilo words x 16 hits),
the 1-Mbit SRAM (128 kilo words x 8 hits) and the ASIC with 16-bit bus width to the
CS0 area (1 wait cycle fixed), the CS1 area (1 wait cycle fixed) and the CS3 area (hand-

shake), respectively.

15:8

A23-A19

ADSEP

WORD Ccs3

A18-A16

AD15-AD08

ADO7-A00

WlS:l W 16:0

D15-D00 A17-A00 1/07-0  A16-A00 D

>

ALE

ROM
SRAM

Cso

— ASIC

Cs1

WAIT

WAIT

RE

cs

"OE WEH WEL

WEH
WEL

Figure 2-2-10

MEMMDO: x'00FC30’

Memory Connection Example with 16-bit Bus Width
(Address/Data Shared Mode)

15

14 13 12

11 10 9 8 7 6 5 4 3 2 1 0

— == = =] =1 =]=1=|=1|=1|=1—=1 = |wATiwAITO
- - - = = = = = T = = = = = 1
MEMMD1: x’00FC32’

15 | 14 [ 13 2 [ 12 [ 10 [ 9 8 7 6 5 4 3 2 1 0
— | -l = | =] =] =] =|evmop| — | — | — | — | — | — |WAITYWAITO
- - = = = = = 1 - - - = = = 1
MEMMDS3: x'00FC36’

15| 14 [ 13 2 11 [ 10 9 8 7 6 5 4 3 2 1 0
— | - = | =] =] =] =|evwon| — | — | — | — | — | — |WAITWAITO
- - - = - = — 0 - - - = = = 1 1
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m Memory System with 8-bit BusWidth inAll Areas

Thefollowing isthe example of connecting the 4-Mbit ROM (512 kilo words x 8 hits),
the 1-Mbit SRAM (128 kilo words x 8 hits) and the ASI C with 8-bit bus width to the CSO
area (2 wait cyclesfixed), the CS1 area (1 wait cyclefixed) and the CS3 area (handshake),

respectively.
Al18-A16
18:16 )
AD15-AD08 D Q 180 3 )
b? 15:8
1/07-0 A18-A00 1/107-0 A16-A00 D A
ADO7-AD0O
70 ROM
ALE SRAM
cso cs OFE
— — AsIC
cs1 cs
OE ‘WE
WAIT WAIT
cs3 cs
OF  WE
‘RE
WEH
Figure 2-2-11 Memory Connection Example with 8-bit Bus Width
(Address/Data Shared Mode)
MEMMDO: x'00FC30’
15 14 13 12 11 10 9 8 7 5 4 2 1 0
R R R T ) e — | — — | WAITIWAITO|
— — — — — — — — — — — — 1 0
MEMMD1: x’00FC32’
15 14 13 12 11 10 9 8 7 5 4 2 1 0
— — — — — — — |BMOD| — — — — |WAITZWAITO|
— — — — — — = 1 — — — — 0 1
MEMMD3: x'00FC36’
15 14 13 12 11 10 9 8 7 5 4 2 1 0
— — — — — — — |BMOD| — — — — [WAITLWAITO

— 1

1

Chapter 2 Bus Interface

In the MN10200 series, the data is
input to the upper pins of D15 to
DO8.
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m ROM, RAM Access Timing with 16-bit Bus Width

OSClI
SYSCLK
A23-A16

AD15-AD08
ADO07-ADO0
ALE

CS

RE

WEH

WEL

| (AD00=0)

| (Address)

ress)(Data) :

Read

16-bit Write

8-bit Write
High Side

8-bit Write
Low Side

Figure 2-2-12 Fixed Wait Access Timing with 16-bit Bus Width

0sCl
SYSCLK
A23-A16
AD15-AD08
ADO7-AD00
ALE

cs

RE

WEH

WEL

Figure 2-2-13 Handshake Access Timing with 16-bit Bus Width
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m ROM, RAM Access Timing with 8-bit Bus Width

OSClI

SYSCLK

A23-Al16

AD15-AD08

ADO7-ADO0

L

m

S

RE

WEH

WEL

Lower 8-bit Upper 8-bit
Access Access

16-bit Read 8-hit Write 8-bit Write
High Side Low Side

Figure 2-2-14 Fixed Wait Access Timing with 8-bit Bus Width

oscl |||
svscik | |

A23-A16 —

Address) | (Data’ : Address) . . (Data)
AD15-AD08 — 4}
ress) | B A [EsS) | T I ,

ADO07-ADO0

ALE

R
M § I| (A%on? ]

Lanymiiany

Il

( fiml (

J

Lower 8 bit : Upper 84 blt
Access i Acces$

—

g

16-hit Write

Figure 2-2-15 Handshake Access Timing with 8-bit Bus Width

Chapter 2 Bus Interface
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m Access Timing during Bus Request (Address/Data Shared Mode)

oo JUUUUUUUUY UUUUUUUUUL

MTU igigiglighiy
A23-A16 | FLOATING ‘
D15-D00 n FLOATING 4 A | D }7
ALE ﬂ | FLOATING | ‘
Csn | ‘ FLOATING ’7
RE | FLOATING |
WEH,L | ‘ FLOATING ‘ ’7
WAIT ‘ ’ : ‘ ’
BREQ 10/ | F\\ |
BRACK \7 | ‘

- } - External Device < CPU |

Figure 2-2-16 Access Timing during Bus Request
(Address/Data Shared Mode)
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Chapter 3 Interrupts

3-1 Interrupts

3-1-1 Overview

Theinterrupt Controller contains eight groups. Each group has someinter-
rupt vectors. When an interrupt occurs, the CPU receives an interrupt re-
quest. [Seethe MN10200 Series LS| User’'s Manual Linear Addressing
Version.]

Table 3-1-1 List of Interrupt Control Registers

Interrupt Vector )
Interrupt Group (Number is IDTn bit position) Control Register
2 Undefined Instruction Interrupt Nonmaskable Interrupt Control Register O
Group O 1 Watchdog Timer Interrupt GOICR: x'00FC40'
0 NMI Interrupt
3 Reserved Maskable Interrupt Control Register 1
Group 1 2 Timer/Counter 5 Underflow G1ICR: x'00FC42
1 Timer/Counter O Underflow
0 Externa Interrupt IRQO
3 Reserved
Group 2 2 A/D Conversion End Maskable Interrupt Control Register 2
1 Timer/Counter 1 Underflow G2ICR: x'00FC44'
0 Externa Interrupt IRQ1
3 Seria ChO Reception End
Group 3 2 Serial ChO Transmission End Maskable Interrupt Control Register 3
1 Timer/Counter 2 Underflow G3ICR: x'00FC46'
0 Externa Interrupt IRQ2
3 Seria Chl Reception End
Group 4 2 Seria Chl Transmission End Maskable Interrupt Control Register 4
1 Timer/Counter 3 Underflow G4ICR: x'00FC48'
0 Externa Interrupt IRQ3
3 Reserved (Set the corresponding enable
flag to 0.)
Group 5 2 Reserved (Set the corresponding enable | Maskable Interrupt Control Register 5
flagto 0.) G5ICR: X'00FC4A’
1 Timer/Counter 4 Underflow
0 Externa Interrupt IRQ4
3 ATCEnd
Group 6 2 Timer/Counter 6 Compare/Capture B Maskable Interrupt Control Register 6
1 Timer/Counter 6 Compare/Capture A G6ICR: x'00FCAC
0 Timer/Counter 6 Underflow
3 Reserved
Group 7 2 Timer/Counter 7 Compare/Capture B Maskable Interrupt Control Register 7
1 Timer/Counter 7 Compare/Capture A G7ICR: x'00FCA4E'
0 Timer/Counter 7 Underflow
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The control register is assigned to its corresponding interrupt group except Group 0 and
controls the assigned interrupt vectors. For example, in the MN102L (F, P) 25x, when
timer O underflows, the interrupt request flag (IRF1I=TMOIR) of the maskable interrupt
control register (G1ICR) becomes 1. At this point, the CPU receives an interrupt request
if the corresponding interrupt enable flag (IEN1=TMOIE) is 1. Comparing theinterrupt
mask level (IM2 - 0) of the processor status word (PSW) and the group interrupt level
(ILVNn=G1LV[2:0]) of the G1ICR register determineswhether the CPU receivestheinter-

rupt or not.

G1ICR: x'00FC42’

15 14 13 12 11 10 9 8 6 5 4 2 1 0
— Gl Gl G1 — | TM5 [ TMO | IRQO | — TM5 | TMO | IRQO TM5 | TMO | IRQO
LV2 | LV1 | LVO IE IE IE IR IR IR ID ID ID
Group Interrupt Level Interrupt Enable Flag Interrupt Request Flag Interrupt Detect Flag
ILVn IENN IRFn IDTn
Interrupt Level Setup Interrupt Enable Setup  Interrupt Vector Generation  Interrupt Request Detect

See “2-5 Interrupt Controller” in the MN10200 Series LS| User’s Manual Linear Ad-
dressing VVersion for detail operations. See the MN10200 Series Instruction Manual Lin-
ear Addressing Version for interrupt service flow and handler programming.

k4

Set the interrupt enable flags IEN[3:2] (bits[11:10]) of the G5ICR to O.

Chapter 3 Interrupts
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Chapter 3 Interrupts

3-2 External Interrupts

3-2-1 External Pin Interrupts

Group 5to Group 1 control externd pin interrupts.

The EXTMD register setsthe interrupt conditions. The EXTMD register setsthe inter-

rupt levelsand timing of external interrupts. The EXTMD register specifies each pins's
level or edge.

EXTMD: x’00FC50’
5 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

— |IRQ4 | IRQ4 | IRQ3 | IRQ3 | IRQ2 | IRQ2 | IRQL | IRQO | IRQO | IRQD
TGL | TGO | TG1 | TGO | TG1 | TGO | TG1 | TGO | TGL | TGO

EIRQ4 EIRQ3 EIRQ2 EIRQ1 EIRQO

00: An Interrupt occurs at low level
01: Aninterrupt occurs at high level
10: An interrupt occurs at negative edge
11: Aninterrupt occurs at pogitive edge

3-2-2 NMI Interrupts

This series supportsaNMI interrupt. The NMI interrupt occurs on the negative edge of
NMI pin.

‘0’ An NMI interrupt occurs when the CPU isin the bus release sate or the
handshake accessisin wait state.
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Chapter 3 Interrupts

In this example, the interrupt level
is4.

3-3 Interrupt Setup Examples

3-3-1 External Pin Interrupt Setup

An interrupt occurs on the negative edge from the external interrupt pin
IRQO (PAQ).

The external interrupt edge specification register (EXTMD) setsthe interrupt request at
low level after reset release, and the IRQOIR bit of the maskable interrupt control register
1 (G1ICR) becomesO.

m [nterrupt Enable Setup
(1) Set theinterrupt conditions of the interrupt pin IRQO (PA0). Set the IRQOTG of
the EXTMD register to 2. (Bit Setting: 10)

EXTMD: x’00FC50’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IRQ4|IRQ4 | IRQ3|IRQ3|IRQ2 | IRQ2|IRQL|IRQ1 | IRQO|IRQO
TG1| TGO | TG1| TGO | TGL | TGO | TG1 | TGO | TG1 | TGO

_ = = = = = 0 0 0 0 0 0 0 0 1 0

(2) Enableinterrupts. At thispoint, clear all prior interrupt requests. To do this, set
G1LV[2:0], IRQOIR and IRQOIE of the G1ICR register to an interrupt level, 0 and
1, respectively.

G1ICR: x’00FC42’
15 | 14 | 13 | 12 11 | 10 9 8 7 6 5 4 3 2 1 0

Gl |Gl | GL TM5| TMO | IRQO TM5 | TMO | IRQO TM5 | TMO | IRQO
—frv2|wvafevo| T IELE]lIE! T IR|IIRIIR|I T ||| ID
— 1 0 0 — © 0 1 — 0 0 0 — 0 0 0

(3) Enableinterrupts by setting the interrupt enable flag (1E) of the processor status
Word (PSW) to 1 and the interrupt mask level (IMn) to 7 (bit setting:111).
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Thereafter, an interrupt occurs on the negative edge of the interrupt pin IRQO (PAC). The
program branches to x’ 080008 when the interrupt accepted.

m Interrupt Service Routine
(4) Specify the interrupt group by reading the interrupt accept group register (IAGR)
during interrupt preprocessing.

(5) Specify theinterrupt vector in the group by reading the G1ICR register. Check the
IRQOID with the hit test instruction (BTST). If IRQOID is 1, execute the interrupt
service routine.

(6) Clear the IRQOIR bit of the G1ICR register.

(7) Return to the main program with the interrupt return instruction (RTI) after the
interrupt service routine ends.

PAO(IRQO) . " 3 :
=S

EXTMD

Low Level Negative Edge ‘

e — L

Interrupt Service Routine Dj Dj

Registers [R/W] EXTMD(W) Gl;CR(R) GlléR(R/W) GlIéR(R/W)
Procedure (1) 2 (3)4)(5)(6)(7) (4)(5)(6)(7)

Figure 3-3-1 External Pin Interrupt Timing

Chapter 3 Interrupts

Normally, the program generatesthe
interrupt start address and branches
to that address.

During interrupt service routine, the
IM and |E of PSW become the inter-
rupt level and O respectively. The
multiple interrupts are not allowed.
It means that other interrupts except
the nonmaskabl e interrupt are not
accepted during interrupt servicerou-
tine unlessthe PSW is set.
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When the watchdog timer counts
65536 cycles of SYSCLK (6.5536
ms with a 20-MHz oscillator), a
watchdog interrupt occurs.

Normally, clear the watchdog timer
before an interrypt occurs.

Normally, the program generatesthe
interrupt start address and branches
to that address.

The IM of PSW becomes the high-
est level during interrupt servicerou-
tine and other interrupts are not ac-
cepted.

3-3-2 Watchdog Timer Interrupt

An interrupt occurs by using the watchdog timer.

Set the WDRST flag of the CPU mode contral register (CPUM) to enable (‘0") after reset.
This startsthe watchdog timer. A nonmaskableinterrupt occurs when thewatchdog counter
overflows. Because of this, the watchdog timer needs to be cleared during the main
program.

m [nterrupt Enable Setup
(1) Enableinterrupts by setting the interrupt enable flag (IE) of the processor status
Word (PSW) to 1 and the interrupt mask level (IMn) to 7 (bit setting:111).

(2) Clear the WDRST flag of the CPUM register. This starts the watchdog timer.

CPUM: x’00FCO0’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WD osc
st — | — 1= —=|—=1—|—1—|—1]— |5 [sToP|HALT|osC1|osCo
0o - - - — — — — — — ~— 0 0 0 o0 o

m  Watchdog Timer Clear
(3) Setthe WDRST flag of the CPUM register to 1 and then immediately clear to 0.
The watchdog timer clearsto O when the WDRST flagis 1.

m Interrupt Service Routine
The program branches to x’ 080008 when an interrupt is generated and accepted.

(4) Specify the interrupt group by reading the interrupt accept group register (IAGR)
during interrupt preprocessing.

(5) Verify awatchdog interrupt by reading the nonmaskable interrupt control register
(GOICR). Check the WDIF with the bit test instruction (BTST). If WDIFis1,
execute the interrupt service routine.
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(6) Clear the WDIR flag of the GOICR register.

(7) Return to the main program with the interrupt return instruction (RTI) after the
interrupt service routine ends.

The watchdog timer and the oscillation stabilization wait counter are shared. The watch-
dog timer functions as the oscillation stabilization wait counter when the CPU returns
from the STOPmode. Because of this, the WDIF flag is cleared to 0 when the CPU move
to the STOPmode. The WDIF flag cleared to O again after the CPU movesto the normal
mode. [See“2-6 Standby Function” in the MN10200 Series LS| User’s Manual Linear
Addressing Version.]

! ! ! Overflow
RST Pin - | | | |
. Clear
WD Count !
WDRST(CPUM) ‘ ! ‘ //
WDIF(GOICR) i i i
Interrupt Service Routine i i i I:|
Registers [R/W] CPUM(W) CPUM((W) CPUM(W) GOICR(R/W)

Procedure 1) (2 (3 (3) (4)(5)(6)(7)

Figure 3-3-2 Watchdog Interrupt Timing

o The watchdog interrupt does not occur when the chip isin bus release.
E‘ The watchdog interrupt occurs when the chip waits for the handshake
aCccess.

Chapter 3 Interrupts

When a watchdog interrupt is ac-
cepted during wait for the handshake
access, the watchdog interrupt oc-
curs by suspending the bus cycle
during the wait state. Therefore, the
bus cycle operation isnot guaranteed
when the watchdog interrupt occurs
during the wait.
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4-1 Timers

4-1-1 Overview

ThisLSl series contains six 8-bit timers (timer 0 to timer 5) and two 16-bit
timers (timer 6 and timer 7).

Table 4-1-1 Timer Function (1/2)

Timer 8-bit Timer
Function Timer O Timer 1 Timer 2 Timer 3
Interrupt Request Destination Group 1 (G1ICR) Group 2 (G2ICR) Group 3 (G3ICR) Group 4 (G4ICR)
* TMOIR ¢ TM1IR * TM2IR * TM3IR

Interrupt Source

Timer O underflow

Timer 1 underflow

Timer 2 underflow

Timer 3 underflow

Clock Source « TMOIO pin « TM1I0 pin « TM2IO pin «TM3I0 pin
o @128(*1) . fxi/4 * Timer 1 * Timer 2
s @(*2) e Timer 0 e Timer 0 e Timer 0
o fXi/4(*3) L0} LI0) L)

Counting Method

Down counting

Down counting

Down counting

Down counting

Interval Timer

O

O

O

O

Event Counter

O

O

O

O

Timer Output

PWM

Two-phase Timer Output —

One-shot Pulse Output — — — —

One-phase Capture Input — — — —

Two-phase Capture Input — — — —

Two-phase Encoder — — — —

External Count Direction Control — — — _

External Count Reset Control — — — _

Seria Interface Transfer Clock Generation — — O ]

A/D Conversion Timing Generation — O — —
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Table 4-1-1 Timer Function (2/2)

Chapter 4 Timers

Timer 8-bit Timer
Function Timer 4 Timer 5 Timer 6 Timer 7
Interrupt Request Destination Group 5 (G5ICR) Group 1 (G1ICR) Group 6 (G6ICR) Group 7 (G7ICR)
« TM4IR « TM5IR * TMBUIR * TM7UIR

* TMGAIR * TM7AIR
* TM6BIR * TM7BIR

Interrupt Source Timer 4 underflow Timer 5 underflow Timer 6 underflow Timer 7 underflow
Timer 6 compare A or Timer 7 compare A or
capture A match capture A match

Timer 6 compare B or
capture B match

Timer 7 compare B or
capture B match

Clock Source « TM410 pin « TM5IO pin « SYSCLK
o Timer 3 e Timer 4 e Timer4
» Timer O e Timer 0 e Timer5
. fxil4 - fxil4 « TM6IOB pin

« Two-phase encoder

* SYSCLK

e Timer 4

e Timer5

« TM7IOB pin

« Two-phase encoder

Counting Method Down counting Down counting Up/Down counting Up/Down counting
Interval Timer O o a O
Event Counter O u a O
Timer Output O O O O

PWM — — Arbitrary duty Arbitrary duty
Two-phase Timer Output — — O O
One-shot Pulse Output — — O m]
One-phase Capture Input — — O O
Two-phase Capture Input — — O O
Two-phase Encoder — — 4x, 1x 4x, 1x
External Count Direction Control — — a O
External Count Reset Control — — O O

Serial Interface Transfer Clock Generation —_ — —

A/D Conversion Timing Generation — — —

*1 System Clock (10 MHz with a 20-MHz ocillator)/128
*2 System Clock (10 MHz with a20-MHz ocillator)
*3 Low-speed Clock (32 kHz)/4
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TMnBC Value

i

TMnBR
Value

Time

(Input)

Figure 4-1-1 Event Counter Timing (Timer 0 to Timer 5)

TMnBC Value

TMnBR
Value

Intorrupts ! y: i //

TMnIO —n L

(Output)

Figure 4-1-2 Timer Output, Interval Timer Timing (Timer 0 to Timer 5)

TMnBC Value

TMnIOA | ,_\

(Output)

Figure 4-1-3 PWM Output Timing (Timer 6 and Timer 7)
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TMnBC Value Rewrite the TMnCB Keep in the current cycle
value Reflect the result from the
next cycle
TMNCA |- b
TMNCB  p---oooo o f o VAT

TMnIOA —— | | | | \—I —

(Output)

Figure 4-1-4 PWM Output Timing (Data Write) (Timer 6 and Timer 7)

TMnBC Value
TMACA e e
TMNCB  [----mepftmmofommme gl
Timf

TMNOA ——m—F+——-
(Output)

TMnOB
(Output)

Figure 4-1-5 Two-phase Timer Output Timing (Timer 6 and Timer 7)

TMnBC Value

TMnIB
(Input)

TMnOA
(Output)

Figure 4-1-6 One-shot Pulse Output Timing (Timer6 and Timer 7)
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TMnBC Value

FFFF

TMnIB
(Input)

TMnIA
(Input)
TMnCA

(Register value)

TMnCB

(Register value)

0033 (Example)

5A87(Example)

Figure 4-1-7 One-phase Capture Input Timing (Timer6 and Timer 7)

TMnBC Value

FFFF

TMnIB
(Input)

TMnIA

(Input)
TMnCA

TMnCB

Time

0033(Example)

5A87(Example)

Figure 4-1-8 Two-phase Capture Input Timing (Timer 6 and Timer 7)

TMnBC Value

TMnIA
(Input)
TMnIB
(Input)

|

k

Time

R R S T
ot l

Figure 4-1-9 Two-phase Encoder (4x) Timing
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TMnBC Value
i
Time
TMnIA J J | L
(Input)
TMnIB L
(Input)

Figure 4-1-10 Two-phase Encoder (1x) Timing (Timer 6 and Timer 7)

TMnBC Value
A
1 i 1 _ Time
TMnIB
(Input)
TMnIA
(Input)

Figure 4-1-11 External Count Direction Control Timing (Timer 6 and Timer 7)

TMnBC Value

TMNCA | \ 777777777777777777777

TMnIA

TMnIB
(Input)

TMnIC
(Input)

Figure 4-1-12 External Count Reset Control (Two-phase Encoder) Timing

(Timer 6 and Timer 7)
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Timer 1 totimer 5 can cascade. For
example, cascading timer 1 and
timer 2 can form as a 16-bit timer.
cascading timer 3, timer 4 and timer
5 can form as a 24-bit timer. Cas-
cading these timers can form a 40-
bit timer at most.

1

An underflow interrupt occurs only
when these timers are down count-

ing.

m TimerOto Timer 5

Timer Oto Timer 5 are 8-hit timers. They are down counting and are divided by the 8-bit
value set in the base register (TMnBR) plusone. (Do not set 0to TMnBR). Aninterrupt
occurs when each timer underflows (the binary counter changes from x’ 00" to the 8-hit
value). They can function asinterval timers, event counters, clock output, base clock for
seria interface and A/D conversion start timing.

m Timer 6 and Timer 7

Timer 6 and Timer 7 are 16-bit timers. They are up/down counting. Each timer hastwo
compare/capture registers (TMNCA and TMNCB). These registers capture and compare
the up/down counter value, generate PWM and interrupts. The PWM contains the double
buffer mode that changes the cycle and transition from the next cycle. This preventsthe
PWM waveform losses and distorts during timing changes. Thesetimers can function as
interval timers, event counters (at clock oscillation), one-phase PWM, two-phase PWM,
two capture input, dua two-phase encoders, one-shot pulse generators and external count
direction controllers.
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Figure 4-1-13 showsthetimer configuration. Combining timers servesasvariousinterval
timers.

8-bit Timer
Clock Synchronous
(Divided by 2 to 256) Serial

8-bit Timer
Timer 1
(Divided by 2 to 256)

8-bit Timer
SYSCLK Timer 0
(10 MHz)  (Divided by 2 to 256)

Timer Output

16-bit Timer
Timer 3 ‘ Timer 4
(Divided by 2 to 65536)

Long-term Interval
Timer

8-bit Timer
fila Clock
(8 kHz) (Divided by 2 to 256)

Figure 4-1-13 Timer Configuration

Each timer n (n=2 to 5) cascade inputs cascade output of timer n-1. Therefore, timer does
not function as a 8-hit counter but it functions as a 16-bit counter. SYSCLK isasigna of
dividing the clock from OSCI pin by 2 (10 MHz with a20-MHz oscillator) during normal
modeor HALTOmode. SY SCLK becomesasignal of dividing the clock from XI pin by
2 (16 kHz with a 32-kHz oscillator) during SLOW mode or HALT1 mode. SY SCLK
stops during STOPO mode or STOP1 mode. SY SCLK outputs to the external SY SCLK
pin. Thefxi/4 meansasigna of dividing the clock from X1 pin by 4 (18 kHz with a 32-
kHz oscillator) during modes except STOPO and STOP1 modes. The fxi/4 stops during
STOPO or STOP1 mode.

Chapter 4 Timers
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4-1-2 Control Registers

The following table shows timer control registers.

Table 4-1-2 List of Timer Control Registers

Register Address R/IW Function
TMOMD X'00FE20' R/W Timer 0 Mode Register
Timer 0 | TMOBC X'00FEQQ" R Timer 0 Binary Counter
TMOBR X'00FE10' R/W Timer 0 Base Register
TM1IMD x'00FE21' R/W Timer 1 Mode Register
Timer1 |TM1BC X'00FEQL' R Timer 1 Binary Counter
TM1BR x'00FE1l' R/W Timer 1 Base Register
TM2MD X'00FE22' R/W Timer 2 Mode Register
Timer2 |[TM2BC X'00FEQ2 R Timer 2 Binary Counter
TM2BR X'00FE12' R/W Timer 2 Base Register
TM3MD x'00FE23' R/W Timer 3 Mode Register
Timer3 | TM3BC x'00FEQ3' R Timer 3 Binary Counter
TM3BR X'00FEL13' R/W Timer 3 Base Register
TM4MD X'00FE24' RIW Timer 4 Mode Register
Timer 4 | TM4BC x'00FEQ04 R Timer 4 Binary Counter
TM4BR X'00FE14' RIW Timer 4 Base Register
TM5MD X'00FE25' R/W Timer 5 Mode Register
Timer5 | TM5BC X'00FEQS' R Timer 5 Binary Counter
TM5BR X'00FE15' RIW Timer 5 Base Register
TM6MD x'00FE30' R/W Timer 6 Mode Register
TM6BC X'00FE32' R Timer 6 Binary Counter
The TM6CAX register, the Timer 6 TM6CA x'00FE34' R/W Timer 6 Compare/Capture Register A
TM6CBX register, the TM7CAX TM6CAX X'00FE36' - T!mer 6 Compare/Capture Reg!sxer Set A
. . TM6CB X'00FE38' R/W Timer 6 Compare/Capture Register B
register and the TM7CBX register TM6CBX X'00FE3A' - Timer 6 Compare/Capture Register Set B
are dummy registers to specify the : :
double buffer mode when the PWM TM7MD X'00FE40 RIW Tl mer 7 Mode Regl ster
i TM7BC X'00FE42' R Timer 7 Binary Counter
s output. Timer7 | TM7CA X00FE44' RW | Timer 7 Compare/Capture Register A
TM7CAX x'00FE46' - Timer 7 Compare/Capture Register Set A
TM7CB X'00FE48' R/W Timer 7 Compare/Capture Register B
TM7CBX X'00FE4A - Timer 7 Compare/Capture Register Set B
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4-1-3 Timer Block Diagram

This section describes block diagrams of timer O to timer 7.

Data Bus

: i
(X00FE10)
Timer 0 Base Register
TMOBR
Load J L Reload
8
’ | (X'00FE20') (X00FEQ0")
g : g : 000 %‘ : g Timer 0 Binary Counter
SRESE ‘33 Interrupt
z.9, ‘ ’Lj TMOBC Controller
TMOMD Count ’ Underflow
Clock Source for Timerl to Timer 5
4 —_—
f I
»1/2
v Reset .
TMOIO pin
TMOIO pin ———»{ 0
SYSCLK/128 —— | 1
SYSCLK —»| 2
Low-speed clock/4 ————»{ 3
Selector
Figure 4-1-14 Timer 0 Block Diagram
Data Bus 1
; i)
(X'00FE11")
Timer 1 Base Register
TM1BR
Load J Reload A/D Conversion
| 18 Controller
(X'00FE21') (X'00FEO1")
2.2 000 = Timer 1 Binary Counter |
R S5 nterrupt
m'!c ! R
z.0, (=i o TMIBC UnderroW Controller
TM1MD — KT\COUN ’ ’
—
%J Timer 1 cascade signal
] I
»1/2
v Reset )
TM1IO pin
TM1I0 pin ——— - 0
Low-speed Clock/4 ———»| 1
Timero ——————»| 2
SYSCLK —— »| 3
Selector

Figure 4-1-15 Timer 1 Block Diagram

Chapter 4 Timers
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Data Bus

(XOOFE12)

Timer 2 Base Register

TM2BR
Load _ Reload .
| | e ® Serial I/F
‘ (X'00FE22') (X'00FE02Y) Controller
% % 21 % Timer 2 Binary Counter ﬂ

N VN Interrupt

m - NCERY Lz
Z 10, (P ‘_]O TM2BC Underflow Controller

ACOUFII

\TJ

]

Timer 2 cascade signal

TM2I0 pin ———»| 0
Timer 1 cascade —»| 1
Timer0 ———» 2

SYSCLK ——» 3

Selector

A4

w1/
Reset 172
TM2IO pin

Figure 4-1-16 Timer 2 Block Diagram

Data Bus

(XOOFE13")

Timer 3 Base Register

TM3BR
Load | Reload
| I8 Serial I/F
(X00FE23') (X00FE03') Controller
2.2 000 == Timer 3 Binary Counter - i
@ 1w @ nterrup
2.6 28 TM3BC Underflow Controller
T™M3MD /I\Count ’ ‘
—
{_‘H Timer 3 cascade signal
f ]
»1/2
v Reset )
» TM3IO pin
TM3I0 pin ———»{ 0
Timer 2 cascade ——»| 1
Timer 0 — 2
SYSCLK —»( 3
Selector
Figure 4-1-17 Timer 3 Block Diagram
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Data Bus

(XOOFE14)

Timer 4 Base Register
TM4BR
Load | Reload
’ g (XOOFE24") (X'00FE04')
212 = % Timer 4 Binary Counter
55 VB Interrupt
m.c NN TM4BC
z .0, (= o Underflow Controller
™MD Count ’ ’
Timer 4 cascade signal
T ]
»1/2
v Reset .
TM4I0 pin
TM4I0 pin ————» 0
Timer 3 cascade ~————» 1
Timer0 ———» 2
Low-speed Clocki4 ————»| 3
Selector

Figure 4-1-18 Timer 4 Block Diagram

Data Bus

° igi
(X'00FE15")
Timer 5 Base Register
TM5BR
Load J Reload
8
’ g (X'00FE25") (X'00FEO05")
g g % g Timer 5 Binary Counter
uf=g 1212 TM5BC Interrupt
7 Underflow Controller
TM5MD éCount
T 1
A
»[1/2
v Reset .
TM5IO pin (P30)
TMS5IO pin (P30) ——»| 0
Timer 4 cascade =~ ————»| 1
Timer O —_—>» 2
Low-speed Clock/4 ————| 3
Selector

Figure 4-1-19 Timer 5 Block Diagram
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TM6IC

Timer4 ——»
Timer5 ——»
SYSCLK ——»

o

10129|9S

N—»

]

TM6IOB
TM6I0A >

|onuo)d

[ECLR]
I}

Clear ;

[ETHT)_» TM6BC(x'00FE32')
u/D 4T ! [

[TGE] SM

> TM6IOA

Control Load L
(When TMBBC=0) [LP] [ASEL]
[UD]
TMBCA(X00FE34") T R,
Capture TMBCAX T %
plre (XOOFE36") . g
R o
SR
Capture T
» TM6CB(x'00FE38')
Match | Q TM610B
TM6CBX T R
(XOOFE3AY) T
! [ONE]
[MD] [NLD] F
TM6MD(x'00FE30)

Figure 4-1-20 Timer 6 Block Diagram

TM7IC

Timer4 —»

i [ECLR]
Clearﬁ

3

L

_|
Load
(WOhS] TM7BC=0) L[LP]

TimerS ——» @ ———»M) 5| TM7BC(X00FE42'
SYSCLK —» & [EN] —L ( )
> O
= uD
Control
[S] [uD]
TM7CA(XO0FE44Y)
TM7I0B
TM7IOA > TM7CAX
Capture (XOOFE46")

[TGE] 3D4

|01U0D

)

o

L

[P]

Capture_ | 1\17CB(x'00FE48)

TM7CBX

—]

Match Q

!¢

(XOOFE4A") T

.
[MD]  [NLD]

TM7MD (X'00FE40')

Figure 4-1-21 Timer 7 Block Diagram
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This verification is unnecessary im-
mediately after areset.

4-2 8-bit Timer Setup Examples

4-2-1 Event Counter Using 8-bit Timer

The event counter setup proceduresfor Timer O to Timer 5 arethesame. In
this example, timer 2 counts the rising edge of the TM 21O pin input four
times and generates an interrupt at underflow.

(1) Settheinterrupt enable flag (1E) of the processor status word (PSW) to 1.

(2) Verify that counting is stopped using the timer 2 mode register (TM2MD).

TM2MD: x'00FE22’
7 6 5 4 3 2 1 0

TM2 | TM2 TM2 | TM2
EN|WD| | | | |s1]| =0
o 0 — — — — 0 o0

(3) Enableinterrupts. At the sametime, clear all prior interrupt requests. Set G3LV[2:0]
bits of the maskable interrupt control register 3 (G3ICR) to theinterrupt level of 6
to 0, TM2IR and TM2IE to 0 and 1, respectively. For example, write x’ 4200’ to
the G3ICR register. Thereafter, an interrupt occurs when timer 2 underflows.

G3ICR: x’00FC46’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

G3 | G3 | G3 [SCOR(SCOT|TM2 [IRQ2[SCOR|SCOT | TM2 | IRQ2 [SCOR|SCOT | TM2 | IRQ2
LV2 [ LV1|LVO| IE IE IE IE IR IR IR IR [ ID | ID ID | ID
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(4) Set thetimer divisor. Sincetimer 2 divides the TM2IO pin by 4, set the timer 2
base register (TM2BR) to 3. (Thevalid rangefor TM2BR is 1 to 255.)

TM2BR: x'00FE12’
7 6 5 4 3 2 1 0

TM2 | TM2| TM2 | TM2 | TM2 | TM2 | TM2 | TM2
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

(5) Load the TM2BR value to the TM2BC register. To do this, set TM2LD and
TMZ2EN of the TM2MD register to 1 and O respectively. At the same time, select
the clock source. Set TM25[1:0] to 00.

(6) Set both TM2LD and TM2EN of the TM2MD register to 0. If this setting is
omitted, the timer 2 binary counter may not start at the first cycle.

(7) Set both TM2LD and TM2EN to 0. This startstimer 2. Counting starts at the
beginning of the next cycle.

When thetimer 2 binary counter value reaches 0 and loads the value of 3 from thetimer 2
base register (TM2BR), atimer 2 underflow interrupt request occurs.

Interrupt Enable | ‘

TM2BR 00 | | | 03 |
| o |

TM28BC | 00 \ 03 \02\01\00‘03

Timer 2
Underflow Interrupt

TM2I0
TM2MD(W) G3ICR(W)  TM2BR(W) TM2MD(W) TM2MD(W) TM2MD(W)

Procedure @) @3) (4) ® ®© O

Figure 4-2-1 Event Counter Timing

Chapter 4 Timers

¢

Changing the clock source while
controlling count operation will cor-

rupt the binary counter value.
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This verification is unnecessary im-
mediately after areset.

(

If setting 1 of divisor, write the
dummy value (for example, x’OF')
once.

4-2-2 Clock Output Using 8-bit Timer

Timer O to timer 5 contain clock output functions. The setup proceduresfor
timer Ototimer 5 aresame. In thisexample, timer 0 and timer 1 output 12
clock cycles (SY SCLK/6).

8-bit Timer 8-bit Timer
SYSCLK | Tmero || Timerl | Clock Output

Figure 4-2-2 Clock Output Configuration (1)

m  Timer O Setup
(1) Verify that timer O counting is stopped using the timer 0 mode register (TMOMD).

TMOMD: x’00FE20’
7 6 5 4 3 2 1 0

TMO | TMO TMO | TMO
EN (|~ | | " | T | s1]| w0
0o 1 1 0

(2) Setthetimer Odivisor. Sincetimer O divides SYSCLK by 2, set the timer O base
register (TMOBR) to 1. (Thevalid rangefor TMOBR is 1 to 255.)

TMOBR: x’00FE10’
7 6 5 4 3 2 1 0

TMO | TMO | TMO | TMO | TMO | TMO | TMO | TMO
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

(3) Load the TMOBR valueto TMOBC. To do this, set TMOLD and TMOEN to 1 and
0 resepctively.

TMOMD: x’00FE20’
7 6 5 4 3 2 1 0

TMO | TMO TMO | TMO
EN|WD| | | | |s1]| =0
0o 1 1 0
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(4) Set both TMOLD and TMOEN of the TMOMD register to 0. If this setting is
omitted, the timer 0 binary counter may not start at the first cycle.

(5) Set TMOLD and TMOEN to 0 and 1 respectively. This startstimer 0. Counting ‘
starts at the beginning of the next cycle. When the timer O binary counter value :

reaches 0 and loads the value of 1 from thetimer 0 base register (TMOBR), atimer _ .

i If selecting 1 of divisor, set O to the

0 underflow interrupt request occurs. timer 0 base register (TMOBR) once

again after step (5). The first count

isthe value set in step (2), but the

second count becomes 1. For ex-

m Pin Setup ample, if 0isset to TMOBRin step

(6) Select the TM1IO pin to output using the port 8 1/0 control register (P8DIR) and (2), thefirst count is 257 and the sec-

. . 1
the port 8 output mode register (P8MD). (The set valueis?2.) ond count becomes

P8DIR: x'00FFES’ P8MD: x'00FFFg’
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
P8 | PB | PB | PB | PB | PB | PB | P8 P8 | P8 | PB | PB | P8 | P8 | P8 | P8

DIR7|DIR6|DIR5|DIR4| DIR3|DIR2| DIR1| DIRO MD7|{MD6 | MD5 | MD4 | MD3| MD2| MD1 | MDO
0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0

m Timer 1 Setup

(7) Verify that timer 1 counting is stopped using the timer 1 mode register (TM1MD). This verification s unnecessary im-

mediately after areset.

TM1MD: x’00FE21’
7 6 5 4 3 2 1 0

TM1|TM1 TM1| TM1
EN|[W| |~ | | | s1]| =0
0 0 1 0

(8) Setthetimer 1 divisor. Sincetimer 1 dividestimer O output by 3, set thetimer 1
base register (TM1BR) to 2. (The valid range for TMOBR is 1 to 255.)

TM1BR: x'00FE1l’
7 6 5 4 3 2 1 0

TM1|{TM1|TM1|TM1|{TM1|TM1|TM1|TM1
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

(

Changing the clock source while

(9) Load the TM1BR valueto TM1BC. Todo this, set TM1LD and TM1EN to 1 and

0 resepctively. At the sametime, select the clock source. controlling count operation will cor-

rupt the binary counter value.
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(10) Set both TM1LD and TM1EN of the TM1MD register to 0. If this setting is
omitted, the timer O binary counter may not start at the first cycle.

(11) Set TM1LD and TM1EN to 0 and 1 respectively. This startstimer 1. Counting
starts at the beginning of the next cycle.

When the TM1BC vaue reaches 0, TM 110 output is inverted as soon as the value of 2
from the timer 1 base register (TM1BR) isloaded. Immediately after TM1BC starts
counting, the TM 110 output pin outputs 0. The TM 110 output pin outputs 1 at the begin-
ning of the next cycle when TM1BC becomes 0. Then the TM 11O output pin outputs O
again at the beginning of the next cycle. This repeated operation results in 12 clock

cycles.

SYSCLK ﬂJ—UWWMM
TMOBR | 00 \ N = |
TMOBC ‘ 00 ‘ 01 ‘00‘01‘00‘01‘00‘01‘00‘01‘00‘01‘00‘01‘00‘01‘00‘01‘00‘01‘

TMO Output ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ m
TM1BR o — 02

TM1BC —
\ 00 \02\01\00\02\01\00\02\

TMLIO Output |

Procedure  (1)(2) (3) (4) (5)BX7X®) (9) (10)(11)

Figure 4-2-3 Clock Output Timing
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4-2-3 Interval Timer Using 8-bit Timer

Theinterval timer setup procedures for timer O to timer 5 are same. Inthis
example, timer O, timer 2 and timer 3 generate an interrupt at regular inter-
vals (1 second). (To divide SYSCLK by 10,000,000, timer O divides
SYSCLK by 250 and timer 2 and timer 3 divide SY SCLK by 40,000.)

8-bit Timer 16-bit Timer
Sl\(()slél:HLzK Timer 0 ‘—»‘ Timer 2 ‘ Timer 3 }—> Interrupt Request
( ) (Divided by 250) (Divided by 40000)

Figure 4-2-4 Clock Output Configuration (2)

(1) Settheinterrupt enable flag (1E) of the processor status word (PSW) to 1.

(2) Enableinterrupts. At thesametime, clear al prior interrupt requests. Set G4ALV[2:0]
bits of the maskable interrupt control register 4 (G4ICR) to the interrupt level of 6
to 0, TM3IR and TM3IE to 0 and 1, respectively. For example, write x’ 4200’ to
the G4ICR register. Thereafter, an interrupt occurs when timer 3 underflows.

G4ICR: x’00FC48’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

G4 | G4 | G4 [SCIR|SC1T|TM3|IRQ3|SCIR|SCIT| TM3|IRQ3|SCIR|SC1T| TM3|IRQ3
LV2 [ LV1|LVO| IE IE IE IE IR IR IR IR [ ID | ID ID | ID

m  Timer O Setup

(3) Verify that timer O counting is stopped using the timer 0 mode register (TMOMD). This verification is unnecessary im-
mediately after areset.

TMOMD: x’00FE20’
7 6 5 4 3 2 1 0

TMO | TMO TMO | TMO
EN (LD~ | — | T | T | st]| =0
0 0 1 0

(2) Setthetimer Odivisor. Sincetimer O divides SYSCLK by 250, set the timer O base G
register (TMOBR) to 249. (Thevalid range for TMOBR is 1 to 255.) -

If setting 1 of divisor, write the

TMOBR: x’00FE10’ dummy value (for example, x’OF")
7 6 5 4 3 2 1 0 once.

TMO | TMO| TMO | TMO | TMO | TMO | TMO | TMO
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
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(

If selecting 1 of divisor, set 0 to the
timer O base register (TMOBR) once
again after step (7). Thefirst count
is the value set in step (4), but the
second count becomes 1. For ex-
ample, if Oisset to TMOBR in step
(4), thefirst count is 257 and the sec-
ond count becomes 1.

This verification is unnecessary im-
mediately after areset.

1

Changing the clock source while
controlling count operation will cor-
rupt the binary counter value.

(5) Load the TMOBR valueto TMOBC. To do this, set TMOLD and TMOEN to 1 and
0 resepctively.

TMOMD: x’00FE20’
7 6 5 4 3 2 1 0

TMO | TMO TMO | TMO
EN[LD| | — | T | T | s1| =0
0 0 1 0

(6) Set both TMOLD and TMOEN of the TMOMD register to 0. If this setting is
omitted, the timer O binary counter may not start at the first cycle.

(7) Set TMOLD and TMOEN to 0 and 1 respectively. This startstimer 0. Counting
starts at the beginning of the next cycle. When thetimer 0 binary counter (TMOBC)
reaches 0 and loads the value of 1 from the timer O base register (TMOBR), atimer
0 underflow interrupt request occurs.

m Timer 2 and Timer 3 Setup
(8) Verify that counting is stopped using the timer 2 mode register (TM2MD) and the
timer 3 mode register (TM3MD).

TM2MD: x’00FE22’ TM3MD: x’00FE23’
7|6 |5 |a4a[3[2]1]o0 76|54 3[2]1]o0
™2|T™M2| | | | | T™M2|T™2 ™3|T™3| [ | | |TM3|TM3
EN | LD sl | so EN | LD s |
0 0 — — — — o0 o0 0 o0 0o 1

(9) Set thetimer divisor. Since the divisor is 40000 (x’9C40Q’), set the timer 2 base
register (TM2BR) and the timer 3 base register (TM3BR) to x’3F and x’9C'.
(Thevalidrangeis1to 255.)

TM2BR: x'00FE12’ TM3BR: x’00FE13’

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
TM2 | TM2 | TM2 | TM2 [ TM2 | TM2 | TM2 | TM2 TM3 | TM3 | TM3 | TM3 | TM3 | TM3 | TM3 | TM3
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

0 0 1 1 1 1 1 1 1 0 0 1 1 1 0 0

(10) Load the TM2BR value to TM2BC and the TM3BR to TM3BC. To do this, set
both TM2LD and TM3LD to 1, and both TM2EN and TM3EN to 0. At the same
time, select the clock sources. (Select timer O for the timer 2 clock source and
timer 2 cascade for the timer 3 clock source.)
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(11) Set both TM2LD and TM3LD to 0, and both TM2EN and TM3EN to 0. If this
setting is omitted, the binary counter may not start at the first cycle.

(12) Set TM2LD and TM3LD to 0, and TM2EN and TM3EN to 1. This starts the
timer. Counting starts at the beginning of the next cycle.

When the TM2BC vaue and the TM3BC value reache 0, atimer 3 underflow interrupt
request occurs as soon asthe TM2BR vaue x’ 3F and the TM3BR value x’ 9C' areloaded.

N AN

SYSCLK ‘
woer oo | S\ W\ |
T™MOBC ‘ 00 F9 ‘FB‘F?‘F(&‘ FS‘ F4‘F3‘\\90‘ FQ‘ F8‘F7\\00‘ FQ‘ FB‘ \\‘ oo‘ FQ‘ FB‘ F7‘
TMO Output o ) )_ﬂ / /JT
TMZBR | o [ | // sF// // |
TM2BC | 00 \ 3 //oo\ FF //oo | // 00 \ * |
Timer 2 | | | / /
Cascade Signal ‘ Lﬂ—( TL(‘
TM3BR 0 ‘ \\ QC \\
T T T | I T \ |
TM3BC | 0 9c \\gc‘ 9B \\ o1 | oo \\ oo [ oc ‘
b \\ W
Procedure

WERE® 6) 6 () © @102

Figure 4-2-5 Interval Timer Timing
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(1

Use the MOV instruction to set the
data and always use 16-bit write op-
erations.

Stop TM6BC counting and initial-
ize (clear) TM6BC and RS.F.F.

In the single buffer mode, both
TM6CA and TM6CB are compared
to TM6BC.

The TM6CB valueisset to ‘-1’ by
writing X' FFFF' to TM6CB. When
TM6CB is not compared to
TM6BC, the TM6CB valueis set to
-1

4-3 16-bit Timer Setup Examples

4-3-1 Event Counter Using 16-bit Timer

The event counter setup procedures for Timer 6 and Timer 7 are same ex-
cept theup/down counting selection. Inthisexample, timer 6 countsTM610OB
pininput (SY SCLK/2 or less, 5 MHz or lesswith a 20-MHz oscillaor) and
generates an interrupt on the second cycle and fifth cycle.

m  Interrupt Enable Setup

(1) Enableinterrupts. At the sametime, clear all prior interrupt requests. Set G6LV[2:0]
bits of the G6ICR to the interrupt level of 6to 0, TM6AIR and TM6BIR to 0, and
TM6AIE and TM6BIE to 1. For example, write x’ 4600’ to the G6ICR register.
Thereafter, an interrupt occurs when the timer 6 capture A and the timer 6 capture
B occur.

m  Timer 6 Setup

(2) Set the operating mode to the timer 6 mode register (TM6MD). Verify that count-
ing is stopped and an interrupt is disabled. Select up counting or down counting.
Select TM6IOB as the timer 6 clock source.

TM6MD: x’00FE30’
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T™M6|TM6| | _ [TM6|TM6|TM6| TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
EN [NLD UD1| UDO | TGE | ONE |MD1|MDO|ECLR| LP |ASEL| S2 | S1 | SO
0 0 —_- - 0 0 0 0 0 0 0 1 0 0 1 0

(3) Setthetimer 6 divisor. Sincetimer 6 divides TM6IOB pin input by 5, set 4 to the
timer 6 compare/capture register A (TM6CA). (Thevalid range for TM6CA is 1
to X' FFFE’.)

TM6CA: x’00FE34’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
CA15(CA14|CA13|CA12(CA11|CA10| CA9 | CAB | CA7 | CA6 | CA5| CA4 | CA3 | CA2 | CAl| CAO

(4) Set the phase differencefor timer 6. Since the phase differenceis 2 cycles, set 1to
the timer 6 compare/capture register B (TM6CB). (Thevalid rangefor TM6CB is
-1< TM6CB < TM6CA.)

TM6CB: x’00FE38’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
CB15|CB14|CB13|CB12|CB11|CB10{ CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO
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(5) Set TM6NLD and TM6EN of the timer 6 mode register (TM6MD) to 1 and 0
respectively. ThisenablesTM6BC, T.F.F and RS.F.F.

TM6MD: x’00FE30’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM6 | TM6 _ _ TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6

EN |NLD UD1 | UDO | TGE | ONE |MD1|MDO[ECLR| LP |ASEL| S2 | S1 | S0

0 1 — — 0 0 0 0 0 0 0 1 0 0 1 0
(6) Set both TMGNLD and TM6EN to 1. Thisstartsthetimer 6. Counting starts at the If this step is omitted, TMEBC may

not count during the first cycle. Do
not change other bitsinthe TM6MD
register at the same time.

beginning of the next cycle.

When SY SCLK operates (in normal and halt modes), the external TM6IOB input is
sampled on SY SCLK. When SY SCLK stops (in STOP mode), TM6BC counts on the
TM6IOB input. Select the oscillation clock/4 (5 MHz with a20-MHz oscillator) or less as
the event counter clock. Figure 4-3-1 shows the example of generating an interrupt dur-
ing up counting.

TM6CA ’ 0004 ‘
T™eCB | 0001 |
TM6BC ’ 0000 0001 | 0002 | 0003 | 0004 | 0000 | 0001 | 0002 | 0003 | 0004 ‘
meos LU L L] L)L L

: : : B ! ! A ! B ! ! A
Interrupts I A |

Figure 4-3-1 Event Counter Timing
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(

Use the MOV instruction to set the
data and always use 16-hit write op-
erations.

Stop TM6BC counting and initial-
ize (clear) TM6BC and RS.F.F.

4-3-2 PWM Output Using 16-bit Timer

The PWM output setup proceduresfor Timer 6 and Timer 7 are same except
the up/down counting selection. Inthisexample, timer 6 divides SY SCLK
by 5 and outputs PWM signd on thefifth cycle. Theduty is2:3. Therefore,
set the divisor of 5 (the set valueis*4’) to the timer 6 compare/capture
register A and the cycle of 2 (the set valueis‘1’) to the timer 6 compare/
capture B.

m  Pin Setup
(1) Setthe TM6IOA pin to output using the port 8 1/0 control register (P8DIR) and the
port 8 output mode register (P8MD).

P8DIR: x’00FFES’ P8MD: x’00FFFg’
7]le[s5]al3]2]1]o0 7|6 |5 |4]3|2|1]0
P8 P8 P8 P8 P8 P8 P8 P8 P8 P8 P8 P8 P8 P8 P8 P8

DIR7|DIR6|DIR5|DIR4| DIR3|DIR2| DIR1| DIRO MD7 | MD6 | MD5 | MD4 | MD3 | MD2| MD1| MDO
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0

m  Timer 6 Setup

(2) Set the operating mode to the timer 6 mode register (TM6MD). Verify that count-
ing is stopped and an interrupt is disabled. Select up counting or down counting.
Select SYSCLK asthetimer 6 clock source. Select the double buffer operating
mode.

TM6MD: x’00FE30’
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T™M6|TM6| | _ [TM6|TM6|TM6| TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
EN [NLD UD1| UDO | TGE | ONE |MD1|MDO|ECLR| LP |ASEL| S2 | S1 | SO
0 0 —_- - 0 0 0 0 0 1 0 1 0 0 1 1

(3) Setthetimer 6 divisor. Sincetimer 6 divides SYSCLK by 5, set 4 to thetimer 6
compare/capture register A (TM6CA). (The valid range for TM6CA is 1 to
X' FFFE'.)

TM6CA: x’00FE34’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
CA15(CA14|CA13|CA12(CA11|CA10| CA9 | CAB | CA7 | CA6 | CA5| CA4 | CA3 | CA2 | CAl| CAO
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(4) Set the timer 6 duty. Since the duty is 2/5 of SYSCLK, set 1 to the timer 6
compare/captureregister B (TM6CB). (Thevadidrangefor TM6CB is-1< TM6CB
<TM6CA.)

TM6CB: x’00FE38’

15

14 13

12

11

10

TM6 | TM6 | TM6 | TM6

CB15|CB14|CB13|CB12

T™M6
CB11

TM6
CB10

TM6
CB9

TM6
CB8

TM6

CB7

TM6
CB6

TM6

CB5

TM6
CB4

TM6

CB3

TM6
CB2

TM6
CB1

T™6
CBO

(5) In the double buffer mode, compare TM6BC to TM6CAX. The TM6CAX is
updated when TM6CAX = TM6BC, so that TM6CAX remains x’ 0000" before
TM6BC starts counting. Therefore, to load the TM6CA vaueto TM6CAX, write
the dummy datato TM6CAX. (The dummy data can be any values.)

TM6CAX: x’00FE36’

15

14

13

12

11

10

T™M6

CAX15|CAX14

T™M6

CAX13

T™6

CAX12

T™M6

CAX11

T™M6

CAX10

T™M6

T™M6
CAX9

T™M6
CAX8

T™M6
CAX7

T™M6
CAX6

T™M6
CAX5

T™M6
CAX4

T™M6

T™M6
CAX3 | CAX2

T™M6
CAX1

T™M6
CAX0

(6) In the double buffer mode, compare TM6BC to TM6CBX. The TM6CBX is
updated when TM6CBX = TM6BC, so that TM6CBX remains x’ 0000 before
TM6BC starts counting. Therefore, to load the TMB6CA valueto TM6CBX, write
the dummy datato TM6CBX. (The dummy data can be any values.)

TM6CBX: x'00FE3A’

15

14

13

12

11

10

T™M6
CBX15

T™6
CBX14

T™6
CBX13

T™M6
CBX12

T™M6
CBX11

T™M6
CBX10

T™M6
CBX9

T™M6
CBX8

T™6
CBX7

T™M6
CBX6

T™M6
CBX5

T™M6
CBX4

T™M6
CBX3

T™M6
CBX2

T™6
CBX1

T™6
CBX0

The setup steps after step (6) are the same as steps (5) and (6) in “4-3-1 Event Counter
Using 16-bit Timer”.

Chapter 4 Timers

The TM6CB valueissetto ‘-1’ by
writing X' FFFF to TM6CB. When
TM6CB isnot compared to TMEBC,
the TM6CB valueissetto‘-1'.

TM6CAX and TM6CBX are valid
only when thetimer 6 compare/cap-
ture register is set to double buffer
mode.
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TMBEN ¢ 1 bbb

TM6BC ]o olololalz2]alalola]l2l3]lalola]2]3s

SYSCLK

TM6CA ’ 0004

TM6CB ’ 0001

TM6IOA

!

Figure 4-3-2 PWM Timing

Interrupts

When timer n changesthe duty of PWM output waveforms dynamically, the PWM output
waveforms and interrupts may corrupt at the timing of changing the TMnCB vauein the
single buffer mode. In the double buffer mode, the corrupt of PWM output waveforms
and interrupts does not occur at any timing of changing the TMnCB value. This corrupt
does not occur even when the output waveforms consist of 1sand Os.

wen [
TMnCBerteMU

TMnBC‘00123401234012340123

SYSCLKI

owec LT LT

T™RCB | 3 1

TMnCBX““‘3““““:::jL

s N
Rﬂﬂ

mee [T T

B A | B A

S EEEVE TRV AT AT Y

Figure 4-3-3 PWM Timing in Double Buffer Mode

92 MN102L2503/25A/25D/252/25G/F25Z/490A/62D/62F/62G



4-3-3 Two-phase PWM Output Using 16-bit Timer

The two-phase PWM output setup proceduresfor Timer 6 and Timer 7 are
same except the up/down counting selection. In thisexample, timer 6 di-
vides SY SCLK by 5 and outputs two-phase PWM signa on thefifth cycle.
The phase differenceis 2 cycles. Therefore, set the divisor of 5 (the set
vaueis‘4') to thetimer 6 compare/capture register A and the cycle of 2 (the
set vadueis*1') to the timer 6 compare/capture B.

m  Pin Setup
(1) Setthe TM6IOA pinto output using the port 8 1/0 control register (P8DIR) and the
port 8 output mode register (P8MD).

P8DIR: x'00FFES8’

7

6

5

4

P8MD: x'00FFF8’

7

6

5

4

P8 | PB | PB | PB | PB | P8 | P8 | P8 P8 | PB | PB | PB | PB | PB | PB | P8
DIR7|DIR6|DIR5|DIR4|DIR3|DIR2| DIR1 | DIRO MD7|MD6 | MD5| MD4 (MD3 | MD2| MD1 | MDO
1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0

m Timer 6 Setup

(2) Set the operating mode to the timer 6 mode register (TM6MD). Verify that count-
ing is stopped and an interrupt is disabled. Select up counting or down counting.
Select TM6IOB asthe timer 6 clock source.

TM6MD: x’00FE30’

Chapter 4 Timers

Thisverification is unnecessary im-
mediately after areset.

(1

Use the MOV instruction to set the
data and always use 16-hit write op-
erations.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T™M6|TM6| | _ [TM6|TM6|TM6| TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
EN |NLD UD1 | UDO | TGE | ONE |MD1|MDO|ECLR| LP |ASEL| S2 | S1 | SO
0 0 —_- - 0 0 0 0 0 1 0 1 0 0 1 0

(3) Setthetimer 6 divisor. Sincetimer 6 divides TM6IOB pin input by 5, set 4 to the
timer 6 compare/capture register A (TM6CA). (Thevalid range for TM6CA is1
to X' FFFE’.)

TM6CA: x’00FE34’

15

14

13

12

11

10

T™M6
CA15

TM6
CA14

TM6
CA13

TM6
CA12

T™M6
CAl1l

TM6
CA10

TM6
CA9

TM6
CA8

TM6
CA7

TM6
CAG6

TM6
CA5

TM6
CA4

TM6
CA3

TM6
CA2

TM6
CAl1l

T™6
CAO
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Stop TM6BC counting and initial-
ize (clear) TM6BC and RS.F.F.
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TM6CAX and TM6CBX are valid
only when thetimer 6 compare/cap-
ture register is set to double buffer
mode.

(4) Set the phase difference of timer 6. Since the phase difference is two cycles of
prescaler 0, set 1 to the timer 6 compare/capture register B (TM6CB). (Thevalid
range for TM6CB is-1 < TM6CB < TM6CA.)

TM6CB: x’00FE38’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
CB15|CB14|CB13|CB12|CB11|CB10{ CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

(5) In the double buffer mode, compare TM6BC to TM6CAX. The TM6CAX is
updated when TM6CAX = TM6BC, so that TM6CAX remains x’ 0000’ before
TM6BC starts counting. Therefore, to load the TM6CA vaueto TM6CAX, write
the dummy datato TM6CAX. (The dummy data can be any values.)

TM6CAX: x'00FE36’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
CAX15|CAX14|CAX13[CAX12|CAX11|CAX10| CAX9 | CAX8| CAX7 | CAX6 | CAX5 | CAX4 [ CAX3 | CAX2 | CAX1 | CAXO

(6) In the double buffer mode, compare TM6BC to TM6CBX. The TM6CBX is
updated when TM6CBX = TM6BC, so that TM6CBX remains x’ 0000’ before
TM6BC starts counting. Therefore, to load the TM6CA valueto TM6CBX, write
the dummy datato TM6CBX. (The dummy data can be any values.)

TM6CBX: x'00FE3A’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
CBX15|CBX14|CBX13{CBX12|CBX11{CBX10| CBX9 | CBX8 | CBX7 | CBX6 | CBX5 | CBX4 | CBX3 | CBX2 | CBX1 | CBX0

The setup steps after step (6) are the same as steps (5) and (6) in “4-3-1 Event Counter
Using 16-bit Timer”.

TMGBC’00001234012340123

svseue T LA L LU LU T

TM6CA | 0004
TM6CB ’ 0001
Meloa bbb b T I IR
TM6IOB 3 I 3

Interrupts

Figure 4-3-4 Two-phase PWM Timing
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When timer n changesthe duty of PWM output waveforms dynamically, the PWM output
waveforms and interrupts may corrupt at the timing of changing the TMnCB valuein the
single buffer mode. In the double buffer mode, the corrupt of PWM output waveforms
and interrupts does not occur at any timing of changing the TMnCB value. This corrupt
does not occur even when the output waveforms consist of 1sand Os.

wew [
TMnCB Write M u
TMnBC ‘0 oj(1(2|3|4|0j1|2|3|4|0]1|2|]3|4|O0 1“ 2|3
cockowp | | FT LTI LU UL L
erec 1T

TMNCB ‘ R 3‘ — — 1

TMnCBX ‘ - 3‘ — ‘ “ 1
R

TMnIOA

OB ————— L
/B/A/B/A/B/A/B

Figure 4-3-5 Two-phase PWM Timing in Double Buffer Mode
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1

Use the MOV instruction to set the
data and always use 16-bit write op-
erations.

Stop TM7BC counting and initial-
ize (clear) TM7BC and RS.FF.

If this step is omitted, TM7BC may
not count during thefirst cycle.

4-3-4 One-phase Capture Input Using 16-bit Timer

The one-phase capture input setup procedures for timer 6 and timer 7 are
same except the up/down counting selection. In thisexample, timer 7 di-
vides SY SCLK by 65536 and measures how long the TM7IOA input is
high. Aninterrupt occurson the capture B and the width wherethe TM710A
input is high is calculated by theinstruction (TMnCB - TMnCA).

m [nterrupt Enable Setup

(1) Enableinterrupts. At the sametime, clear all prior interrupt requests. Set G7LV[2:0]
bits of the G7ICR to theinterrupt level of 6to 0, TM7BIR 7 and TM7BIE to 0 and
1 respectively. For example, write x’ 4400’ to the G7ICR register. Thereafter, an
interrupt occurs when the timer 7 capture B occurs.

m Timer 7 Setup

(2) Set the operating mode to the timer 7 mode register (TM7MD). Verify that count-
ing is stopped and an interrupt is disabled. Select up counting or down counting.
Set TM7LPto 0 to count the loop of 0to X’ FFFF'. Select SYSCLK as the timer
7 clock source.

TM7MD: x’00FE40’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 [TM7N| | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
EN | LD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 SO
0 0 - —_ 0 0 0 0 1 0 0 0 0 0 1 1

(3) Set TM7NLD and TM7EN of the TM7MD register to 1 and O respectively. This
enablesTM7BC, T.FF and RS.FF.

(4) SetbothTM7NLD and TM7EN to 1. Thisstartsthetimer 7. Counting starts at the
beginning of the next cycle.
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m  Compare/Capture Register Setup

(5) When TM7MD[1:0] = ‘10’ (the capture is selected), TM7CA and TM7CB are
reserved for read operations. When setting TM7CA and TM7CB isrequired, first
set TM7MD[1:0] to ‘00'.

TM7CA: x'00FE44’
15 (14 | 13|12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 [ TM7 | TM7 [ TM7 | TM7 [ TM7 | TM7 | TM7 | TM7
CA15|CA14[CA13|CA12{CA11{CA10| CA9 | CA8 | CA7 | CA6 | CA5| CA4| CA3| CA2 | CAl1| CAO

TM7CB: Xx'00FE48’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 [ TM7 | TM7 [ TM7 | TM7 [ TM7 | TM7 | TM7 | TM7
CB15(CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

EO‘ TM7CA is captured on the rising edge of TM7I0A and TM7CB is cap-
tured on the falling edge of TM710A.

m Interrupt Processing and Width Calculation
(6) Executeinterrupt processing. Theinterrupt processing specifiestheinterrupt group Load the TM7CA valueand TM7CB
and vector. and clears IRFn. value during interrupt processing.

(7) Cdculatethewidth. Storethe TM7CA value and TM7CB value to the dataregis-
ter and subtract TM7CA from TM7CB. Ignore C and V flags. Thewidthiscalcu- The width is calculated by ignoring
lated correctly even though the TM7CA valueis greater than the TM7CB value by flags even though the TM7CA value
setting TM7LPto 0. Thefollowing figure shows 000A - 0007 = 0003 or 3 cycles. is greater than the TM7CB value.

TM7EN

TM?BC’OOl23456789ABCDEF101112

MIea | L ol o [ b g

mwres | (o0 el bbb b Db baA bbb

L R N N N R B
I

mermupts 1L ob oA
3 Cycles

Figure 4-3-6 One-phase Capture Timing
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(1

Use the MOV instruction to set the
data and always use 16-bit write op-
erations.

Stop TM7BC counting and initial-
ize (clear) TM7BC and RS.FF.

4-3-5 Two-phase Capture Input Using 16-bit Timer

The two-phase capture input setup procedures for timer 6 and timer 7 are
same except the up/down counting selection. In thisexample, timer 7 di-
vides SY SCLK by 65536 and measures the width from positive edge of the
TM7I0A input to the positive edge of TM710B input. An interrupt occurs
on the capture B and the width is calculated by the instruction (TMnCB -
TMnCA).

m [nterrupt Enable Setup

(1) Enableinterrupts. At the sametime, clear all prior interrupt requests. Set G7LV[2:0]
bits of the G7ICR to theinterrupt level of 6t0 0, TM7BIR and TM7BIEto O and 1
respectively. For example, write x’ 4400’ to the G7ICR register. Thereafter, an
interrupt occurs when the timer 7 capture B occurs.

m Timer 7 Setup

(2) Set the operating mode to the timer 7 mode register (TM7MD). Verify that count-
ing is stopped and an interrupt is disabled. Select up counting or down counting.
Set TM7LPto 0 to count the loop of 0to X’ FFFF'. Select SYSCLK asthe timer
7 clock source.

TM7MD: x’00FE40’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 [TM7N[ | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
EN | LD UD1 | UDO | TGE | ONE | MD1 | MDO [ECLR| LP |ASEL| S2 S1 SO
0 0 — — 0 0 0 0 1 1 0 0 0 0 1 1

‘0’ TM7CA is captured on therising edge of TM710A and TM7CB is cap-
tured on the rising edge of TM7IOB.

The setup steps after step (2) are the same as steps (3) to (7) in “4-3-4 One-phase Capture
Input Using 16-bit Timer”. The Figure 4-3-7 shows 000A - 0007 = 0003 or 3 cycles.
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TM7EN

TM7BC ‘ 0‘ 0! 1‘ 2! 3! 4! 5‘ 6‘ 7‘ 8‘ Q‘A‘ B‘ C‘ Di Ei F‘lO‘ll‘lZ‘

SYSCLK

w0 [

rce | L op oo o 0P| A

TM710A

TM710B

EEREE
Interrrupts /?‘

S —
3 Cycles

A—7;3

Figure 4-3-7 Two-phase Capture Timing
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(1

Use the MOV instruction to set the
data and always use 16-bit write op-
erations.

Stop TM7BC counting and initial-
ize (clear) TM7BC and RS.FF.

4-3-6 Two-phase Encoder Input Using 16-bit Timer (4x)

The two-phase encoder input setup procedures for timer 6 and timer 7 are
same. Inthisexample, timer 7 inputsthe two-phase encoder (4x) and counts
up/down. An interrupt occurs when the TM7BC reaches the set value.

m [nterrupt Enable Setup

(1) Enableinterrupts. At the sametime, clear all prior interrupt requests. Set G7LV[2:0]
bits of the G7ICR to theinterrupt level of 6t0 0, TM7BIR and TM7BIEto O and 1
respectively. For example, write x’ 4400’ to the G7ICR register. Thereafter, an
interrupt occurs when the timer 7 capture B occurs.

m Timer 7 Setup

(2) Set the operating mode to the timer 7 mode register (TM7MD). Verify that count-
ing is stopped and an interrupt is disabled. Select up counting or down counting.
Set TM7LPto 1 when TM7BC starts loop counting from the TM7CA value. Set
TM7LPto 0 when TM7BC counts the loop of 0 to X’ FFFF'. Select two-phase
encoder (4x) asthetimer 7 clock source.

TM7MD: x’00FE40’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 [TM7N[ | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
EN | LD UD1 | UDO | TGE | ONE | MD1 | MDO [ECLR| LP |ASEL| S2 S1 SO
0 0 — — 0 0 0 0 0 0 0 1 0 1 0 0

(3) Set thetimer 7 looping value (the valid range is 1 to x’ FFFF'). When writing
x'1FFF to TM7CA, The TM7BC counts from 0 to x’ 1FFF'.

TM7CA: x'00FE44’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM7 | TM7 [ TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
CA15(CA14|CA13|CA12(CA11|CA10| CA9 | CAB | CA7 | CA6 | CA5| CA4 | CA3 | CA2 | CAl| CAO

Whenever the up or down counter reaches the TM7CA value, acompare/capture A inter-
rupt occurs at the beginning of the next cycle.
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(4) Setthevaluefor atimer 7 interrupt when the interrupt occurs at the TM7CB value.
(The valid rangeis 0 to TM7CA.) When the up or down counter reaches this
value, acompare/capture B interrupt occurs at the beginning of the next cycle. Set
the value for timer 7 interrupt when the TM7BC countsfrom O to X’ FFFF'. (The
valid rangeis 0 to x' FFFF'.)

(5) Set TM7NLD and TM7EN to 1 and O respectively. ThisenablesTM7BC, T.F.F
and RS.F.F. Do not change other bits of the TM7MD register.

(6) Set both TM7NLD and TM7EN to 1. This startstimer 7. Counting starts at the
beginning of the next cycle.

m Interrupt Processing
(6) Executeinterrupt processing. Theinterrupt processing specifiestheinterrupt group
and vector, and clears IRFn.

The following figure shows the count direction.

Up Counting | Down Counting
TM7IOA [ ti1:}i0|tioi}i1
TM7I0B |0t i1ij|1itiol|
TM7CA | | e \\ |
mwree [ 1o }) |

—

TM7BC | 0000 | IFFF|1FFE|  1FFD | 1FFE| 1FFF| 0000| 0001 |lOFFF| 1000 | 1001

TM710A

Interrupts //

Figure 4-3-8 Two-phase Encoder Input Timing
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If this step is omitted, TM7BC may

not count during the first cycle.
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(

Use the MOV instruction to set the
data and always use 16-bit write op-
erations.

Stop TM7BC counting and initial-
ize (clear) TM7BC and RS.F.F.

(

Do not output athe first one-shot
pulsewhen TM7CB issetto ‘0'.

If this step is omitted, TM7BC may
not count during thefirst cycle.

TM7EN is substitute for the BUSY
flag for one-shot pulse.

4-3-7 One-shot Pulse Output Using 16-bit Timer

The one-shot pulse setup procedures for timer 6 and timer 7 are same. In
thisexample, timer 7 generatesaone-shot pulse. The pulsewidthis2 cycles
of SYSCLK.

m Timer 7 Setup

(1) Set the operating mode to the timer 7 mode register (TM7MD). Verify that count-
ing is stopped and an interrupt isdisabled. Select up counting. Select SYSCLK as
thetimer 7 clock source.

TM7MD: x’00FE40’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 [TM7N| | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
EN | LD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 SO
0 0 - —_ 0 0 0 1 0 0 0 1 0 0 1 1

(2) Setthetimer 7 pulsewidthto TM7CA. (Thevalid rangeis1to x' FFFF'.) Since
the timer 7 pulse width is 2 cycles of SYSCLK, write ‘3’ to TM7CA. TM7BC
counts from 0 to 3, and TM710A outputs high while TM7BC counts from 2 to 3.

TM7CA: x'00FE44’
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 [ TM7 | TM7 [ TM7 | TM7 [ TM7 | TM7 | TM7 | TM7
CA15|CA14|CA13|CA12{CA11|CA10| CA9 | CA8 | CA7 | CA6 | CA5| CA4| CA3 | CA2 | CAl1| CAO

(3) Write‘1’ to TM7CB.

TM7CB: x'00FE48’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM7 | TM7 [ TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
CB15|CB14|CB13|CB12|CB11|CB10{ CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

(4) Set TM7NLD and TM7EN to 1 and O respectively. This enables TM7BC, T.F.F
and RS.FF.

(5) Set TM7EN to 1 when TM7IOB rises. Counting starts at the beginning of the next
cycle after TM71OB rises.
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Figure 4-3-9 shows the one-shot pulse output timing. Set TM7EN on the falling edge of
TM7I0OB and start counting from the next cycle. Before counting starts, TM7BC is0, the
initial value of TM7I0A is0, and areset (R) signa and a set (S) signa cannot be output.
When counting starts, TM7BC changes from 0 to 1 and the Ssignal isoutput. TM710A
becomes 1 and the pulseis output. TM7BC reaches 3, TM7BC resets and changes from
3t00. Atthesametime, the R signd isoutput and TM710A outputs 0. Because TM7ONE
issetto 1, the TM7EN flag isaso reset and counting stops. When TM71OB rises again,
TM7EN isset and the same operation isrepeated. Asaresult, the one-shot pulseisoutput.

. ‘ M M M M 0(1)03 M M M M M M ‘

TM7CB ‘ 0001 ‘

TM7BC ‘ 00003 ‘ 0001‘ 0002; 0003‘ OCj)OO ‘ 0001‘0002; 0003‘ 0000‘

ssew | LTV L LT

TM7EN

TM7IOB Input

S

R

TM7IOA Output

Figure 4-3-9 One-shot Pulse Output Timing

Chapter 4 Timers
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(1

Use the MOV instruction to set the
data and always use 16-bit write op-
erations.

Stop TM7BC counting and initial-
ize (clear) TM7BC and RS.FF.

4-3-8 External Count Direction Control Using 16-bit Timer

The externa count direction control setup proceduresfor timer 6 and timer
7 are same. In this example, timer 7 counts SY SCLK and controls the
counting direction using TM7I0OA. An interrupt occurs when TM7BC
reaches the set value.

m [nterrupt Enable Setup

(1) Enableinterrupts. At the sametime, clear all prior interrupt requests. Set G7LV[2:0]
bits of the G7ICR to theinterrupt level of 6t0 0, TM7BIR and TM7BIEto O and 1
respectively. For example, write x’ 4400’ to the G7ICR register. Thereafter, an
interrupt occurs when the timer 7 capture B occurs.

m Timer 7 Setup

(2) Set the operating mode to the timer 7 mode register (TM7MD). Verify that count-
ing isstopped and an interrupt isdisabled. The count directionisup when TM7I10A
pinis1whilethe count direction isdownwhen TM7I0A is0. Select SYSCLK as
thetimer 7 clock source.

(3) Set thetimer 7 looping value (the valid range is 1 to x’ FFFF'). When writing
X"1FFF to TM7CA, The TM7BC counts from 0 to x’ 1FFF'. The up or down
counter reaches the TM7CA value, a compare/capture A interrupt occurs at the
beginning of the next cycle.

TM7MD: x’00FE40’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 [TM7N| | TM7 | TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
EN | LD UD1 | UDO | TGE | ONE | MD1 | MDO [ECLR| LP [ASEL| S2 S1 SO
0 0 — — 1 0 0 0 0 0 0 1 0 0 1 1

(4) Setthevaluefor atimer 7 interrupt when the interrupt occurs at the TM7CB value.
(Thevalid range is 0 to TM7CA.) When the up or down counter reaches this
value, acompare/capture B interrupt occurs at the beginning of the next cycle. Set
the value for timer 7 interrupt when the TM7BC counts from O to X’ FFFF'. (The
validrangeis0to x' FFFF'.)

TM7CA: x’00FE44’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM7 | TM7 [ TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7
CA15(CA14|CA13|CA12(CA11|CA10| CA9 | CAB | CA7 | CA6 | CA5| CA4 | CA3 | CA2 | CALl| CAO
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(5) Set TM7NLD and TM7EN to 1 and O respectively. ThisenablesTM7BC, T.F.F
and RS.F.F. Do not change other bits of the TM7MD register.

(6) Set both TM7NLD and TM7EN to 1. Thisstartstimer 7. Counting starts at the
beginning of the next cycle.

m Interrupt Processing
(6) Executeinterrupt processing. Theinterrupt processing specifiestheinterrupt group
and vector, and clears IRFn. The following figure shows the count direction.

Timer 7 controls the count direction using TM710A or TM7IOB. The count direction
becomes the opposite edge of the count edge (shown as O in Figure 4-3-10). Figure 4-3-
10 shows the external count direction control timing and the example of becoming down
counting from up counting and generating an interrupt.

=]

TM7CA ‘ 1FFF

TM7CB ‘ 1000

TM7BC ‘ 0000 ; lFFF‘ 1FFE‘ 1FFD‘ 1FFE; 1FFF; 0000‘ 0001‘ 0002‘ 0003 /1000‘ 1001 ‘

SYSCLKWMWM

| | | s M N L N W N O
: : :‘U:U:U:U:U:U:U“U:U
P : : : : : : : \ :

TM7I0A
S A : : : : : : : B
Interrupts : : : : : : : : : : //

Count Direction "Down ‘Down' Up ' Up ' Up ' Up ' Up ' Up ' Up ' Up ' Up

Figure 4-3-10 External Count Direction Control Timing
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If this step is omitted, TM7BC may

not count during the first cycle.
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1

Use the MOV instruction to set the
data and always use 16-bit write op-
erations.

Stop TM7BC counting and initial-
ize (clear) TM7BC and RS.FF.

If this step is omitted, TM7BC may
not count during thefirst cycle.

4-3-9 External Reset Control Using 16-bit Timer

The external reset control setup proceduresfor timer 6 and timer 7 are same.
In thisexample, timer 7 isreset by an external signal while counting up.

m Timer 7 Setup

(1) Set the operating mode to the timer 7 mode register (TM7MD). Verify that count-
ing is stopped and an interrupt is disabled. Select up counting. Set TM7ECLR to
1 becuase TM7BC isreset by TM7IC pin asynchronously. Select SY SCLK asthe
timer 7 clock source.

TM7MD: x’00FE40’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 [TM7N| | TM7 | TM7 | TM7 | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
EN | LD UD1 | UDO | TGE | ONE | MD1 | MDO [ECLR| LP [ASEL| S2 S1 SO
0 0 — — 0 0 0 0 0 0 1 1 0 0 1 1

(2) Set thetimer 7 looping value (the valid range is 1 to x’ FFFF'). When writing
x'1FFF to TM7CA, The TM7BC counts from 0 to x’ 1FFF'.

TM7CA: x'00FE44’
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 [ TM7 | TM7 [ TM7 | TM7 [ TM7 | TM7 | TM7 | TM7
CA15|CA14|CA13|CA12(CA11|CA10| CA9 | CA8 | CA7 | CA6 | CA5| CA4 | CA3 | CA2 | CAl1| CAO

(3) Set TM7NLD and TM7EN to 1 and O respectively. ThisenablesTM7BC, T.F.F
and RS.FF. Do not change other bits of the TM7MD register.

(4) Set both TM7NLD and TM7EN to 1. This startstimer 7. Counting starts at the
beginning of the next cycle.
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Theresfter, timer 7 is reset asynchronously when TM7IC ishigh. This allows external
synchronization easily. It can be used to adjust the motor or to initialize the timer by

hardware.
TM7BC | 0000| 0001] 0002 | 0003|0004 | | o0doo | 0001 | 0002 | 0003 |
SYSCLK ]

Figure 4-3-11 External Reset Control Timing
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Chapter 5 Serial Interface

5-1 Serial Interface

5-1-1 Overview

This LSl series contains two serial interfaces. Each

mits and receives the data in the synchronous mode,

serid interface trans-
asynchronous mode

and I2C mode. Themaximum baud speed in synchronousmodeis SY SCLK/

4. The maximum baud speed in asynchronous mode

is312,500 bpswith a

20-MHz oscillator. (The baud speed can be set to 312,500 bps or more by

changing the oscillation frequency.)

Timer 2 Underflow  Timer 3 Underflow
| 1

Transmission End Interrupt O Transmitter TXD »SBO0
h > > SBTO
Reception End Interrupt O Receiver RXC |«
“ RXD |« SBIO
Transmission End Interrupt O Transmitter TXD SBO1
TXC > SBT1
Reception End Interrupt 0 receiver RXC |« ‘
RXD |e—| SBIL
Figure 5-1-1 Serial Interface Configuration
Table 5-1-1 Serial Interface Features
Synchronous Seria Interface | Asynchronous Serial Interface 1°’C

External Clock
Timer 2/2 (ChQ)
Timer 3/2 (Chl)

Parity None, 0, 1, Even, Odd —

Character Length 7-bit, 8-hit 8-bit

Bit Order LSB first, MSB first LSB MSB

Clock Source Timer 2/16 or Timer 3/16 Timer 2/16 or Timer 3/16 Timer 2/16 or Timer 3/16

Max. Transfer Speed 2,500,000 bps 312,500 bps 100,000 bps
(with @a20-MHz Oscillator) | (with a20-MHz Oscillator)

Error Detect Parity Error Parity Error Slave Response
Overrun Error Overrun Error

Framing Error
Buffer Independent Transmit/Receive buffer _
(Sinale Transmit Buffer. Double Receive
Interrupt Transmission End Interrupt, Reception End Interrupt -
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5-1-2 Control Registers

Threeregisters control the serid interface; seria control register (SCnCTR),
serid transmit/recaiveregister (SCnTRB) and serid Satusregister (SCnSTR).

Table 5-1-2 List of Serial Interface Control registers

Serid Interface 0
Serial 0 Control Register Serial 1 Control Register
(SCOCTR), x'00FD80' (SC1CTR), x'00FD90'
Serial 0 Transmit/Receive Register | Serial 1 Transmit/Receive Register
(SCOTRB), x'00FD82' (SC1TRB), x'00FD92'
Seria 0 Status Register Seria 1 Status Register
(SCOSTR), x'00FD83' (SC1STR), x'00FD93'

Serid Interface 1

Seria Control Register

Seria Transmit/Receive Register

Serial Status Register

The seria control register (SCnCTR) sets the operating conditions for seria interface.
Thisregister controls clock source selection, parity bit selection, protocol selection and
transmit/receive enable.

The transmit data is written to the seria transmit/receive register (SCnTRB), while the
receive dataiswritten to the SCNTRB register. The transmission starts at the end of the
first cycle or second cycle of thetransfer clock (timer 2 underflow or timer 3 udnerflow)
after the dataiswritten to SCnTRB. The serid transmission is operated in double buffer
mode. After the reception is completed, the datais set to the SCnTRB register. The
receive data is loaded when an interrupt occurs or the SChRXA flag of the SCnSTR
register is 1.

The serid statusregister (SCnSTR) reads the status of error detection of seria interface.
An overrun error occurs when the next datais received before the received datais|oaded
by SCnTRB. An error does not occur on the next cycle by reading the SCNTRB register.
The overrun error datais updated when the lagt bit (the 7th bit or the 8th bit) of the dataiis
received. A parity error occurs when the parity bit is 1 athough it is supposed to O, when
the parity bit isO athough it is supposed to 1, when the parity bit isodd athough it iseven
and when the parity bit is even although it is supposed to set odd. The parity error datais
updated when the parity bit isreceived. A framing error occurswhen the stop bitis0. The
framing error datais updated when the stop bit isreceived. Figure 5-1-2 showsthetiming
when each bit of the serial statusregister (SCnSTR).
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Igonore MSB (bit 7) in the 7-bit
transmission.

(1

Write the data to the serial transmit/
receive register after verifying the
dataisnot in transmission by check-
ing the SCnTBSY of the SCnSTR
register or atransmission end inter-
rupt. The serial transmission may
not occur if writing to the serial
transmit/receive register during the
transmission is operated.

The MSB (bit 7) becomes 0 in the
7-bit reception.
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m  Asynchronous/Synchronous Timing

Transmission

SBO \ [ b0 b1 [b2 [b3 b4 [ b5 b6 [PTY]ST
Write Data to SCnTRB

SCnTBSY

Reset even when
transmission is disabled.

Transmission Interrupt H

Reception

sBl | [0 b1 [b2 [b3 [ba [ b5 [ b6 [pTy]sT]
SCRBSY | I e

Reception Interrupt

RXA Reset even when
— reception is disabled.

Read Data
of SCnTRB —L
SCnOE

(Overrun Error) A
Update

SCnPE
(Parity Error)

A
Update

SCnFE
(Framing Error)

A
Update

m [2CTiming

sBO HENEEEEEE [ LTI

et JUyuUuUUuT JUguuuy Uyl .

SCnSTS
Start Detect ___|

SCnTRB (
Write

/’ 7/////////,
scnsps ///////////

1111/

After reset, the signal

is low during the first 12C
transmission. The signal

is high during other transmission.

Figure 5-1-2 SCnSTR Change Timing
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5-1-3 Serial Interface Connection

There are Six serid interface connecting methods.

m  Asynchronous Mode
The seria interface can connect using either smplex transfer or duplex transfer mode.

SBO SBO £  sBO seo ¢

\ 3 X 3

) 7}

SBI SB L ssl sl &

S IS

2] 7]

. . S =

Transmit Receive = =
Simplex Connection Duplex Connection

Figure 5-1-3 Asynchronous Connection

m  Synchronous Mode
The serial interface can connect using either simplex transfer, duplex transfer or half-
duplex transfer mode.

SBO SBO S SBO: : sBo 3

2 S

SBI SBI = SBI SBI =

Py Pyl

3 3

SBT » SBT ®  SBT SBT @
Transmit Receive 3 3

See“Chapter 7" for SBT port setup.
Simplex Connection Duplex Connection

SBO SBO
SBI X SBI

SBT % SBT

aAI99Y/NIWISURI |
aAI99Y/NWISURI |

Half-duplex Connection

Figure 5-1-4 Synchronous Connection
When the data cannot be transmitted in half-duplex mode, both SBT pinsbecomeinput so

that they need pull-up resistors. The SBT pins connect a pull-up resistor externaly or a
built-in pull-up resistor by the PPLU register.
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The 12C mode is used only as the
master transmission/reception inthe
single master system. Because |12C
mode do not control the protocol,
setting the transfer baud rate and
controlling the transfer start are re-
quired to function the slave trans-
mission/reception.

m |2C Mode
The serial interface can connect to the devices which can dave transmit and receive. The
SBO pinand SBT pin connect pull-up resistors (externdly or internally).

i

55 SBO—»e

2 8

3=

g.

=4

Py

3

‘ﬁ SBT — e

5

This LSI Series Y \ 4

Slave
Transmit/Receive

Slave
Transmit/Receive

Figure 5-1-5 1>)C Mode Connection

The acknowledge (ACK) hit is substituted for a parity bit. In the system requiring the
ACK, fix the parity bit to 1 (SCnPTY[2:0] = 101) when thisL Sl master transmitsthe data.
Inthat case, aparity error occurswhen the ACK (low level) returnsfrom thedave. There-
fore, the parity hit of the SCnSTR register becomes 1 when the transmission is completed
normally.

On the other hand, when this LSl master receives the data, fix the parity bit to 0
(SCnPTY[2:0] = 100) if the ACK returns from the slave and set the parity bit to 1
(SCnPTY[2:0] = 101) if the ACK does not return.

During I2C transmission/reception, the transmit state flag of the SCnSTR register shows
the transmission/reception in progress.

m  Asynchronous Serial Transfer Speed
In asynchronous mode, set the serial transfer clock to 16 times of transfer baud rate. The
following is the baud rate cal culation.

Baud Rate (bps) = OSCI, OSCO x 1/32 x 1/timer divisor

Thetransmission is possibleif the baud rate error iswithin 2 %. Table5-1-3to Table5-1-
10 show the baud rates with frequently used oscillators.
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Table 5-1-3 Baud Rate Setup Example in Asynchronous Mode

Chapter 5 Serial Interface

Table 5-1-4 Baud Rate Setup Example in Asynchronous Mode

Externa Oscillator at 20 MHz
Baud Rate Divisor Red Time Error
1200 520 * 1201.92 0.16
2400 260 * 2403.85 0.16
4800 130 4807.69 0.16
9600 65 9615.38 0.16
19200 33 18939.39 -1.36
28800 22 28409.09 -1.36
31250 20 31250.00 0.00
38400 16 39062.50 1.73
48000 13 48076.92 0.16
57600 11 56818.18 -1.36
76800 8 78125.00 1.73
153600 4 156250.00 1.73
307200 2 312500.00 1.73
312500 2 312500.00 0.00{ (Max)

* : Available with Timer 0 in case of the divisor of 256 or greater.

Table 5-1-5 Baud Rate Setup Example in Asynchronous Mode

External Oscillator at 17.2032 MHz
Baud Rate Divisor Red Time Error

1200 448 * 1200.00 0.00

2400 224 2400.00 0.00

4800 112 4800.00 0.00

9600 56 9600.00 0.00

19200 28 19200.00 0.00

28800 19 28294.74 -1.75

31250 17 31623.53 1.20

38400 14 38400.00 0.00

48000 11 48872.73 1.82

57600 9 59733.33 3.70

76800 7 76800.00 0.00

153600 3 179200.00 16.67
268800 2 268800.00 0.00{ (Max)

* : Available with Timer O in case of the divisor of 256 or greater.

Table 5-1-7 Baud Rate Setup Example in Asynchronous Mode

Externa Oscillator at 14 MHz
Baud Rate Divisor Red Time Error

1200 368 * 1188.86 -0.93

2400 184 2377.72 -0.93

4800 92 4755.43 -0.93

9600 46 9510.87 -0.93

19200 23 19021.74 -0.93

28800 15 29166.67 1.27

31250 14 31250.00 0.00

38400 11 39772.73 3.57

48000 9 48611.11 1.27

57600 8 54687.50 -5.06

76800 6 72916.67 -5.06

153600 3 145833.33 -5.06
218750 2 218750.00 0.00| (Max)

* : Available with Timer O in case of the divisor of 256 or greater.

Table 5-1-9 Baud Rate Setup Example in Asynchronous Mode

Externa Oscillator at 10 MHz

Baud Rate Divisor Red Time Error
1200 260 * 1201.92 0.16
2400 130 2403.85 0.16
4800 65 4807.69 0.16
9600 33 9469.70 -1.36

19200 16 19531.25 1.73

28800 11 28409.09 -1.36

31250 10 31250.00 0.00

38400 8 39062.50 1.73

48000 7 44642.86 -6.99

57600 5 62500.00 8.51

76800 4 78125.00 1.73
153600 2 156250.00 1.73
156250 2 156250.00 0.00| (Max)

* : Available with Timer 0 in case of the divisor of 256 or greater.

External Oscillator at 19.6608 MHz
Baud Rate Divisor Red Time Error

1200 520 * 1181.54 -1.54

2400 260 * 2363.08 -1.54

4800 130 4726.15 -1.54

9600 65 9452.31 -1.54

19200 32 19200.00 0.00

28800 21 29257.14 1.59

31250 20 30720.00 -1.70

38400 16 38400.00 0.00

48000 13 47261.54 -1.54

57600 11 55854.55 -3.03

76800 8 76800.00 0.00

153600 4 153600.00 0.00
307200 2 307200.00 0.00| (Max)

* : Available with Timer 0 in case of the divisor of 256 or greater.

Table 5-1-6 Baud Rate Setup Example in Asynchronous Mode

Externa Oscillator at 16 MHz
Baud Rate Divisor Red Time Error

1200 417 * 1199.04 -0.08

2400 208 2403.85 0.16

4800 104 4807.69 0.16

9600 52 9615.38 0.16

19200 26 19230.77 0.16

28800 17 29411.76 2.12

31250 16 31250.00 0.00

38400 13 38461.54 0.16

48000 10 50000.00 4.17

57600 9 55555.56 -3.55

76800 7 71428.57 -6.99

153600 3 166666.67 8.51
250000 2 250000.00 0.00| (Max)

* : Available with Timer O in case of the divisor of 256 or greater.

Table 5-1-8 Baud Rate Setup Example in Asynchronous Mode

Externa Oscillator at 12 MHz
Baud Rate Divisor Red Time Error

1200 312 * 1201.92 0.16

2400 156 2403.85 0.16

4800 78 4807.69 0.16

9600 39 9615.38 0.16

19200 20 18750.00 -2.34

28800 13 28846.15 0.16

31250 12 31250.00 0.00

38400 10 37500.00 -2.34

48000 8 46875.00 -2.34

57600 7 53571.43 -6.99

76800 5 75000.00 -2.34

153600 3 125000.00 -18.62
187500 2 187500.00 0.00 (Max)

* : Available with Timer 0 in case of the divisor of 256 or greater.

Table 5-1-10 Baud Rate Setup Example in Asynchronous Mode

Externa Oscillator at 8 MHz

Baud Rate Divisor Red Time Error

1200 208 1201.92 0.16

2400 104 2403.85 0.16

4800 52 4807.69 0.16

9600 26 9615.38 0.16
19200 13 19230.77 0.16
28800 9 27777.78 -3.55
31250 8 31250.00 0.00
38400 7 35714.29 -6.99
48000 5 50000.00 4.17
57600 4 62500.00 8.51
76800 3 83333.33 8.51

125000 2 125000.00 0.00| (Max)
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(1

Setting timer is required during se-
rial reception in asynchronous mode.

5-2 Serial Interface Setup Examples

5-2-1 Serial Transmission in Asynchronous Mode Using Timer 2

This section describesthe example of serid interface O transmissonin asyn-
chronous mode with the following settings:

* 20 MHz oscillation

 Baud Rate = 9600 bps (SY SCLK/65 by timer 2)

* Bit Order: LSB

* 8-bit datatransfer

* Two stop bits

* Odd parity

The next datais transmitted when a transmission end interrupt occurs.

Serial Interface

8-bit Timer )
iy v Tmer2_| [Divider|——» 208 ek
( 2) (Divided by 65) (Divided by 16)

Figure 5-2-1 Aynchronous Transmission Configuration

The transmission starts when the data is written to the SCOTRB register. The transmis-
sion starts synchronizing with timer 2 underflow. Aninterrupt occurs after the transmis-
sionis completed and the new datais written to the SCOTRB register during the interrupt
sarviceroutine. The SCOTBSY flag of the SCOSTR register pollsif an interrupt does not
occur.

The seria interface generates the serial transfer baud rate with timer 2 or timer 3 divided
by 16. With a20-MHz oscillator (SY SCLK is 10 MHz) and 9600 bps, 10 MHz/16/9600
=65.10

Therefore, set thetimer 2 or timer 3 underflow to 65.

m Pin Setup
Set P72 pin to data output of seria interface 0. [See Chapter 8 Portg)
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m  Timer 2 Setup
(1) Verify that counting is stopped with the timer 2 mode register (TM2MD).

TM2MD: x’00FE22’
7 6 5 4 3 2 1 0

™2 | T™2 T™2 | TM2
EN ||~ | | | | st =0
0o 0 — — — — 1 1

(2) Setthetimer 2 divisor. Since the timer 2 divisor is SY SCLK/65, set the timer 2
base register (TM2BR) to 64. (Thevalid rangeis1to 255.)

TM2BR: x’00FE12’
7 6 5 4 3 2 1 0

TM2 | TM2| TM2 | TM2 | TM2 | TM2 | TM2 | TM2
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

(3) Loadthe TM2BR valueto TM2BC. To do this, set TM2LD and TM2EN to 1 and
0 respectively. At the same time, select the clock source.

(4) Set both TM2LD and TM2EN to O.

(5) Set TM2LD and TM2EN to O and 1 respectively. This startstimer 2.

m  Saia Interface 0 Setup

(6) Enableinterrupts. At thispoint, clear al prior interrupt requests. Set the G3ICR
register to theinterrupt level (level 6to 0), SCOTIR and SCOTIE to 0 and 1 respec-
tively. For example, write the G3ICR register to x’4400'. Thereafter, a serial
transmission end interrupt occurs when the data written to the serial transmit/re-
ceive register istransferred.

G3ICR: x’00FC46’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

G3 | G3 | G3 |SCOR|SCOT| TM2 |IRQ2[SCOR|SCOT| TM2 [ IRQ2[SCOR|SCOT| TM2 [ IRQ2
LV2 | LV1|LVO| IE IE IE IE IR IR IR IR ID ID 1D 1D

0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Chapter 5 Serial Interface

Thisverification is unnecessary im-
mediately after areset.

¢

Do not change the clock source once
you have selected it. Changing the
clock source while controlling count
operation will corrupt the binary
counter value.

If this step is omitted, TM2BC may
not count during thefirst cycle.
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(7) Set the operating control conditionsto the serial 0 control register (SCOCTR). Set
asynchronous mode, LSB for bit order, timer 2/16, 8-bit data transfer, 2 stop bits
and odd parity.

SCOCTR: x’00FD80’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

SCO | SCO | SCO | SCO [ SCO| | SCO| SCO | SCO | SCO | SCO | SCO | SCO | SCO | SCO | SCo
TEN | REN | BRE | 12CS| PTL OD |I2CM| LN [PTY2|PTY1|PTYO| SB [POD| S1 | SO
1 1 0 0 0 — 0 0 1 1 1 1 1 0 0 1

(8) Setthefirst datato betransferred to the serial O transmit/receive register (SCOTRB).
When the data to be transferred is set to the SCOTRB register, the transmission
starts synchronizing with timer 2. Execute the interrupt service routine and trans-
fer the next data when an interrupt occurs.

Timer 2 underflow/16

Scormawne [T
SBOO% iSTibOiblibzibBibﬂbSibGI‘b?iPTI‘SP§SP§ ‘ST‘bO‘blij‘bB‘Mi
InterruptServiceRoutine% :l

seoresy I

Figure 5-2-2 Bit Transmission Timing in Asynchronous Mode
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After specifying the interrupt group
and vector, and clearing IRFn, pro-
gram the interrupt service routine.

5-2-2 Serial Reception in Synchronous Mode Using Timer 2

This section describes the example of serial interface O reception in syn-
chronous mode with the following settings:

* Bit Order: MSB

* 8-bit datatransfer

» Even parity

The next datais read when areception end interrupt occurs.

m Pin Setup
Set P70 pin and P71 pin to serial clock input and data input of seria interface O respec-
tively. [See Chapter 8 Ports|

m  Seid Interface 0 Setup

(1) Set the operating control conditionsto the serial 0 control register (SCOCTR). Set
synchronous mode, M SB for hit order, the external clock source, 8-bit data trans-
fer and even parity.

SCOCTR: x’00FD80’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

SCO | SCO | SCO | SCO [ SCO| | SCO| SCO | SCo | SCO | SCO | SCO | SCO | SCO | SCO | SCo
TEN | REN | BRE | 12CS| PTL OD |I2CM| LN [PTY2|PTY1|PTYO| SB [POD| S1 | SO
1 1 0 0 1 — 1 0 1 1 1 0 0 0 0 0

(2) Enableinterrupts. At thispoint, clear al prior interrupt requests. Set the G3ICR
register to theinterrupt level (level 6 to 0), SCORIR and SCORIE to 0 and 1 respec-
tively. For example, write the G3ICR register to x’4800". Thereafter, a serial
reception end interrupt occurs when the data is transferred to the serial transmit/
receive register.

G3ICR: x’00FC46’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

G3 | G3 | G3 |SCOR|SCOT|TM2 |IRQ2[SCOR|SCOT| TM2 [IRQ2[SCOR|SCOT| TM2 [ IRQ2
LV2 | LV1|LVO| IE IE IE IE IR IR IR IR 1D 1D 1D ID

0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Thereafter, an interrupt occurs when the seria datais received.
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5-2-3 Serial Transmission/Reception in I°C Mode Using Timer 3

This section describes the example of serid interface O transmission/recep-
tion in 1°C mode explaining 1°C start sequence transmission, data transmis-
sion, data reception and 12C stop sequence transmission in order.

m Pin Setup

. . . . . . . When selecting P70 and P72 to 12C
Set P7.0 pinand F’7? pin to serid c_lock input and port input reﬁpectlv.ely. If P70 pinand mode by the serial 0 control regis.
P72 pin do not equip a pull-up resistor externally, set the pull-up resistor by the pull-up ter, these pins becomes output mode.
control register. [ See Chapter 8 Ports] Therefore, they should be set to in-

put when they are used as ports.

m  Saia Interface 0 Setup

<Initial Setup>
(1) Set the operating conditions to the serial 0 control register (SCOCTR). In I2C In this example, select the dave re-
mode, select open-drain, 8-bit data transfer, MSB as the bit order. In the system sponse.

with the response from slave (ACK), set parity bit to 1. (In the system without
ACK, select no parity.) Select timer 3 underflow/16 as the clock source.

SCOCTR: x'00FD80’
15|14 |13|12|1n|10] 9|8 7|6 |5[a|3]|2]1]o0 Set both the transmission enable flag
and the reception enable flag to 1.

SCO | SCO | SCO | SCO | SCO| | SCO| SCO| SCO | SCO | SCO | SCO | SCO | SCO | SCO | SCOo
TEN | REN | BRE | 12CS| PTL OD |I2CM| LN [PTY2|PTY1|PTYO| SB [POD| S1 | SO
1 1 0 0 1 — 1 1 1 1 0 1 0 1 1 1

<Start Sequence>
(2) Set the 12C sequence output bit of the serial 0 control register (SCOCTR) to 1. This
makes the SBO pin output low and generates the start sequence.

SCOCTR: x’00FD80’
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

SCO | SCO | SCO | SCO | SCO| | SCO| SCO| SCO | SCO | SCO | SCO | SCO | SCO | SCO | SCOo
TEN | REN | BRE | 12CS| PTL OD |I2CM| LN [PTY2|PTY1|PTYO| SB [POD| S1 | SO
1 1 0 1 1 — 1 1 1 1 0 1 0 1 1 1

<Data Transmission>

(3) Load the data to the serial O transmit/receive register. This allows the data to
output. The SBO pin output changes with 1/8 cycles delay of the falling edge of
the SBT pin output.

After transmission, both SBO pin
output and SBT pin output stay low.
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Aninterrupt (aseria 0 transmission
end interrupt or a serial O reception
end interrupt) or polling the serial
status register identifies the trans-
mission end.

(Polling the reception state flag dur-
ing 1°C mode s prohibited.)

Aninterrupt (aseria 0 transmission
end interrupt or a serial O reception
end interrupt) or polling the serial
status register identifies the recep-
tion end.

(Polling the reception state flag dur-
ing 1°C mode s prohibited.)

(4) After transmission ends, read the dummy data of the serial O transmit/receive
register (SCOTRB).

(5) Readtheseria 0 status register and verify the parity error. If aparity error occurs,
the response is obtained from the dlave correctly. If aparity error does not occur,
the response is not obtained from the slave. (This step is not required in the sys-
tem without ACK.)

When the datais transmitted continuously, repeat the steps (3) to (5).

<Data Reception>

(6) Load the dummy datax’ FF' to the serial O transmit/receive register (SCOTRB).
Thisalowsthe SBO pin to output resistive high (because the SBO pinisan open-
drain pin) and input low when the slave outputs |ow.

(7) After reception ends, retrieve the received data by reading the serial 0 transmit/
receive register (SCOTRB).

When the data is received continuously, repeat the steps (6) and (7).

<Stop Sequence>
(8) Set the 12C sequence output bit of the seria 0 control register (SCOCTR) to 0. This
makes the SBT pin output high and generates the stop sequence.

SCOCTR: x’00FD80’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

SCO | SCO | SCO | SCO [ SCO| | SCO| SCO | SCO | SCO | SCO | SCO | SCO | SCO | SCO | SCo
TEN | REN | BRE | 12CS| PTL OD |I2CM| LN [PTY2|PTY1|PTYO| SB [POD| S1 | SO
1 1 0 0 1 — 1 1 1 1 0 1 0 1 0 1

(9) Disable the reception enable flag once immediately after the stop sequence is
generated.

1°c Sequence 5
Output Bit

[p [ /P;

Write to
SCOTRB Register
SBO Pin Output

Transmit Interrupt Request Transmit Interrupt Request

SBT Pin Output

START Detect Bit = 1

)

‘ : STOP Detect Bit = 1
3) (6) ®)

\‘ (\Transmining the dummy data for reception

3 1 \

{[b7[b6 b5 [b4[b3[ b2 [b1 [00 [Ack] b7 b6 b4'b5 b3 b2 bl b0 Ack
N \ \
L

Figure 5-2-3 Transmission/Reception in I2C Mode
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6-1 Analog Interface

6-1-1 Overview

ThisLSl series containsa8-bit charge redistribution A/D converter. TheA/
D converter supports digital signal processing in the voice and audio fre-
guency ranges with a8-bit resolution, a maximum conversion frequency of
208 kHz (4.8 s per channd with a20-MHz oscillator) and alow current.

VDD
A/Dn Conversion Data Buffer

ANO——— : Y ANOBUF
AN1I____ i AN1BUF
AN2 o[ M ! 8-bit AN2BUF
AN3 —— U —=> S/H iSuccessive c—>| AN3BUF
AN4 — : Approximation AN4BUF
ANS ————» X | ADC ANSBUF
ANG ————» 3 AN6BUF
AN7 ————» — AN7BUF

Vss

Figure 6-1-1 Analog Interface Configuration

m  NoticesWhen Using A/D Converter

(1) Set theimpedance of the analog signal for A/D conversion to 8 kQ or less.

(2) Connect the A/D input pin to the condenser of 2000 pF or more to control the
voltage change of the A/D input pin if the impedance of the analog signal cannot
be set to 8 kQ or less.

(3) To prevent the power potential fluctuation, do not change the chip output level
from high level to low level or vice verse, or do not switch the peripheral load
circuit on/off during A/D conversion.

Equivalent Circuit Block

Outputs Analog Signal MN102L25x Series
R H H
—\\ ; i AID Input Pin
77_1 —
777 L 777 :
(AVss)  mmmmmmmmmmmmmmmsmmomeee
R <8kQ Or C = 2000 pF Connect to Vss in the chip model

which has no AVss.
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Table 6-1-2 A/D Converter Functions
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Feature Description

S/H Built-in

Conversion 8-bit + 3 LSB (AN3 to ANO)
Resolution 8-bit + 4 LSB (AN7 to AN4)

256 and this converted result is tored in AN7BUF to ANOBUF.

The A/D converter converts the voltage between VDD and Vss divided into

Conversion Time

4.8 ps or more per channel (sample time of 400 ns with a 20-MHz oscillator)

Clock Source Internal System Clock SYSCLK divided by 1, 2, 4, 8

Operating Mode 30 operating modes:
Single converson of single channd (channd 0 to channd 7)

6, channd 0 to channd 7)
Continuous conversion of Sngle channd (channe 0 to channd 7)

channd 6, channd 0 to channd 7)

Single conversion of multiple channds (channd 0 to channd 1, channd o to channd 2,
channd 0to channd 3, channd 0 to channd 4, channd 0to channd 5, channd 0 to channd

Continuous converson of multiple channds (channd 0 to channd 1, channd o to channd
2, channd 0 to channd 3, channdl 0 to channd 4, channd O to channd 5, channd 0 to

Conversion Start Timer 1 underflow or register setting

Interrupt An interrupt occurs each time the conversion sequence ends.

m  Sdecting the A/D Converter Clock Source
The A/D converter clock source is selected to SYSCLK, SYSCLK/2, SYSCLK/4 or
SYSCLK/8 asthe conversion time is 4.8 us or more. Select the A/D converter clock
source as follows:

SYSCLK frequency/divisor <5 MHz
For example, select the A/D converter clock source as SY SCLK/4 (the conversion speed
of 4.8 us) or SY SCLK/8 (the conversion time of 9.6 us) with a20-MHz oscillator. Select
SYSCLK/2, SYSCLK/4 or SYSCLK/8 with a 10-MHz oscillator. Select SYSCLK.
SYSCLK/2, SYSCLK/4, SY SCLK/8 with a5-MHz oscillator or less. The conversion
timeis 12 cycles of the A/D converter clock source as Figure 6-1-2 shows. For example,
the conversion timeis calculated as followswhen SY SCLK/4 is selected.

[SYSCLK cycle(s) x 4 (divisor) x 12 (cycle)]

o

State | sim | bit7 | bite | bits | bita | bita | bitz2 | bit1 | bito franste]

A/D Conversion Clock T I I I I I I I I I I I
Start

Figure 6-1-2 A/D Conversion Timing

“Ch” stands for channel. ANn pin
corresponds to the channel number.
For example, the AN3 pin corre-
sponds to channel 3.

Theinput current isrun to the stan-
dard voltage only during conversion.
Therefore, the on/off control of in-
put current to the voltage is not re-
quired.
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m  One Channel/Single Conversion

The A/D converter convertsone A/D input signal of 1 channel once. Aninterrupt occurs
as soon asthe conversion ends. Set the channel to be converted to AN1CH[2:0] bits. Set
the ANTM1 flag and the ANEN flag to 0 and 1 respectively when the conversion starts
using the ANEN flag. The ANEN flag becomes 1 during the conversion and 0 when the
conversion ends.

Interrupt //

Chn
State Conversion
ANEN

Figure 6-1-3 One Channel/Single Conversion Timing

m  Multiple Channels/Single Conversion

The A/D converter converts A/D input signals of continuous channels from channel 0
once. Aninterrupt occurs as soon asthe conversion for al channelsends. Set AN1CH[2:0]
bitsto channel 0 and the ANNCH flag to thelast channd to be converted. SettheANTM 1
flag and the ANEN flag to 0 and 1 respectively when the conversion starts using the
ANEN flag. TheANEN flag becomes 1 during the conversion and O when the conversion
sequence ends. In addition, the AN1CH[2:0] bits are set to the channel number during the
conversion and channel O after the conversion sequence ends.

Interrupt //

Cho chl ch2 ch3 ca | cns |
State Conversion| Conversion| Conversion| Conversion| Conversion| Conversion|
ANEN J

Figure 6-1-4 Multiple Channels/Single Conversion Timing
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m  One Channel/Continuous Conversion

TheA/D converter converts one A/D input signal continuously. An interrupt occurs each
time the conversion ends. Set AN1CH[2:0] bits to the channel number to be converted.
Set the ANTM 1 flag and the ANEN flag to 0 and 1 respectively when the conversion
sarts using the ANEN flag. Setting the ANEN flag to O ends the conversion forcibly.

Interrupt // // //
Chn Chn Chn
State Conversion

\
Conversion| Conversion|
ANEN J ‘

Figure 6-1-5 One Channel/Continuous Conversion Timing

m  Multiple Channds/Continuous Conversion

The A/D converter converts A/D input signals of continuous channels from channel 0
continuously. An interrupt occurs each time the continuous conversion ends. Set
AN1CH[2:0] bitsto channel 0 and the ANNCH flag to the last channel to be converted.
(The conversion starts from channel 0.) Set the ANTM 1 flag and the ANEN flag to 0 and
1 respectively when the conversion startsusing theANEN flag. The ANEN flag becomes
1 during the conversion and 0 when the conversion sequence ends. Setting the ANEN
flag to 0 ends the conversion forcibly. The AN1CH[2:0] bits are set to the channel number
during the conversion and channel 0 after the conversion sequence ends.

Interrupts // /V‘
Cho Chl Ch2 Cho Ch1 Ch2 Cho
State Conversion Conversion

Conversion|Conversion|Conversion|Conversion|Conversion,

ANEN J

Figure 6-1-5 Multiple Channels/Continuous Conversion Timing

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

127



Chapter 6 Analog Interface

_o/o_
ANO ..—<}
ANL hesleafs2 he |s la 2 |1 |
AN2 M
IR
AN4 v
X VDD
AN5 Vss
ANG
AN7
Storage for Datd Conversion
tion
——VDD
/_l_\ ANCTR
Data Bus ANNCH| A |AN1CH
——Vss
' AN7BUF-ANOBUF
SYSCLK Divider Eight 8-bit
| INC | Registers

Figure 6-1-7 Analog Interface Block Diagram
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6-1-2 Control Registers

The A/D converter containsthe A/D conversion control register (ANCTR)
and the A/D conversion data buffers (ANnBUF) corresponding to channel 7

to channel 0 (AN7 pinto ANO pin).

Table 6-1-2 List of A/D Conversion Control Registers

Control Register

A/D Conversion Control Register

(ANCTR), X'00FDAO'

(AN3BUF), x'00FDAB'

Data Buffers A/DO Conversion Data Butfer A/D4 Conversion Data Buffer
(ANOBUF), x'00FDAS' (AN4BUF), x'00FDACS8'
A/D1 Conversion Data Buffer A/D5 Conversion Data Buffer
(AN1BUF), x'00FDAY' (AN5BUF), x'00FDAD'
A/D2 Conversion Data Buffer A/D6 Conversion Data Buffer
(AN2BUF), X'00FDAA' (AN6BUF), x'00FDAE'
A/D3 Conversion Data Buffer A/D7 Conversion Data Buffer

(AN7BUF), X'00FDAF'

The A/D conversion control register (ANCTR) setsthe A/D conversion operating condi-

tions.

The A/D conversion results for channel 7 to channel 0 are input to the A/D conversion

data buffers (ANNBUF).

Chapter 6 Analog Interface
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Chapter 6 Analog Interface

ANNCH][2:0] are ignored.

6-2 Analog Interface Setup Examples

6-2-1 One Channel A/D Conversion Using AN2 Pin

This section describes the one channel A/D conversion setup by software.
The AN2 pin inputs the analog voltage (0 V to 5 V) and obtainsthe A/D
conversion result.

MN102L25x Series

5V
T P96/AN2
Iooo pF
ov
Figure 6-2-1 One Channel A/D Conversion
m  Pin Setup

(1) Set AN2 pin (P96) of the port 9 to input (PODIR6 =‘0’).

m A/D Conversion Control Register Setup

(2) Set the operating conditionsto the A/D conversion control register (ANCTR). Set
ANMD to 1ch/single conversion and select the clock source to SYSCLK/4 (10
MHz/4 with a20-MHz oscillator). Set ANEN to ‘0" and AN1CH[2:0] to the chan-
nel number to be converted.

ANCTR: x’00FDAC’
15 (14|13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

_ |AN|AN|AN| | AN|[AN|AN|AN|AN| | | AN|AN|AN |AN
NCH2{NCH1INCHO 1CH2|1CH1|{1CHO| EN |TM1 CK1 | CKO |MD1|MDO
- 0 0o 0 — o0 1 0 0 0 — — 1 0 0 0
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(3) Setthe ANEN flagto ‘1’ to start the conversion. Conversion starts on the falling

edge of the A/D conversion clock source after ANEN issetto 1. The conversion
timeis 12 cycles of the A/D conversion clock source (4.8 s, 4.8 usto 5.2 ps after

ANEN is set).

(4) Wait for the conversionto end. Set the ANEN flag to 1 during the conversion and
0 after the conversion ends. The program waits until the ANEN flag is cleared to

0.

(5) Read the A/D 2 conversion data buffer (AN2BUF). The converter dividesOV to
5V into 256 and the conversion result is the value from 0 to 255.

AN2BUF: x’00FDAA’

7

6

5

4

AN2
BUF7

AN2
BUF6|

AN2
BUF5

AN2
BUF4

AN2
BUF3

AN2
BUF2|

AN2
BUF1

AN2
BUFO

Set the ANEN flag to 1 when start-
ing the conversion by software.

The CPU can read the conversion re-
sult by generating an interrupt. In
this case, the CPU does not need to
wait until the ANEN flag is set be-
cause an interrupt occurs after the
conversion result is stored in
AN2BUF.
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6-2-2 Multiple Channels A/D Conversion Using AN2 to ANO pins

The AN2, AN1 and ANO pins input the analog voltage of 0V to 5V and
obtains the A/D conversion results. The converter performs periodically

using timer 1.
Volume 1 Volume 2 Volume 3
5 5 5
0 0 0
v v v MN102L(P, F) 25x Series
chO chl ch2

}_{

A/D Conversion Data Buffers

A

Underflow

Timer 1

CPU

Figure 6-2-2 Multiple Channel A/D Conversion

m  A/D Conversion Control Register Setup
(2) Set the operating conditionsto the A/D conversion control register (ANCTR). Set
ANMD to multiple channel/single conversion and select the ANCK[1:0] bitsto
SYSCLK/4 (10 MHz/4 with a20-MHz oscillator). Set ANEN and ANTM1to ‘0’
and ‘1’ respectively. Set AN1CHJ[2:Q] to the first channel number to be converted
(channel 0) and ANNCH][2:0] to the last channel number to be converted (channel

2).

ANCTR: x’00FDAC’

15| 14| 13 | 12 | 11 | 10 9 8 7 6 4 3 2 1 0

__ | AN [AN | AN | [ AN [ AN [ AN [ AN | AN | AN [ AN | AN | AN
NCH2INCHI1{NCHOQ 1CH2|1CH1|1CHO| EN | TM1 CK1| CKO [MD1|MDO

— 0 1 0 — 0 0 0 0 1 — 1 0 0 1
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m Timer 1 Setup
(2) Setthetimer 1divisor. Sincetimer 1 divides SY SCLK by 256, set thetimer 1 base
register (TM1BR) to 255. (Thevalid range for TM1BRis1to 255.)

TM1BR: x'00FE1l’
7 6 5 4 3 2 1 0

TM1|{TM1|TM1|TM1|{TM1|TM1|TM1|TM1
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

(3) Load the TM1BR valueto TM1BC. Todo this, set TM1LD and TM1EN to 1 and
0 resepctively. At the same time, select the clock source.

TM1IMD: x’00FE21’
7 6 5 4 3 2 1 0

TM1 | TM1 T™M1| TM1
EN (LD~ | — | T | T | st]| =0
0 T - - - — 1 0

(4) Set both TM1LD and TM1EN of the TM1MD register to O.

(5) Set TM1LD and TM1EN to 0 and 1 respectively. Thisstartstimer 1. Counting
starts at the beginning of the next cycle.

When thetimer 1 binary counter (TM1BC) reaches 0 and loads the value of 255 from the
timer 1 base register (TM1BR), atimer 1 underflow interrupt request occurs. The A/D
converter converts each AN2, AN1, and ANO once when timer 1 underflows.

Timer 1 H H

Underflow

Conversion ——— cho | ch1 | ch2 —— cno [ ch1 | ch2
Interrupt // //

Figure 6-2-3 A/D Conversion Timing
(Single Conversion of Channel 2 to Channel 0)

Chapter 6 Analog Interface

Do not change the clock source &f-
ter this step. Changing the clock
source while controlling count op-
eration will corrupt the binary
counter value.

If this setting is omitted, the timer 1
binary counter may not start at the
first cycle.

The periodical conversion savesthe
power consumption compared to the
continuous conversion.
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Chapter 7 ATC

7-1 ATC

7-1-1 Overview

This series contains an Auto Transfer Control (ATC) which activates by an
interrupt request. This series can transfer the data of seria interface 0 and
internal RAM speedily without using the CPU.

Table 7-1-1 ATC Functions

Start

A serial 0 transmission end interrupt or serial O reception end interrupt

Transfer Direction

Internd RAM - Serid 0 Tranamit/Recelve Buffer (SCOTRB) - Internd RAM

The address for Internal RAM is x'00E000' to x'00E3FF' (1 kbyte) *

Transfer Mode One-word Transfer

Transfer End Internal RAM Address Setting

Transfer Unit Byte

Transfer Speed 600 ns/ byte (with a 20-MHz Oscillator)
Transfer Addressing | Increment

136

® Thefollowing isfour serial interface O modes that the ATC can operate.
" 1. Synchronous Transmission Internal Clock Master (when thisL S| se-
ries generates the synchronous clock)
2. Synchronous Reception Externa Clock Master (when thisL S| series
receives the synchronous clock externdly)
3. Asynchronous Transmission
4. Asynchronous Reception
* Setting bi-direction of transmission and reception does not allow.
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=]
Q
o)
3 Serial Interrupt Serial Interrupt
a
N
= ATC Transfer End Interrupt
S Main Program l:'
: | | Ly
2 ! : !
S| wrcTmanste 1 —
2% ®) ® _
8 Q Interrupt Service Routine m Internal RAM
©
Ol c SCOTRB /\/
5|8 T
o< <«—>
(@) 2 ATC Transfer End Interrupt Service Routine l:l A
©
E 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 I~ I
o N7 S
Z| 3 Serial Interrupt Serial Interrupt
% {‘ End Address —- B
o (ATCEND)
c ATC Transfer End Interrupt
I — —— y —~
5 ] ‘ ]
2 ATC Transfer :] : :]
£ w | ®
= ! : !
= Interrupt Service Routine NN NN
&
© . .
s Serial Interrupt Service Routine Identify that both a serial
< interrupt and an ATC
= transfer end interrupt occur.
n Serial Interrupt ~ Serial Interrupt
8 Internal RAM
3 SCOTRB S
o [ Je«——
5 ) ATC Transfer End Interrupt C
£ MainProgram [ | ATCBC Value —»
w :
= ATC Transfer :] P A
5 Interrupt Service Routi © End Address
S nterrupt Service Routine e
(e) & (ATCEND)
S L~
§ ATC Transfer End Interrupt Service Routine The value of C is invalid

Figure 7-1-1 ATC Operations
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Chapter 7 ATC

Set the value of the internal RAM
addressfor ATC end greater than the
value of the ATCBC counter.

7-1-2 Control Registers

The ATC containsthe ATC control register (ATCCTR) and the ATC binary
counter (ATCBC).

Table 7-1-2 List of ATC Control Registers

Control Register [ATC Control Register (ATCCTR), x'00FD10'

Counter ATC Binary Counter (ATCBC), x'00FD12'

The ATC control register (ATCCTR) setsthetransfer direction, theinternal RAM address
for the ATC end and ATC enable. In addition, the ATC monitors the overrun error (*)
generation.

Overrun Error *

An overrun error occurs when a next seria O reception end interrupt occurs before the
ATC operation is completed after the serial 0 reception end interrupt occurred during the
serial O reception (ATCDIR =‘0"). When thiserror occurs, setting bit 14 (OVREF) of the
ATCCTR register to 1 aswell as negating bit 15 (ATCEN) endsthe ATC operation forc-
ibly. At this point, the data stored in the address which subtracted by 1 from the internal
RAM address the ATCBC counter showsisinvalid. (No datais stored in the addressthe
ATCBC counter shows.)

Firgt, the ATC binary counter (ATCBC) setsthe start address of internadd RAM. Next the
ATCBC counter shows the RAM address to write (or read) during ATC operation.

Theinterna RAM areawherethe ATC can transfer thedatais 1 k byte of
o x’00E000’ to x’00E3FF'. The upper 14 bits are fixed at
E’ ‘00000000111000°. Therefore, the lower 10 bits are read when the
ATCBC counter isread. The addressin the ATCCTR register or the
ATCBC counter is set to only lower 10 bits.
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7-2 ATC Setup Examples

7-2-1 Serial Reception

TheATC transfersthe serid transmit/receive buffer contentsto internad RAM
automatically after the seria receptioniscompleted. The ATC generatesan
ATC transfer end interrupt after the ATC transfers 5 times, and starts soft-
ware processing. The start address of the ATC destination is x’ 00EOAQ'.

m  Saia Interface 0 Setup
(1) Enable an ATC transfer end interrupt.

G6ICR: x’00FC40’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

G6 | G6 | G6 | ATC |TM6B[TMGA[TM6U|l ATC |TM6B[TMGA[TM6EU| ATC [TM6B[TM6ATM6U
LV2 | LV1|LVO| IE IE IE IE IR IR IR IR ID 1D ID ID

m ATC Setup
(2) Set thelower 10 bits of theinternal RAM start address for ATC destination to the
ATC hinary counter (ATCBC).

ATCBC: x’00FD12’
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ATCBCIATCBC|ATCBC|ATCBC|ATCBC|ATCBCIATCBCIATCBC|ATCBCIATCBC
9 8 7 6 8 4 3 2 1 0

0 0 1 0 1 0 0 0 0 0

(3) Settheinternal RAM end address (X’ 00EOA4') and the transfer direction (serial
- internal RAM) and clear the overrun error flag.

ATCCTR: x’00FD10’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ATC|OVR|  |ATC| __ | ATC|ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC
EN | EF DIR END9|ENDS8|END7(ENDG6|END5|END4|END3|END2|END1|ENDO
0 0 0 0 0 1 0 1 0 0 1 0 0

(4) Set ATCEN to enable. Keep the same setting as step (3).

ATCCTR: x’00FD10’

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ATC|OVR|  |ATC| __ | ATC|ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC
EN | EF DIR END9|ENDS8|END7|ENDG6|END5|END4|END3|END2|END1|ENDO
1 0 0 0 0 1 0 1 0 0 1 0 0

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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When a serial reception end inter-
rupt isenabled, aserid reception end
interrupt occurs each time the 1-

word transfer ends.
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(5) Set the mode of seria interface 0. See“5-2 Serial Interface Setup Examples’ for
detail.

With the above setting, when the serial reception is completed, the ATC transfer the re-
ceived data to memory automatically. When the ATC transfers repeatedly until the set
number of operation isreached, an ATC transfer end interrupt occurs and the ATC transfer
end interrupt service routine is executed.

Serial Reception A B C D E
ATC Tranfer
¢ ¢ ¢ ¢ End Imer_rupt
I ] I ] I 1 [ 1 ‘ Processin
ATC Transfer ‘Transfer‘ ‘Transfer‘ ‘Transfer‘ ‘Transfer‘ ‘Transfer
' ' ; i v
Destination Memory M M M = Y
X'00E0AQ' A A A A A
A, B, C, D and E means 1-byte data. OOEOAL" B B B B
XO0EOA' c c c
D
X00EOA3' D
X00EOA4' E

Figure 7-2-1 Serial Reception Data Transfer

oscl |
SYSCLK |

Serial Reception Serial Reception \/‘,

Serial End Interrupt — : 3 : 3 3 3
Address cPU KX xoorpag: Y xooeoas YN cPU
a0 KOO0 (& (e U crv

Bus Authorily ———CPU———— - = ATC — P CPU———

ATC Transfer Content | | 1 st | Serial R:ﬁcepuon I Internal RAM Write | End
: : i i : Buffer : ] i

Figure 7-2-2 Last Data Transfer Timing
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Chapter 8 Ports

8-1 Ports

8-1-1 Overview

ThisLSl series containsten 1/0 ports. Of ports0to 5, port 8 and port 9 are
8 hits. Port 7 and port A are 6 bits. Port 6 is4 bits. All ports are bidirec-
tional. Port 0 and Port 1 control the I/O direction in 8-bit unit. Port 2
controls the I/O direction in 4-bit unit while ports 3 to A control the 1/0
direction in bit unit.

Table 8-1-1 Port Functions (1 of 8)

Pin

Port Function
(Shared Pin)
Port 0 PO7 to POO Port 0 is used as the port O general-purpose port, data (address/data separated) input/output, or
(D07 to DOO) address/data (address/data shared) input/output. At reset, this port operates as a general-pur-
(ADO7 to ADOO) pose port input during other modes except processor mode and as D07 to DOO (ADO7 to

ADOQ) pins during processor mode. However, this port operates as a general -purpose port
during processor mode when 8-bit buswidth is selected for al spacesin address/data separated
mode. The mode for port 0 is selected in 8-bit unit. During processor mode (without 8-bit bus
width setting for all spaces), POMD isinvalid. During memory expansion mode, set POMD
and PODIR to 1 and O respectively.

DLP L 4

Address/Data Output Control
(Bus Controller)
PODIRO L 4

POMDO

POOUT7 to 0 0 D
Address/Data Output —1MUX :

(Bus Controller)
POIN7 to O

! P07 to 00
i (D07 to 00)
! (ADO7 to 00)

Data Input
(Bus Controller)

VAN

142
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Table 8-1-1 Port Functions (2 of 8)

Pin
(Shared Pin)

Function

Port 1 P17 to P10 Port 1 isused asthe port 1 general-purpose port, data (address/data separated) input/output, or

(D15to D0O8) address/data (address/data shared) input/output. At reset, this port operates as a genera-pur-
(AD15to ADOS) pose port input during other modes except processor mode and as D15 to D08 (AD15 to
ADO08) pins during processor mode. The mode for port 1 (either port, data or address/data
mode) is selected in 8-bit unit. During processor mode (without 8-bit bus width setting for all
spaces), PAMD isinvalid. During memory expansion mode, set PIMD and P1IDIR to 1 and O
respectively.

DHP

Address/Data Output Control
(Bus Controller)
P1DIRO

P1MDO

P10OUT7to 0

Address/Data
(Bus Controller)
P1IN7to O

n

! P171010
! (AD15t0 08)

Data Input

e
(Bus Controller) \]

Port 2 P27 to P20 Port 2 is used as the port 2 general-purpose port or address output. At reset, this port operates
(A07 to AQO) as ageneral-purpose port input during other modes except processor mode and asA07 to AOO
pins during processor mode. During processor mode, P2MD isinvalid. See*“2-2-1 Memory
Expansion Mode (Address/Data Separated Mode)” and “ 2-2-3 Memory Expansion Mode (Ad-
dress/Data Shared Mode)” for port setting during memory expansion mode.

ALP

Address/Data Output Control
(Bus Controller)

P2DIR4,P2DIRO

P2MD4,P2MDO

! P27t024

P20UT7 to 0 (AO7 to04)
Address/Data Output Control v P23t0 20

(Bus Controller) (A03 to 00)

P2IN7to O

VAN
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Table 8-1-1 Port Functions (3 of 8)

Pin

Port Function
(Shared Pin)
Port 3 P37 to P30 Port 3 isused as the port 3 general-purpose port or address output. At reset, this port operates
(A15to AOB) as ageneral-purpose port input during other modes except processor mode and asA15 to AO8
pins during processor mode. During processor mode, P3MD isinvalid. See*“2-2-1 Memory
Expansion Mode (Address/'Data Separated Mode)” and “ 2-2-3 Memory Expansion Mode (Ad-
dress/'Data Shared Mode)” for port setting during memory expansion mode.
AMP
Address/Data Output Control
(Bus Controller)
P3DIR7 to 0 ®
P3MD7 to O
P30UT7to 0 D P37 to 30
Address/Data (A15 to 08)
(Bus Controller) H
P3IN7 to O Q
Port 4 P43 to P40 Port 4 is used as the port 4 general-purpose port, address output, A/D converter input pin or
(A19t0A16) CPU status signd pin. At reset, this port operates as a general-purpose port input during other
P45 to P44 modes except processor mode and asA21 to A16 pins (P47 and P46 operate as general-pur-
(A21to A20, pose input) during processor mode. During processor mode, PAMD of P45 to P40 isinvalid.
AN5 to AN4) See “2-2-1 Memory Expansion Mode (Address/Data Separated Mode)” and “2-2-3 Memory
P46 Expansion Mode (Address/Data Shared Mode)” for port setting during memory expansion
(A22, ANG, mode.
STOP)
P47 AMP
(A23' AN7, Address/Data Output Control
WDOUT) (Bus Controller)

P4DIR3to 0 ®

P4MD3 to 0

P40UT31t0 0
Address/Data
(Bus Controller)
P4IN3to 0

D P43 to 40
! (A19t0 16)

/N
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Table 8-1-1 Port Functions (4 of 8)

Chapter 8 Ports

Pin
(Shared Pin)

Function

Port 4

AHP
Address/Data Output Control

(Bus Controller)
P4DIRS5 to 4

P4MDS to 4

P40UT5 to 4
Address

P4IN5 to 4

To A/D Converter

AHP

Address/Data Output Control
(Bus Controller)

P4DIR7 to 6

P6MD7 to 6

P4MD7 to 6

P40OUT7 to 6
Address

Watchdog overflow,STOP
P4IN7 to 6

To A/D Converter

0
MUX]
I

Q_<,

ANN———

(A, B)
0+

L
_10

11

Ii
P

D P45 to 44
(A21 to 20)
(ANS5 to 4)

| Pa7to46
(A23 1o 22)
(AN7 t0 6)
(WDOUT,STOP)

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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Table 8-1-1 Port Functions (5 of 8)

Port Pin Function
(Shared Pin)
Port 5 P57 to P50 Port 5 is used as the port 5 general-purpose port or external memory interface signals pins (/
(/WORD, WORD, /BSTRE, ALE, /ALE, /BRACK, /BREQ, /CS3t0/CS0). At reset, this port operates
/BSTRE, as ageneral-purpose port input during other modes except processor mode while P56, P53 to
ALE, /ALE, P50 pinsoperate as/BSTRE, ALE, /ALE, /BRACK, /BREQ, /CS3 to /CS0 pins during proces-
/BRACK, sor mode. During processor mode, PSMD6, PSMD3 to PSMDO are invaid.
/IBREQ,
/CS3 10 /CS0) %
BIFP1to 0 y
. P57,P55,P54do not
External memory Interface Signal contain pull-up resistors.
Output Control (Bus Controller)
P5DIR7 to O
P5MD6 to 0
PSOUT7 100 C1ux "D PS57t050  _
External Memory Interface Signal 1 : (WORD,CS3t0 0
us Controller; H
¢ 55"\:7 tog P57 does not have MUX. i ) BSTRE/ALE/ALE)
(WORD,BREQ) A
(Bus Controller) \]
Port 6 P63 to P60 Port 6 is used as the port 6 general-purpose port or external memory interface signals pins
(/WEL, /WEH, (WAIT, /RE, /\WEH, /WEL). At reset, this port operates as a generd-purpose port input during
/RE, WAIT) other modes except processor mode while P63 to P61 pins operate as/WEH, /WEL and /RE

pins during processor mode. During processor mode, PBMD3 to PEMD1 areinvalid.

BIFPO,WAITP

External memory Interface Signal
Output Control (Bus Controller)
P6DIR3 to O

P6MD3 to 0

P60UT3 t0 0 % | p63 1060
External memory Interface Signal (WEH,WEL,

(Bus Controller) P60 does not have MUX. 1 REWAIT)
P6IN3 to 0 y

WAIT
(Bus Controller)
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Table 8-1-1 Port Functions (6 of 8)

Chapter 8 Ports

Pin

Function
(Shared Pin)
Port 7 P75 Port 7 is used as the port 7 general-purpose port or seria interface signd pins. At reset, this
(SBO1) port operates as a general-purpose port input.
P74
(SBIY) S . %
P73
(SBTL) Serial I/F Data Enable
P72 P7DIR5,P7DIR2 L 2
(SBO0)
P7MD5,P7MD2
P71
(SBIO)
P70 P70UTS5,P70UT2 0 U 4‘>—«—|:|
(SBTO) Serial IIF DataOutput = |4 i P75 (SBOY)
Pl i P72 (SBOO)
\‘ H

P7IN5,P7IN2

SB1P,SBOP

P7DIR4,P7DIR1

P70UT4,P70UT1

P7IN4,P7IN1

Serial I/F Data Input

VAVANER

SB1P,SBOP

Serial I/F Clock Enable

P7DIR3,P7DIRO

P7MD3,P7MDO

A

P70UT3,P70UTO o]

B
Decoder(note)
C

AMAN

'[I P74 (SBI1)
P71 (SBIO)

(Note)
i C=A*B

D P73 (SBT1)

Serial I/F Clock Output -—1

P7IN3,P7INO

Serial I/F Clock Input

i P70 (SBTO))
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Table 8-1-1 Port Functions (7 of 8)

Pin

P90OUT3 to 0
Timer Output

P9IN3 to 0

Timer Input

PODIR7 to 4

POOUT7 to 4

P9IN7 to 4

To A/D Converter

—0
MUX

1

D —

P93 and P90do not have MUX.

d

N

Port Function
(Shared Pin)
Port 8 P87 Port 8 is used asthe port 8 general-purpose port or timer input/output pins (TMOIO to TM510,
(TM610B) TM6IOA, TM6IOB). At reset, this port operates as a genera-purpose port input.
P86
(TM6IOA)
P85 to P8O P8DIR7 to O ® Dﬁ
(TM5I0to L< '—«
TMOIO) P8MD7 to 0
P8OUT7 to 0 0 »—1:]
Timer Output 1 P87 (TM6IOB)
P8IN7 to 0 ﬁ—" Egg g ’\élg(l'lql\?)SIO to TMOIO)
Timer Input 4 :
Port 9 P97 to P94 Port 9 isused asthe port 9 general-purpose port, timer input/output pins or A/D converter input
(AN3to ANO) pins (AN3 to ANO, TM7IC, TM710B, TM7IOA, TM6IC). At reset, this port operates as a
Pa3 general-purpose port input.
(TM7IC)
P92 PIDIR3 to 0 * :
(TM7IOB) :
POl - i
(TM7I0A) POMD2,POMD1 ®
P90 —
(TM6IC)
]

! P93 (TM7IC)
i P92 (TM7I0B)
! P91 (TM7I0A)
i P90 (TM6IC)

P97 (AN3)
P96 (AN2)
P95 (AN1)
P94 (ANO)
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Table 8-1-1 Port Functions (8 of 8)

Chapter 8 Ports

Pin

Port Function
(Shared Pin)
Port A PA5 Port A is used as the port A genera-purpose port or interrupt related signal pins (ADSEPR, IRQ4
(ADSEP) to IRQQ). At reset, this port operates as a general-purpose port input. This port can read the
PA4to PAO level of /NMI pin by operating asthe port input pin (PAING), and verify an error due to chatter-

(IRQ4 to IRQO)

ing using software.

PA4P,PA3P PA2P,

PA1P,PAOP PA4 does not have
a pull-up resistor.
PADIRS to 0 *
PAOUTS to 0 p
| PA5 (ADSEP)
1 PA410 0 (IRQ4to 0)
PAIN5 to O P
(IRQ4 to 0) <
ADSEP \J
PAING <)—<FD NI
- il
~
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8-1-2 Control Registers

Table 8-1-2 List of Port Control Registers

This section describes the port control registers.

Port 0 Output Register POOUT X'00FFCO'
Port 0 Port O Input Register . POIN X'00FFDO'
Port O Input/Output Control Register PODIR X'00FFEQ'
Port 0 Output Mode Register POMD X'00FFF0'
Port 1 Output Register P1OUT x'00FFC1'
Port 1 Port 1 Input Register _ P1IN x'00FFD1'
Port 1 Input/Output Control Register P1DIR X'00FFEY
Port 1 Output Mode Register P1IMD X'00FFF1'
Port 2 Output Register P20OUT x'00FFC2
Port 2 Port 2 Input Register . P2IN X'00FFD2'
Port 2 Input/Output Control Register P2DIR X'00FFE2'
Port 2 Output Mode Register P2MD X'00FFF2
Port 3 Output Register P30OUT X'00FFC3'
Port 3 Port 3 Input Register . P3IN x'00FFD3'
Port 3 Input/Output Control Register P3DIR X'00FFE3'
Port 3 Output Mode Register P3MD X'00FFF3'
Port 4 Output Register PAOUT x'00FFC4'
Port 4 Port 4 Input Register P4IN X'00FFD4'
Port 4 Input/Output Control Register PADIR X'00FFE4'
Port 4 Output Mode Register PAMD X'00FFF4'
Port 5 Output Register P50UT X'00FFC5'
Port 5 Port 5 Input Register P5IN X'00FFD5'
Port 5 Input/Output Control Register P5DIR X'00FFES'
Port 5 Output Mode Register P5SMD X'00FFF5'
Port 6 Output Register PEOUT x'00FFC6'
Port 6 Port 6 Input Register PEIN x'00FFD6'
Port 6 Input/Output Control Register PEDIR X'00FFE6'
Port 6 Output Mode Register PEMD X'00FFF6'
Port 7 Output Register P7OUT X'00FFCT'
Port 7 Port 7 Input Register P7IN X'00FFD7'
Port 7 Input/Output Control Register P7DIR X'00FFET'
Port 7 Output Mode Register P7MD X'00FFF7'
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Port 8 Output Register PBOUT X'00FFC8'
Port 8 Port 8 Input Register PSIN X'00FFD8'
Port 8 Input/Output Control Register P8DIR X'00FFES'
Port 8 Output Mode Register P8MD X'00FFF8'
Port 9 Output Register POOUT X'00FFCY'
Port 9 Port 9 Input Register POIN X'00FFDY'
Port 9 Input/Output Control Register PODIR X'00FFE9'
Port 9 Output Mode Register POMD X'00FFF9'
Port A Output Register PAOUT X'00FFCA'
Port A Port A Input Register PAIN x'00FFDA"
Port A Input/Output Control Register PADIR X'00FFEA'
Port Pull-up Control Register PPLU X'00FFBO'
Word Data Byte Swap Register WBSWP X'00FFAQ'
Other Pointer Data Byte Swap Register L PBSWPL X'00FFA2'
Pointer Data Byte Swap Register H PBSWPH X'00FFA4'
Long-word data Byte Swap Register L  |LBSWPL X'00FFAG'
Long-word data Byte Swap Register H |LBSWPH X'00FFA8'

Chapter 8 Ports
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The pullup resistor is approximately
30 kQ. See the product specifica-
tions for the exact value.

m P07 to P00 Pins

The port output register (PnOUT) setsthe datato be output. The port input register (PniN)
reads the pin values. The port input/output control register (PNDIR) sets the input or
output of al bits or each bit. The output mode register (PnMD) selects the port output.
The port pull-up control register (PPLU) sdlects on/off of each pin.

Selection PODIRO | POMDO Description
Port Input 0 0 Select the port input or the port output only when 8-bit bus width for all spacesis
selected during single-chip mode or address/data separated mode (the word pinis
Port Output 1 0 high and al 8th bits of the MEMMD3 to MEMMDL1 registers are high).
DO7 to DO/ 0 Select DO7 to DOO during address/data separated mode, ADO7 to ADOO during ad-
1
ADO7t0ADOO dress/data shared mode.
Reserved 1 1
Note: Set only in 8-bit unit.
m P17toP10Pins
Selection PIDIRO | P1IMDO Description
Port Input 0 0 Select the port input or the port output only when single-chip mode is selected.
Port Output 1 0
D15to DOg/ 0 Select D15 to D08 during address/data separated mode, AD15 to ADO8 during ad-
AD15t0AD08 1
dress/data shared mode.
Reserved 1 1
Note: Set only in 8-bit unit.
m P23to P20 Pins
Selection P2DIRO | P2MDO Description
Port Input 0 0 Do not select the port input or the port output in address/data separated mode during
Port Output 1 0 processor mode.
A03to A0 0 1
Reserved 1 1
Note: Set only in 4-bit unit.
m P27toP24 Pins
Selection | P2DIR4 | P2MD4 Description
Port Input 0 0 Do not select the port input or the port output in address/data separated mode during
Port Output 1 0 processor mode.
AO07t0 A4 0 1
Reserved 1 1

Note: Set only in 4-bit unit.
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m P37toP30Pins

Selection P3DIRn | P3MDn Description
(n=7t00) [ (n=7100)
Port Input 0 0 Do not select the port input or the port output in address/data separated mode during
Port Output 1 0 processor mode.
A15t0A08 0 1
Reserved 1 1

m  P43to P40 Pins

Selection PADIRn | PAMDnN Description
(=310 0) | (n=3t0 0)
Port Input 0 0 Do not select the port input or the port output during processor mode.
Port Output 1 0
Al19t0A16 0 1
Reserved 1 1

m P45to P44 Pins

Selection PADIRNn | PAMDnN Description
(n=5,4) [ (n=5,4)
Port Input Do not select the port input or the port output during processor mode.
0 0
ANS, 4 Input
Port Output 1 0
A21,A20 0 1
Reserved 1 1
m P46 Pin
Selection PADIR6 | P4MD6 | PEMD6
Port Input
0 0 *
ANG Input
Port Output 1 0 *
A22 Qutput 0 1 0
STOP Output 1 1 1
Reserved 1 1 0

MN102L2503/25A/25D/25Z/25G/F252/490A/62D/62F/62G 153



Chapter 8 Ports

154

m P47 Pin
Selection P4ADIR7 | P4MD7 | PBMD7
Port Input 0 0 .
AN7 Input
Port Output 1 0 *
A23 Output 0 1 0
WDOUT Output 1 1 1
Reserved 1 1 0
m P53to P50 Pins
Selection PSDIRn | P5MDn Description
(=310 0) [ (n=3t0 0)
Port Input 0 0 Do not select the port input or the port output during processor mode.
Port Output 1 0
/CS Output 0 1
Reserved 1 1
m P54 Pin m P55Pin
Selection P5DIR4 P5MD4 Selection P5DIR5 P5MD5
Port Input 0 0 Port Input 0 0
Port Output 1 Port Output 1 0
/BREQ Output 0 1 /BREQ Output 1 1
Reserved 1 1 Reserved 0 1
m P56 Pin
Selection P5DIR6 | P5SMD6 Description
Port Input 0 0 Do not select the port input or the port output during processor mode.
Port Output 1 0
/BSTRE, ALE, 0 1 Select /BSTRE during address/data separated mode, ALE (/ALE) during address/
IALE data shared mode.
Reserved 1 1
m P57PRin
Selection P5DIR7 Description
Port Input 0 Select the port input during single-chip mode. Otherwise, select /WORD input.
/WORD Input
Port Output 1
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m P60 Pin
Selection PEDIRO Description
Port Input 0 Select WAIT input when the clock is set to handshake mode. Otherwise, select the port inpui.
WAIT Input
Port Output 1

m P63to P61 Pins

Selection | P6DIRn | P6MDn Description
(n=3to1)| (n=3to 1)
Port Input 0 0 Do not select the port input or the port output during processor mode.
Port Output 1 0
/WEH, /WEL. 0 1
/RE Output
Reserved 1 1

m P73 and P70 Pins

Selection P7DIRn | P7/MDn Description
(n=3,0) | (n=3,0)

Port Input 0 0 Operate asaserial clock input pin when setting the serial clock sourceto the SBT pin
Serid Clock Input (including 12C mode).
Serid Clock 1/0 0 1 Become output only when this LS| series output during bidirectiona synchronous
(Half-duplex) transfer.
Port Output 1 0
Sarid Clock Output 1 1

m P74 and P71 Pins

Selection | P7DIRn Description
(n=4,1)
Port Input 0 Operate as aserid datainput pin when the serial reception is enabled.
Serial Input
Port Output 1

m P75and P72 Pins

Selection P7DIRn | P7MDn Description
(n=5,2) | (n=52)
Port Input 0 * Select the port input during 1°C mode.
Port Output 1 0
Serid Output 1 1
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m P87to P80 Pins

Selection P8DIRn | P8MDn Description
(n=7t00) | (n=7t0 0)
Port Input Operate as atimer input pin when selecting the timer closk source to the pin.
O *
Timer Input
Port Output 1 0
Timer Output 1 1

m P93 and P90 Pins

Selection | PODIRn Description
(n=3,0)
Port Input 0 Operate asaserid datainput pin when selecting the 16-bit timer binary counter clear
Serial Input condition 2 (5th bit of TMnMD).
Port Output 1
m P92 and P91 Pins
Selection PODIRn | PO9MDn Description
(n=2,1) | (n=2,1)
Port Input Operate as atimer input pin when setting the timer closk source, capture, trigger and
O *
Timer Input encoder.
Port Output 1 0
Timer Output 1 1

m P97to P94 Pins

Selection | PODIRNn
(n=71t0 4)
Port Input
0
AN31to 0 Input
Port Output 1
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m PA5PIn
Selection PADIR5 Description
Port Input 0 Operate asthe port input only during single-chip mode. Otherwise, operate asthe ADSEPinpuit.
ADSEP Input
Port Output 1 Operate as the port output only during single-chip mode. This operation is not guaranteed with

other modes.
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8-2 Byte Swap Registers

8-2-1 Overview

This LS| series contains aword byte swap register, point byte swap registers and long
word swap registers. The datais swapped and read as Figure 8-2-1 shows.

Word Byte Swap Register Point Byte Swap Register
WBSWP(x'00FFAQ") (All initial values are 0.) PBSWPH(x'00FFA4)  PBSWPL(x'00FFA2’)
(All'initial values are 0.)
bp15 8 7 0 bp23 16 15 87 0
A B WRITE A B C WRITE
B A READ C B A READ

Long-word Byte Swap Register
LBSWPH(x'00FFA8)  LBSWPL(x'00FFAE') (All initial values are 0.)

bp31 24 23 16 15 87 0
A B C D WRITE
D c B A READ

Figure 8-2-1 Byte Swap Register
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8-3 Pull-up Control Register

8-3-1 Overview

This LSl series contains a pin which sets a pull-up resistor using the pro-
gram. See“9-2-3 List of Pin Functions’.

Table 8-3-1 Pull-up Control Register

Bit CPIC.) Lrel\?ﬂm?:rd Description

0 |84t091 D07 to D00, ADOQ7 to ADOO, P07 to POO
1 (9310100 D15 to D08, AD15 to ADO08, P17 to P11
2 |13to 16, 26 to 29 |AQ7 to AQO, P27 to P20

3 |30to033,35t038 |Al5to A08, P37 to P30

4 391042, 44to 47 |A23to A16, P47 to P40

5 1 WAIT, P60

6 |2to4,11 IRE, IWEH, /WEL, /BSTRE, P63 to P61, P56
7 |5t08 /CS3 to /CS0, P53 to P50

8 |76 /IRQO, PAO

9 77 /IRQL, PA1

10 (78 [IRQ2, PA2

11 (79 /IRQ3, PA3

12 (80 [IRQ4, PA4

13 |67 to 69 SBTO, SBI0, SBOO, P72 to P70

14 |70to 72 SBT1, SBI1, SBO1, P75 to P73

15 |Reserved Always set to 0.

Chapter 8 Ports
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O-1 Electrical Characteristics

9-1-1 Electrical Characteristics 5V

Structure CMOS integrated circuit
Application General purpose
Function 16-bit microcontroller
Pin Configuration Figure 1-4-1
External Dimensions Figure 1-5-1

A. Absolute Maximum Ratings

Vss=0V
Parameter Symbol |Rating Unit
Al [Power supply voltage Vob -03t0+7.0 \Y
A2 |Input pin voltage Vi -0.3to Voo + 0.3 \Y
A3 |Output pin voltage Vo -0.3to Voo + 0.3 \Y
A4 |MPuvoutput pin Vo  |-03toVoo+03 v
voltage
A5 Operating ambient Topr 4010 + 85 c
temperature
A6 |[Storage temperature Tstg -55t0 + 125 C
Note:

1. Absolute Maximum Ratings are stress ratings not to cause damage to the device.

Operation at these ratings is not guaranteed.

2. All of the Voo and Vss pins are external pins. Connect them directly to the power source

and ground.

3. To prevent latch-up tolerance, connect more than one by-pass condenser between power

supply pinsand ground. Use at least 0.2 pF condenser.
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B. Operating Conditions

Chapter 9 Appendix

Vss=0V
Ta=-40Cto+85C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
B1 [Power supply voltage | Vobp 45 5 55 \Y
Crystal Oscillator 1 (OSCI)
B2 [Oscillator frequency Foscl 4 20 MHz
Crystal Oscillator 2 (XI)
B3 [Oscillator frequency Fosc2 32 200 kHz
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Vob =5.0V
Vss=0V
Ta=-40Cto+85C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Power supply current Vi=Vop or Vss
Cl | PPy Iopl |Foscl = 20 MHz 75 mA
uring operation .
Output pins open
Power supply current Vi=Vop or Vss
c2 [owersupply Ibp2 |Fosc2 = 32 kHz 10 mA
during slow mode .
Output pins open
Power supply current in Oscillator stop
. 50
c3 STOP mode Ioo3 All functions stop WA
Power supply current in Foscl = 20 MHz
30
€4 [HALTO mode P04 | Fosc2 = 32 kHz mA
Power supply current in Foscl = Oscillator stop 1
€5 [HALT1 mode P05 | Fose2 = 32 kHz mA
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Vop=45Vt055V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 1
< Output pushpull/Input CMOS level schmidt trigger >
TMnIO(n=0 to 5), TMnIOA(n=6, 7), TMnIOB(n=6, 7), TMnIC(n=6, 7), ADSEP
C6 |Input high voltage ViH1 Voo 00.8 \
ViL1  |Only ADSEP pin Vop 00.1 \
C7 |Input low voltage
ViL2 | Other pins Vop 0 0.2 \
’ Voo =5.0V
C8 |[Output high voltage VOH1 ot = -4.0 MA VbD-0.6 \Y
Voo =5.0V
C9 |Output low voltage VoL1 ot = 4.0 MA 0.4 \Y
C10 [Output leakage current lLo1 |Vo=Hiz +-10 DA
Input/Output Pins 2
< Output pushpull/Input CMOS level schmidt trigger/Programmable pullup >
SBO1, SBI1, SBT1, SBOO, SBIO, SBTO
C11 [Input high voltage VIH2 Vop 00.8 \
C12 |Input low voltage VI3 Vobp 00.2 \
’ Voo =5.0V
C13 |Output high voltage VOH2 ot = -4.0 MA VbD-0.6 \
Voo =5.0V
C14 |Output low voltage VoL2 ot = 4.0 MA 0.4 \Y
C15 [Output leakage current lLo2 |Vo=Hiz +-10 DA
’ Voo =5.0V
C16 |Pullup resistance PpPu1 Vi=15V 10 30 50 kQ

Chapter 9 Appendix
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Vob=45Vto55V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 3
< Qutput pushpull/Input TTL level schmidt trigger/Programmable pullup >
WAIT, /IRE, /IWEL, /WEH, /CS3 to /CS0, ALE, A19 to A0, /IRQ4 to /IRQO
C17 |Input high voltage VIH3 2.4 \Y
C18 |Input low voltage ViL4 0.8 \%
. Voo =5.0V
C19 |Output high voltage VOH3 ot = -2.0 MA VbD-0.6 \%
Voo =5.0V
C20 |Output low voltage Vo3 loL = 4.0 MA 0.4 \%
C21 |Output leakage current | Loz |Vo =Hi-z +-10 A
. Voo =5.0V
C22 |Pullup resistance Ppu2 Vi=15V 10 30 50 kQ
Input/Output Pins 4
< Output pushpull/Input TTL level schmidt trigger >
/BREQ), /BRACK, /IWORD
C23 |Input high voltage VIH4 2.4 \%
C24 |Input low voltage ViLs 0.8 \Y
. Voo =5.0V
C25 [Output high voltage \VOH4 ot = 2.0 MA VbD-0.6 V
Voo =5.0V
C26 |Output low voltage VoL4 oL = 4.0 MA 0.4 \Y
C27 |Output leakage current | ILo4 |Vo =Hi-z +/- 10 HA
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Vob=45Vto55V

Vss=0V
Ta=-40Cto+85C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 5
< Qutput pushpull/Input TTL level schmidt trigger/Programmable pullup >
D15to DO
C28 |Input high voltage VIH5 2.4 \Y
C29 |Input low voltage ViLe 0.8 \%
’ Voo =5.0V
C30 |Output high voltage VOH5 lon = -2.0 MA VbD-0.6 \%
Voo =5.0V
C31 |Output low voltage VoLs loL= 4.0 mA 0.4 \%
C32 |Output leakage current | ILos  |Vo = Hi-z +/- 10 PA
. Vop=5.0V
C33 |Pullup resistance PpPu3 Vi=15V 10 30 50 kQ
Input/Output Pins 6
< Output pushpull/Analog Input >
AN3 to ANO
C34 |Input high voltage VIH6 Vop [0 0.8 Y
C35 |Input low voltage ViL7 Vop 0 0.2 \%
. Voo =5.0V
C36 [Output high voltage \VoH6 lort = 4.0 MA VDD-0.6 V
Vop=5.0V
C37 |Output low voltage VoLé loL= 4.0 MA 0.4 \Y
C38 |Output leakage current ILoe |Vo=Hi-z +/- 10 PA
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Vob=45Vto55V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

Input/Output Pins 7
< Qutput pushpull/Analog Input/Programmable pullup >

A23 to A20

C39 |Input high voltage VIH7 Vop 0 0.8 \%

C40 |Input low voltage ViL8 Vop 0 0.2 \Y
. Voo =5.0V

C41 (Output high voltage VOH7 lort = -4.0 MA VbD-0.6 \Y
Vob=5.0V

C42 [Output low voltage VoL oL = 4.0 MA 0.4 \%

C43 [Output leakage current [ ILo7  |Vo =Hi-z +-10 HA
. Vob=5.0V

C44 [Pullup resistance PpPu4 Vi=15V 10 30 50 kQ

Input/Output Pins 8
< Input CMOS level schmidt trigger/Output open-drain/Pullup >

IRST
C45 |Input high voltage VIH8 Vop [0 0.9 \%
C46 |Input low voltage ViLe Vop 0 0.1 \%
. Voo =5.0V
C47 |Pullup resistance Ppus Vi=15V 10 30 50 kQ
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Vop=45Vto55V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Output Pin
< QOutput pushpull >
SYSCLK
. Voo =5.0V
C48 |Output high voltage VoH8 lon = -4.0 MA VbD-0.6 \%
Vobo=5.0V
C49 |Output low voltage VOLs loL= 4.0 MA 0.4 \%
Input Pins
< Input CMOS level schmidt trigger >
/INMI, MODE
C50 |Input high voltage VIH9 Vop 0 0.9 \%
C51 |Input low voltage ViL10 Vop 0 0.1 \%
Vob =55V
C52 (Input leakage current VLO9  |\/ '~ vee to Voo +/- 10 YA

OSCl pin, XI pin (at external clock input) : crystal, ceramic self-excited oscillation
See Figure 1-4-2 to Figure 1-4-3

C53 |Input high voltage VIH10 Vop 0 0.8 VDD \%

C54 |Input low voltage ViL11 Vss Vop 0 0.2 \%

Pin Capacitance

C55 (Input pin CIN 7 15 pF
. ViNn=0V

C56 [Output pin CoUT |1amos 7 15 pF

C57 |Input/output pin Cio 7 15 pF
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D. A/D Converter Characteristics

VoD =5.0V
Vss =0V
Ta=25C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
D1 |Resolution 8 Bits
Voo=5V | AN3-0 +-3 LSB
D2 |[A/D conversion relative
precision Vss=0V AN7-4 +-3 LSB
D3 [A/D conversion time Fosc =20 MHz 4.8 us
D4 ([A/D conversion cycle Fosc = 20 MHz 4.8 us
D5 [Analog input voltage ViA Vss VDD \Y,

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G




E. AC Characteristics

Input Timing Conditions

Vob=45Vt055V

Vss=0V

Ta=-40Cto+85C

Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max

External Clock Input Timing (Foscl = 20 MHz)

E1 |External clock input cycle time texceye 50 ns

E2 |external clock input high pulse width|  texcH tE;ﬂ -5 ns

. . . tExcev

E3 |External clock input low pulse width |  texcL Fig 9-1 - -5 ns

E4 |External clock input rise time texcr 5 ns

E5 |External clock input fall time texcr 5 ns
Reset Input Timing

E6 |Reset signal pulse width (/RST) trsTw Fig 9-2 4 texceye
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Vob=45Vto55V
Input Timing Conditions Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max
Data Transfer Signal Input Timing
£7 Data acknowledge signal setup time twarrs 20 ns
(WAIT) Fig 9-4
Data acknowledge signal hold time Fig 9-6
0
E8 (WAT) twaitH ns
Data Transfer Signal Input Timing
E9 |Read data setup time (D15-00) tros Fig 9-3 20 ns
Fig 9-4
] Fig 9-5
E10 |Read data hold time (D15-00) troH Fig 9-6 0 ns
Bus Authority Request Input Timing
Bus authority request signal setup time
Ell tsreEQS 0 ns
(/BREQ) Q Fig 9-8
Bus authority request signal hold time
0
E12 (BREQ) tBREQH ns
Interrupt Signal Input Timing
Nonmaskable interrupt signal pulse 5
E13 width (NMI) tnmiw Fig 0-0 (Note) teye
External interrupt signal pulse width 2
141 1RQ4-0) trow (Note) toye

Note : An interrupt may occur when the noise of the specified time or lessisinput.
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Input Timing Conditions

Vob=45Vto55V

Vss=0V

Ta=-40Cto+85C

Capacitance
Parameter Symbol [ Conditions Unit
Min Typ Max
Serial Interface Related Signal Timing (Synchronous Serial Reception)
E15 |Data reception setup time (SBI1-0) trxps 25 ns
E16 |Data reception hold time (SBI1-0) trRxDH ) 25 ns
Fig 9-13
Serial clock input high pulse width
E17 (SBT1-0) tsch tcyc+100 ns
Serial clock input low pulse width
E18 (SBT1-0) tscL tcyc+100 ns
Timer/Counter Signal Input Timing
Timer external input clock low pulse
E19 |width (TMnlO: n=5-0) treeike teyc ns
(TMnIOA, TMnIOB, TMnIC: n=6,7) Fig 9-14
Timer external input clock high pulse
E20 |width (TMnlIO: n=5-0) trceikn teyc ns
(TMnIOA, TMnIOB, TMnIC: n=6,7)
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F. AC Characteristics (Output)
Voo =45V1t05.5V

Output Signal Characteristics Vss=0V
Ta=-40Cto+85C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
System Clock Output Timing
F1 (Ssyigeg-ﬁl)ock output cycle time teye 100 ns
System clock output low pulse width 4
5
F2 (SYSCLK) oo ns
3 (Ssysgzcr:nuil)ock output high pulse width ton Fig 9-1 35 ns
System clock output rise time
10
F4 (SYSCLK) ter ns
System clock output fall time
10
F5 (SYSCLK) ter ns

174  MN102L2503/25A/25D/25Z/25G/F252/490A/62D/62F/62G



Vob=45Vto55V

Output Signal Characteristics Vss=0V
Ta=-40Cto+85C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 1
Address delay time 1 ) .
F6 (A23-0), (A23-16) tap1 Fig 9-3 to Fig 9-6 30 ns
Address delay time 2 Fig 9-4 tey tey
F7 (AD15-0) tab2 Fig 9-6 : : +15 ns
Address hold time 1 Fig 9-3
F8 |(a23-0), (A23-16) tan Fig 9-4 5 ns
Address hold time 2 Fig 9-5 teve
FO |(a23-0), (A23-16) tare Fig 9-6 — ns
Address hold time 3 tey
F10 (AD15-0) tans j -10 ns
Address/Data hold time 1 Fig 9-5
F11 (AD15-0) tabH1 Fig 9-6 5 ns
Address/Data hold time 2
teve
F12 (AD15-0) tabH2 , ns
Data delay time 1 Fig 9-3
F13 (D15-0) too1 Fig 9-4 15 ns
Data delay time 2 Fig 9-5 teve
F14 (AD15-0) too2 Fig 9-6 == ns
Data delay time 3 ] teve
F15 (D15-0) tops Fig 9-7 — ns
F16 (DDaE_T)(;Id time 1 tor1 5 ns
Fig 9-3
: Fig 9-4
Data hold time 2 teve
F17 (D15-0) toH2 — ns
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Vop=45Vt055V

Output Signal Characteristics Vss=0V
Ta=-40Cto+85C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 2
F1s gglé);gl)e(;; ggg_all)fall delay time 1 tesort 20 ns
! Fig 9-3 to Fig 9-7
Chip-select signal rise delay time 1
F19 (/CS3-0), (/CS3-1) tcsor1 20 ns
F20 E/:glgbs)elect signal fall delay time 2 tesor teve 110l ns
Fig 9-7 4
F21 Chip-select signal rise delay time 2 tesora teye 40| ns
(/Cs0) 2
F22 gglg-ss_gl)ect signal hold time 1 tesh Fig 9-3 5 ns
Fig 9-4
. : . Fig 95 Fig
Chip-select signal hold time 2 teve
F23 (/CS3-0) tesHz 9-6 - ns
Foa Address latch signal fall delay time taLeDr teve 19 ns
(ALE) o
F25 (ApijdSSS latch signal pulse width taLerw teve 1 ns
Fig 9-5 2
F26 Address latch signal hold time 1 taLent Fig 9-6 5 ns
(ALE)
Address latch signal hold time 2 teve
F27 (ALE) taLeH2 - ns
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Voo=45Vto55V

Output Signal Characteristics Vss=0V
Ta=-40Cto+85C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ | Max
Data Transfer Signal Output Timing 3
Read enable signal fall delay time 1 Fig 9-3 1
F28 (RE) treDFL Fig 9-4 0 ns
Read enable signal fall delay time 2 Fig 9-5 15
F29 (RE) treDF2 Fig 9-6 ns
F30 Read enable signal fall delay time 3 treDF3 Fig 9-7 20 ns
(/RE)
F31 Read enable signal rise delay time 1 treors Fig 9-3 to Fig 9-6 15 ns
(/RE)
F32 Read enable signal rise delay time 2 treDR? teveqg ns
(/RE) 4
F33 Read enable signal hold time tren teye ns
(/RE) Fig 9-7 4
Burst ROM read enable signal fall delay 2
F34 ime (BSTRE) tereDF 0 ns
Burst ROM read enable signal rise teye
—7+10
F35 | jelay time (BSTRE) teReDR 2oL ns
Write enable signal fall delay time 1 Fig 9-3 1
F36 (WEH, WEL) tweor1 Fig 9-4 5 ns
Write enable signal fall delay time 2 Fig 9-5 20
F37 (WEH, WEL) tweor2 Fig 9-6 ns
Write enable signal fall delay time 3 . teve
F38 (WEH, WEL) tweors Fig 9-7 - ns
Write enable pulse width time 1 teye
F39 twepwi — -20 ns
(/WEH, WEL) Fig 9-3 2
Write enable pulse width time 2 Fig 9-4 teve
— 1 -1
F40 (WEH, WEL) twepw2 n 0 ns
Write enable pulse width time 3
F41 twepws teye -10 ns
(/WEH, WEL) Fig 9-5
Write enable pulse width time 4 Fig 9-6 13 0teye
F42 (WEH, WEL) twepwa PR ns
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Output Signal Characteristics

Vob=45Vto55V
Vss=0V
Ta=-40Cto+85C

CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Serial Interface Signal Output Timing (Synchronous Serial Transmission)
. . teye
Transfer data delay time Fig 9-10 |Normal — ns
Fa3 |(sBO1-0) txoo | Fig 9-11 2
Fig 9-12 I’C teye 0 2 ns
Transfer data hold time (transfer in .
- 1
Fa4 progress) (SBO1-0) trxpH1 Fig 9-10 0 ns
Transfer data hold time ¢
F45 |(Transfer end timing at SBT input) trxoH2 Fig 9-11 e ns
(SBO1-0) 2
Transfer data hold time
- . tscr+tscL
F46 |(Transfer end timing at SBT output) | trxpH3 Fig 9-12 2 ns
(SBO1-0)
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9-1-2 Electrical Characteristics 3V

Chapter 9 Appendix

Structure CMOS integrated circuit
Application General purpose
Function 16-bit microcontroller
Pin Configuration Figure 1-4-1
External Dimensions Figure 1-5-1

A. Absolute Maximum Ratings

Vss=0V
Parameter Symbol [Rating Unit
Al |Power supply voltage VbD -03to+7.0 \Y
A2 |Input pin voltage Vi -0.3to Vop +0.3 \Y
A3 |Output pin voltage Vo -0.3to Vop +0.3 \Y,
A4 |InPuvoutput pin Vio  |-03toVoo+0.3 v
voltage
AB Operating ambient Topr -4010 + 85 C
temperature
A6 |Storage temperature Tstg -55to + 125 C
Note:
1. Absolute Maximum Ratings are stress ratings not to cause damage to the device.

Operation at these ratings is not guaranteed.

and ground.

supply pins and ground. Use at least 0.2 uF condenser.

. All of the Vop and V'ss pins are externa pins. Connect them directly to the power source

. To prevent latch-up tolerance, connect more than one by-pass condenser between power
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B. Operating Conditions

Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

B1 [Power supply voltage | Vob 2.7 3 3.6 \Y

Crystal Oscillator 1 (OSCI)

B2 [Oscillator frequency Foscl 4 10 MHz

Crystal Oscillator 2 (XI)

B3 [Oscillator frequency Fosc2 32 200 kHz
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C. Electrical Characteristics
1. DC Characteristics

Vop=3.0V
Vss=0V
Ta=-40Cto+85C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Power supply current Vi=Vop or Vss
C1 during operation Iopl |Foscl = 1.0 MHz 20 mA
Output pins open
Power supply current Vi=Vop or Vss
Cc2 during siow mode Iop2 |Fosc2 = 32 kHz 5 mA
Output pins open
Power supply current in Oscillator stop 50
c3 STOP mode Ioo3 All functions stop HA
Power supply current in Foscl = 10 MHz 8
€4 [HALTO mode 204 | Fosc2 = 32 kHz mA
Power supply current in Foscl = Oscillator stop 100
€5 |HALT1 mode 1205 Fosc2 = 32 kHz HA
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Vop=2.7V1t03.6V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 1
< Output pushpull/Input CMOS level schmidt trigger >
TMnIO(n=0 to 5), TMnIOA(n=6, 7), TMnIOB(n=6, 7), TMnIC(n=6, 7), ADSEP

C6 |Input high voltage ViH1 Voo 00.8 \

ViL1  |Only ADSEP pin Vop 00.1 \
C7 |Input low voltage

ViL2 | Other pins Vop 0 0.2 \
C8 |[Output high voltage VOH1 |lon=-2.0 mA VbD-0.6 \Y
C9 |Output low voltage VoLl |[loo=2.0mA 0.3 \Y
C10 [Output leakage current Lot |Vo=Hiz +/- 10 PA
Input/Output Pins 2
< Output pushpull/Input CMOS level schmidt trigger/Programmable pullup >

SBO1, SBI1, SBT1, SBOO, SBIO, SBTO

C11 [Input high voltage VIH2 Vobp 0 0.8 \Y
C12 |Input low voltage VI3 Vobp 00.2 \
C13 |Output high voltage VoH2 |lon=-2.0 mA VbD-0.6 \
C14 |Output low voltage VoL2 |[loo=2.0mA 0.3 \Y
C15 [Output leakage current lLo2 |Vo=Hiz +/- 10 PA
C16 |Pullup resistance Ppui |Vi=Vss 20 60 180 kQ

182  MN102L2503/25A/25D/25Z/25G/F252/490A/62D/62F/62G




Vob=2.7Vt0o3.6V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 3
< Qutput pushpull/Input TTL level schmidt trigger/Programmable pullup >
WAIT, /IRE, /IWEL. /WEH, /CS3 to /CS0, ALE, A19 to AQ, /IRQ4 to /IRQO
C17 |Input high voltage VIH3 2.1 \Y
C18 |Input low voltage ViL4 0.4 \%
C19 |Output high voltage VOH3 |loH=-2.0 mA VbD-0.6 \%
C20 |Output low voltage VoLs [lot=2.0mA 0.3 Y
C21 |Output leakage current | Loz |Vo = Hi-z +/- 10 PA
C22 |Pullup resistance Ppu2 [Vi=Vss 20 60 180 kQ
Input/Output Pins 4
< Output pushpull/Input TTL level schmidt trigger >
/BREQ, /BRACK, /IWORD

C23 |Input high voltage VIH4 2.1 \Y
C24 |Input low voltage ViLs 0.4 \%
C25 [Output high voltage VoH4 |lon =-2.0 mA VDD-0.6 V
C26 |Output low voltage VoLsa |[lor=2.0mA 0.3 \Y
C27 |Output leakage current ILoa [Vo=Hi-z +/- 10 PA
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Vop=2.7Vto3.6V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 5
< Qutput pushpull/Input TTL level schmidt trigger/Programmable pullup >
D15 to DO
C28 |Input high voltage VIH5 2.1 \Y
C29 |Input low voltage ViL6 0.4 \%
C30 |Output high voltage VoH5 |loH =-2.0 mA VbD-0.6 \%
C31 |Output low voltage VoLs |loo=2.0mA 0.3 \Y
C32 |Output leakage current | ILos |Vo = Hi-z +-10 A
C33 |Pullup resistance Ppu3 |Vi=Vss 20 60 180 kQ
Input/Output Pins 6
< Output pushpull/Analog Input >
AN3 to ANO

C34 |Input high voltage VIH6 VoD [0 0.8 \%
C35 |Input low voltage ViL? Vop 0 0.2 \%
C36 [Output high voltage VoH6 |lon =-2.0 mA VbD-0.6 V
C37 |Output low voltage VoLé |[lot=2.0mA 0.3 \%
C38 |Output leakage current | ILos |Vo = Hi-z +/- 10 HA
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Vop=2.7Vto3.6V

Vss=0V
Ta=-40Cto+85C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 7
< Output pushpull/Analog Input/Programmable pullup >
A23 to A20
C39 |Input high voltage VIH7 Vop 0 0.8 \Y
C40 |Input low voltage ViLs Vobp 0 0.2 \
C41 (Output high voltage VOH7 |lon =-2.0 mA VbD-0.6 Y,
C42 (Output low voltage Vo7 |loL=2.0mA 0.3 \Y
C43 [Output leakage current | ILo7  |Vo = Hi-z +-10 HA
C44 |Pullup resistance PpPus |Vi=Vss 20 60 180 kQ
Input/Output Pins 8
< Input CMOS level schmidt trigger/Output open-drain/Pullup >
/IRST

C45 |Input high voltage VIH8 Vop [0 0.9 \%
C46 |Input low voltage ViLe Vop 0 0.1 \Y
C47 |Pullup resistance Ppus |Vi=Vss 20 60 180 kQ
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Vob=2.7Vt03.6V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Output Pin
< Qutput pushpull >
SYSCLK
C48 |Output high voltage VoHg |[lon=-2.0mA VbD-0.6 \%
C49 |Output low voltage VoL |[lot=2.0mA 0.3 \%
C50 (Output leakage current [ ILog |Vo =Hi-z +/- 10 \%
Input Pins
< Input CMOS level schmidt trigger >
/NMI, MODE
C51 |Input high voltage VIH9 Vob 0 0.9 \%
C52 (Input low voltage ViL10 Vop 0 0.1 \%
Vop=3.3V
C53 |Input leakage current VLo9 Vi = Vss 10 Voo +/- 10 PA
OSCl pin, XI pin (at external clock input) : crystal, ceramic self-excited oscillation
See Figure 1-4-2 to Figure 1-4-3
C54 (Input high voltage VIH10 Vop 0 0.8 VoD \%
C55 (Input low voltage ViLi1 Vss Vop [J 0.2 \%
Pin Capacitance
C56 (Input pin CiN 7 15 pF
. VIN=0V

C57 |Output pin Cour Ta=25C 7 15 pF
C58 |Input/output pin Ciio 7 15 pF
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D. A/D Converter Characteristics

Vbp=3.0V
Vss =0V
Ta=25C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
D1 [Resolution 8 Bits
Vop=3.0V [ AN3-0 +-3 LSB
D2 | A/ID conversion relative
precision Vss=0V AN7-4 +-4 LSB
D3 [A/D conversion time Fosc = 10 MHz 9.6 us
D4 ([A/D conversion cycle Fosc = 10 MHz 9.6 us
D5 |Analog input voltage VIA Vss VDD \Y
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E. AC Characteristics

Input Timing Conditions

Vop=27Vt03.6V
Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max
External Clock Input Timing (Foscl = 10 MHz)
E1 |External clock input cycle time texceye 100 ns
E2 |external clock input high pulse width[  texcH tEXZﬂC -5 ns
E3 |External clock input low pulse width |  texcL Fig 9-1 %C -5 ns
E4 |External clock input rise time texcr 5 ns
E5 |External clock input fall time texck 5 ns
Reset Input Timing
E6 |Reset signal pulse width (/RST) trsTw Fig 9-2 4 texceye
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Input Timing Conditions

Vob=2.7Vt03.6V

Vss=0V

Ta=-40Cto+85C

Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max
Data Transfer Signal Input Timing
£7 Data acknowledge signal setup time twarrs 20 ns
(WAIT) Fig 9-4
£g |Data acknowledge signal hold time - Fig 9-6 0 ns
(WAIT)
Data Transfer Signal Input Timing
E9 |Read data setup time (D15-00) tros Fig 9-3 40 ns
Fig 9-4
] Fig 9-5
E10 |Read data hold time (D15-00) troH Fig 9-6 0 ns
Bus Authority Request Input Timing
Bus authority request signal setup time
Ell tsrEQS 0 ns
(/BREQ) Q Fig 9-8
Bus authority request signal hold time
0
E12 (/BREQ) tBREQH ns
Interrupt Signal Input Timing
Nonmaskable interrupt signal pulse 5
E13 width (NMI) tnmiw Fig 0-0 (Note) teye
External interrupt signal pulse width 2
141 1RQ4-0) URaw (Note) toye

Note : An interrupt may occur when the noise of the specified time or lessisinput.
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Vob=2.7Vto3.6V
Input Timing Conditions Vss=0V
Ta=-40Cto+85C

Capacitance
Parameter Symbol [ Conditions Unit

Min Typ Max

Serial Interface Related Signal Timing (Synchronous Serial Reception)

E15 |Data reception setup time (SBI1-0) trxps 25 ns

E16 [Data reception hold time (SBI1-0) trRxDH ) 25 ns
Fig 9-13

E17 (Sseéiillil)c;ck input high pulse width tscn toyc+100 ns

£18 (Sseéi'?ll(.:(l)(;Ck input low pulse width tscL toyc+100 ns

Timer/Counter Signal Input Timing

Timer external input clock low pulse
E19 |width (TMnlO: n=5-0) treeike teye ns
(TMnIOA, TMnIOB, TMnIC: n=6,7) Fig 9-14

Timer external input clock high pulse
E20 |width (TMnlO: n=5-0) trceLkn teye ns
(TMnIOA, TMnIOB, TMnIC: n=6,7)
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F. AC Characteristics (Output)

Vop=2.7V1t03.6V

Output Signal Characteristics Vss=0V
Ta=-40Cto+85C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
System Clock Output Timing
F1 (Ssyitseg_&l)ock output cycle time teye 200 ns
System clock output low pulse width
90
F2 (SYSCLK) teo ns
F3 (Ss)/\?g)énLS;)Ck output high pulse width tn Fig 9-1 90 ns
System clock output rise time
20
F4 (SYSCLK) ter ns
System clock output fall time
20
F5 (SYSCLK) ter ns
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Vob=2.7Vt03.6V

Output Signal Characteristics Vss=0V
Ta=-40Cto+85C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 1
Address delay time 1 ) )
F6 (A23-0), (A23-16) tap1 Fig 9-3 to Fig 9-6 50 ns
Address delay time 2 Fig 9-5 Fig | oy tov
F7 (AD15-0) tab2 9.6 : : +40 ns
Address hold time 1 Fig 9-3
F8 |(a23-0), (A23-16) tan Fig 9-4 5 ns
Address hold time 2 Fig 9-5 Fig teve
FO |(a23-0), (A23-16) tarz 9-6 Ty ns
Address hold time 3 tey
F10 (AD15-0) tans k -30 ns
Address/Data hold time 1 Fig 9-5 Fig
F11 (AD15-0) tabH1 9-6 5 ns
Address/Data hold time 2
tc
F12 (AD15-0) tabH2 4)’ ns
Data delay time 1 Fig 9-3 Fig
F13 (D15-0) too1 9-4 40 ns
Data delay time 2 Fig 9-5 Fig te
F14 (AD15-0) too2 9-6 2)’ ns
Data delay time 3 . tey
F15 (D15-0) toos Fig 9-7 — ns
F16 (Dglig_l:)())ld time 1 tor1 5 ns
Fig 9-3
: Fig 9-4
Data hold time 2 tey
F17 (D15-0) toH2 — ns

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G




Output Signal Characteristics

Vob=27Vt0o3.6V

Vss=0V

Ta=-40Cto+85C

CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 2
F18 Sggssgl)e(;} égg_all)fall delay time 1 tesort 40 ns
' Fig 9-3 to Fig 9-7
Chip-select signal rise delay time 1
F19 (/CS3-0), (/CS3-1) tcsor1 40 ns
F20 (C/Zglgbs)elect signal fall delay time 2 tesor2 teve 40| ns
Fig 9-7 4
F21 Chip-select signal rise delay time 2 tesora tey 430 ns
(/Cs0) e
F22 Sgg)—gs_gl)ect signal hold time 1 tesh Fig 9-3 s ns
Fig 9-4
. ) ) Fig 9-5 Fig
Chip-select signal hold time 2 teyc
F23 (/CS3-0) tcshe 9-6 - ns
Fo4 Address latch signal fall delay time tALEDE teye 10 ns
(ALE) o
F25 OSSSSS latch signal pulse width taLePw teye g0 ns
Fig 9-5
) . Fig 9-6
Address latch signal hold time 1
F26 (ALE) taLen: 5 ns
F27 Address latch signal hold time 2 taLers teyc ns

(ALE)
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Vop=2.7V1t03.6V

Output Signal Characteristics Vss=0V
Ta=-40Cto+85C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ | Max
Data Transfer Signal Output Timing 3
Read enable signal fall delay time 1 Fig 9-3 2
F28 (RE) treDFL Fig 9-4 0 ns
Read enable signal fall delay time 2 Fig 9-5 20
F29 (RE) treDF2 Fig 9-6 ns
F30 Read enable signal fall delay time 3 treDF3 Fig 9-7 20 ns
(/RE)
F31 Read enable signal rise delay time 1 treDRL Fig 9-3 to Fig 9-6 20 ns
(/RE)
F32 Read enable signal rise delay time 2 treoR? L ns
(IRE) 4
F33 Read enable signal hold time tren tey ns
(IRE) Fig 9-7 4
Burst ROM read enable signal fall delay 2
F34 fime (BSTRE) tereDF 0 ns
Burst ROM read enable signal rise tey
—~ +20
F35 | Gelay time (BSTRE) teReDR S0 ns
Write enable signal fall delay time 1 Fig 9-3
F36 (WEH, WEL) twebr1 Fig 9-4 30 ns
Write enable signal fall delay time 2 Fig 9-5 20
F37 (WEH, WEL) tweor2 Fig 9-6 ns
Write enable signal fall delay time 3 _— tey
F38 (WEH, WEL) twebrs Fig 9-7 — ns
Write enable pulse width time 1 teye
F39 twepwi —2 -20 ns
(/WEH, WEL) Fig 9-3 2
Write enable pulse width time 2 Fig 9-4 tey
— -1
F40 (WEH, WEL) twepw2 n 0 ns
Write enable pulse width time 3
F41 twepws teye -10 ns
(/WEH, WEL) Fig 9-5
Write enable pulse width time 4 Fig 9-6 13 0teye
F42 1 (WEH, WEL) twepwa PR ns
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Vob=2.7Vt03.6V

Output Signal Characteristics Vss=0V
Ta=-40Cto+85C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Serial Interface Signal Output Timing (Synchronous Serial Transmission)
. . teyc
Transfer data delay time Fig 9-10 |Normal — ns
F43 |(sBO1-0) txoo | Fig 9-11 2
Fig 9-12 I’C teye 02| ns
Transfer data hold time (transfer in .
- 10
Fa4 progress) (SBO1-0) trxoH1 Fig 9-10 ns
Transfer data hold time ¢
F45 |(Transfer end timing at SBT input) trxoH2 Fig 9-11 = ns
(SBO1-0) 2
Transfer data hold time
. . tsch+iscL
F46 |(Transfer end timing at SBT output) | trxphs Fig 9-12 5 ns
(SBO1-0)
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AC Timing Voltage Level

Cycle Time

Voo x 0.9
Input Signal /! Voo x 0.9 X Veox 01 Veox 01 Vob x 0.9
Voo X 0.1 va i pp X 0. oo X 0. 7(

| :

Pulse Width High | | Pulse Width Low |
- -
|

— .
Fall Time

Cycle Time

Rise Time

Y

/. Voox 0.9 Veox 0.9 AV
Output Signal /1 Ve X 0. X " Voo x 0.
Vop x 0.1 i Voox 0.1 Voox0.1

| |
Pulse Width High | | Pulse Width Low |
| |
L
Fall Time Rise Time

Vob x 0.5 \

Output Signal Delay Time

Vob X 0.5 \

(Both setup time and hold time are Voo % 0.5)
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tEXCcyc l

Foscl / \ N4
) |
| tEXCH | texcL
T ¢ >
teExcr %J:« —

Fig. 9-1 System Clock Timing

ff——
RST 4,

! trRsTW |

Fig. 9-2 Reset Timing
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[ teye -
SYSCLK N / v
N 7  SH—
ik teL ik tcH |
A23-00 (:
tAb1 tab1
tAHL
taH2
/CS3-0 £
4—?[\ tcspbr1
tcspr1 teshi
- tcsH2
<read>
D15-00 Datsd
~ Ttros | | tROH
/IRE
(Normal)
tREDF1 < REDRI
"|: treEPWL '
<write>
D15-00 Data —
<» {DH1
top1 - p- tDH2
/WEL,/WEH
(Normal) N /
JWEL,/WEH twepwl
(WE short mode) N v
tweprl - >
twepw2

Fig. 9-3 Data Transfer Signal Timing (Address/Data Separated Mode, Without Wait)
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*: N is the number of waits (N=1)

| teye ! teye x (N-1)* ! teye !
I —— -
i ! )
—\! 1 A ‘ N
SYSCLK X i X 7 X 7 \c
| tcL .i}. tcH .ji « fcL .i}. tcH .i
\ —
A23-00 ( >"_
tab1 - tAtDAl
H1
- | [AH2
CS3-0 T 2 /
-a»| [CSDR1
tcspr - tosu
- »| tcsH2
WAIT SR N y
twaits twAITH twaits twAITH WAITS [P twAITH
<read>
D15-00 | Data }(
~*Hos T won
RE T_ 2 7{
- r—p tREDR1
tREDF1
<write>
\
D15-00 { Data 6
>l {a— {DH1
tob1 - =‘ toH2
WEL,WEH
(Normal) \ 2 7[
WEL,WEH - — 1
(WE Short Mode) N\ 2 7[
IWEDF] st -
twePw2

Fig. 9-4 Data Transfer Signal Timing (Address/Data Separated Mode, With Wait)
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! Teyc | feye
‘<4>:<—>
.7 : — 4‘\: y j\
SYSCLK S{ 7 TX -/ ! e
| teL il tcH ik teL i tcH 1
-— e - e
A23-16 7<:
tap -a—»| [AD1
taH1
- | {AH2
CS3-0 /
| [CSDF1 -t »| {CSDR1
- {CsH1
| tCsH2
T\ TEN
taLEP N i~ *Note 1
ALE - > pt— ALEH1
- > tALEDF - »| tALEH2
_ADO?'OO Address >—
(8-bit bus mode) taD2 tADHL
- »-| tADH2
<read> _tams
AD15-08
ADO7-00 { | Address ) ( |Data >F
. t
(16-bit bus mode) - e - -l >
trDs tRDH
RE j ?
- r—-| tREDRL
<write> taa tREDF2
AD15-08
ADO7-00 Address X Data —
(16-bit bus mode) tap2 - | tADH1
too2
-t - »  tADH2
WEL,WEH —
(Normal) /
= twepw3 -
WEL,WEH N
(WE short mode) 7
tWEDR2 twepw4

200

Fig. 9-5 Data Transfer Signal Timing (Address/Data Shared Mode, Without Wait)
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*: N is the number of waits (N21)

| teye ! teye x (N-1)* teye !
e — 1
| |
—\ Y ammntaan —
SYSCLK S{ 37‘ i i—% - 2 X J‘l F‘c
e tcL ,H_ o ,‘i  to o ille ton
\
A23-16 ( 7<:
tap1 -—p| {AD1
[ - taH1
B | tAH2
CS3-0 ) /
tcspr ( -4 »| {CSDR1
~—tcsHL
- »-| tCSH2
\
WAIT _( T T
twaits twWAITH twaITs [+ P> twaITH -—
_X /-*
ALE — tALEPW \ Y FL Note 1
‘4 > ¢ tALEH1
- »  tALEDF ~ w1 tALEH2
\
_AD07'00 Address ( —
(8-bit bus mode) tAD2 tADHI
- »| tADH2
<read> ‘tAH3‘
AD15-08
ADO07-00 Address b 2 < Datal >T
(16-bit bus mode) | tAp2 - > -
trRDS tROH |
RE : ) /
(
- e {REDRL
<write> tars [REDR2
AD15-08 )
ADO7-00 ( Address >< ( Data }'—
(16-bit bus mode) | 02 | | tADHL
top2
> = {ADH2
WEL,WEH
(Normal) 2 7Z
WEL,WEH wePws ,
(WE short mode) 2 /
tWEDR2 > twepw4 .

Fig. 9-6 Data Transfer Signal Timing (Address/Data Shared Mode, With Wait)
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A

SYSCLK %7
BEW

<With Penalty>

A23-00

CS0
tcspr

1) (Penarty-cy!

t.)(NotROM-read)

~_— N

CS3-1

RE

<Without Penalty

~—

\'

45474£

trREDFL trREDRL

A23-00

CS0

tcsprz

(NotROM-acgess)

CS3-1

AN N

BSTRE

(read)

~—

/
» LCSDR2
t aitcsom
/

RE

(write)
D15-00

‘j tREH

tobs

WEL,WEH

—
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Fig. 9-7 Data Transfer Signal Timing (Burst ROM Interface)
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Vya

/ ” \ /
BRACK p 7 \ y
BREQ t I/ :
tBREQS tBREQH

Fig. 9-8 Bus Authority Request Signal Timing

IRQ3-0 \E , j
7/

tirQw

NMI T jl
/1
7/

tNMIw

Fig. 9-9 Interrupt Signal Timing

SBT1-0 —7\ / N\ 7[7

SBO1-0 HT <—j< X

trxoD tTXDH 1

Fig. 9-10 Serial Interface Signal Timing 1
(Synchronous Serial Transmission: Transfer in Progress)

SBT1-:0 — /

SBO1-0
<—>1< -

trXDD {TXDH 2

Fig. 9-11 Serial Interface Signal Timing 2
(Synchronous Serial Transmission: Transfer End Timing at SBT Input)
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SBT1-0 \ /

SBO1-0
<—>1< < >>f

trxpp tTXDH 3

Fig. 9-12 Serial Interface Signal Timing 3
(Synchronous Serial Transmission: Transfer End Timing at SBT Output)

SBT1-0 /Z /

tscL tscH

SBI1-0
- -

trRXDS tRXDH

Fig. 9-13 Serial Interface Signal Timing 4
(Synchronous Serial Reception)

TMnIO(n=5-0)

TMnIOA(n=6,7) \ / \

TMnIOB(n=6,7)
TMnIC(n=6,7)

trecuke trceLkH

Fig. 9-14 Timer/Counter Signal Timing
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Data Appendix

List of Special Registers

Chapter 9 Appendix

MN102L2503/25A/25D/25Z/25G/F252/490A/62D/62F/62G 205



Chapter 9 Appe

ndix

About This Section

m Description of Each Page
Each page of this chapter describes one or more registers. Each page lists the register name, address,
register access, bit map, flag explanation of each bit number and supplementary explanation. The
following is the layout and definition of this section.

Bit Map

Bit Number
Flag Name

Access

R: Read only

W: Write only
R/W: Read/Write

Vaue at reset

Read value
0: Always 0
1: Always 1

Bit Number

Flag Descriptig

Chapter 9 Apgendix

Register Name

Address

.

3-0

14,13 Transfer Mode

Transfer Units

Destination Bus Width

Destination Pointer

Increment

Source Bus Width

Source Pointer Increment

ATC Activation Factor Setup

1: Transfer start/transfer in progress

00: One byte/word transfer
01: Burst transfer

10: Two bytes/words transfer
11: Reserved

Register Access

uwlw|rlufw]eo]s[7]e][s[a[3][2]1]o0 AT3CTR :
AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 AT3 | AT3 | AT3 | AT3 . \
EN |MD1|MDO|BW |DB8| DI | SB8| SI 1Q3 | 1Q2 | 1Q1 | I1Q0 x'00FD30" -
RIW | RIW | RIW | RW | RIW |RW [RW [RW | R | R | R | R |RW |RW |RW | RW ATC 3 Control
o|JofJof[of]o]o]Jo]o]o]Jo|]o]JoJo]o][o]o
o1]o1|o1]orforfor|orfor] o 0 0 0 |01 |o1]|o1]on Reglster
16-bit access register
Transfer Busy/Start Flag 0: Disable

Sets the ATC3 operating control
conditions.

Selecting the two bytes/words
transfer mode is valid only in
byte access. The LSB of the
address in the first word forcibly
becomes 0, and the LSB of the
address in the second word

Supplemental

0: Byte forcibly becomes 1.
1: Word
Selecting word as the unit is not
0: 16-bit allowed when 8-bit bus width is
1: 8-bit allowed in the external memory
space.
0: Fixed Selecting 8-bit desitination bus
1: Increment width or 8-bit source bus width
is allowed only when 8-bit bus
0: 16-bit width is selected in the external
1: 8-bit memory space.
0: Fixed When destination pointer incre-
ment or source pointer incre-
1: Increment ment is selected, the pointer in-
crements by 1 in byte access
0000: Software Initialization and by 2 in word access.
0001: /DMAREQ1 pin input
0010: External interrupt 2 The AT3IQO ~ 3 bits are cleared
0011: External interrupt 3 to 0 by the ATC3 transfer end
0100: Timer 2 underflow interrupt interrupt.
0101: Timer 6 underflow interrupt
0110: Timer 8 capture B interrupt
0111: Timer 10 underflow interrupt
1000: Timer 11 capture A interrupt
1001: Timer 12 capture B interrupt
1010: Serial 2 transmission end interrupt
1011: Serial 2 reception end interrupt
1100: Serial 3 transmission end interrupt
1101: Serial 3 reception end interrupt
1110: A/D conversion end interrupt
1111: Key interrupt
MN102H55D/55G/F55G 9-69
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51| wB3]lulw]ols]7]6]5s5]a]3]2]1]o0 CPUM :
wD |wD | wD | - - - - - - - - | osc |sTor|HALT|0sC1|0sco
RST | Ingl | Ing0 1D X'OOFCOOI
rw|rRw|RW| R RIR|IR|R|R[R|R|R [rRW|[rwW|rwW]|rRwW CPU Mode Control
1 ]0]o]o]o|z1|z1]z12]o]o]1]z1|o]| 1] 1]
or|or|or| ol ool o] oo oo or]or]or]|or]on Register

16-bit access register

15 Watchdog Timer Enable 0: Enable 1: Disable and clear
Setting WDRST to '0' after set-
14:13 Watchdog Timer Count * 00: 216 ting it to "1’ clears the watchdog
01: 24 timer counting value and starts
10: 28 counting. The watchdog timer
’ consists of a 17-bit binary
11: Reserved counter counting on the oscilla-
tion clock. Therefore, clear the

4 System Clock Monitor 0: High-speed watchdog timer counting value
1: Low-speed within 2'¢(65,536) machine

cycles.
3 CPU Operating Control 0000: NORMAL mode Changing the set value reduces
(STOP tranfer request) 0001: IDLE mode the wait time for oscillation sta-
0011: SLOW mode bilization when returning from
2 CPU Operating Control 0100: HALTO mode STOP mode. (At reset release,
(HALT tranfer request) 0111: HALT1 mode the wait time for oscillation
stabliation is 2% (65,536) ma-

1000: STOPO mode

. chine cycles.
1:0 Oscillator Control 1011: STOP1 mode

The following describes programming rules and precautions in the STOP/HALT mode.

Points for Programming

(1) Setting the CPUM address in the address register in advance, set the CPUM register using
the MOV instruction with the register indirect addressing mode.

(2) Immediately after the MOV instruction, locate three NOPs consecutively.

(3) Immediately before the MOV instruction, locate the JMP instruction and align to the even
address. This avoids the effects by the differences of the bus widths in the memory mode
or expansion mode and provides the same result when operating in any conditions.

Programming Coding Example in Assembler (as 102Ver.1.0. Ver.2.0)

MoV CPUM, A0 ; Set A0 to the CPUM address.

MOV (A0), DO ; Transfer the contents of CPUM to DO.

OR x'000*, DO ; Generate the data to set the STOP/HALT mode.

JMP STP_HLT ; Branch unconditionally to the even address to

ALIGN 2 ; eliminate the difference of operating conditions.
STP_HLT MOV DO, (A0) ; Set the STOP/HALT mode to CPUM.

NOP ; Dummy

NOP ; Dummy

NOP ; Dummy

Precautions

(1) * of OR instruction varies depending on the STOP or HALT mode.

(2) Setthe ALIGN value to '2' or more in the above file when the ALIGN value is set using
SECTION dummy instruction before this programming coding is described.

(3) Code the above programming in another file of the assembler source file when the program is
developed with C complier cc 102.
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15 (14|13 1211|109 8 7 6 5 | 4 | 3 2 1 0 MEMCTR :
HSWTNWAIT|WAIT| ARB | - |WAIT|WAIT| - |WAIT|WAIT|WAIT
IOE | IOE | SET | sz 101 | 100 2 | 1] o x'00FCO02'
R|R|R|R|R |RW|RW|RW|RW| R |RW|RW| R |RW|RW|RW Memory Control
0| o 0| o 0 1 1 1] o0 0 1 0 1 1 1
0| o o | o 0 |o1|o1|o01|o01]| O 0o |01 | o [o01]| 01|01 Register
16-bit access register
10 Peripheral Fixed Wait Cycle 0: No Wait
Enable Flag 1: Peripheral Fixed Wait Cycle
During Handshake Mode (Always set '1" in this series.) G
[ |
9 Peripheral Fixed Wait Cycle
Enable Flag 0: Enable 1: Disable In this series, set MEMCTR to
. . . x'0410' or x'0490'.
(Always set '0" in this series.)
8 Fixed Wait Mode/ Handhsake 0: Handshake Mode
Mode Switch 1: Fixed Wait Mode
(Always set '0" in this series.)
7 Bus Width Setup Flag 0: Based on /WORD pin
for Fixed Area (x'040000' to 1: 8-bit Bus Access regardless of
X'07FFFF') /WORD pin
5:4  Peripheral Fixed Wait Cycle 00: No wait
01: 1 wait cycle
10: 2 wait cycles
11: 3 wait cycles
(Always set '01' in this series.)
2:0 Fixed Wait Cycle 000: No wait cycle
001: 1 wait cycle
010: 2 wait cycles
011: 3 wait cycles
100: 4 wait cycles
101: 5 wait cycles
110: 6 wait cycles
111: 7 wait cycles
(Don't care in this series.)
208 MN102L2503/25A/25D/252/25G/F25Z/490A/62D/62F/62G
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15 | 14 [ 13| 12 |11 |10 | 9 8 7 6 5 4 3 2 1 0 IAGR :
GN4 | GN3 | GN2 | GN1 | GNO . .
X'00FCOE
R|R|R|R|R|R|R|R|R|R|R|R|R|R|R]|R Interrupt Accept
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 o [orlorlor]or|or] o Group Register
8/16-bit access register
5:1  Group Number of Accepted
Interrupt IAGR is a read-only register.
15 | 14| 1312 |12]10]| 9 8 7 6 5 4 3 2 1 0 MEMMDO :
WAITWAIT , ,
o Xx'00FC30
R|R|R|R|R|R|R|R|R|R|R|R|R|R/|RW|RW Memory Mode Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
0 0 0 0 0 0 0 0 0 0 0 0 0 o [ o1 o1 Register 0
16-bit access register
1:0  Wait Cycle for Block 0 00: No Wait

01: 1 Wait Cycle
10: 2 Wait Cycles
11: Handshake

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Set any values when block 0 is
unused.
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15 | 14 | 13 | 12 | 11 | 10 8 7 6 5 | 4 3 1 0 MEMMD1 :
N B BMOD| - - WAITWAIT . '
e x'00FC32
R R R R R R RW | R R R R R R/W | R/W Memory Mode Control
o] o o] o o] o 0 0 o | o o | o 0 0 .
0| o 0| o o] o o1 | o o] o o] o o1 | on Register 1
16-bit access register
8 Bus Mode for Block 1 0: 16-bit Bus Mode
1: 8-bit Bus Mode Set any values when block 1 is
unused.
1:0  Wait Cycle for Block 1 00: No Wait
01: 1 Wait Cycle
10: 2 Wait Cycles
11: Handshake
15 | 14 | 13 | 12 | 11 | 10 8 7 6 5 | 4 3 1 0 MEMMD?2 :
- - BMOD| - - WAITWAIT . .
Al x'00FC34
R R R R R R RW | R R R R R R/W | RIW Memory Mode Control
G 0| o 0| o 0 0 o o o o 0 0 .
0| o 0| o 0| o o1 | o 0] o o[ o o1 | on Register 2
16-bit access register
8 Bus Mode for Block 2 0: 16-bit Bus Mode
1: 8-bit Bus Mode Set any values when block 2 is
(Select the same bus width as the bus unused.
width set by /WORD pin.)
1:0  Wait Cycle for Block 2 00: No Wait
01: 1 Wait Cycle
10: 2 Wait Cycles
11: Handshake
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Request Flag by /NMI Pin

A

. Interrupt requested

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

15| 14 | 13|12 | 11|10 9 8 7 6 5 | 4 3 2 1 0 MEMMDS3 :
BMOD WAITWAIT . ,
s X'00FC36
R R R R R R R |RW]| R R R R R R | RW | R/IW Memory Mode Control
ol o[ of[o]J]o|lo|lo|]o|]o]o|]o[]o[]of]of[o]o .
o[ o] o] o o[ oflofor| o] of]o]o]|]o]| o] or]or Register 3
16-bit access register
8 Bus Mode for Block 3 0: 16-bit Bus Mode
1: 8-bit Bus Mode Set any values when block 3 is
unused.
1:0  Wait Cycle for Block 3 00: No Wait
01: 1 Wait Cycle
10: 2 Wait Cycles
11: Handshake
15| 14 | 13|12 |11 |10 9 8 7 6 5 | 4 3 2 1|0 GOICR :
UNIF |WDIF|NMIF , .
X'00FC40
R|R|R|R|R|R|R|R|R|R|R|R|R|RW|RW|RW Nonmaskablelnterrupt
oloflofofJoJ]oJ]o]J]o]J]o|lo|[]o|]o]o]of]ofo
0o lo]o|]o|o|o|[o|]o]|] o] o|o0]| oo ] ot]|or]|on Control Register 0
8/16-bit access register
2 Nonmaskable Interrupt 0: No interrupt requested
Request Flag by Executing 1: Interrupt requested
Undefined Instruction
1 Nonmaskable Interrupt 0: No interrupt requested
Request Flag by Overflowing 1: Interrupt requested
Watchdog Timer
0 Nonmaskable Interrupt 0: No interrupt requested
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G 1 | C R :
Gl | Gl | Gl - TM5 | TMO | IRQO| - TM5 [ TMO | IRQO| - TM5 | TMO | IRQO ' '
LV2 | LV1 | LVO IE IE IE IR IR IR ID 1D 1D X OOFC42
R |[RW|RW|RW| R |[RW|RW|RW| R |RW|RW|RW| R |RW]|RW|R/W MaSkable Interrupt
olofofoflofloflo|[o[of]of[o|]o|[o]|]o]of]o
o (ot |or|or| o |or|or|or| o [or]|or|or| o fo1]or]|on Control Register 1

8/16-bit access register

14:12 Group 1 Interrupt 000 (level 0) to 110 (level 6)
Priority Level

10 Timer 5 Underflow 0: Disable 1: Enable
Interrupt Enable Flag

9 Timer 0 Underflow 0: Disable 1: Enable
Interrupt Enable Flag

8 IRQO Interrupt Enable Flag 0: Disable 1: Enable
6 Timer 5 Underflow 0: No interrupt requested Set '1' when timer 5 underflows.
Interrupt Request Flag 1: Interrupt requested Set '1' when timer 0 underflows.
Set '1' when an external inter-
5 Timer 0 Underflow 0: No interrupt requested rupt occurs from IRQO pin.
Interrupt Request Flag 1: Interrupt requested
4 IRQO Interrupt Request Flag 0: No interrupt requested

1: Interrupt requested

2 Timer 5 Underflow 0: No interrupt detected
Interrupt Detect Flag 1: Interrupt detected

1 Timer 0 Underflow 0: No interrupt detected
Interrupt Detect Flag 1: Interrupt detected

0 IRQO Interrupt Detect Flag 0: No interrupt detected

1: Interrupt detected
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0 01 | 01 | 011 0 01 | 01

0/1

01 | 01 0

0/1

0/1

0/1

14:12 Group 2 Interrupt
Priority Level

10 A/D Conversion End
Interrupt Enable Flag

9 Timer 1 Underflow
Interrupt Enable Flag

8 IRQ1 Interrupt Enable Flag

6 A/D Conversion End
Interrupt Request Flag

5 Timer 1 Underflow
Interrupt Request Flag

4 IRQ1 Interrupt Request Flag

2 A/D Conversion End

Interrupt Detect Flag

1 Timer 1 Underflow
Interrupt Detect Flag

0 IRQ1 Interrupt Detect Flag

000 (level 0) to 110 (level 6)

0: Disable 1: Enable
0: Disable 1: Enable
0: Disable 1: Enable

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G 2 I C R .
G2 | G2 | G2 - AN | TM1 |IRQ1 AN | TM1 | IRQ1 AN | TM1 | IRQ1 ' '
LV2 | LV1 | LVO IE IE IE IR IR IR ID ID ID X 00FC44
R |[RW|RW|RW| R |[RW|RW|RW| R |RW|RW|RW| R |RW]|RW|R/W Ma.Skable |nterru pt
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Control Register 2

8/16-bit access register

Set '1' when the A/D conversion
ends.

Set '1' when timer 1 underflows.
Set '1' when an external inter-
rupt occurs from IRQL1 pin.
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0 01 |01 |01 |01 |01 |01 |01

01 |01 |01 |01 |01

0/1

0/1

0/1

14:12 Group 3 Interrupt
Priority Level

11 Serial 0 Reception End
Interrupt Enable Flag

10 Serial 0 Transmission End
Interrupt Enable Flag

9 Timer 2 Underflow
Interrupt Enable Flag

8 IRQ2 Interrupt Enable Flag

7 Serial 0 Reception End
Interrupt Request Flag

6 Serial 0 Transmission End
Interrupt Request Flag

5 Timer 2 Underflow
Interrupt Request Flag

4 IRQ2 Interrupt Request Flag

3 Serial 0 Reception End

Interrupt Detect Flag

2 Serial 0 Transmission End
Interrupt Detect Flag

1 Timer 2 Underflow
Interrupt Detect Flag

0 IRQ2 Interrupt Detect Flag

214

000 (level 0) to 110 (level 6)

0: Disable 1: Enable
0: Disable 1: Enable
0: Disable 1: Enable
0: Disable 1: Enable

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 GSICR .
G3 | G3 | G3 |SCOR|SCOT| TM2 |IRQ2|SCOR |SCOT | TM2 | IRQ2 |SCOR | SCOT | TM2 | IRQ2 ' '
LV2 | LV1 | LVO | IE IE IE IE IR IR IR IR ID 1D ID 1D X 00FC46
R |[RW|RW |RW|RW|RW|RW|RW|RW|RW|RW/|RW|RW|RW|RW|R/W Mas kable |n'[el‘l’u pt
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Control Register 3

8/16-bit access register

Set '1' when the serial O recep-
tion ends.

Set '1' when the serial 0 trans-
mission ends.

Set '1' when timer 2 underflows.
Set '1' when an external inter-
rupt occurs from IRQ2 pin.
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14:12 Group 4 Interrupt

11

10

Priority Level

Serial 1 Reception End
Interrupt Enable Flag

Serial 1 Transmission End
Interrupt Enable Flag

Timer 3 Underflow
Interrupt Enable Flag

IRQ3 Interrupt Enable Flag

Serial 1 Reception End
Interrupt Request Flag

Serial 1 Transmission End
Interrupt Request Flag

Timer 3 Underflow
Interrupt Request Flag

IRQ3 Interrupt Request Flag

Serial 1 Reception End

Interrupt Detect Flag

Serial 1 Transmission End
Interrupt Detect Flag

Timer 3 Underflow
Interrupt Detect Flag

IRQ3 Interrupt Detect Flag

000 (level 0) to 110 (level 6)

0: Disable 1: Enable
0: Disable 1: Enable
0: Disable 1: Enable
0: Disable 1: Enable

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G4|CR .
G4 G4 G4 |SCIR|[SCIT| TM3 |IRQ3|SCIR|SC1T| TM3 | IRQ3 [SC1R|SC1T | TM3 | IRQ3 ' '
LV2 | LV1 | LVO IE IE IE IE IR IR IR IR ID ID ID ID X 00FC48
R RW |[RW |RW |RW |RW|RW|RW|RW|RW|RW]|RW]|RW|RW/|RW/|R/W Ma.Skable |nterru pt
0o lo|o|o]o]o|lo|]olo|o|o|[o]o|]o]|o] o
0 |o1 |01 |01 | o1 | o1 |01 | o1 | o1 ]| oL o1 on]| oL ot o1 on Control Register 4

8/16-bit access register

Set '1' when the serial 1 recep-
tion ends.

Set '1' when the serial 1 trans-
mission ends.

Set '1' when timer 3 underflows.
Set '1' when an external inter-
rupt occurs from IRQ3 pin.
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14:12 Group 5 Interrupt

216

Priority Level

Timer 4 Underflow

Interrupt Enable Flag

IRQ4 Interrupt Enable Flag

Timer 4 Underflow

Interrupt Request Flag

IRQ4 Interrupt Request Flag

Timer 4 Underflow

Interrupt Detect Flag

IRQ4 Interrupt Detect Flag

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

000 (level 0) to 110 (level 6)

0: Disable

0: Disable

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected

*Note: Always set 0.

1: Enable

1: Enable

1: Interrupt detected

0: No interrupt detected

1: Interrupt detected

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G 5 | C R :
G5 G5 G5 |*Note[*Note| TM4 | IRQ4 | *Note|*Note| TM4 | IRQ4 TM4 | IRQ4 ' '
LV2 | LV1 | LVO IE IE IR IR ID ID X OOFC4A
R RW |RW |RW | RIW | R'W | R\W | RIW | RIW | R'W | R/W | RIW R R R R MaSkable Interrupt
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o [or o1 |oror|or|or|or|or]|or|orfor]| o 0 [o1 | on Control Reg|ster 5

8/16-bit access register

Set '1' when timer 4 underflows.
Set '1' when an external inter-
rupt occurs from IRQ4 pin.
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0 01 (01 |01 |01 | 01| 01

0/1

01 |01 | 01| 01|01

0/1

0/1

0/1

14:12 Group 6 Interrupt
Priority Level

11 ATC Transfer End
Interrupt Enable Flag

10 Timer 6 Compare/Capture
Interrupt B Enable Flag

9 Timer 6 Compare/Capture
Interrupt A Enable Flag

8 Timer 6 Underflow

Interrupt Enable Flag

7 ATC Transfer End
Interrupt Request Flag

6 Timer 6 Compare/Capture
Interrupt B Request Flag

5 Timer 6 Compare/Capture
Interrupt A Request Flag

4 Timer 6 Underflow
Interrupt Request Flag

3 ATC Transfer End
Interrupt Detect Flag

2 Timer 6 Compare/Capture
Interrupt B Detect Flag

1 Timer 6 Compare/Capture
Interrupt A Detect Flag

0 Timer 6 Underflow
Interrupt Detect Flag

000 (level 0) to 110 (level 6)

0: Disable 1: Enable
0: Disable 1: Enable
0: Disable 1: Enable
0: Disable 1: Enable

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G 6 I C R :
G6 | G6 | G6 | ATC [TM6B|TM6A[TM6EU| ATC [TM6B|TM6A[TM6EU| ATC [TM6B|TM6A[TM6U ' '
Lv2 | LV1 | LVO| IE IE IE IE IR IR IR IR ID 1D ID ID X 00FC4C
R |[RIW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW| R R R R Ma.Skable |I’]terl‘u pt
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Control Register 6

8/16-bit access register

Set '1' when ATC transfer ends.
Set '1' when a timer 6 underflow
interrupt or compare/capture in-
terrupt occurs.
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14:12 Group 7 Interrupt
Priority Level

10 Timer 7 Compare/Capture
Interrupt B Enable Flag

9 Timer 7 Compare/Capture
Interrupt A Enable Flag

8 Timer 7 Underflow
Interrupt Enable Flag

6 Timer 7 Compare/Capture
Interrupt B Request Flag

5 Timer 7 Compare/Capture
Interrupt A Request Flag

4 Timer 7 Underflow
Interrupt Request Flag

2 Timer 7 Compare/Capture
Interrupt B Detect Flag

1 Timer 7 Compare/Capture
Interrupt A Detect Flag

0 Timer 7 Underflow
Interrupt Detect Flag

218

000 (level 0) to 110 (level 6)

0: Disable 1: Enable
0: Disable 1: Enable
0: Disable 1: Enable

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

0: No interrupt detected
1: Interrupt detected

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G 7 | C R -
G7 G7 G7 - |TM7B|TM7A[TM7U TM7B(TM7A(TM7U TM7B|TM7A(TM7U ' '
LV2 | LV1 | LVO IE IE IE IR IR IR ID ID ID X OOFC4E
R R/W | R'W | RIW R R/W | RIW | RI'W R R/W | RIW | RI'W R R R R MaSkable Interrupt
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o [on|or]|or] o |or|or|or| o |or|orfor| ofor]|o1]|on Control Reg|ster 7

8/16-bit access register

Set '1' when a timer 7 underflow
interrupt or compare/capture in-
terrupt occurs.
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15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 | 4 3 2 1|0 EXTMD :
IRQ4 | IRQ4 | IRQ3 [ IRQ3| IRQ2 | IRQ2 [ IRQ1 | IRQL | IRQO | IRQOD . ,
TGL | TGO | TG | TGO | TGL | TGO | TG1 | TGO | TGL | TGO Xx'00FC50
R R RW | R\W | RW | RW | RIW | RW | RW | RIW | RIW | RIW External Interrupt
olo|lo]J]o|]o|]o|]o]o]J]o|]o|]o]o]o|]o]o]o )
o ol ofloJololomf[or[or[or[or[or]or]or]on]on Edge Setup Register
8/16-bit access register
9:8  Set Trigger Conditions 00: Low level IROTRG he t i
. . ts the t -
for IRQ4 Pin Interrupt 01: High level . Q Sets e. riager condl
) tions for external interrupts. G
10: Negative edge
11: Positive edge
7:6  Set Trigger Conditions 00: Low level
for IRQ3 Pin Interrupt 01: High level
10: Negative edge
11: Positive edge
5:4  Set Trigger Conditions 00: Low level
for IRQ2 Pin Interrupt 01: High level
10: Negative edge
11: Positive edge
3:2  Set Trigger Conditions 00: Low level
for IRQ1 Pin Interrupt 01: High level
10: Negative edge
11: Positive edge
1:0  Set Trigger Conditions 00: Low level
for IRQO Pin Interrupt 01: High level
10: Negative edge
11: Positive edge

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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15 | 14 | 13 | 12 | 112 [ 10 | 9 8 7 6 5 4 3 2 1 0 EXMCTR :
WE NALE| - BRPG|BRPG BREN|BREN . .
SHT EN 1 0 1 0 x'00FDOO0
RW | R R R R R R |[RW| R R |RW|[RW| R R |RW |R/W External Memory
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 | o 0| o 0 | o 0 |o1| o 0 | o1 |o1]| o 0 | o1 | o1 Control Register
8/16-bit access register
15 WEH, WEL Pulse Width 0: Disbale 1: Enable
Shortening
8 ALE Signal Polarity 0: Positive logic
1: Negative logic
5:4  Page Size of ROM Burst 00: 4 bytes Setting a page size of ROM
Mode 01: 8 bytes gurst mozle |.s |(rj1yali)c: v;hen ROM
t )
10: 16 bytes urst mode IS disable
11: Reserved
1:.0 ROM Burst Mode 00: Disable
01: Reserved
10: Enable (without penalty)
11: Enable (with penalty)
15 | 14 | 13| 12 | 112 [ 10 | 9 8 7 6 5 4 3 2 1 0 ATCCTR :
ATC | OVR ATC ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC . ,
EN | EF DIR END9| END8| END7| END6|END5|END4|END3| END2| END1|ENDO x'00FD10
RW|RW| R [RW| R R |RW |RW |RW|RW |RW|RW|RW|RW|RW|R/W ATC Control Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 o1 o [o1] o 0 [ot|or|or|ot|or|or|or|or|or]on
8/16-bit access register
15 ATC Enable 0: Disbale 1: Enable
14 Overrun Error Flag 0: No error  1: Error
13 ATC Transfer Direction 0: From serial ch 0 to Internal RAM
1: From Internal RAm to serial ch O
9:0 ATC End Address Set the ATC er?d addres_s The upper 14 bits are fixed at
(the lower 10 bits of the internal RAM '00000000111000' because the
area) internal RAM addresses for TC
operation are x'00E000' to
X'00E3FF'. Set the larger value
than the ATCBC value.
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9 8 7 6 5 4 3 2 1 0 A TC B C .

ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC | ATC ' '
BC9| BC8| BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1| BCO X 0 0 F D 1 2

R R R R R R RW | R'W | R'W | RIW | R'W | RIW | R'W | R'W | RIW | RIW ATC Bln ary COU nter

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 01 (01|01 |01]|01|01|01]|01| 01|01

8/16-bit access register
9:0

ATC Transfer Address

Set the ATC start address
(the lower 10 bits of the internal RAM
area) (Read the internal RAm address

where the chip accesses next during ATC
operation.)
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15 | 14 | 13|12 |11 |10 9 8 7 6 5 4 3 2 1 0 SCOCTR :
SCO | SCO | SCOo | SCo | Sco SCO | SCO | SCO | SCO | SCO | SCo | SCo | Sco | Sco | sco , .
TEN |REN | BRE | I12C | PTL oD |I2cM| LN |PTY2|PTY1|PTYO| SB |POD| S1 | SO x'00FD80
RIW | RIWW | RIW | RIW | RIW RIW | RIW | RIW | R'W | RIW | RW | RIW | RIW | RIW | RIW Serial 0 Control Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 |o1|o1|o1|o1| o0 |o1|o1|or|or|or|o1|o1|o1|o1|on
8/16-bit access register
15 Transmit Enable 0: Disable 1: Enable
14 Receive Enable 0: Disable 1: Enable
13 Break Transmission 0: Don't break 1: Break (Set SBO to 0)
12 I2C Start or Stop Sequence 0: Stop sequence output when changing this bit
from 1to O.
1: Start sequence output when changing this bit
from O to 1.
11 Protocol Selection 0: Asynchronous mode
1: Clock synchronous mode, 12°C mode
9 Bit Order Selection 0: LSB first When 7-bit transfer is selected,
1: MSB first (select only when the character the bit order is set only to 'LSB
length is 8-bit.) first'.
8 I2C mode Selection 0: I°C mode off 1: I>°C mode on
7 Character Length 0: 7-bit 1: 8-bit
6:4  Parity Bit Selection 000: None
100: 0 (output low)
101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved
3 Stop Bit Selection 0: 1-bit 1: 2-bit
The stop bit i t only duri
2 Open-drain Control 0: Off 1. 0On © stop bit1s set only during
. asynchronous mode.
for I2C pin
1:0 Serial 0 Clock Source 00: SBTO pin
Selection 01: Timer 2 underflow/16
10: Timer 2 underflow/2
11: Timer 3 underflow/16
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SCOTRB :
x'00FD82'

7 6 5 4 3 2 1 0
SCO | SCO | SCO | SCO | Sco | Sco | sco | sco
TRB7|TRB6|TRB5|TRB4 | TRB3| TRB2| TRB1|TRBO
RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 | o1 |o1|or|o1|on]|on
7:0 Serial Transmit/Receive Data

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Serial 0 Transmit/
Receive Buffer

8-bit access register

Transmission starts by writing
the data into this register. The
transmission starts after 1 cycle
or 2 cycles of the trasmission
clock. In 7-bit transfer, the MSB
(bit 7) is ignored. Writing to
SCOTRB register must be oper-
ated after verifying that the
transmission is not in progress.

The data is received by reading
this register. The data is read
when an interrupt occurs or the
SCORXA flag of the SCOSTR
register is 1. In 7-bit transfer,
the MSB (bit 7) becomes 0.
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7 6 5 4 3 2 1 0
SCO | SCO | SCO | SCO | SCO | SCO | SCO | Sco
TBY |RBY | ISP |RXA | IST | FE | PE | OE
R|R|R|R|R|R|R]|R
0 0 0 0 0 0 0 0
o1 | o1 o1 |on|o1|o1]|on]|on
7 Transmission Busy Flag
6 Reception Busy Flag
5 I°C Stop Sequence Detect
4 Received Data
3 I2C Start Sequence Detect
2 Framing Error
1 Parity Error
0 Overrun Error
224

0: Ready to transmit
: Transmission in progress

0: Ready to receive
: Reception in progress

0: Undetected
: Detected

0: No received data
: Received data

0: Undetected
: Detected

0: No error
: Error

0: No error
: Error

0: No error
: Error
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SCOSTR :
x'00FD83'

Serial 0 Status
Register

8-bit access register
(16-bit access is possible
from even address)

A framing error occurs when the
stop bit is 0. Framing error data
is updated whenever the stop bit
is received.

A parity error occurs when the
parity bit is 1 although it is set to
0, when the parity bit is 0 al-
though it is set to 1, when the
parity bit is odd although it is set
to even, and when the parity bit
is even although it is set to odd.
Parity error data is updated
whenever the parity bit is re-
ceived.

An overrun error occurs when
the next data is received com-
pletely before the CPU reads the
received data (SC3TRB). Over-
run error data is updated when-
ever the last data bit (seventh or
eighth bit) is received.

Do not use the SC3RBY flag to
set polling for the received data
wait in clock synchronous mode.
Use the interrupt service rou-
tine, the serial interrupt flag or
the SC3RXA flag.
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15|14 | 183|122 |11 |10/ 9 8 7 6 5 4 3 2 1 0 SC1CTR :
SC1 | sC1 | sc1 | sci | sc1 SC1 | SCl|SCL|SCl|SCl|SCl|sSCl|sct|sct|sct . .
TEN |REN | BRE | I12C | PTL OD |I12CM| LN |PTY2|PTY1|PTYO| SB |POD| S1 | SO x'00FD90
RW |RIW |R'W |RW |RW | R |RW |RW | RIW | R'W | RW | RIW | RIW | RIW | RIW | RIW Serial 1 Control Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 |o1|o1|{o1|or| o |o1|o1|or|or|or|o1|o1|o1|o1|on
8/16-bit access register
15 Transmit Enable 0: Disable 1: Enable
14 Receive Enable 0: Disable 1: Enable
13 Break Transmission 0: Don't break 1: Break (Set SBO to 0)
12 I2C Start or Stop Sequence 0: Stop sequence output when changing this bit
from 1 to O.
1: Start sequence output when changing this bit
from O to 1.
11 Protocol Selection 0: Asynchronous mode
1: Clock synchronous mode, 1°C mode
9 Bit Order Selection 0: LSB first When 7-bit transfer is selected,
1: MSB first (select only when the character the bit order is set only to 'LSB
length is 8-bit.) first'.
8 12C mode Selection 0: I2C mode off 1: I2C mode on
7 Character Length 0: 7-bit 1: 8-hit
6:4  Parity Bit Selection 000: None
100: 0 (output low)
101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved
3 Stop Bit Selection 0: 1-bit 1: 2-bit
The stop bit i t only duri
2 Open-drain Control 0: Off 1: On © stop bit1s set only during
. asynchronous mode.
for I2C pin
1:0  Serial 1 Clock Source 00: SBT1 pin

Selection

01: Timer 2 underflow/16
10: Timer 2 underflow/2
11: Timer 3 underflow/16

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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7 6 5 4 3 2 1 0
SC1 | sc1|sci|sci|sct|scl|sct|sct
TRB7|TRB6|TRB5|TRB4 | TRB3| TRB2| TRB1|TRBO
RIW | RIW | RIW | RIW | R'W | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 o1 o1 | o1 |on|on|on
7:0 Serial Transmit/Receive Data
226
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SC1TRB :
x'00FD92'

Serial 1 Transmit/

Receive Buffer

8-bit access register

Transmission starts by writing
the data into this register. The
transmission starts after 1 cycle
or 2 cycles of the trasmission
clock. In 7-bit transfer, the MSB
(bit 7) is ignored. Writing to
SCI1TRB register must be oper-
ated after verifying that the
transmission is not in progress.

The data is received by reading
this register. The data is read
when an interrupt occurs or the
SC1RXA flag of the SC1STR
register is 1. In 7-bit transfer,
the MSB (bit 7) becomes 0.



7 6 5 4 3 2 1 0
SC1 | SC1|sScCi|SCi|sci|sci|sct|sct
TBY |RBY | ISP |[RXA | IST | FE | PE | OE
R|R|R|R|R|R|R]|R
0 0 0 0 0 0 0 0
o1 | o1 | o1 |or|o1|o1]on|on

7 Transmission Busy Flag

6 Reception Busy Flag

5 I2C Stop Sequence Detect

4 Received Data

3 I2C Start Sequence Detect

2 Framing Error

1 Parity Error

0 Overrun Error

0: Ready to transmit
: Transmission in progress

0: Ready to receive
: Reception in progress

0: Undetected
: Detected

0: No received data
: Received data

: Undetected
: Detected

0: No error
: Error

0: No error
: Error

0: No error
: Error

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Chapter 9 Appendix

SC1STR :
X'00FD93'

Serial 1 Status
Register

8-bit access register
(16-bit access is possible
from even address)

A framing error occurs when the
stop bit is 0. Framing error data
is updated whenever the stop bit
is received.

A parity error occurs when the
parity bit is 1 although it is set to
0, when the parity bit is 0 al-
though it is set to 1, when the
parity bit is odd although it is set
to even, and when the parity bit
is even although it is set to odd.
Parity error data is updated
whenever the parity bit is re-
ceived.

An overrun error occurs when
the next data is received com-
pletely before the CPU reads the
received data (SC3TRB). Over-
run error data is updated when-
ever the last data bit (seventh or
eighth bit) is received.

Do not use the SC3RBY flag to
set polling for the received data
wait in clock synchronous mode.
Use the interrupt service rou-
tine, the serial interrupt flag or
the SC3RXA flag.
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15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0 ANCTR :
AN | AN | AN AN | AN | AN | AN | AN | - - | AN | AN | AN | AN . ,
NCH2|NCH1|NCHO 1CH2|1CH1|1CHO| EN |TMm1 CK1 | CKO |MD1|MDO x'00FFO00
R |[RW|RW|RW| R |RW|RW|RW|RW|RW]| R R |RW |RW | RIW | RIW A/D Converter
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o ot |ot|or| o |or]or|ot|or|[or]| o o [o1|o1t]on|on Control Register
8/16-bit access register
14:12 Channel Selection for 000: Convert ANO
Multiple Channel Conversion 001: Convert from ANO to AN1
010: Convert from ANO to AN2
011: Convert from ANO to AN3
100: Convert from ANO to AN4
101: Convert from ANO to AN5
110: Convert from ANO to AN6
111: Convert from ANO to AN7
10:8 Channel Selection for 000: Convert ANO
Single Channel Conversion 001: Convert AN1
010: Convert AN2
011: Convert AN3
100: Convert AN4
101: Convert AN5
110: Convert AN6
111: Convert AN7
7 Conversion Start/Execution 0: Reserved
Flag 1: Conversion start/Conversion in progress
6 Conversion Start at Timer 1 0: Disable
underflow 1: Enable
3:2 Clock Source Selection 00: SYSCLK
01: SYSCLK/2
10: SYSCLK/4
11: SYSCLK/8
1:0 Operating Mode Selection 00: Single channel, single conversion
01: Multiple channels, single conversion
10: Single channel, continuous conversion
11: Multiple channels, continuous conversion
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7 6 5 4 3 2 1 0 A N 0 B U F :
ANO | ANO | ANO | ANO | ANO | ANO | ANO [ ANO ' '
BUF7 (BUF6 |BUF5|BUF4|BUF3|BUF2|BUF1(BUFO X OOFDA8

R|IR|R|JR|IRIRJR|R A/D 0 Conversion Data
*Note|*Note|* Note|* Note|*Note|* Note|* Note|* Note

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 BUffer

8/16-bit access register

*Note: Undefined

7:0 A/D Conversion Result of Ch 0 (ANO Pin) ANOBUF is a read-only buffer.

7|6 | 5| a3 |2]1]0 ANI1BUF :

AN1 | AN1 | AN1 [ AN1 | AN1|AN1|AN1|AN1 ' '
BUF7 [BUF6 |BUF5|BUF4|BUF3|BUF2|BUF1(BUFO X OOFDAg

R|R|IR|JR|RJR|JRIR A/D 1 Conversion Data
*Note|*Note|*Note |* Note|* Note|*Note|*Note [* Note

01|01 |01 |01 |01 ]| 01| 01|01 BUffer

*Note: Undefined 8-bit access register

(16-bit access is possible

7:0  A/D Conversion Result of Ch 1 (AN1 Pin) from even address)

AN1BUF is a read-only buffer.

7 6 5 4 3 2 1 0 A N 2 B U F :
AN2 | AN2 | AN2 | AN2 | AN2 | AN2 | AN2 [ AN2 f f
BUF7 (BUF6 |BUF5|BUF4|BUF3|BUF2|BUF1(BUFO X OOFDAA

R|R|R|R|R|R|R|R A/D 2 Conversion Data
*Note|*Note|*Note|*Note|*Note|* Note|* Note|* Note

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 BUffer

8/16-bit access register

*Note: Undefined

7:0 A/D Conversion Result of Ch 2 (AN2 Pin) AN2BUF is a read-only buffer.
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7 6 5 4 3 2 1 0
AN3 | AN3 | AN3 | AN3 | AN3 | AN3 | AN3 | AN3
BUF7|BUF6|BUF5|BUF4 |BUF3|BUF2 |BUF1|BUFO

R | R R | R R R | R R
*Note|*Note|*Note |*Note|* Note|* Note [* Note [* Note

o1 [ o1 | o1 |o1|on| o1 |on|on

*Note: Undefined

7:0 A/D Conversion Result of Ch 3 (AN3 Pin)

3

2

1

0

AN4

BUF7|BUF6

AN4

BUF5

AN4

BUF4

AN4

BUF3

AN4

BUF2

AN4

BUF1

AN4

BUFO

AN4

R

R

R

R

*Note |*Note

*Note

*Note

*Note

*Note

*Note

*Note

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

*Note: Undefined

7:0 A/D Conversion Result of Ch 4 (AN4 Pin)
7 6 5 4 3 2 1 0
ANS5 | AN5 | AN5 | AN5 | AN5 | AN5 | AN5 | ANS
BUF7|BUF6|BUF5|BUF4 |BUF3|BUF2 [BUF1|BUFO
R|R|R|R|R|R|R|R
*Note|*Note|*Note |*Note|* Note|* Note [* Note [* Note
01 | 01 | 01 | 01|01 | 01| o1 ol
*Note: Undefined
7:0 A/D Conversion Result of Ch 5 (AN5 Pin)
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AN3BUF :

X'O0FDAB'
A/D 3 Conversion Data
Buffer

8-bit access register
(16-bit access is possible
from even address)

AN3BUF is a read-only buffer.

AN4BUF :
x'00FDAC'

A/D 4 Conversion Data
Buffer

8/16-bit access register

AN4BUF is a read-only buffer.

AN5SBUF :

Xx'00FDAD'
A/D 5 Conversion Data
Buffer

8-bit access register
(16-bit access is possible
from even address)

ANS5BUF is a read-only buffer.
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7 6 5 4 3 2 1 0 A N 6 B U F
ANG6 | AN6 | AN6 | AN6 | AN6 | AN6 | AN6 | ANGB ' '
BUF7 (BUF6 |BUF5|BUF4|BUF3|BUF2|BUF1(BUFO X OOFDAE
R|R|R|R|R|R|R|R A/D 6 Conversion Data
*Note|*Note|* Note|* Note|*Note|* Note|* Note|* Note
0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 BUffer .
8/16-bit access register

*Note: Undefined

7:0 A/D Conversion Result of Ch 6 (AN6 Pin) ANGBUF is a read-only buffer.

7|6 | 5| a3 |2]1]0 AN7BUF :

AN7 | AN7 | AN7 | AN7 | AN7 | AN7 | AN7 | AN7 ' '
BUF7 [BUF6 |BUF5|BUF4|BUF3|BUF2|BUF1(BUFO X OOFDAF

R|R|IR|JR|RJR|JRIR A/D 7 Conversion Data
*Note|*Note|*Note |* Note|* Note|*Note|*Note [* Note

01|01 |01 |01 |01 ]| 01| 01|01 BUffer

*Note: Undefined 8-bit access register

(16-bit access is possible

7:0  A/D Conversion Result of Ch 7 (AN7 Pin) from even address)

AN7BUF is a read-only buffer.
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TMO | TMO | TMO | TMO | TMO | TMO | T

BC7 | BC6 | BC5 | BC4 | BC3 | BC2

MO | TMO

BC1 | BCO

01|01 |01 |01]| 01|01

01 | 01

7:0  Timer 0 Count Value

TM1|TM1 | TM1 | TM1 | TM1 | TM1
BC7 | BC6 | BC5 | BC4 | BC3 | BC2

T™M1 | TM1
BC1 | BCO

01 (01 |01 |01 | 01| 01

0/1

0/1

7:0 Timer 1 Count Value

TM2 | TM2 | TM2 | TM2 | TM2 | TM2
BC7 | BC6 | BC5 | BC4 | BC3 | BC2

™2
BC1

T™2
BCO

0/1

01 | 01 | 01 |01 |01

0/1

0/1

7:0

232

Timer 2 Count Value
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TMOBC :
x'00FEOQOQ’

Timer 0 Binary
Counter

8/16-bit access register

TMOBC is a read-only register.

TM1BC :
x'00FEO1'

Timer 1 Binary
Counter

8-bit access register
(16-bit access is possible
from even address)

TM1BC is a read-only register.

TM2BC :
x'00FEOQO2'

Timer 2 Binary
Counter

8/16-bit access register

TM2BC is a read-only register.



7 6 5 4 3 2 1 0
TM3 | TM3 | TM3 [ TM3 | TM3 | TM3 | TM3 | TM3
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO
R R R R R R R R
0 0 0 0 0 0 0 0
o1 |01 | o1 |on|on|o1| ot on
7:0 Timer 3 Count Value
7 6 5 4 3 2 1 0
TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | o1 | o1 | o1 o1 | o1 | o1 on
7:0  Timer 4 Count Value
7 6 5 4 3 2 1 0
TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | o1 | o1 o1 | o1 | o1 | o1 on
7:0 Timer 5 Count Value
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TM3BC :
x'00FEOQO3'

Timer 3 Binary
Counter

8-bit access register
(16-bit access is possible
from even address)

TM3BC is a read-only register.

TM4BC :
x'00FEO4’

Timer 4 Binary
Counter

8/16-bit access register

TMA4BC is a read-only register.

TM5BC :

x'00FEOQO5’
Timer 5 Binary
Counter

8-bit access register
(16-bit access is possible
from even address)

TMS5BC is a read-only register.
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T™MO
BR7

T™MO
BR6

TMO | TMO
BR5 | BR4

T™MO
BR3

T™MO
BR2

TMO | TMO
BR1 | BRO

R/W

RIW

R/W | RIW

RIW

R/W

RIW | RIW

0/1

0/1

01 | 01

0/1

0/1

01 | 01

7:0

Timer 0 Count Cycle

Set the count cycle (2 to 256). Timer 0
counts the set value plus 1. The valid
range for TMOBR is O to 255.

BR7 | B

T™M1 | TM1

TM1 | TM1 | TM1

R6 | BR5 | BR4 | B

™1

R3 | BR2 | B

T™M1 | TM1

R1 | BRO

R/W | RIW

R/W | RIW | RIW

RIW

RIW | RIW

01 | 01

01 | 01 | 01

0/1

01 | 01

7:0 Timer 1 Count Cycle

Set the count cycle (2 to 256). Timer 1
counts the set value plus 1. The valid
range for TM1BR is O to 255.

BR7 | BR6

T™M2 | TM2 | TM2

BR5

BR4 | BR3

T™M2 | TM2 | TM2

BR2

BR1

T™M2 | TM2

BRO

R/W | RIW

RIW

R/W | RIW

RIW

RIW

R/W

01 | 01

0/1

01 | 01

0/1

0/1

0/1

7:0 Timer 2 Count Cycle

234

Set the count cycle (2 to 256). Timer 2
counts the set value plus 1. The valid
range for TM2BR is O to 255.
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TMOBR :
x'00FE10’

Timer 0 Base Register

8/16-bit access register

TMOBR is set to 0 after timer 0
starts. See "4-2 8-bit Timer

Setup Examples" for details.

TM1BR :
x'00FE11'

Timer 1 Base Register

8-bit access register
(16-bit access is possible
from even address)

TM1BR is set to 0 after timer 1
starts. See "4-2 8-bit Timer
Setup Examples" for details.

TM2BR :
x'00FE12'
Timer 2 Base Register

8/16-bit access register

TM2BR is set to 0 after timer 2
starts. See "4-2 8-bit Timer
Setup Examples" for details.



™

BR7

3|T™

BR6

3|TM3 | T™M

BR5

BR4

3| TM3 | TM3 | TM3
BR3 | BR2 | BR1

TM3
BRO

R/W

RIW

R/W

RIW

R/W | R'W | RIW

R/W

0/1

0/1

0/1

0/1

0/1

o1 | 01

0/1

7:0

Timer 3 Count Cycle

Set the count cycle (2 to 256). Timer 3
counts the set value plus 1. The valid
range for TM3BR is 0 to 255.

T™4
BR7

T™4
BR6

T™4
BR5

T™4
BR4

™4
BR3

T™M4 | TM4
BR2 | BR1

™4
BRO

RIW

R/W

RIW

RIW

R/W

RIW | RIW

R/W

0/1

0/1

0/1

0/1

0/1

01 | 01

0/1

7.

0

Timer 4 Count Cycle

Set the count cycle (2 to 256). Timer 4
counts the set value plus 1. The valid
range for TM4BR is 0 to 255.

TM5
BR7

T™M5
BR6

TM5
BR5

TM5
BR4

TM5
BR3

TM5 | TM5
BR2 | BR1

TM5

BRO

R/W

RIW

R/W

RIW

R/W

R/W | RIW

R/W

0/1

0/1

0/1

0/1

0/1

01 | 01

0/1

7:0

Timer 5 Count Cycle

Set the count cycle (2 to 256). Timer 5
counts the set value plus 1. The valid

range for TM4BR is 0 to 255.
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TM3BR :

x'00FE13’
Timer 3 Base Register

8-bit access register
(16-bit access is possible
from even address)

TM3BR is set to 0 after timer 3
starts. See "4-2 8-bit Timer
Setup Examples" for details.

TM4BR :
x'00FE14'
Timer 4 Base Register

8/16-bit access register

TM4BR is set to 0 after timer 4
starts. See "4-2 8-bit Timer
Setup Examples" for details.

TM5BR :
X'00FE15'
Timer 5 Base Register

8-bit access register
(16-bit access is possible
from even address)

TM5BR is set to O after timer 5
starts. See "4-2 8-bit Timer
Setup Examples" for details.
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7 6 5 4 3 2 1 0 TMOMD :
TMO | TMO TMO | TMO , .
eN | Lp s1 | s X'00FEZ20
RWIRWI R LR LR RIW | RIW Timer 0 Mode Register
0 0 0 0 0 0 0 0
o1 |o1| o 0 0 o [ o1 | o1
8/16-bit access register
7 TMOBC Count 0: Disable
1: Enable
6 TMOBR Setup 0: Disable
1: Load TMOBR to TMOBC,
Reset the 1/2 divisor circuit,
Fix TMIO output to O.
1:0 Clock Source Selection 00: TMOIO pin clock (Event timer)
01: System clock/128
10: System clock
11: Low-speed clock (32 kHz)/4
7 6 5 4 3 2 1 0 TM l M D :
T™1 | TM1 T™1 | TM1 , ,
eN | Lp st | s X'00FE21
RWIRW| R | R | R RIW | RIW Timer 1 Mode Register
0 0 0 0 0 0 0 0
oL |o1| o 0 0 0 | o1 | o1

1:0

236

TM1BC Count

TM1BR Setup

Clock Source Selection

8-bit access register
(16-bit access is possible
0: Disable from even address)
1: Enable

0: Disable

1: Load TM1BR to TM1BC,
Reset the 1/2 divisor circuit,
Fix TMIO output to 0.

00: TM1IO pin clock (Event timer)
01: Low-speed clock (32 kHz)/4
10: Timer O output clock

11: System clock

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G



7 6 5 4 3 2 1 0
T™M2 [TM2| - - - - | T™M2 | ™2
EN | LD Sl | S0
RW|RW| R | R| R | R |RW|RW
0 0 0 0 0 0 0 0
o1 | o1| o 0 0 0o |o1|on
7 TM2BC Count 0: Disable
1: Enable
6 TM2BR Setup 0: Disable
1: Load TM2BR to TM2BC,
Reset the 1/2 divisor circuit,
Fix TMIO output to O.
1:0 Clock Source Selection 00: TM2IO pin clock (Event timer)
01: Timer 1 cascade
10: Timer O output clock
11: System clock
7 6 5 4 3 2 1 0
T™M3 [ TM3| - - - - | T™M3|TM3
EN | LD st | so
RW|RW| R | R| R | R |RW|RW
0 0 0 0 0 0 0 0
o1 | o1| o 0 0 o |o1|on
7 TM3BC Count 0: Disable
1: Enable
6 TM3BR Setup 0: Disable
1: Load TM3BR to TM3BC,
Reset the 1/2 divisor circuit,
Fix TMIO output to 0.
1:0 Clock Source Selection 00: TM3IO pin clock (Event timer)

01: Timer 2 cascade
10: Timer O output clock
11: System clock
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TM2MD :
X'00FE22'

Timer 2 Mode Register

8/16-bit access register

TM3MD :
xX'00FE23'

Timer 3 Mode Register

8-bit access register
(16-bit access is possible
from even address)
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7 6 5 4 3 2 1 0 T M 4 M D
T™M4 | TM4 TM4 | TM4 ' '
EN | LD sl | s0 x'00FE24
RWIRWL R | R LR | R RWIRW Timer 4 Mode Register
0 0 0 0 0 0 0 0
o1 | o1| o 0 0 o | o1 | o
8/16-bit access register
7 TM4BC Count 0: Disable
1: Enable
6 TM4BR Setup 0: Disable
1: Load TM4BR to TM4BC,
Reset the 1/2 divisor circuit,
Fix TMIO output to 0.
1:0 Clock Source Selection 00: TM4IO pin clock (Event timer)
01: Timer 3 cascade
10: Timer O output clock
11: Low-speed clock (32 kHz)/4
7 6 5 4 3 2 1 0 TM5MD :
TM5 | TM5 TM5 | TM5 , .
N | Lp s1 | s X'00FE25
RWIRWI R | R | R | R |RW|RW Timer 5 Mode Register
0 0 0 0 0 0 0 0
o1 |o1| o 0 0 o [ o1 | o1
8-bit access register
(16-bit access is possible
7 TMSBC Count 0: Disable from even address)
1: Enable
6 TM5BR Setup 0: Disable
1: Load TM5BR to TM5BC,
Reset the 1/2 divisor circuit,
Fix TMIO output to O.
1:.0 Clock Source Selection 00: TM5IO pin clock (Event timer)
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01: Timer 4 cascade
10: Timer O output clock
11: Low-speed clock (32 kHz)/4

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G



15 14 13 12 11 10 9 8

TM6 | TM6 - - TM6 | TM6 | TM6 | TM6
EN | NLD UD1 | UDO | TGE | ONE

TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
MD1|MDO [ECLR| LP |ASEL| S2 S1 SO

Chapter 9 Appendix

TM6MD :
x'00FE30’

RW |RIW | R R |RW | RIW | RIW | RIW

RW | R'W | RIW | RIW | R'W | RIW | R/IW | RIW

01 | 01 0 0 01| 01 | 01| 01

01|01 |01 |01 |01]| 01|01 |01

15 TM6BC Count

14 TM6BC, T.F.F., RS.F.F.
Operation

11:10 Up/Down Counter Mode
Selection (Ignored when two-
phase encoding is selected.)

9 Count Start External Trigger
Enable
8 Counter Operating Mode Select

7:6  TM6CA, TM6CB Operating
Mode Selection

5 TM6BC Clear When TM6ICis 1

4 TM6BC Clear/TM6CA Reload

3 TMB6IOA Pin Output

2:0 Clock Source Selection

0: Disable 1: Enable
0: Set TM6BC, T.F.F., RS.F.F.t0 0
1: Operate TM6BC, T.F.F., RS.F.F.

00: Up counter

01: Down counter

10: Up when TM6IOA pin is high,
down when TM6IOA pin is low

11: Up when TM6IOB pin is high,
down when TM6IOB pin is low

0: Disable 1: Enable

0: Repeat 1: One-shot counting

00: Compare register (single buffer)

01: Compare register (double buffer)

10: Capture A when TMB6IOA pin is high,
Capture B when TM6IOA pin is low

11: Capture A when TMB6IOA pin is high,
Capture B when TM6IOB pin is high

0: Don't clear 1: Clear*

When TM6BC=TM6CA while up counting

0: Don't clear TM6BC

When TM6BC=0 while down counting

0: Don't reload TM6CA

0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)

000: Timer 4 output

001: Timer 5 output

010: TM6IOB pin clock

011: SYSCLK

100: Two-phase encoder (4x) of TM6IOA
pin, TM6IOB pin

101: Two-phase encoder (1x) of TM6IOA
pin, TM6IOB pin

11*: Reserved

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

1: Clear TM6BC**

1: Reload TMBCA***

Timer 6 Mode Register

16-bit access register

Selecting up/down counting
mode is ignored when two-
phase encoding is slected.

Counting starts on the falling
edge of TM6IOB pin.

Clear TM6EN when TM6BC
matches TM6CA.

During repeat counting, hold the
TM6EN flag state. During one-
shot counting, set the TM6EN
flag to 0 when TM6BC=TM6CA.

* Clear TM6BC synchronizing
externally.

** Clear TM6BC when PWM is
output.

*** When TM6LP is 1 and up-
counting is selected, TM6BC is
cleared to 0 on the next cycle if
TM6BC counts until TM6BC
matches TM6CA or x'FFFF'.
When down counting is se-
lected, TM6BC is set to TM6CA
on the next cycle regardless of
this bit setting if TM6BC be-
comes 0.
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15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM6BC
TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 '00FE32'
BC15 |[BC14 |BC13|BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO X
R R R R R R R R R R R R R R R R TimerGBinary
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 |01 |01|01 |01 |01 0L |O0L|0OL|0OL|0OL|OL|OL|OL|OL|O1L Counter
16-bit access register
15:0 Timer 6 Count Value ) )
TM6BC is a read-only register.
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM6CA
TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 '00FE34'
CA15|CA14|CA13|CA12|CA11|CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CAl | CAO X
RW |RW |RW |RW |RW|RW|RW/|RW|RW]|RW]|RW|RW]|RW]|RW]|RW]|RW Tlmer 6 Compare/
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
o1 |01 |01|01 |01 |01|0L|O0L|0OL|0OL|0OL|O0L]|O0L|O0OL|O0OL|O01L Capture ReglsterA
16-bit access register
15:0 Timer 6 Count Cycle Set the count cycle minus 1. When capture is selected, TM6CA
reads the captured values and a
timer 6 capture A interrupt is gen-
erated when capture occurs.
When compare is selected, set the
PWM cycle. When this register
matches the timer 6 binary
counter, a timer 6 capture A inter-
rupt occurs.
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM6CB
TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 '00FE38"
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO X
RW |RIW | RIW | RIW | RIW | R'W | R'W | RIW | RIW | R'W | R/W | RIW | RIW | RIW | RIW | RIW Timer6Compare/
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
o1 |01 |o01|01 |01 |01 0L |0OL]|0OL|0OL|0OL]|O0L]|O0L|O0OL|O0OL|O01L Capture Reglster B

15:0 Timer 6 PWM Change or Interrupt Generation
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16-bit access register

When capture is selected, TM6CB
reads the captured values and a
timer 6 capture B interrupt is gen-
erated when capture occurs.
When compare is selected, set the
PWM cycle. When this register
matches the timer 6 binary
counter, a timer 6 capture B inter-
rupt occurs.



15 14 13 12 11 10 9 8

TM7 | TM7 - - TM7 | TM7 | TM7 | TM7
EN | NLD UD1 | UDO | TGE | ONE

TM7 | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7
MD1|MDO [ECLR| LP |ASEL| S2 S1 SO
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TM7MD :
x'00FE40’

RW |RIW | R R |RW | RIW | RIW | RIW

RW | R'W | RIW | RIW | R'W | RIW | R/IW | RIW

01 | 01 0 0 01| 01 | 01| 01

01|01 |01 |01 |01]| 01|01 |01

15 TM7BC Count

14 TM7BC, T.F.F., RS.F.F.
Operation

11:10 Up/Down Counter Mode
Selection (Ignored when two-
phase encoding is selected.)

9 Count Start External Trigger
Enable
8 Counter Operating Mode Select

7:6 TM7CA, TM7CB Operating
Mode Selection

5 TM7BC Clear When TM6ICis 1

4 TM7BC Clear/TM7CA Reload

3 TM7IOA Pin Output

2:0 Clock Source Selection

0: Disable 1: Enable
0: Set TM7BC, T.F.F., RS.F.F.t0 0
1: Operate TM7BC, T.F.F., RS.F.F.

00: Up counter

01: Down counter

10: Up when TM7IOA pin is high,
down when TM7I0A pin is low

11: Up when TM7IOB pin is high,
down when TM7IOB pin is low

0: Disable 1: Enable

0: Repeat 1: One-shot counting

00: Compare register (single buffer)

01: Compare register (double buffer)

10: Capture A when TM7IOA pin is high,
Capture B when TM7IOA pin is low

11: Capture A when TM7IOA pin is high,
Capture B when TM7IOB pin is high

0: Don't clear 1: Clear*

When TM7BC=TM7CA while up counting

0: Don't clear TM7BC

When TM7BC=0 while down counting

0: Don't reload TM7CA

0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)

000: Timer 4 output

001: Timer 5 output

010: TM7IOB pin clock

011: SYSCLK

100: Two-phase encoder (4x) of TM7I0A
pin, TM7IOB pin

101: Two-phase encoder (1x) of TM7IOA
pin, TM7IOB pin

11*: Reserved
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1: Clear TM7BC**

1: ReloadTM7CA***

Timer 7 Mode Register

16-bit access register

Selecting up/down counting
mode is ignored when two-
phase encoding is slected.

Counting starts on the falling
edge of TM7IOB pin.

Clear TM7EN when TM7BC
matches TM7CA.

During repeat counting, hold the
TM7EN flag state. During one-
shot counting, set the TM7EN
flag to 0 when TM7BC=TM7CA.

* Clear TM7BC synchronizing
externally.

** Clear TM7BC when PWM is
output.

*** When TM7LP is 1 and up-
counting is selected, TM7BC is
cleared to 0 on the next cycle if
TM7BC counts until TM7BC
matches TM7CA or x'FFFF'.
When down counting is se-
lected, TM7BC is set to TM7CA
on the next cycle regardless of
this bit setting if TM7BC be-
comes 0.
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15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM7BC :
TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 '0O0FE42"'
BC15 |[BC14 |BC13|BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO X
R R R R R R R R R R R R R R R R Timer?Binary
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 |01 |01|01 |01 |01 0L |O0L|0OL|0OL|0OL|OL|OL|OL|OL|O1L Counter
16-bit access register
15:0 Timer 7 Count Value ) )
TM7BC is a read-only register.
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM7CA
TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 '00FEE44"
CA15|CA14|CA13|CA12|CA11|CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CAl | CAO X
RW |RW |RW |RIW | RI'W | RIW | R'W | RI'W | RIW | R'W | RIW | RIW | R'W | RIW | RIW | RIW Tlmer 7 Compare/
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
o1 |01 |01|01 |01 |01|0L|O0L|0OL|0OL|0OL|O0L]|O0L|O0OL|O0OL|O01L Capture ReglsterA
16-bit access register
15:0 Timer 7 Count Cycle Set the count cycle minus 1. When capture is selected, TM7CA
reads the captured values and a
timer 7 capture A interrupt is gen-
erated when capture occurs.
When compare is selected, set the
PWM cycle. When this register
matches the timer 7 binary
counter, a timer 7 capture A inter-
rupt occurs.
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM7CB :
TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 '00FEA48'
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO X
RW |RIW | RIW | RIW | RIW | R'W | R'W | RIW | RIW | R'W | R/W | RIW | RIW | RIW | RIW | RIW Timer?Compare/
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :
o1 |01 |o01|01 |01 |01 0L |0OL]|0OL|0OL|0OL]|O0L]|O0L|O0OL|O0OL|O01L Capture RegISter B

15:0 Timer 7 PWM Change or Interrupt Generation
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16-bit access register

When capture is selected, TM7CB
reads the captured values and a
timer 7 capture B interrupt is gen-
erated when capture occurs.
When compare is selected, set the
PWM cycle. When this register
matches the timer 7 binary
counter, a timer 7 capture B inter-
rupt occurs.



15 14 13 12 11 10 9 8 7 6 5 4

WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Chapter 9 Appendix

WBSWRP :
X'00FFAQ’

WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP | WBSWP |WBSWP-| WBSWP | WBSWP

During read operations, the upper 8 bits
and the lower 8 bits are swapped.

15:0 Word Data Byte Swap Data

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PBSWP | PBSWP| PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP| PBSWP | PBSWP | PBSWP
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | R'W | RW | R'W | RW | R\W | RIW
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP | PBSWP| PBSWP | PBSWP | PBSWP | PBSWP| PBSWP | PBSWP | PBSWP
15 14 13 12 11 10 9 8 23 22 21 20 19 18 17 16

During read operations, the upper 8 bits
are remain and the lower 8 bits of
PBSWPH are read out in the lower 8 bits.

15:0 Pointer Data Byte Swap Data

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PBSWP|PBSWP | PBSWP| PBSWP| PBSWP| PBSWP| PBSWP| PBSWP
23 22 21 20 19 18 17 16

PBSWP|PBSWP | PBSWP| PBSWP| PBSWP|PBSWP| PBSWP| PBSWP

During read operations, the lower 8 bits of
PBSWPL are read out in the upper 8 bits.

7:0 Pointer Data Byte Swap Data

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LBSWP|LBSWP|LBSWP | LBSWP| LBSWP | LBSWP|LBSWP|LBSWP | LBSWP|LBSWP|LBSWP|LBSWP |LBSWP|LBSWP | LBSWP | LBSWP
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | R'W | RW | R'W

LBSWP|LBSWP|LBSWP | LBSWP| LBSWP | LBSWP|LBSWP|LBSWP |LBSWP|LBSWP|LBSWP|LBSWP | LBSWP|LBSWP | LBSWP | LBSWP
23 22 21 20 19 18 17 16 31 30 29 28 27 26 25 24

15:0 Long-word Data Byte Swap During read operations, the lower 8 bits of
Data LBSWPH are read out in the upper 8 bits
and the upper 8 bits of LBSWPH are read
out in the lower 8 bits.
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Word Data Byte Swap
Register

8/16-bit access register

PBSWPL :
x'00FFAZ2'

Pointer Data Byte
Swap Register (Lower)

8/16-bit access register

PBSWPH :
x'00FFA4'

Pointer Data Byte
Swap Register (Upper)

8/16-bit access register

LBSWPL :
X'00FFAG'

Long-word Data Byte
Swap Register (Lower)

8/16-bit access register
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LBSWPH :
x'00FFAS8'

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | R\W | RIW | R\W | R'W
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP|LBSWP
7 6 5 4 3 2 1 0 15 14 13 12 1 10 9 8

15:0 Long-word Data Byte Swap
Data
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During read operations, the lower 8 bits of
LBSWPL are read out in the upper 8 bits

and the upper 8 bits of LBSWPL are read
out in the lower 8 bits.

Long-word Data Byte
Swap Register (Upper)

8/16-bit access register
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15 | 14| 13|12 |12]10]| 9 8 7 6 5 [ 4 | 3 2 1 0 PPLU :
*Note| SB1P | SBOP | PA4P | PA3P | PA2P| PALP | PAOP | CSP [REWEP| P6OP | AHP | AMP | ALP | DHP | DLP , .
% x'00FFBO
R |RW |RW |Rw |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW Port Pullup Control
o|lo|lo|o|o|o|]o|o|oOoO|o|O]|]oO]O|O]|]oO|oO Register
0 |o1|o1|or|o1|o1|or|o1|o1|oL|o1|or|oL|oL]|or|on _ )
*Note: Always set 0. 16-bit access register
14 Pullup Resistors of Serial 1 0: Off 1: On Always set bit 15 to 0.
Related Pins (SBT1, SBI1, SBO1)
13 Pullup Resistors of Serial 0 0: Off 1: On
Related Pins (SBTO, SBI0, SBOO0)
12 Pullup Resistor of IRQ4 (PA4) 0: Off 1:On
11 Pullup Resistor of IRQ3 (PA3) 0: Off 1: On
10 Pullup Resistor of IRQ2 (PA2) 0: Off 1:On
9 Pullup Resistor of IRQ1 (PA1) 0: Off 1:On
8 Pullup Resistor of IRQO (PAO) 0: Off 1: On
7 Pullup Resistors of /CS3 to /CS0O 0: Off 1:On
6 Pullup Resistors of External 0: Off 1: On
Memory Related Pins (/RE,
/BSTRE, /WEH, /WEL) m
5 Pullup Resistor of WAIT (P60) 0: Off 1:On
4 Pullup Resistors of A23to A16 0: Off 1:On
3 Pullup Resistors of A15to A8 0: Off 1: On
2 Pullup Resistors of A7 to AO 0: Off 1: On
1 Pullup Resistors of D15 to D8 0: Off 1: On
0 Pullup Resistors of D7 to DO 0: Off 1: On
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OUT7|{0OUT6|OUT5|{0OUT4|OUT3|OUT2|0OUT1{OUTO
R/W | RIW | RIW | R'W | R'W | RIW | R/W | RIW

01|01 |01 |01 |01 |01 |01 |01

7:0  Port 0 Output

P1 P1 P1 P1 P1 P1 P1 P1
OUT7|{0OUT6|0OUT5{0OUT4|OUT3|OUT2|0OUT1{OUTO

R/W | RIW | RIW | R'W | R'W | RIW | R/W | RIW

01|01 |01 |01 |01 |01 |01 |01

7:0  Port 1 Output

P2 P2 P2 P2 P2 P2 P2 P2
OUT7|0OUT6|OUT5{0OUT4|OUT3|OUT2|OUT1{OUTO

R/W | R'W | RIW | R'W | R'W | RIW | R/W | RIW

01 (01 |01 |01 |01 | 01| 01]| 01

7:0  Port 2 Output

OUT7|0OUT6|0OUT5{0OUT4|OUT3|OUT2|OUT1{OUTO
R/W | RIW | RIW | R'W | R'W | RIW | R/W | RIW

01 (01 |01 |01 |01 | 01| 01|01

7:0  Port 3 Output
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POOUT :
x'00FFCO’

Port O Output
Register

8/16-bit access register

P1OUT :
x'00FFC1'

Port 1 Output
Register

8-bit access register
(16-hit access is possible
from even address)

P20OUT :
x'00FFC2'

Port 2 Output
Register

8/16-bit access register

P3OUT :
X'00FFC3'

Port 3 Output
Register

8-bit access register
(16-bit access is possible
from even address)
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716 ] 5] 4a]3]2]1]o P40OUT :

P4 | Pa | P4 | P4 | Pa| Pa| Pal Pa ' '
OUT7|OUTE|OUTS|OUT4|OUT3|OUT2[OUT[OUTO x'00FFC4
RW [ rRw | Rw | R [ RwW [ RW | RIW [ RW Port 4 Output

0] o] o]o]o]o]| o] o -

01 | 01| 01| 01| 01 01 | 01| 01 RegISter

8/16-bit access register

7:0  Port 4 Output

7 6 5 4 3 2 1 0 PSOUT .
P5 P5 P5 P5 P5 P5 P5 P5 . .
OUT7|0UT6|0UTS|0UT4|0UT3|OUT2|OUTL|OUTO X'00FFC5
RW [ rRw | Rw | R [ RwW [ RW | RIW [ RW Port 5 Output

oo o] oo |[o]o]o .

01 | 01| 01| 01| 01 01 | 01 | 01 RegISter

8-bit access register
(16-bit access is possible

7:0  Port 5 Output from even address)

7] 6] 5] a] s3] 2 1] o P6OUT :
P6 | P6 | P6 | P6 ' '
OUT3|0UT2|oUT1|0UTO X'00FFC6
R|R|R | R |RW|RW|RW|RW Port 6 Output
oloflof| o] o] o|o]o .
o] oo o fot]or]|or]on Register

8/16-bit access register

3:0 Port 6 Output
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P7

P7

P7

P7

P7

P7

P70OUT :
X'00FFC7'

Port 7 Output
Register

8-bit access register
(16-bit access is possible
from even address)

P8OUT :
x'00FFCS8'

OUT5|0UT4|0UT3|0UT2|0UT1|OUTO
R | R |RW|RW|RW|RW|RW |RW
0 0 0 0 0 0 0 0
0 0 |01 |01 |01 | 01| 01|01
5:0 Port 7 Output
7 6 5 4 3 2 1 0
P8 | P8 | P8 | P8 | P8 | P8 | P8 | P8
OUT7|0UT6|0OUT5|0UT4|OUT3|OUT2|OUT1|{OUTO
RIW | RIW | RIW | RIW | RIW | RW | RIW | RIW
0 0 0 0 0 0 0 0
01 | 01 | 01 | 01|01 |01 | 01| o1
7:0  Port 8 Output
7 6 5 4 3 2 1 0
PO | PO | PO | PO | PO | PO | PO | PO
OUT7|0UT6|0UT5|0UT4|OUT3|OUT2|OUT1|{OUTO
RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
01 | 01 | 01 | 01|01 |01 | 01| o1
7:0  Port 9 Output
7 6 5 4 3 2 1 0
PA | PA | PA | PA | PA | PA
OUT5|0UT4|0UT3|0UT2|0UT1|0UTO
R | R |RW|RW|RW|RW|RW |RW
0 0 0 0 0 0 0 0
0 0 |01 |01 |01 |01]|o01]|o01
5:0 Port A Output
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Port 8 Output
Register

8/16-bit access register

POOUT :
x'00FFC9'

Port 9 Output
Register

8-bit access register
(16-bit access is possible
from even address)

PAOUT :
X'00FFCA'

Port A Output
Register

8/16-bit access register
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7] 6] s ]als3]2]1]o POIN :
PO [ PO | PO | PO | PO|PO| PO PO , ,
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO x'00FFDO
R|IR|R|RIR|IR|RIR Port O Input
Port | Port | Port | Port | Port | Port | Port | Port .
on | o1 o1 o1 |or|or|or|on Register

8/16-bit access register

7:0 Port O Input

7 6 5 4 3 2 1 0 P 1 I N .
P1 P1 P1 P1 P1 P1 P1 P1 ' '
IN7 | IN6 | IN5 | IN4 | IN3 [ IN2 [ IN1 | INO X OOFFDl
R[R|R[R[R[R|R[R Port 1 Input
Port | Port | Port | Port | Port | Port | Port | Port .
o101 |01 |01 |01 ]| 01|01 |01 Reg Ister

8-bit access register
(16-bit access is possible

7:0  Port1input from even address)
7 6 5 4 3 2 1 0 P 2 I N
P2 | P2 | P2 | P2|P2|P2]|P2]| P2 \ ,
IN7 [ IN6 | IN5 | IN4 [ IN3 | IN2 | IN1 | INO X OOFFD2
R|R|IR|IRIR|R|RI|R Port 2 Input
Port | Port | Port | Port | Port | Port | Port | Port .
01|01 |01 |01 |01 |01 )| 01|01 Reg Ister

8/16-bit access register

7:0  Port 2 Input
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IN7 | IN6 [ IN5 [ IN4 | IN3 | IN2 | IN1 | INO

Port | Port | Port | Port | Port | Port | Port | Port
01 |01 |01 |01 |01 |01 |01 |01

7:0 Port 3 Input

P4 P4 P4 P4 P4 P4 P4 P4
IN7 [ IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO

Port | Port | Port | Port | Port | Port | Port | Port
01 (01 |01 |01 |01 | 01| 01|01

7:0 Port4Input

P5 P5 P5 P5 P5 P5 P5 P5
IN7 [ IN6 | INS | IN4 | IN3 | IN2 | IN1 | INO

Port | Port | Port | Port | Port | Port | Port | Port
01 (01 |01 |01 |01 | 01| 01|01

7:0  Port5Input
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P3IN :
X'00FFD3'

Port 3 Input
Register

8-bit access register
(16-bit access is possible
from even address)

P4IN :
x'00FFD4'

Port 4 Input
Register

8/16-bit access register

P5IN :
x'00FFD5'

Port 5 Input
Register

8-bit access register
(16-bit access is possible
from even address)



7 6 5 4 3 2 1 0
P6 | P6 | P6 | P6
IN3 | IN2 | IN1 | INO
R | R R | R R | R R R
0 0 0 0 Port | Port | Port | Port
0 0 0 0 |01 |01 |o01|on
3:0 Port 6 Input
7 6 5 4 3 2 1 0
PT | P7T | PT | PT | PT | P7
IN5 | IN4 | IN3 | IN2 | IN1 | INO
R R | R R | R R R
1 | Port | Port | Port | Port | Port | Port
1 | o1 |o1 |01 | 01| 01|01
5:0 Port 7 Input
7 6 5 4 3 2 1 0
P8 | P8 | P8 | P8 | P8 | P8 | P8 | P8
IN7 | IN6 | IN5 | IN4 | IN3 [ IN2 | IN1 | INO
R R | R R R | R R | R
Port | Port | Port | Port | Port | Port | Port | Port
01| 01| 01| 01|01 |o1|o1|on
7:0  Port 8 Input
7 6 5 4 3 2 1 0
PO | PO | PO | PO | PO | PO | PO | P9
IN7 [ IN6 | IN5 | IN4 | IN3 [ IN2 | IN1 | INO
R R | R R R | R R | R
Port | Port | Port | Port | Port | Port | Port | Port
01| 01| 01| 01|01 |o1|o1|on
7:0  Port 9 Input

Chapter 9 Appendix

P6IN :
X'00FFD6'

Port 6 Input
Register

8/16-bit access register

P7IN :
xX'0O0FFD7'

Port 7 Input
Register

8-bit access register

(16-bit access is possible

from even address)

P8IN :
x'00FFD8'

Port 8 Input
Register

8/16-bit access register

POIN :
x'00FFD9'

Port 9 Input
Register

8-bit access register

(16-bit access is possible

from even address)
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NMI | PA PA PA PA PA PA
INS5 | IN4 [ IN3 | IN2 | IN1 | INO

R|R|R|R|R|R|R|R
0 [ NMI | Port | Port | Port | Port | Port | Port
0 o1 |01 |01 |01 |01]|o01]| 01
5:0 Port A Input
7 6 5 4 3 2 1 0
PO
DIRO
R R R R |RW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 | on
0 All Pin Input/Output of Port O 0: Input
1: Output
7 6 5 4 3 2 1 0
P1
DIRO
R R R R |RW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 | on
0 All Pin Input/Output of Port 1 0: Input
1: Output
252
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PAIN :
x'O0FFDA'

Port A Input
Register

8-bit access register
(16-bit access is possible
from even address)

Bit 6 is the level of /NMI pin.

PODIR :
X'00FFEOQ'

Port O Input/Output
Control Register

8/16-bit access register

Setting 1 is allowed only when
port 0 is used.

P1DIR :
X'00FFE1"

Port 1 Input/Output
Control Register

8-bit access register
(16-bit access is possible
from even address)

Setting 1 is allowed only when
port 1 is used.



7 6 5 | 4| 3 2 1 0
P2 P2
DIR4 DIRO
R|R|R|RW|R|R| R |RW
o|lo|lo|o|o|oO0]|o0]oO
o|of|of|or|o| o] o |o1
4 Bits [7:4] Input/Output of Port 2 0: Input
1: Output
0 Bits [3:0] Input/Output of Port 2 0: Input
1: Output
7 6 5 | 4| 3 2 1 0
P3 | P3| P3| P3| P3| P3| P3| P3
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIRL | DIRO
RIW | RIW | RIW | RW | RIW | RIW | RIW | RIW
o|of|o0o| o] o o| oo
o1 | o1 | o1 |o1|o1|o1|on|on
7:0 Each Pin Input/Output of Port 3 0: Input
1: Output
7 6 5 | 4 3 2 1] o0
P4 | P4 | PA | P4 | PA | P4 | P4 | P4
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIR1 | DIRO
RW | RW | RIW | RW | RIW | RIW | RW | RIW
o| o o] o o|o | o] o
o1 | o1 |01 |o1|o1|o0L|o1|on
7:0  Each Pin Input/Output of Port 4 0: Input

1: Output
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P2DIR :
X'00FFEZ2'
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Port 2 Input/Output
Control Register

8/16-bit access register

Selecting 1 is not allowed in ad-
dress/data separated mode dur-
ing processor mode.

P3DIR :
X'00FFES'

Port 3 Input/Output
Control Register

8-bit access register
(16-hit access is possible
from even address)

Selecting 1 is not allowed in ad-
dress/data separated mode dur-
ing processor mode.

P4DIR :
X'00FFE4'

Port 4 Input/Output
Control Register

8/16-bit access register
Selecting 1 is not allowed in ad-

dress/data separated mode dur-
ing processor mode.
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DIR7 | DIR6 | DIRS | DIR4 | DIR3 | DIR2 | DIR1 | DIRO
R/W | R'W | RIW | RIW | R'W | RIW | R/IW | RIW

01|01 |01 |01 |01 ]| 01|01 01

7:0 Each Pin Input/Output of Port 5 0: Input
1: Output

DIR3 | DIR2 | DIR1 | DIRO

o
o
o
o
o
o
o
o

0 0 0 0 o1 ] 01| 01|01

3:0 Each Pin Input/Output of Port 6 O: Input
1: Output

7 6 5 4 3 2 1 0

*Note|*Note| P7 | P7 | P7 | P7 | P7 | P7
DIR5 | DIR4 | DIR3 | DIR2 | DIR1 | DIRO
R R |RW |RW | RW | RW | RIW | RIW
0 0 0 0
0 0 01|01 |01 |01]| 01|01
*Note: Always set 0.

o
o
o
o

5:0 Each Pin Input/Output of Port 7 0: Input
1: Output
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P5DIR :
x'00FFES'

Port 5 Input/Output
Control Register

8-bit access register
(16-hit access is possible
from even address)

Setting 1 to bits[7:6] and
bits[3:0] of this register is not al-
lowed during processor mode.

P6DIR :
X'0O0FFEG'

Port 6 Input/Output
Control Register

8/16-bit access register

Setting 1 to bits[3:1] of this regis-
ter is not allowed during proces-
sor mode.

P7DIR :
X'0O0FFE7'

Port 7 Input/Output
Control Register

8-bit access register
(16-bit access is possible
from even address)



1: Output

1: Output

P8 | P8 | P8 | P8 | P8 | P8 | P8 | P8
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIRL | DIRO
RW | RW | RW | RW | RIW | RIW | RIW | RIW
o|lof|o|o|o|]o0o]|o0o]o
o1 | o1 | o1 |o1|o1|o1|on|on
7:0 Each Pin Input/Output of Port 8 0: Input
716 |5 | 4] 3]2 1] o0
PO | PO | PO | PO | PO | PO | PO | P9
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIR1 | DIRO
RIW | RW | RW | RIW | RIW | RIW | RIW | RIW
o|lo|o|o|]o|]o0o]|]o]o
o1 | o1 | o1 |o1|oL|or|or|on
7:0  Each Pin Input/Output of Port 9 0: Input
7|16 | 5| 4] 3|2 1] o0
PA | PA | PA | PA | PA | PA
DIRS | DIR4 | DIR3 | DIR2 | DIRL | DIRO
R | R |RW|RW|RW|RW|RW |RW
ojlojojo|o]|o]|o0o]o
0 | o [o1|o1|or|o1]|or]|on
5:0 Each Pin Input/Output of Port A

0: Input
1: Output
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P8DIR :
x'00FFES'

Port 8 Input/Output
Control Register

8/16-bit access register

PODIR :
X'00FFE9'

Port 9 Input/Output
Control Register

8-bit access register
(16-hit access is possible
from even address)

PADIR :
X'0O0FFEA'

Port A Input/Output
Control Register

8/16-bit access register
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7 6 5 4 3 2 1 0
PO
MDO
R R R R R |RW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 o | o1
0 Port 0 Output 0: P07 to POO Output
1: D7 to DO (AD7 to ADO) I/O
7 6 5 4 3 2 1 0
P1
MDO
R R R | R R |RW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 o | o1
0 Port 1 Output 0: P17 to P10 Output
1: D15 to D8 (AD15 to AD8) I/O
7 6 5 4 3 2 1 0
P2 P2
MD4 MDO
R R |[RW| R R R |RW
0 0 0 0 0 0 0 0
0 0 o o1 o 0 0 | on
4 Port 2 Output 0: P27 to P24 Output
1: AO7 to AO4 Output
0 Port 2 Output 0: P23 to P20 Output
1: AO3 to AOO Output
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POMD :
X'00FFFO'

Port 0 Output Mode
Register

8/16-bit access register

POMD is valid and used as a
port when /WORD pin = 'H' and
MEMMDn[8] (n=1 to 3) = "H".

P1MD :
X'00FFF1'

Port 1 Output Mode
Register

8-bit access register
(16-bit access is possible
from even address)

P1MD is invalid during proces-
sor mode.

P2MD :
X'0O0FFF2'

Port 2 Output Mode
Register

8/16-bit access register

P2MD is invalid in address/data
separated mode during proces-
sor mode.
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7 6 5 4 3 2 1 0 P3MD :

P3| P3| P3| P3| P3| P3| P3| P3 , .
MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO X'00FFF3

rRW | Rw | Rw [ RW | RW | RW | RIW | R Port 3 Output Mode
o lo]o]olo|o|o]o Regist

o1 | oL | o1 | o1 | ot | oL | ot | ot egister

8-bit access register
(16-bit access is possible

7 Port 3 Output 0: P37 output 1: A15 output from even address)
6 Port 3 Output 0: P36 output 1: Al4 output P3MD is invalid in address/data
separated mode during proces-
5 Port 3 Output 0: P35 output 1: A13 output sor mode.
4 Port 3 Output 0: P34 output 1: A12 output
3 Port 3 Output 0: P33 output 1: A11 output
2 Port 3 Output 0: P32 output 1: A10 output
1 Port 3 Output 0: P31 output 1: AO9 output
0 Port 3 Output 0: P30 output 1: AO8 output
7 6 5 4 3 2 1 0 PAMD
PA | P4 | PA | P4 | P4 | P4 | P4 | P4 . .
MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO x'00FFF4
R/W | RIW | RIW | RIW | R'W | RIW | RIW | RIW Port 4 Output Mode
0 0 0 0 0 0 0 0 Regist
01 | o1 | o1 |01 |01 | o1 on|on egister

8/16-bit access register

7 Port 4 Output 0: P47 output
1: A23 output or WDOUT output*
Bits[5:0] of PAMD are invalid
6 Port 4 Output 0: P46 output during processor mode.

1: A22 output or STOP output*
* Selection is determined by set-

ting with P6MD.

5 Port 4 Output 0: P45 output 1: A21 output
4 Port 4 Output 0: P44 output 1: A20 output
3 Port 4 Output 0: P43 output 1: A19 output
2 Port 4 Output 0: P42 output 1: A18 output
1 Port 4 Output 0: P41 output 1: A17 output
0 Port 4 Output 0: P40 output 1: A16 output
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7 6 5 | 4 | 3 2 1 0
PS5 | P5 | PS5 | P5 | P5 | P5 | P5
MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO
R |RW |RW | RW | RW | RW | RW | RIW
0| o 0| o 0 0| o 0
0 |o1|o1|o1|o1|o1| o1 | o1
6 Port 5 Output 0: P56 output
1: /BSTRE output (address/data separated mode)
0: P56 output
1: ALE (/ALE) output (address/data shared mode)
5 Port 5 Output 0: P55 output 1: /BRACK output
4 Port 5 Output 0: P54 output 1: /BREQ Input
3 Port 5 Output 0: P53 output 1: /CS3 output
2 Port 5 Output 0: P52 output 1: /CS2 output
1 Port 5 Output 0: P51 output 1: /CS1 output
0 Port 5 Output 0: P50 output 1: /CSO0 output
7 6 5 | 4| 3 2 1 0
P6 | P6 P6 | P6 | P
MD7 | MD6 MD3 | MD2 | MD1
RW |RW | R RW |RW |[RW | R
0| o 0| o 0 ) 0
o1 |o1| o | o0 |[01|OL]|01]| O
7 Selection When P4MD?7 is High 0: A23 output 1: WDOUT output
6 Selection When P4MD6 is High 0: A22 output 1: STOP output
3 Port 6 Output 0: P63 output 1: /WEH output
2 Port 6 Output 0: P62 output 1: /WEL output
1 Port 6 Output 0: P61 output 1: /RE output
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P5MD :
X'00FFF5'

Port 5 Output Mode
Register

8-bit access register
(16-hit access is possible
from even address)

Bits[6, 3:0] of P5SMD are invalid
during processor mode.

P6MD :
X'0O0FFFG6'

Port 6 Output Mode
Register

8/16-bit access register

Bits[3:1] of P6MD are invalid
during processor mode.



7 6 5 4 3 2 1 0
P7 P7 P7 P7
MD5 MD3 | MD2 MDO
R R |[RW| R |RW|RW| R |RW
0 0 0 0 0 0 0 0
0 0 0/1 0 01 | 01 0 0/1

Port 7 Output

Port 7 Output

Port 7 Output

Port 7 Output

0: P75 output

0: P73 output

0: P72 output

0: P70 output

1: SBO1 output

1: SBT1 output

1: SBOO output

1: SBTO output

Chapter 9 Appendix

P7MD :
X'O0FFF7'

Port 7 Output Mode

Register

8-bit access register

(16-bit access is possible

from even address)

76 5] 4] 3] 2]1]o0 PSMD
pe | P8 | P8 | P3| P8 | P8 | P8 | P8 ' .
MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO X'00FFF8

RW | RW | RW | Rw | Rw | Rw | RW | RW Port 8 Output Mode
olo]o]olo|o]|o]o Regist

o1 | oL | o1 | o1 | ot | oL | ot | ot egister

8/16-bit access register

7 Port 8 Output 0: P87 output 1: TM6IOB output
6 Port 8 Output 0: P86 output 1: TM6IOA output
5 Port 8 Output 0: P85 output 1: TM5IO output
4 Port 8 Output 0: P84 output 1: TM4I0 output
3 Port 8 Output 0: P83 output 1: TM3IO output
2 Port 8 Output 0: P82 output 1: TM2IO output
1 Port 8 Output 0: P81 output 1: TM1IO output
0 Port 8 Output 0: P80 output 1: TMOIO output
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MD2 | MD1

o

o
o
o
o
o
o
o

0 0 0 0 o1 | 01 0

260

Port 9 Output 0: P92 output

Port 9 Output 0: P91 output
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1: TM7IOB output

1: TM710A output

POMD :
xX'00FFF9'

Port 9 Output Mode
Register

8-bit access register
(16-hit access is possible
from even address)
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9-2-3 List of Pin Functions

EE = External excitation

Pin Name oil | St | Seooar | el | RESET* | RESET* | RESET® | BREQ='L"| SToPIHALT
P60,WAIT TTL CMOS Yes Programmable Hi-Z2 Hi-Z2 Hi-Z2 * *
P61,RE TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z atRE Hi-Z atRE
P62,WEL TTL CMOS Yes Programmable Hi-Z2 Hi-Z2 Hi-Zz Hi-Z at WEL | Hi-Z at WEL
P63,WEH TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z atWEH | Hi-Z at WEH
PSO,m TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at CS0 Hi-Z at CS0
P51.CS1 TTL CMOS Yes Programmable Hi-Z Hi-z Hi-Z Hi-ZatCSL | Hi-zatCsi
P52,CS2 TTL CMOS Yes Programmable Hi-Z Hi-Z2 Hi-Z2 Hi-zatCS2 | Hi-zatcs2
P53.CS3 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-ZatCsS3 | Hi-zatCs3
P54,BREQ TTL CMOS Yes No Hi-Z2 Hi-Z2 Hi-z Low *
10 P55,BRACK TTL CMOSs Yes No Hi-Z Hi-Z Hi-Z Low *
11 P56,ALE Em TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Zz Hi-Z except P56 | Hi-Z except P57
12 P57, WORD TTL CMOSs Yes No Hi-Z Hi-Z Hi-Z * *
13 P20,A00 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at AOO Hi-Z at AOO
14 P21,A01 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at AO1 Hi-Z at AO1
15 P22,A02 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A02 Hi-Z at A02
16 P23,A03 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at AO3 Hi-Z at AO3
17 VDD - - - - - - - - -
18 SYSCLK - CMOSs - No High High High * *4
19 VSS - - - - - - - - -
20 X - - - - - - - - -
21 X0 - - - - High(EE) High(EE) High(EE) * *4
22 VDD - - - - - - - - -
23 OSCl - - - - - - - - -
24 0OSsCco - - - - High(EE) High(EE) High(EE) * *5
25 MODE CMOS - Yes No High(lnput) | Low(lnput) | Low(Input) MODE MODE
26 P24,A04 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A04 Hi-Z at A04
27 P25,A05 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at AO5 Hi-Z at A05
28 P26,A06 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A06 Hi-Z at A06
29 P27,A07 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at AO7 Hi-Z at AO7
30 P30,A08 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A08 Hi-Z at AO8
31 P31,A09 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A09 Hi-Z at A09
32 P32,A10 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A10 Hi-Z at A10
33 P33,A11 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A11 Hi-Z at A11
34 VDD - - - - - - - - -
35 P34,A12 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A12 Hi-Z at A12
36 P35,A13 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A13 Hi-Z at A13
37 P36,A14 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A14 Hi-Z at A14
38 P37,A15 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A15 Hi-Z at A15
39 P40,A16 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A16 Hi-Z at A16
40 P41,A17 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A17 Hi-Z at A17
41 P42,A18 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A18 Hi-Z at A18
42 P43,A19 TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A19 Hi-Z at A19
43 VSS - - - - - - - - -
44 P44,A20,AN4 Analog CMOSs No Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A20 Hi-Z at A20
45 P45,A21,AN5 Analog CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A21 Hi-Z at A21
46 | P46,A22,STOP,AN6 Analog CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A22 Hi-Z at A22
47 | P47,A23, WDOUT,AN7 Analog CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A23 Hi-Z at A23
48 P80,TM0IO CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *
49 P81,TM1I0 CMOS*6 CMOS Yes No Hi-Z2 Hi-Z Hi-Zz * *
50 P82,TM2I10 CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *
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51 P83,TM3I0 CMOS*6 CMOs Yes No Hi-Z2 Hi-Z Hi-Z2 * *

52 P84,TM410 CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Zz * *

53 P85,TM510 CMOS*6 CMOs Yes No Hi-Z2 Hi-z Hi-Z * *

54 VDD - - - - - - - - -

55 P86,TM6I0A CMOS*6 CMOs Yes No Hi-Z2 Hi-z Hi-Z * *

56 P87,TM610B CMOS*6 CMOS Yes No Hi-Z2 Hi-Z Hi-Z2 * *

57 P90, TM6IC CMOS*6 CMOs Yes No Hi-Z2 Hi-z Hi-Z * *

58 P91, TM7I0A CMOS*6 CMOS Yes No Hi-Z2 Hi-Z Hi-Z2 * *

59 P92,TM710B CMOS*6 CMOS Yes No Hi-Z2 Hi-z Hi-Z2 * *

60 P93, TM7IC CMOS*6 CMOS Yes No Hi-Z2 Hi-Z Hi-Z * *

61 VSS - - - - - - - - -

62 P94,ANO Analog CMOS No No Hi-Z2 Hi-Z Hi-Z2 * *

63 P95,AN1 Analog CMOS No No Hi-Z2 Hi-Z Hi-Z2 * *

64 P96,AN2 Analog CMOS No No Hi-Z2 Hi-Z Hi-Z * *

65 P97,AN3 Analog CMOS No No Hi-Z2 Hi-Z Hi-Z2 * *

66 VDD(VPP) - - - - - - - - -

67 P70,SBTO CMOS*6 CMOs Yes Programmable Hi-Z Hi-Z Hi-Z2 * *

68 P71,SBIO CMOS*6 CMOS Yes Programmable Hi-Z2 Hi-Z Hi-Z * *

69 P72,SBO0 CMOS*6 CMOs Yes Programmable Hi-Z Hi-Z Hi-Z2 * *

70 P73,SBT1 CMOS*6 CMOS Yes Programmable Hi-Z2 Hi-Z Hi-Z * *

71 P74,SBI1 CMOS*6 CMOs Yes Programmable Hi-Z Hi-Z Hi-Z * *

72 P75,5BO1 CMOS*6 CMOS Yes Programmable Hi-Z2 Hi-Z Hi-Z * *

73 Pull-up - - - - - - - - -

74 Pull-up - - - - - - - - -

75 N CMOS*6 - Yes No M M Y M NMI

76 PAom TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z * *

77 PAIW TTL CMOs Yes Programmable Hi-Z Hi-Z Hi-Z2 * *

78 P/’-\Zm TTL CMOSs Yes Programmable Hi-Z Hi-Z Hi-Z * *

79 PASW TTL CMOs Yes Programmable Hi-Z Hi-Z Hi-Z2 * *

80 PA4.IRQ4 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

81 PA5,ADSEP CMOS CMOS Yes No Hi-Z Highlnput) | Low(Input) * *

82 RST CMOS - Yes Always Low(Input) | Low(Input) | Low(Input) High High

83 VDD - - - - - - - - -

84 P00,D00,AD0O0O TTL CMOSs No Programmable Hi-Z2 Hi-Z Hi-Z Hi-Z except P00 | - Hi-Z except P00
85 P01,D01,AD0O1 TTL CMOS No Programmable Hi-Z Hi-Z2 Hi-Z Hi-Z except PO1 | Hi-Z except PO1
86 P02,D02,AD02 TTL CMOSs No Programmable Hi-Z2 Hi-Z Hi-Z Hi-Z except P02 | Hi-Z except P02
87 P03,D03,AD03 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except PO3 |  Hi-Z except P03
88 P04,D04,AD04 TTL CMOSs No Programmable Hi-Z2 Hi-Z Hi-Z Hi-Z except P04 | Hi-Z except P04
89 P05,D05,AD05 TTL CMOS No Programmable Hi-Z Hi-Zz Hi-Z Hi-Z except PO5 |  Hi-Z except P05
90 P06,D06,AD06 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P06 | Hi-Z except P06
91 P07,D07,AD0O7 TTL CMOS No Programmable Hi-Z Hi-Zz Hi-Z Hi-Z except PO7 |  Hi-Z except PO7
92 VSS - - - - - - - - -

93 P10,D08,AD08 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P10 | Hi-Z except P10
94 P11,D09,AD09 TTL CMOSs No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P11 | - Hi-Z except P11
95 P12,010,AD10 TTL CMOS No Programmable Hi-Z Hi-Zz Hi-Z Hi-Z except P12 | Hi-Z except P12
96 P13,D11,AD11 TTL CMOSs No Programmable Hi-Z2 Hi-Z Hi-Z Hi-Z except P13 | - Hi-Z except P13
97 P14,D12,AD12 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P14 | Hi-Z except P14
98 P15,D13,AD13 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P15 | Hi-Z except P15
99 P16,D14,AD14 TTL CMOS No Programmable Hi-Z Hi-Zz Hi-Z Hi-Z except P16 | Hi-Z except P16
100 P17,D15,AD15 TTL CMOSs No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P17 | - Hi-Z except P17

*: Depends on pin setting

*1: Single-chip mode

*4: High during STOP mode

*2:Processor mode (Address/Data separated mode) *3: Processor mode (Address/Data shared mode)

*5:High during STOP and HALT 1 mode
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9-3 MN10200 Series Linear Addressing Version Instructions

MN102L00 SERIES INSTRUCTION SET

Instruction Mnemonic Operation op Flag que Cycle Machine Code
EX. | VX | CX | NX | ZX | VF | CF | NF | ZF |Size
MOV MOV Dm,An Dm-An - — - = = = = - - 2 2 | F2:30+Dm<<2+An
MOV An,Dm An-Dm - - - - - - - - - 2 2 | F2:FO+An<<2+Dm
MOV Dn,Dm Dn-Dm - = =] = = -1 - -] - 1 1 | 80+Dn<<2+Dm *1
MOV An,Am An-Am - - - - - - - - - 2 2 | F2:70+An<<2+Am
MOV PSW,Dn PSW -.Dn o —| =| —=| =| =] =] =| —=| 2 2 | F3:FO+Dn
MOV Dn,PSW Dn-PSW — | e e e |0 (o |0 2 3 | F3:D0+Dn<<2
MOV MDR,Dn MDR -Dn o —| =| =| =| =] =] =| —=| 2 2 | F3:E0+Dn
MOV Dn,MDR Dn-MDR - = - - - -] -1 -] -1 2 2 | F3:C0+Dn<<2
MOV (An),Dm mem16(An) -Dm S| —| = = =] =] -] -] - 1 1 | 20+An<<2+Dm
MOV (d8,An),Dm mem16(An+d8) -Dm S| - - - -] -1 -1 -1 - 2 1 | 60+An<<2+Dm:d8
MOV (d16,An),Dm mem16(An+d16) -Dm S| | =| =| =| =| =| =| —| 4 2 | F7:CO+An<<2+Dm:d16-1:d16-h
MOV (d24,An),Dm mem16(An+d24) -Dm S| —| =| =| =| =| =| =] - 5 3 | F4:80+An<<2+Dm:d24-l:d24-m:d24-h
MOV (Di,An),Dm mem16(An+Di) -Dm S| —| -] =| =| =] —=| —-| -] 2 2 | F1:40+Di<<4+An<<2+Dm
MOV (abs16),Dn mem16(abs16)-Dn S| —| = - -] -1 -1 -1 - 3 1 | C8+Dn:abs16-l:abs16-h
MOV (abs24),Dn mem16(abs24)-Dn S| —-| =-| =| =| =] =| =-| -] 5 3 | F4:C0+Dn:abs24-l:abs24-m:abs24-h
MOV (An),Am mem24(An) -Am = e D e e e 2 2 *2
MOV (d8,An),Am mem24(An+d8) ~Am - = =] =] = =] = =1 -] 2 2 | 70+An<<2+Am:d8
MOV (d16,An),Am mem24(An+d16) ~Am e e e B e e e 4 3 | F7:BO+An<<2+Am:d16-1:d16-h
MOV (d24,An),Am mem24(An+d24) -Am - = =] =] = =] = = -] 5 4 | F4:FO+An<<2+Am:d24-1:d24-m:d24-h
MOV (Di,An),Am mem24(An+Di) -Am e e e e e e e 2 3 | F1:00+Di<<4+An<<2+Am
MOV (abs16),An mem24(abs16) -An - - - = = = = - - 4 3 | F7:30+An:abs16-l:abs16-h
MOV (abs24),An mem24(abs24) -An = e el e e e e 5 4 | F4:D0+An:abs24-l:abs24-m:abs24-h
MOV Dm,(An) Dm -mem16(An) - = = = =] = =] =] - 1 1 | 00+An<<2+Dm
MOV Dm,(d8,An) Dm -mem16(An+d8) - = =] =] = -] - -1 -] 2 1 | 40+An<<2+Dm:d8
MOV Dm,(d16,An) Dm -mem16(An+d16) - = = = =] = =] -] - 4 2 | F7:80+An<<2+Dm:d16-l:d16-h
MOV Dm,(d24,An) Dm-mem16(An+d24) - - =1 =] = -] - -1 -] 5 3 | F4:00+An<<2+Dm:d24-:d24-m:d24-h
MOV Dm,(Di,An) Dm -mem16(An+Di) = e D e e e 2 2 | F1:CO+Di<<4+An<<2+Dm
MOV Dn,(abs16) Dn-mem16(abs16) - = =] =1 = =] - -1 -] 3 1 | CO+Dn:abs16-l:abs16-h
MOV Dn,(abs24) Dn-mem16(abs24) e e e D e e e 5 3 | F4:40+Dn:abs24-l:abs24-m:abs24-h
MOV Am,(An) Am —~mem24(An) - = =] =] = =] = = -] 2 2 *3
MOV Am,(d8,An) Am -mem24(An+d8) e e e B e e e 2 2 | 50+An<<2+Am:d8
MOV Am,(d16,An) Am ~mem24(An+d16) - = =] =] = =] = - -] 4 3 | F7:A0+An<<2+Am:d16-:d16-h
MOV Am,(d24,An) Am -mem24(An+d24) = e el e e e e 5 4 | F4:10+An<<2+Am:d24-l:d24-m:d24-h
MOV Am,(Di,An) Am -mem24(An+Di) - = = = =] = =] =] - 2 3 | F1:80+Di<<4+An<<2+Am
MOV An,(abs16) An -mem24(abs16) - = =] =] = -] - - -] 4 3 | F7:20+An:abs16-l:abs16-h
MOV An,(abs24) An -mem?24(abs24) - = = = =] = =] -] - 5 4 | F4:50+An:abs24-l:abs24-m:abs24-h
MOV imm8,Dn imm8 -Dn S| —-| - = - -] —-| -] - 2 1 | 80+Dn<<2+Dn:iimm8
MOV imm16,Dn imm16 -Dn S| —-| =| =| =| =| =| =] - 3 1 | F8+Dn:imm16-:imm16-h
MOV imm24,Dn imm24 -.Dn - — - = = = = - - 5 3 | F4:70+Dn:imm24-l:imm24-m:imm24-h
MOV imm16,An imm16 -An 0 - = =] = = -] - - 3 1 | DC+An:iimm16-l:imm16-h
MOV imm24,An imm24 - An - — - = = = = - - 5 3 | F4:74+An:imm24-l:imm24-m:imm24-h
MOVX MOVX (d8,An),Dm mem24(An+d8) ~Dm - =1 = = =] = -] -] - 3 3 | F5:70+An<<2+Dm:d8
MOVX (d16,An),Dm mem24(An+d16) -Dm - = =] =] = =] = = -] 4 3 | F7:70+An<<2+Dm:d16-l:d16-h
MOVX (d24,An),Dm mem24(An+d24) .Dm e e e e e e e 5 4 | F4:BO+An<<2+Dm:d24-:d24-m:d24-h
MOVX Dm,(d8,An) Dm -mem24(An+d8) - = =] = = -] - -1 -] 3 3 | F5:50+An<<2+Dm:d8
MOVX Dm,(d16,An) Dm -mem24(An+d16) = e el e e e e 4 3 | F7:60+An<<2+Dm:d16-:d16-h
MOVX Dm,(d24,An) Dm -mem24(An+d24) - = = = =] = =] =] - 5 4 | F4:30+An<<2+Dm:d24-1:d24-m:d24-h
MOVB MOVB (An),Dm mem8(An) -Dm S| —| =] =| =| -] —=| —-| -] 2 2 *4
MOVB (d8,An),Dm mem8(An+d8) ~Dm S| —| = =| =| =| =| =] - 3 2 | F5:20+An<<2+Dm:d8
MOVB (d16,An),Dm mem8(An+d16) ~Dm S| —=| =| =| =| =| =| =| -| 4 2 | F7:D0+An<<2+Dm:d16-1:d16-h
MOVB (d24,An),Dm mem8(An+d24) -Dm S| —| = - -] -1 -1 -1 - 5 3 | F4:A0+An<<2+Dm:d24-:d24-m:d24-h
MOVB (Di,An),Dm mem8(An+Di) -Dm S| —| =| =| =| =] =| =| -] 2 2 | F0:40+Di<<4+An<<2+Dm
MOVB (abs16),Dn mem8(abs16)-Dn S| —| = - -] -1 -1 -1 - 4 2 *5
MOVB (abs24),Dn mem38(abs24) -Dns S| —-| =| =| =| =| =| =| -] 5 3 | F4:C4+Dn:abs24-l:abs24-m:abs24-h
MOVB Dm,(An) Dm -mem8(An) e e e B e e e 1 1 | 10+Dm<<2+An
MOVB Dm,(d8,An) Dm -mem8(An+d8) - = =] = = -] - -1 -] 3 2 | F5:10+An<<2+Dm:d8
MOVB Dm,(d16,An) Dm -mem8(An+d16) = e el e e e e 4 2 | F7:90+An<<2+Dm:d16-1:d16-h
MOVB Dm,(d24,An) Dm -mem8(An+d24) - = = = =] = =] =] - 5 3 | F4:20+An<<2+Dm:d24-l:d24-m:d24-h
MOVB Dm,(Di,An) Dm -mem8(An+Di) - = =] =] = -] - - -] 2 2 | FO:CO+Di<<4+An<<2+Dm
Notes: *1 Itis not possible to specify that Dn=Dm.
*2 This instruction is supported by the assembler. For "MQOV (d8,An),Am" the assembler will generate a bit pattern for d8=0.
*3  This instruction is supported by the assembler. For "MOV Am,(d8,An)" the assembler will generate a bit pattern for d8=0.

*4 This instruction is supported by the assembler. The assembler generates bit patterns for the two instructions "MOVBU (An),Dm" and "EXTXB Dm".
*5  This instruction is supported by the assembler. The assembler generates bit patterns for the two instructions "MOVBU (abs16),Dn" and "EXTXB Dn".
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Instruction Mnemonic Operation oP Flag C(_)de Cycle Machine Code
EX. | VX | CX | NX | ZX | VF | CF | NF | ZF |Size
MOVB | MOVB Dn,(abs16) Dn -mem8(abs16) - |- =-1=-]-/-1-1-1-13 1 | C4+Dn:abs16-l:abs16-h
MOVB Dn,(abs24) Dn -mem8(abs24) -l - == =-1=-1-1-1- 3 | F4:44+Dn:abs24-l:abs24-m:abs24-h
MOVBU | MOVBU (An),Dm mem8(An) -Dm 0 -l === =-]1-1-1- 1 1 | 30+An<<2+Dm
MOVBU (d8,An),Dm | mem8(An+d8) ~Dm o|-|-|-]|-|-|-1-|-13 2 | F5:30+An<<2+Dm:d8
MOVBU (d16,An),Dm | mem8(An+d16)-Dm 0 -l === =-]1-1-1- 4 2 | F7:50+An<<2+Dm:d16-l:d16-h
MOVBU (d24,An),Dm | mem8(An+d24) ~Dm O |—-|-|=-|=-|=|=-]1-|-165 3 | F4:90+An<<2+Dm:d24-:d24-m:d24-h
MOVBU (Di,An),Dm mem8(An+Di) -Dm 0 -l -] =-|=-1=-1-1-1- 2 2 | FO:80+Di<<4+An<<2+Dm
MOVBU (abs16),Dn mem8(abs16)-Dn o|-|-|-]|-|=-|-1-|-13 1 | CC+Dn:abs16-l:abs16-h
MOVBU (abs24),Dn mem8(abs24) -.Dn 0 - -] = =-1-=-1-1-1- 5 3 | F4:C8+Dn:abs24-l:abs24-m:abs24-h
EXT EXT Dn If Dn.bp15=0, S|-|-|-]|-|-]1-1-1-12 3 | F3:C1+Dn<<2 *6
x'0000'-MDR
If Dn.bp15=1,
X'FFFF' -MDR
EXTX EXTX Dn If Dn.bp15=0, S - - - - - - - - 1 1 | BO+Dn *7
Dn&x'00FFFF' ~Dn
If Dn.bp15=1,
Dn|x'FF0000' -~Dn
EXTXU | EXTXU Dn Dn&x'00FFFF' -Dn o |-/ -|-|-|-1-1-|-11 1 | B4+Dn *8
EXTXB | EXTXB Dn If Dn.bp7=0 -l =-l-]-1-/-/-]1-11 1 | B8+Dn *9
Dn&x'0000FF' ~Dn
If Dn.bp7=1
Dn|x'FFFF0O0'~Dn
EXTXBU | EXTXBU Dn Dn&x'0000FF' -Dn o |-|-|-|-|-]-]1-|-]1 1 | BC+Dn *10
ADD ADD Dn,Dm Dm+Dn-Dm — | e o |0 (o o e o 1 1 | 90+Dn<<2+Dm
ADD Dm,An An+Dm -An - . o |o o o L o 2 2 | F2:00+Dm<<2+An
ADD An,Dm Dm+An -Dm - e (o (o (o o L L 2 2 | F2:C0+An<<2+Dm
ADD An,Am Am+An -Am - . o |o o o L o 2 2 | F2:40+An<<2+Am
ADD imm8,Dn Dn+imm8 -Dn S |e |e [ (o e e o 2 1 | D4+Dn:imm8
ADD imm16,Dn Dn+imm16 -Dn S . o |eo o o L o 4 2 | F7:18+Dn:imm16-I:imm16-h
ADD imm24,Dn Dn+imm24 -.Dn - e (o (o (0o o o o 5 3 | F4:60+Dn:imm24-l:imm24-m:imm24-h
ADD imm8,An An+imm8 -An S |e |e (o (o o e o 2 1 | DO+An:iimm8
ADD imm16,An An+imm16 -An S e (o (o (0o o o o 4 2 | F7:08+An:imm16-l:imm16-h
ADD imm24,An An+imm24 -An — | e |eo |0 (o o e o 5 3 | F4:64+An:iimm24-l:imm24-m:imm24-h
ADDC ADDC Dn,Dm Dm+Dn+CF ~Dm - e (o (o (0o (o L o 2 2 | F2:80+Dn<<2+Dm
ADDNF | ADDNF imm8,An An+imm8-An S| -|-]|-|-]-1-1-1- 3 2 | F5:0C+An:iimm8 *11
SuUB SUB Dn,Dm Dm-Dn-Dm — | e o |o |0 o e o 1 1 | A0+Dn<<2+Dm
SUB Dm,An An-Dm -An - o (o (o (0o (o o o 2 2 | F2:10+Dn<<2+An
SUB An,Dm Dm-An-Dm - . o |o o o L o 2 2 | F2:D0+An<<2+Dm
SUB An,Am Am-An-Am - o (o (o (0o (o o o 2 2 | F2:50+An<<2+Am
SUB imm16,Dn Dn-imm16 -Dn S . o |eo o o L o 4 2 | F7:1C+Dn:imm16-L:imm16-h
SUB imm24,Dn Dn-imm24 -.Dn — | e |eo |0 (o o e o 5 3 | F4:68+Dn:imm24-l:imm24-m:imm24-h
SUB imm16,An An-imm16 -An S |e |e [ (e o e o 4 2 | F7:0C+An:iimm16-l:imm16-h
SUB imm24,An An-imm24 -An - e (o (o (0o o o o 5 3 | F4:6C+An:imm24-l:imm24-m:imm24-h
SUBC SUBC Dn,Dm Dm-Dn-CF -Dm — | e |o (o |0 o e o 2 2 | F2:90+Dn<<2+Dm
MUL MUL Dn,Dm DmxDn-Dm - ? ? ? ? 0 ?2 | e | @ 2 12 | F3:40+Dn<<2+Dm *12
(DmxDn)>>16 ~MDR
MULU MULU Dn,Dm DmxDn -Dm - 2?2?22 ?2|0|?2]|e |e 2 | 12 | F3:50+Dn<<2+Dm *13
(DmxDn)>>16 ~MDR
DIVU DIVU Dn,Dm (MDR<<16+Dm)/Dn ~Dm - | ? ? |e/?|e/?2/0/1| ? |e/?| e/?| 2 | 13 | F3:60+Dn<<2+Dm *14
- MDR
Notes: *6 32-bit sign extended word data
*7 24-bit sign extended word data
*8 24-bit zero extended word data
*9 24-bit sign extended byte data

*10 24-bit zero extended byte data
*11 Addition without changing flag

*12 16x16 = 32 (signed)

*13 16x16 = 32 (unsigned)
*14 32+16 = 16...16 (unsigned)
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Instruction Mnemonic Operation op Flag que Cycle Machine Code
EX. | VX | CX | NX | ZX | VF | CF | NF | ZF |Size
CMP CMP Dn,Dm Dm-Dn - e (o (o (o o o9 @ L 2 2 | F3:90+Dn<<2+Dm
CMP Dm,An An-Dm - ° ° ° ° . > @ o 2 2 | F2:20+Dm<<2+An
CMP An,Dm Dm-An - . o |eo o o > o o 2 2 | F2:E0+An<<2+Dm
CMP An,Am Am-An - o (o (o (¢ o o @ o 2 2 | F2:60+An<<2+Am
CMP imm8,Dn Dn-imm8 S . o |o o o > o o 2 1 | D8+Dn:iimm8
CMP imm16,Dn Dn-imm16 S e (o (0 (6 o o @ o 4 2 | F7:48+Dn:imm16-l:imm16-h
CMP imm24,Dn Dn-imm24 — | e |e @ (@ o & @ o 5 3 | F4:78+Dn:imm24-l:imm24-m:imm24-h
CMP imm16,An An-imm16 0 e (o (0 (6 o o @ o 3 1 | EC+An:iimm16-l:imm16-h
CMP imm24,An An-imm24 — | e |e | (@ o o @ o 5 3 | FA:7C+Aniimm24-limm24-m:imm24-h
AND AND Dn,Dm Dmé&(x'FF0000'|Dn) -Dm - |- =-1=-1= o | o 2 2 | F3:00+Dn<<2+Dm *15
AND imm8,Dn Dn&(x'FF0000'[imm8) -Dn 0 - -1 -1 - o | o 3 2 | F5:00+Dn:imm8 *15
AND imm16,Dn Dn&(x'FF0000'[imm16)-Dn | — | — | — | — | — o | o 4 2 | F7:00+Dn:imm16-l:imm16-h *15
AND imm16,PSW PSW&imm16 -PSW — | e e | (6 o o @ o 4 3 | F7:10:imm16-l:imm16-h *15
OR OR Dn,Dm Dm|(Dn&x'00FFFF') ~Dm - |- =-1-1= o | o 2 2 | F3:10+Dn<<2+Dm *15
OR imm8,Dn Dn|imm8-Dn O | -|—-| -] —-]0|0]e |o@ 3 2 | F5:08+Dn:imm8 *15
OR imm16,Dn Dn|imm16 -.Dn — — — — — 0 0 o [ 4 2 | F7:40+Dn:imm16-I:imm16-h *15
OR imm16,PSW PSW|imm16 ~PSW — | e |o | | o o @ o 4 3 | F7:14:iimm16-Limm16-h *15
XOR XOR Dn,Dm DmA(x'00FFFF'&Dn) ~Dm - | -]l -]1-]-1]0]0]e | 2 2 | F3:20+Dn<<2+Dm *15
XOR imm16,Dn Dn"imm16 -Dn - | -]l =-]1=-]1-]1]0]0|e | o 4 2 | F7:4C+Dn:imm16-l:imm16-h *15
NOT NOT Dn Dn”x'00FFFF' ~Dn - | -1l -]1-]-1]0]0]|e | 2 2 | F3:E4+Dn *15
ASR ASR Dn Dn.lsb ~CF - |- =] =] =]0|e |0 |@ 2 2 | F3:38+Dn *15
Dn.bp -~Dn.bp-1(bp15~1)
Dn.bp15-Dn.bp15
LSR LSR Dn Dn.lsb -CF - |- =-]=-]-/0]|e | 0]e 2 2 | F3:3C+Dn *15
Dn.bp -Dn.bp-1(bp15~1)
0-Dn.bp15
ROR ROR Dn Dn.Isb ~temp - |- -] -] —-]0]|e® e |e 2 2 | F3:34+Dn *15
Dn.bp -~Dn.bp-1(bp15~1)
CF-Dn.bp15
temp -CF
ROL ROL Dn Dn.bp15 ~temp - |- -] -] —-]0]e |® |@ 2 2 | F3:30+Dn *15
Dn.bp -~Dn.bp+1(bp14~0)
CF-Dn.Isb
temp -CF
BTST BTST imm8,Dn Dn&mm8 - - - PSW O|-|—-|-]—-]0|]0]|O0]e 3 2 | F5:04+Dn:iimm8
BTST imm16,Dn Dn&immi6 - - - PSW 0 — - | -] = . 4 2 | F7:04+Dn:imm16-l:imm16-h
BSET BSET Dm,(An) mem8(An)&Dm - - - PSW o |—-|-|-1- 0| e 2 5 | FO:20+An<<2+Dm *16
mem8(An)|Dm —~mem8(An)
BCLR BCLR Dm,(An) mem8(An)&Dm - - - PSW O|-|—-|—-]—-]10|0]0|e 2 5 | FO:30+An<<2+Dm *16
mem8(An)&(~Dm) ~mem8(An)
Bcc BEQ label If ZF=1, - | -|1=-1=-1-1-1-1-1-1| 2 |21 E8d8 *17
PC+2+d8(label) ~PC
If ZF=0,
PC+2-PC
BNE label If ZF=0, - |- =-1=-]=-]|-=-1-=-1-1-1 2 |21|E9d8 *18
PC+2+d8(label) ~PC
If ZF=1,
PC+2PC
BLT label If (VFANF)=1, -|-1-1-1-|-1-1-1-1 2 |21|E0d8 *19
PC+2+d8(label) ~PC
If (VFANF)=0,
PC+2.PC
Notes: *15 16-bit computation

*16 Performed under the conditions of bus lock and disabled interrupts.
*17 src=dest (lower 16 bits)
*18 src#dest (lower 16 bits)
*19 src>dest (lower 16 bits, signed)
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Instruction Mnemonic Operation

OoP

EX.

Flag

VX

CX

NX

ZX | VF

CF

NF

ZF

Code
Size

Cycle]

Machine Code

Bce BLE label If (VFANF)|ZF)=1,
PC+2+d8(label) ~PC
If (VFANF)|ZF)=0,

PC+2 .PC

2/1

E3:d8

*20

BGE label If (VFANF)=0,
PC+2+d8(label) ~PC
If (VFANF)=1,

PC+2 .PC

2/1

E2:d8

*21

BGT label If (VFANF)|ZF)=0,
PC+2+d8(label) ~PC
If (VFANF)|ZF)=1,

PC+2 .PC

21

E1.d8

*22

BCS label If CF=1,
PC+2+d8(label) ~PC
If CF=0,

PC+2-PC

21

E4:.d8

*23

BLS label If (CF|ZF)=1,
PC+2+d8(label) ~PC
If (CF|ZF)=0,

PC+2-.PC

21

E7:d8

*24

BCC label If CF=0,
PC+2+d8(label) -PC
If CF=1,

PC+2PC

2/1

E6:d8

*25

BHI label If (CF|ZF)=0,
PC+2+d8(label) ~PC
If (CFIZF)=1,

PC+2 .PC

2/1

E5:d8

*26

BVC label If VF=0,
PC+3+d8(label) ~PC
If VF=1,

PC+3-PC

3/2

F5:FC:d8

*27

BVS label If VF=1,
PC+3+d8(label) ~PC
If VF=0,

PC+3-PC

3/2

F5:FD:d8

*28

BNC label If NF=0,
PC+3+d8(label) ~PC
If NF=1,

PC+3-PC

3/2

F5:FE:d8

*29

BNS label If NF=1,
PC+3+d8(label) -PC
If NF=0,

PC+3_PC

3/2

F5:FF:d8

*30

BRA label PC+2+d8(label) ~PC

EA:d8

Becx  |BEQX label If ZX=1,
PC+3+d8(label) ~PC
If ZX=0,

PC+3-PC

3/2

F5:E8:d8

*31

BNEX label If ZX=0,
PC+3+d8(label) ~PC
If ZX=1,

PC+3_PC

3/2

F5:E9:d8

*32

Notes: *20 src=dest (lower 16 bits, signed)
*21 src<dest (lower 16 bits, signed)
*22 src<dest (lower 16 bits, signed)
*23 src>dest (lower 16 bits, unsigned)
*24 srczdest (lower 16 bits, unsigned)
*25 src<dest (lower 16 bits, unsigned)
*26 src<dest (lower 16 bits, unsigned)
*27 VF=0
*28 VF=1
*29 NF=0
*30 NF=1
*31 src=dest (24 bits)

*32 srczdest (24 bits)
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Instruction

Mnemonic

Operation

OoP

EX.

Flag

VX

CX

NX

ZX | VF

CF

NF

ZF

Code
Size

Cycle

Machine Code

Becex

BLTX label

If (VXANX)=1,
PC+3+d8(label) ~PC
If (VXANX)=0,
PC+3-PC

312

F5:E0:d8

*33

BLEX label

If (VXANX)|ZX)=1,
PC+3+d8(label) ~PC
If (VX~NX)|ZX)=0,
PC+3-PC

32

F5:E3:d8

*34

BGEX label

If (VXNX)=0,
PC+3+d8(label) ~PC
If (VXANX)=1,
PC+3-PC

32

F5:E2:d8

*35

BGTX label

If ((VXANX)[ZX)=0,
PC+3+d8(label) ~PC
If ((VXANX)[ZX)=1,
PC+3-PC

32

F5:E1:d8

*36

BCSX label

If CX=1,
PC+3+d8(label) -PC
If CX=0,

PC+3-PC

32

F5:E4:d8

*37

BLSX label

If (CX|ZX)=1,
PC+3+d8(label) ~PC
If (CX|ZX)=0,
PC+3_PC

32

F5:E7:d8

*38

BCCX label

If CX=0,
PC+3+d8(label) -PC
If CX=1,

PC+3_PC

32

F5:E6:d8

*39

BHIX label

If (CX|ZX)=0,
PC+3+d8(label) ~PC
If (CX|ZX)=1,
PC+3-PC

312

F5:E5:d8

*40

BVCX label

If VX=0,
PC+3+d8(label) ~PC
If VX=1,

PC+3-PC

32

F5:EC:d8

*41

BVSX label

If VX=1,
PC+3+d8(label) ~PC
If VX=0,

PC+3-PC

32

F5:ED:d8

*42

BNCX label

If NX=0,
PC+3+d8(label) -PC
If NX=1,

PC+3_PC

32

F5:EE:d8

*43

BNSX label

If NX=1,
PC+3+d8(label) -PC
If NX=0,

PC+3_PC

32

F5:EF:d8

*44

JMP

JMP label16

PC+3+d16(label16) ~PC

FC:d16-1:d16-h

JMP label24

PC+5+d24(label24) -PC

F4:E0:d24-1:d24-m:d24-h

JIMP (An)

An-PC

FO:An<<2

Notes:
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*33 src>dest (24 bits, signed)
*34 srczdest (24 bits, signed)
*35 src<dest (24 bits, signed)
*36 src<dest (24 bits, signed)
*37 src>dest (24 bits, unsigned)
*38 srcxdest (24 bits, unsigned)
*39 src<dest (24 bits, unsigned)
*40 src<dest (24 bits, unsigned)

*41 VX=0
*42 VX=1
*43 NX=0
*44 NX=1
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Instruction Mnemonic Operation oP Flag C(_)de Cycle Machine Code
EX. | VX | CX | NX | ZX | VF | CF | NF | ZF |Size
JSR JSR label16 A3-4 A3 - |-l =-1'-1-1-/-1-1-13 4 | FD:d16-1:d16-h
PC+3-mem24(A3)
PC+3+d16(label16) -PC
JSR label24 A3-4 A3 - |-l =-l=-1=-]|-=-|-|-1]1-165 5 | FA:E1:d24-1:d24-m:d24-h
PC+5 -mem24(A3)
PC+5+d24(label24) -PC
JSR (An) A3-4 A3 -l =-l=-1=-1-=-1-|-1-1-1]2 5 | FO:01+An<<2
PC+2 -mem24(A3)
An-PC
NOP NOP PC+1-PC - |-l =-l=-]=-]|-|-/-]1-1]1 1 |F6
RTS RTS mem24(A3) -PC - -l -1=-/-1-1-1-1-11 5 |FE
A3+4 A3
RTI mem16(A3) -PSW — | e e |0 e o o e o 1 6 |EB
mem24(A3+2) -PC
A3+6 A3

How to Read INSTRUCTION SET

m Explanation of symbols used in the chart
Dn, Dm, Di

An, Am

MDR, PSW, PC

imm8, imm16, imm16-l, imm16-h

imm24, imm24-l, imm24-m, imm24-h

ds, d16, d16-l, d16-h

d24, d24-l, d24-m, d24-h

abs16, abs16-l, abs16-h

abs24, abs24-l, abs24-m, abs24-h

mem8 (An), mem8 (abs16), mem8 (abs24)
mem16 (An), mem16 (abs16), mem16 (abs24)
mem24 (Am), mem24 (abs16), mem24 (abs24)
.bp,.Isb,.msb

&, IN

~, <<

VX, CX, NX, ZX

VF, CF, NF, ZF

temp

Sy e

m OP EX. (Operand Extension)
o zero extension
S sign extension
- not applicable

m Cycle

The minimum number of cycles are specified.

Unit: machine cycle

a/b: there are branches in the 'a’ cycle
there are no branches in the 'b' cycle

= Notes

Data register

Address register

Multiplication and division register, program status word, program counter
Constant

Displacement

Absolute address

8-bit memory data referenced at the address enclosed in parenthesis

16-bit memory data referenced at the address enclosed in parenthesis

24-bit memory data referenced at the address enclosed in parenthesis

Bit specification

Logical AND, logical OR, exclusive OR

Bit reversal, bit shift

Extended overflow flag, extended carry flag, extended negative flag, extended zero flag
Overflow flag, carry flag, negative flag, zero flag

Temporary register inside CPU

Assignment, reflection of computation results

m Flag m Code Size
. change Unit: byte

- no change

0 normally O

1 normally 1

? undefined

m Machine Code
[:] separates the byte units. [<<2] indicates a 2-bit shift.
Dn, Dm, Di, An, Am: register numbers

DO 00 A0 00
D1 01 Al 01
D2 10 A2 10
D3 11 A3 11

* Instructions that access 16-bit and 24-bit data must use an even memory address.
» All 8-bit displacements (d8) and 16-bit displacements (d16) are sign extended.

MN210200 Series Linear Addressing Version Instructions

271




Chapter 9 Appendix

MN102L00 SERIES INSTRUCTION MAP

First Byte
Upper/Lower O 1 2 3 4 5 6 7 8 9 A B C D E
0 MOV Dm, (An)
1 MOVB Dm, (An)
2 MOV (An), Dm
3 MOVBU (An), Dm
4 MOV Dm, (d8, An)
5 MOV Am (d8, An)
6 MOV (d8, An), Dm
7 MOV (d8, An), Am
8 MOV Dn, Dm (When src=dest, MOV imm8, Dn)
9 ADD Dn, Dm
A SUB Dn, Dm
B EXTX Dn EXTXU Dn EXTXB Dn EXTXBU Dn
c MOV Dn, (abs16) MOVB Dn, (abs16) MOV (abs16),Dn MOVBU (abs16),Dn
D ADD imm8, An ADD imm8, Dn CMP imm8, Dn MOV imm16, An
TIHFFARREREARE R cp i,
F Code extended (2 bytes) Cj‘;etj;i‘:”s‘;edc‘zf:;:?";’f” NOP C“(j*:;i";)e" MOV imm16, Dn ﬁal\geplle ifb'; 6| RTS
Two-Byte Instructions (First byte: FO)
Second Byte
Upper/iLower O 1 2 3 4 5 6 7 8 9 A B C D E
0 |JIMP (A0) | ISR (AD) JMP (A1) | JSR (A1) IMP (A2) | ISR (A2) JMP (A3) | ISR (A3)
1
2 BSET Dm, (An)
3 BCLR Dm, (An)
4
5
MOVB (Di, An), Dm
6
7
8
9
MOVBU (Di, An), Dm
A
B
C
D
MOVB Dm, (Di, An)
E
F

272
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Two-Byte Instructions (First byte: F1)

Second Byte
Upper/Lower 0 1 2 3 4 5 6 7 8 9 A B C D E F

MOV (Di, An), Am

MOV (Di, An), Dm

MOV Am, (Di, An)

MOV Dm, (Di, An)

Two-Byte Instructions (First byte: F2)

Second Byte

Upper/Lower O 1 2 3 4 5 6 7 8 9 A B C D E F
0 ADD Dm, An
1 SUB Dm, An
2 CMP Dm, An
3 MOV Dm, An
4 ADD An, Am
5 SUB An, Am
6 CMP An, Am
7 MOV An, Am
8 ADDC Dn, Dm
9 SUBC Dn, Dm
A
B
C ADD An, Dm
D SUB An, Dm
E CMP An, Dm
E MOV An, Dm
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Two-Byte Instructions (First byte: F3)

Second Byte
Upper/Lower 0

0

Second Byte

1 2 3 4 5 6 8 9 A [ D E
AND Dn, Dm
OR Dn, Dm
XOR Dn, Dm
ROL Dn ROR Dn ASR Dn LSR Dn
MUL Dn, Dm
MULU Dn, Dm
DIVU Dn, Dm
CMP Dn, Dm
MOVDO. | gyrpo MOVDL | gyt 1 MOVD2[ eyt b2 MOVD3.| ¢y s
MDR MDR MDR MDR
MOV DO, MOV D1, MOV D2, MOV D3,
PSW PSW PSW PSW
MOV MDR, Dn NOT Dn
MOV PSW, Dn
Five-Byte Instructions (First byte: F4)
1 2 3 4 5 6 8 9 A c D E

Upper/Lower 0

274

MOV Dm, (d24, An)

MOV Am, (d24, An)

MOVB Dm, (d24, An)

MOVX Dm, (d24, An)

MOV Dn, (abs24)

MOVB Dn, (abs24)

MOV An, (abs24)

ADD imm24, Dn

ADD imm24, An

SUB imm24, Dn

SUB imm24, An

MOV imm24, Dn

MOV imm24, An

CMP imm24, Dn

CMP imm24, An

MOV (d24, An), Dm

MOVBU (d24, An), Dm

MOVB (d24, An), Dm

MOVX (d24, An), Dm

MOV (abs24), Dn

MOVB (abs24), Dn

MOVBU (abs24), Dn

MOV (abs24), An

JMP
label24

JSR
label24

MOV (d24, An), Am

MN10200 Series Linear Addressing Version Instructions




Three-Byte Instructions (First byte: F5)

Second Byte
Upper/Lower O

0
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Second Byte
Upper/Lower O

0

1 2 3 4 5 6 7 8 9 A C D E F
AND imm8, Dn BTST imm8, Dn OR imm8, Dn ADDNF imm8, An
MOVB Dm, (d8, An)
MOVB (d8, An), Dm
MOVBU (d8, An), Dm
MOVX Dm, (d8, An)
MOVX (d8, An), Dm
BLTX | BGTX | BGEX | BLEX | BCSX BHIX BCCX | BLSX BEQX | BNEX BVCX | BVSX | BNCX | BNSX
label label label label label label label label label label label label label label
BVC BVS BNC BNS
label label label label
Four-Byte Instructions (First byte: F7)
1 2 3 4 5 6 7 8 9 A C D E F
AND imm16, Dn BTST imm16, Dn ADD imm16, An SUB imm16, An
AND imm16 OR imm16 . .
PsW PSW ADD imm16, Dn SUB imm16, Dn

MOV An, (abs16)

MOV (abs16), An

OR imm16, Dn

CMP imm16, Dn

XOR imm16, Dn

MOVBU (d16, An), Dm

MOVX Dm,(d16, An)

MOVX (d16, An), Dm

MOV Dm,(d16, An)

MOVB Dm,(d16, An)

MOV Am,(d16, An)

MOV (d16, An), Am

MOV (d16, An), Dm

MOVB (d16, An), Dm
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1

Setting the MEMMDO register and
the MEMCTR register must follow
thisstep. If thisstep isnot followed,
writing to the MEMCTR register
cannot be guaranteed.

Recommend to write x’ 0410’ to
MEMCTR_INIT.

In the program, the following sym-
bols and register addresses are
equivalent.

(Amemctr) = (x' FC02')
(Amemmdo0) = (x’ FC30')
(Amemmd1) = (x’ FC32')
(Amemmd2) = (x’ FC34')
(Amemmd3) = (x’ FC36')
(Aexmctr) = (x’ FD0O’)

(ApO01md) = (x' FFFO")

(ApO1dir) = (x' FFEQ")

(Ap23md) = (X' FFF2")

(Ap23dir) = (X' FFE2')

(Ap45md) = (X' FFF4’)

(Ap45dir) = (X' FFE4")

(Apbmd) = (X’ FFF6')

(Ap6dir) = (X' FFEE'")

9-4 Initialization Program

After reset, the initialization program must be located in the CS0 area
(x'010000' to x'3FFFFF). In theinitialization program, set the number of
wait cyclesfor Block 0to the MEMMDO register. Next, set the MEMCTR
register. Always set bits[8:0] of the MEMCTR register to * 100'. The num-
ber of wait cycles set in the MEMMDO register is valid after setting the

MEMCTR register.

; Initialization Program
init  equ *

; Memory Mode Setting for Block 0
mov  MEMO_INIT,dO

mov  MEMCTR_INIT,dO

; Pin Setting in Memory Expansion Mode

or Processor Mode
mov  PO1IM_INIT,dO
mov  dO,(Ap01lmd)
mov  PO1D_INIT,d0
mov  dO,(ApOldir)
mov  P23M_INIT,dO
mov  dO,(Ap23md)
mov  P23D_INIT,d0

mov  dO,(Amemctr) PR —

mov  dO,(Ap23dir)
mov  P45M_INIT,dO
mov  dO,(Ap45md)
mov  P45D_INIT,d0
mov  dO,(Ap45dir)
mov  P6M_INIT,dO
movb  dO,(Ap6md)
mov  P6D_INIT,dO
movb dO,(Ap6dir) —

; Memory Mode Setting for Block1,
Block?2, Block 3

mov  MEMZ1 INIT,dO
mov  dO,(Amemmdl)
mov  MEMZ2_INIT,dO
mov  dO,(Amemmd2)
mov  MEM3_INIT,dO
mov  dO,(Amemmd3) ——

; Burst ROM Setting
mov  EXMEM_INIT,dO —
mov  dO,(Aexmctr)
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mov  d0,(AmemmdoO) | Setthenumber of wait cyclesfor
block 0 to the MEMMDO regis-
: Handshake Mode Setting ter.

Set bit 10 (HSWTIOE), bit 9
(NWAITIOE) and bit 8
(WAITSET) of the MEMCTR
register to 1, 0 and O respectively.

Set pins.

Set the number of wait cyclesfor
each block to the associated
MEMMDn register. (n=1,2,3)

Set the EXMCTR register when
the burst ROM isused, the ALE
signal polarity is changed, the
pulse width of write enable sig-
nal is shortened.



; Register Initiadization

mov
mov
mov
mov
mov
mov
mov

mov

; Interrupt Enable

mov
mov

d0,do
do,d1
d0,d2
do,d3
do,a0
do,al

do,a2

STACK_TOPa3 ———

INIT_PSW,dO

do,psw

Chapter 9 Appendix

Clear register to 0. Execute this
operation athough thisstep isnot
always required.

Set theinitial value of the stack
pointer. (Always set the even
address.)

When using an interrupt, set the
interrupt mode and set the inter-
rupt enable flag of PSW to 1 af-
ter setting the stack.
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9-5 EPROM Version

9-5-1 Overview

The MN102LP25x (x: G, Z, A) replacesthe MN102L25x (x: G, Z, A) mask
ROM with the EPROM which is an electrically erasable/programmable
memory. The MN102L P25x issedled in plagtic. Oncethe dataiswritten to
the PROM, the data cannot be erased. Using adedi cated adaptor socket, the
program is written with the EPROM writer (EPROM parallel mode).

m Features

« Memory Capacity 128 kbytes (64 k x 16 bits) ... MN102L P25G, MN102L P25Z
32 kbytes (16 k x 16 hits) ... MN102L P25A
e Programming Methods  Word programming, Page programming

* Pin 40 pins
x'00000 x'00000 EPROM
[32 kbytes]
X'07FFF'
MN102LP25A
EPROM
[128 kbytes]
X'1FFFF'
MN102LP25G
MN102LP25Z

Figure 9-5-1 Memory Map During EPROM Parallel Mode
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9-5-2 Connecting Adaptor Socket

When the CPU becomes the EPROM mode, the MN102L P25x stops and writes the pro-

Chapter 9 Appendix

gram to EPROM. The following figure shows the connection of the dedicated adaptor ‘
socket and EPROM. .
When programming with the
EPROM writer, the MN102L P25x
vee [1] 40] Voo vep [1] i 140] Voo must connect to the writer socket
CE [2] 39] PGM CE [2] 39] PGM correctly. If the MN102LP25x and
11015 [3] 38] NC 11015 [ 3| 38] NC the writer socket do not connect cor-
/014 [4] 37] A15 /014 [4]] 37| NC rectly, the CPU may damage.
11013 [ 5| 36] A14 /013 [5 | 36] NC
11012 6| 35] A13 11012 [ 6 | 35] A13
/011 [7 ] 34] A12 11011 [ 7| 34] AL2
/010 [8]| 33] ALL /010 [ ] 33] ALL
1109 [9] 32] A10 1109 [9| 32] A0
1108 [10] 31] A9 1/08 [10] 31] A9
Vss [11] 30] Vss Vss [11] 30] Vss
1107 [12] 29] A8 1107 [12] 29] A8
1/06 [13] 28] A7 /06 [13] 28] A7
/05 [14] 27] A6 /05 [14 27] A6
1/04 [15| 26] A5 /04 [15] 26] A5
/03 [16| 25] A4 1103 [16| 25] A4
1102 [17] 24] A3 1102 [17] 24] A3
/01 [18] 23] A2 /01 [13] 23] A2
1100 [19] 22] A1 /00 [19] 22] A1
OE [20] 21] A0 OE [20] 21] A0

Figure 9-5-2 Pin Configuration of Adaptor Socket
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»>| 76 50 [«
> 77 49 <
> 78 48 [«
> 79 47 [«
—— | 80 46 [«
> 81 45 [«
| 82 44 [«
»>| 83 43 [«
11000 <—>| 84 42 |«
1/001 <—>| 85 MN102LP25x 41 [«
1/1002 <4—»| 86 40 [«
1/003 <—-| 87 (TOP VIEW) 39 [¢—A15*
/1004 <> 88 38 [+—Al4*
1/005 <€—»| 89 37 [+—Al13
11006 <—»| 90 . 36 [¢—A12
V007 491 100-pin LQFP 35 [+—ALL
—»| 02 34 |«
1/008 <—»| 93 33 [+—AL0
11009 <—»| 94 32 [+—A9
/010 €| 95 31 [«—A8
/011 €| 96 30 [¢—A7
/012 <+ 97 29 [+—A6
/013 <€—»| 98 28 [¢—A5
/014 <€—»| 99 27 [*—A4
/1015 <100 26 [—A3
OdNMTOONOOOOANMS O
ANNTOMNOD AT A A A AAAAN NN NNN
ATTTAuuAuuuuuTTTulul luulu
\8‘%8 R IL || |al|a
o a o a
o o o
Vss
VDD

* : Connect the MN102L P25A to VSS.

Figure 9-5-3 EPROM Pin Configuration
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I-Mbit EPROM MN102LP25x
Pin Number Pin Name Pin Number Pin Name

1 VPP 66 VPP

2 CE 4 P63

3 1/015 100 P17

4 /014 99 P16

5 /013 98 P15

6 1/012 97 P14

7 I/011 96 P13

8 1/010 95 P12

9 1109 94 P11

10 1108 93 P10

11, 30 VSS 1,5-12,13,17,19 - 20, P60,P50 - P57,P20,VDD,VSS,XI,0SCl,
23,25, 40 - 53, MODE,P41 - P43,VSS,P44 - P47,
55 - 65, 67 - 75, P80 - P85,P86 - P87,P90 - P93,
80.82,92 P94 - P97,P70 - P75, NMI,
PA4,RSTVSS

12 1107 91 PO7

13 1106 90 P06

14 1/05 89 P05

15 1104 88 P04

16 /03 87 P03

17 1102 86 P02

18 1101 85 PO1

19 1100 84 P00

20 OE 2 P61

21 A0 14 P21

22 Al 15 P22

23 A2 16 P23

24 A3 26 P24

25 A4 27 P25

26 A5 28 P26

27 A6 29 P27

28 A7 30 P30

29 A8 31 P31

31 A9 32 P32

32 A10 33 P33

33 All 35 P34

34 A12 36 P35

35 A13 37 P36

36 Al4 38 P37

37 A15 39 P40

38 A16

39 PGM 3 P62

40 VDD 22, 34,54,76 - 79,81,83 VDD,PAO - PA3,PA5

Open 18, 21,24 SYSCLK, X0, 0SCO

Figure 9-5-4 Adaptor Socket-MN102LP25x Pin Connections
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9-5-3 Programming

m Operating Mode

The following table describes the operating modes.

Table 9-5-1 Operating Mode Selection

/CE [ /OE /PGM| Vb | Ver | ABOto AB15 D7to DO
Read L L H | Vop | Vbp |Addressinput |Data Output
OutputReserved [ L | H | H | Voo | Vop [Addressinput [High Impedance
Standby H - - | Voo | VDD - High Impedance
Word Program L|H L |[Vop [ Vee |Addressinput [Datalnput
Page Latch H L H | Voo | Vop [Address Input |Data lnput
Program|Program| H | H L [Vop| Ve - High Impedance
Verify L L H [ Vop | Vre |Addressinput |Data Output
Reserved L L L |Vob| VP - High Impedance
L H H |Vbb| VrP - High Impedance
H L L |Vob| Vee - High Impedance
H H H |Vob| Vee - High Impedance
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m Word Programming
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The word programming is a mode to write 1-word (16-bit) dataat atime. To usethis
programming mode, set VDD =6V, VPP =125V, and address= 0. The dataiswritten by
applying 0.2 mspulses. After each pulse, read is checked. Thisstep isrepested until the
read check isOK. Additiona pulseis applied when the read check is verified. Thewidth
of additional pulsesis 0.2 mstimesthe number of pulsesreguired until the read check is

verified.

The address increments each time the word data is programmed and then the next word
datais programmed. This operation repeats until the last addressis programmed.  After
that, setting VDD = VPP =5V and reading all addresses ends programming.

DC Characteristics

VoD =6V +0.25V, Vpp=125V +03V, Ta=25'C+5°C

Parameter Symbol Condition Min | Typ | Max | Unit

Input Leakage Current ILI ILi=0V to VoD 2 | pA
Voo loL =4 mA 045]| V

Output Voltage Vo Ton =-4mA 2.4 \Y
Input Voltage \\5:; 5 0.8 x
VbD Power Supply
(Write, Verify) oo 4001 mA
VP Power Supply —
(Write) IpP ICE=VIL 40.0 | mA
Note:

* VPP (12.5V) must be gpplied after VDD (6 V) and off before VDD voltage.
Do not dlow Vppto exceed 13V including overshot.
* Do not plug or unplug the device while applying VPp (12.5V). Thisaffaectstherdiabil-

ity of the device.

* When/OE =VIL (12.5V), do not change VPP from VIL to 125V or from 125V to VIL.

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G
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AC Characteristics
Vob=6V +025V, VPp=125V +03V, Ta=25'"C+5°C

Parameter Symbol Condition Min | Typ | Max | Unit
Address Setup Time tas 2 Hs
/OE Enable Setup Time toes 2 Us
Data Setup Time tos 2 Us
Address Hold Time taH 0 Us
DataHold Time toH 2 us
VDD Setup Time tves 2 us
Vpp Setup Time tves 2 us
Program Pulse Width trw 0.19] 0.2 [0.21| ms
Additional Program Pulse Width topw 0.19 525 ms
/OE Setup Time tces 2 Us
/OE Output Delay Time toe 0 150 | ns
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Address

Data

VPP

VDD

Program

Program Verify
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Additional Program

A
Y

A

Y

-

VIH
VIL

><

VIH
VIL

Vpp

VDD

6V

GND ——

VIH
VIL

VIH
VIL

tos

toH

Data Fixed :>'_<\

D —
Valid Data Outply— Data Fixed

tos |[=— | tpH

tvps

tves

trw

topw
|

toe

toEs 1l

Figure 9-5-5 Word Program Timing
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Start

L

o
=}
<

%

<
o
T
o
N
ol
<
<
lw)
)

Address=0

X=X+1

Gpply 0.2 ms write pulse )

| Y
-
A

Verify NG
1

Address Increment OK _ NO
(Address + 2 = Address) X=25

YE
Gpply 0.2X ms write pulse ) S

1

NO Last Address? -

S

C VDD=Vpp=*5.0 V )

*4.75 VSVDD=Vpp<5.25 V

(

Read All Addresses

Y
C Write End )

Figure 9-5-6 Word Program Flow
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m Page Programming

The page programming isamode to write 2-word (32-bit) data. To usethis programming
mode, first set VDD =6V, VPP =125V. Latch address= 0 and 16-bit data. Then set
address = 2 and the next 16-bit data. The dataiswritten by applying 0.2 mspulses. After
each pulse, read is checked. Thisstepis repeated until the read check is OK. Additional
pulseis applied when the read check is verified. Thewidth of additiona pulsesis0.2 ms
times the number of pulsesrequired until the read check is verified.

The address increments each time the 2-word data is programmed and then the next 2-
word datais programmed. This operation repeats until the last address is programmed.
After that, setting VDD = VPP =5V and reading all addresses ends programming.

DC Characteristics
Vob=6V £025V, VPP=125V £03V, Ta=25C£5C

Parameter Symbol Condition Min | Typ | Max | Unit

Input Leakage Current ILI ILi=0V to VoD 2 | pA
Voo loL =4 mA 045]| V

Output Voltage Vor__[lon=-4mA 24 v
Input Voltage \\j:i 57 0.8 x
VbD Power Supply
(Write, Verify) oo 4001 mA
VP Power Supply —
(Write) PP /ICE=VIL 40.0 | mA
Note:

* VPP (12.5V) must be gpplied after VDD (6 V) and off before VDD voltage.

Do not dlow Vppto exceed 13V including overshot.

* Do not plug or unplug the device while applying VPp (12.5V). Thisaffaectstherdiabil-
ity of the device.

* When/OE =VIL (12.5V), do not change VPP from VIL to 125V or from 125V to VIL.
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AC Characterigtics
VD=6V £0.25V, VPp=125V £03V, Ta=25'C+5C
Parameter Symbol Condition Min | Typ | Max | Unit
Address Setup Time tas 2 us
NOE Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time ar 0 HS
tamL 2 us
DataHold Time toH 2 us
Vpp Setup Time tves 2 us
VDD Setup Time tves 2 us
gzgrl\al‘lmmﬁzwmth during Initia tPw 0191 02 | 021 | ms
gzgr'\a/\lmmﬁz Width during Over toPw 0.19 525 | ms
NOE Setup Time tces 2 us
NOE Output Delay Time toe 0 150 | ns
NOE Pulse Width during Data Latch tiw 1 us
NPGM Setup Time trems 2 us
NCE Hold Time teen 2 us
NOE Hold Time toeH 2 us
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A2 - A16

Al

Data

VPP

VbD

NCE

NPGM

NOE

VIH
ViL

VIH/VOH
ViLVoL

VPP

VbD

6V

VbD

VIH
ViL

VIH
ViL

VIH
ViL
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Page Data Latch Page Program Program Verify
tas tAHL | Ltan
tos toH trems toe
Data v N —
Fixed T
tvps
tvcs
tces toEH
tceH
tPw
topw
toes
3 i 1 4
\

T

ttw

Figure 9-5-7 Page Program Timing
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Start

Address 0

Address Increment
(Address + 2 = Address)
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°
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<
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o
<
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Address Increment
(Address + 2 = Address)

(Apply 0.2 ms write pulse

Verify

(Apply 0.2X ms write pulse

'

Last Address?

X=25
YES

Y

<z

C VDD=Vpp=*5.0 V )

*4.75 VSVDD=Vpps5.25 V

NG
Read All Addresses

C Write End )

Figure 9-5-7 Page Program Flow
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m EPROM Verson Precautions

» Some of the electrical characteristics may differ from the mask ROM version.

» The read/write test for al bits cannot be performed due to the nature of the device.
Therefore, storing the written data cannot be fully guaranteed.

» Recommend to perform a high-temperature test after programming the EPROM and
before implementing the device.

Program / Verify

High Temp. Test

125°C-48h

¢

Read

'

Implement

Figure 9-5-9 High-Temperature Test Flow
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9-6 Flash EEPROM Version

9-6-1 Overview

The MN102L F25Z replaces the MN102L 25Z mask ROM with the 128-
kbyte EEPROM which is an electrically erasable/programmable memory.
The MN102L F25Z hastwo modes. PROM programming mode which uses
adedicated writer (a DATA-1/O LabSite writer) and onboard seria pro-
gramming mode which the CPU controls.

The 128-kbyte flash memory is divided into two spaces as follows:
1. Load program area (1 kbyte: x'80000' - x'803FF")
This area stores the load program for serial programming. It is used only in PROM

programming mode.

2. Firm area (127 kbytes: x'80400' - X'9FFFF)
This area stores the user program. It is programmed only in PROM writer mode.

The operation is guaranteed with up to 100 programming.

x'80000 Blockl: 1 K Load Program Area
Block2: 15 K

Block3: 16 K

Block4: 32 K

Block5: 6 K

Block6: 10 K

Block7: 8 K

Block8: 8 K

Block9: 16 K

Block10: 15 K

Firm Area

X'9FFFF Block11l: 1 K

Figure 9-6-1 Memory Map for Flash EEPROM Version
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9-6-2 Flash EEPROM Programming

The following figure shows the steps of flash memory programming (erase/write).

Write '0' to entire memory T

Erase Routine

Erase
(ERASE Process)

L/

User Data Program

Figure 9-6-2 Flash EEPROM Program Flow

Asthe above figure shows, programming starts after erasing is completed. The whole
erase routine consists of two steps:

1. Programming process which writes x'0000' to flash EEPROM before the actua erase
Jprocess occurs

2. Erase process which operate the actud erasing

9-6-3 PROM Programming Mode

In this mode, the MN102LF25Z allows a PROM writer to program the flash EEPROM.
The MN102L F25Z uses adedicated adaptor, which connectsto the DATA-I/O's LabSite
PROM writer. (Using the dedicated adaptor selects PROM programming mode auto-
matically.)
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9-6-4 Onboard Serial Programming Mode

The seria programming mode is used to program the flash ROM in the MN102L F25Z
that isinstalled on the board. The following sections describe the MN102L F25Z hard-
ware, system configuration, protocol for this programming mode.

When using Y DC dedicated writer, please refer to its user manual. Theload programis
attached to the seria writer.

9-6-5 Hardware Used in Serial Programming Mode

m Interface
The MN102L F25Z incorporates the following functions as I/F for seria programming.

e One8-hit Serid Interface
+ Datatransmission/reception synchronizing external clock
¢ Bitorder: LSB firgt
¢ Maximum clock speed: 10 MHz
+ Positive input/output logic

e Two Input/Output Pins
¢ SBT, SBD reserved for serid interface

m |/F Block Diagram

—m= RXD TXD J—»D SBD (74pin)

8-bit Serail I/F
RXC,TXC |- D SBT (73pin)

Figure 9-6-3 8-bit Serial Interface Block Diagram for Serial Writer
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m Memory Space of Internal Flash EEPROM
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Address Size Area
X80000' - X803FF' | 1 KByte Loaie;iri'g\fgrgegrea
X'80400' - X'80407' 8 Bytes Reserved Area
x80408 B85 | 15 pecet Sarice Rovtine
x'80410° 8 Bytes to Intlzrr?S:thSIZ?\t/Ecl:jgtiFggutine
x'80418' - X'9FFFF' |[127 KBytes User Program Area

Figure 9-6-4 Flash EEPROM Memory Space

Serial Writer Load Program Area
¢ The 1-kbyte area from x'80000' stores the load program for serial writer.
4 Inonboard seriad programming mode, the erasing/programming in this area
is protected. (Programming is possible by using the pardlel writer.)

Branch Instruction to Reset Start Service Routine
+ Normaly, the reset start addressis x'80000', but the program branches into
x'80408' with the soft branch instruction in the serial writer loader. Inthisarea,
the IMP instruction to the actual reset service routineis stored.

Branch Ingtruction to Interrupt Service Routine
+ Normally, the jump address at interrupt isx'80008', but the program branches
into x'80410" with the soft branch ingtruction in the serial writer loader. Inthis
area, the IMP ingtruction to the actua interrupt service routine is stored.

User Program Area

+ Thisareastoresthe user program.
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9-6-6 Connecting Onboard Serial Programming Mode

Use Y DC sarid writer for flash microcontroller.
All input/output pins must be set to input at reset relesse.

dds|

SBD (To Writer)

Pins 73 and 74 must be connected to pullup
SBT (To Writer)  resistors even though writer is not used.

' %
S oB8 [wem
«83 o
0 N o of0ldonn @ o
NOoNRNEEON [ cowy [Apggige | Raa
EE5EEES | RERR | 583583 |ooo
SehoahaabasSioyEsEe28gese
20NN NNONS>SIIIISFEFFFFSFRF
122222222 00222222222210110)
SRR F 3 F PRI T S Sh T
PAO,IRQD —#[76 “Bo |a—T™m210,P82
PAL/IRQ1 —#{77 49 [—TM1I0 P81
PA2/IRQ2 —#{78 48 [4—TMOIO P80
PA3/IRQ3 —#{79 47 [4—WDOUT,P47
PA4/IRQ4 —#»180 46 [—STOP,P46
PAS—I-{81 45 [ P45
IRESET /RST —={82 44 |4—pPa4
) oS |
(o wrier) el B
sk MN102LF257 4@
P0O2—M=86 40 |-—P41
PO3—I{87 (TOP VIEW) 39 |4—Pao0
PO4—m=188 38 |4—P37
PO5—=189 37 |4—P36
Po6—I{90 . 36 [4—P35
Po7—m-{o1 100-p|n LQFP 35 [4—P34
VSS—=192 34 |«4—\VDDr
P10—m{93 33 |4—P33
P11—m94 32 |4—P32
P12—m95 31 |«4—P31
P13—m|96 30 [«— P30
P14—m97 29 [-—P27
p15—m{og 28 |4—P26
PG00 o 27 |a—P25
P17—m{100 6 |-— P24
BNosnornogaNnsnengagaNRIE
RRRSA R AR RSN ARNAS BaE PLE
BEEEREEEERBERINEoExRazE28
> l 9
2
L

Self-excited or Exertnal-excited
(4 MHz-20 MHz)

Figure 9-6-5 Pin Configuration During Serial Programming

Pins 73, 74 and 82 connect to the seria writer. VDD and V'ss connect to the externd power
sourcesof 5V and 0V respectively. In addition, the level is detected by the writer, VDD
and V'ss must be output to the writer. OSCI and OSCO must be set to the self-excited
oscillation or external excited oscillation. The input pins with no specifications in the
abovefigureare'don't care. Fix themto VDD or Vss. The output pinswith no specifica-
tions in the above figure must be open.

296  MN102L2503/25A/25D/25Z/25G/F252/490A/62D/62F/62G



Chapter 9 Appendix

9-6-7 System Configuration for Onboard Serial Programming

m System Configuration

AC Adaptor Power Source
?VDD
I
I

Target Board
i=

‘ RS232C
|

Serial Writer

Figure 9-6-6 System Configuration for Onboard Serial Writer

The PC sends the program datato the serial writer through RS-232C. The serial writer
programs the flash memory through serial communication between the serial writer and
the MN102L 257 on thetarget board. The power isrequired only when the power source
is supplied to the target.

m Pin Connection for Target Board

SBT
SCL1

__ SBD

oND % SDAL

Figure 9-6-7 Target Board-Serial Writer Connection

Target Board
VoD = +5 V 44
47kQ-10kQ 23 % !
/RST > I oGO RsT
5 -

m Pin Description

VDD: 45V -5.5V externa power supply

VDD (for level detection) : VDD level detection pin for target board

/RST : Reset

SBT : Seria interface clock supply

SBD: Serid interface data supply

GND : Ground

* VDD detectsthe VDD level onthetarget board using the serial writer. If theVDD levd is
not satisfied, the seria writer outputs an error message.

 /RST outputs microcontroller reset.

« Connect pullup resistorsto /RST, SBT and SBD on thetarget board. The pullup resistor
valueis4.7 kQ+10 % to 10 kQ+10 %.

 /RST, SBT and SBD are output from the serid writer through an open collector.

* & & & o o
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m MN102LF25Z Clock on the Target Board

» Usetheexisting clock on the target board for the clock supply to the MN102LF25Z on
the target board. Because of this, the clock frequency of the MN102L F25Z differs de-
pending on each user purpose.

» The following table shows the clock frequency for the MN102LF25Z during serial
programming. Theclock frequency for the MN102L F25Z is assumed to be 20 MHz if the
clock frequency isnot specifiedinthemanua. If theclock frequency for the MN102L F252
is different from the clock frequency on the target board, the value should be caculated
proportionately depending on the clock frequency of the MN102L F25Z.

Table 9-6-1 Clock Frequency

Max. Clock Frequency Min. Clock Frequency

20 MHz 4 MHz
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9-6-8 Onboard Serial Programming Mode Setup

®m Programming Mode Setup Timing
To set seria programming mode, the microcontroller must be in write mode.
This section describes the pin setup for the seria writer.

A B C D

Normal Timing Waveform '

VoD _:

IRST

SBT

SBD
Timing Waveform
during Serial Programming

VDD —

IRST

SBT

SBD

T1 T2 T3

Figure 9-6-8 Timing for Onboard Serial Programming Mode
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m Setup Steps

1. Supply VDD a Timing A. At this point, output /RST = SBD = Low.

2. Through the serid writer, drive /RST for T2 term from Timing B when SBT goes
high while the MN102LF25Z ison. The MN102LF25Z initializes.

3. Through the serid writer, drive /RST for T3 term from Timing C when SBD goes
high while the MN102L F25Z ison. Thisinformsthat the MN102LF25Z is con-
nected to the serial writer.

4. During T3 term, the serial writer makes SBD pin to input low level longer enough
than the MN102L F25Z stabilization wait time.

m L oad Program

Reset Start

SBT pin ==High
&&
SBD pin ==Low ?

Yes

Wait tWAIT1

SBT pin ==High
&&
SBD pin ==Low ?

Start serial writer Execute user program
load program Xecute user prog

Figure 9-6-9 Load Program Start Flow

Conditions

1. When theload program initializes areset start, SBD = low and SBT = high.
2. The program waits for tWAIT1.

3. SBD must till below and SBT high.

4, Wait that both SBD and SBT become high during tWAIT2.

If any above conditions are not met, the program returns to the user program.
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9-6-9 Branch to User Program

m Branch to Resat Service Routine

( Reset Start J

Serial Writer ?

No

Start serial writer Branch to X'80408'
load program

Execute User Program

Figure 9-6-10 Reset Service Routine Flow

When the reset starts, the serial writer load program initializes only if SBD islow. The
program branches to the user program at address x'80408'.

m Branch to Interrupt Service Routine

Interrupt Start Address| jmp x'80410' Instruction
X'80008' (3 bytes/2 cycles)

[ Branch to x'80410' J Write a branch instruction to x'80410'

1 )

Execute user interrupt service routine
(Generate 2-cycle delay)

Figure 9-6-11 Interrupt Service Routine Flow

Write only the instruction branching to address x'80410" at the interrupt start address
(x'80008)).
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9-6-10 Serial Interface for Onboard Serial Programming

m Features
Fixed-length Serial Interface
« Character length 8 hits
* Transmission bit order LSB
* Clock source External clock
o Maximum transfer speed 5 Mbps ( with a20-MHz oscillator)
« Error detection Overrun error
» Buffer Transmit/receive shared buffer
Single transmit buffer, Double receive buffer

m DataTiming

SBD se] | | | | [ [wvss

SBT

Figure 9-6-12 Data Transfer Timing

The 8-bit serial dataistransfered with LSB first bit order.
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9-6-11 PROM Writer/Onboard Serial Programming

START

Vbbp=5.0 V
I
All"0"Program
I

Erase

User Data Program

END

Figure 9-6-13 Programming Flow
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