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Request for your special attention and precautions in using the technical informa-

tion and semiconductors described in this manual.

(1) The approval 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) This manual 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.

PanaXSeries is a trademark 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 MN102LF25Z is manufactured and sold under the License Agreement with BULL CP8 Inc., and the use of

the MN102LF25Z into the IC card is not allowed.



About This Manual

This manual is intended for assembly-language programming engineers.

It describes the internal configuration and hardware functions of the

MN102L25x series microcontrollers.

Warning

Please read and follow these instructions to prevent damage or

reduced performance.

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.



Finding Desired Information
This manual provides four methods for finding desired information quickly and easily.

(1) An index for the front of the manual for finding each section.

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

(3) A list of figures at the front of the manual for finding illustrations and charts by

names.

(4) A chapter name is located at the upper corner of each page.

Related Manuals
■   MN10200 Series Linear Addressing Version LSI User Manual

(Describes the MN10200 series specifications)

■   MN10200 Series Linear Addressing Version Instruction Manual

(Describes the instruction set)

■   MN10200 Series Linear Addressing Version C Compiler User Manual Usage Guide

(Describes the installation, commands, and options for the C complier)

■   MN10200 Series Linear Addressing Version C Compiler User Manual Language

Description  (Describes the syntax for the C complier)

■   MN10200 Series Linear Addressing Version C Compiler User Manual Library

Reference  (Describes the standard libraries for the C complier)

■   MN10200 Series Linear Addressing Version Cross Assembler User Manual Lan-

guage Description  (Describes the assembler syntax and notation)

■   MN10200 Series Linear Addressing Version C Source Code Debugger User Manual

(Describes the use of the C source code debugger)

■   MN10200 Series Linear Addressing Version PanaXSeries 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.  See the last page of this manual for a list of addresses and tele-

phone numbers.
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Chapter 1  General Description

1-1  General Description

1-1-1  Introduction

The MN10200 series linear addressing version designs the new architecture
for C-language programming based on a detailed analysis for embedded
applications.  This improves the system architecture in speed and function
to meet the requirements in user systems including miniaturization and low
power consumption.

The 16-bit MN102L (P, F) 25x series contains various peripheral functions and memory

interfaces for supporting four chip select (CS) signals and Burst ROM.  This improves

high real-time control performance in a wide variety of fields including printers, electric

instruments, audiovisual equipment, electric appliances, automobiles, robotics and com-

puter peripheral devices.  This series adapts a load/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.

M N 1 0 2   L   P   x x   G

ROM/RAM sizes
25G   128 KB/5 KB
25Z    128 KB/3 KB
25D    64 KB/3 KB
25A    32 KB/3 KB
2503   0 KB/3 KB
62G    128 KB/5 KB
62F     96 KB/5 KB
62D     64 KB/5 KB 

Model Number

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

Core Version

16-bit 10200 Series

M N 1 0 2 L 4 9 0 A

Input Level TTL
of MN102L2503 pins
Refer to "9-2-3 List of 
Pin Functions" for details.

[Model Explanation]

1-1-2  Features

This series contains a flexible and optimized hardware architecture as well
as a simple and efficient instruction set.  This allows 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

spaces.  The hardware architecture is also optimized for large systems.  The memory is not

divided into instruction areas and data areas so that operations can share instructions.
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7 0

Conventional Register Assignment

07

New Register Assignment

Register Specification Field

Register Specification Field

15 8

2.  Single-byte Basic Instruction Length

The MN10200 series has replaced general registers with eight internal CPU

registers divided four address registers (A0 - A3) and four data registers

(D0-D3).  The register 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 Pipeline 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 byte in one machine cycle (100 ns with a 20-MHz oscilla-

tor).

4.  Simple Instruction Set

The MN10200 series uses an instruction set of 36 instructions, designed specially for the

programming model for embedded applications.  To compress the code size, instructions

have a variable length of one byte to five bytes.  The most frequently used instructions in

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 moves to the interrupt service routine within 11 cycles

or less.  The MN10200 series improves real-time control performance us-

ing the interrupt handler which adjusts interrupt servicing speed depending

on user requirements.

Fetch Decode

Address
Calculation Execute

Instruction 1

1 Cycle

Fetch Decode

Address
Calculation Execute

Instruction 2

Main Program

Interrupt Service Routine
Instruction 1

Instruction 2

Instruction 3

Instruction 4

Interrupt Request
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6.  Flexible Interrupt Control Structure

The interrupt controller divides into eight groups (of them, group 0 is reserved for NMI)

and supports a maximum of four vectors for each group in total of 26 vectors.  Each group

can be set to one of seven priority levels.  This provides the software design flexibility and

control.  The CPU is compatible with software from previous Panasonic peripheral mod-

ules.

7.  High-speed, High-functional External Interface

The MN10200 series supports external interface functions including 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.  This reduces overall power consumption.  The MN10200 series also supports three

modes of SLOW, HALT and STOP for power savings.
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1-1-3  Overview

This section describes the basic configuration and function of this series.

■   Address Space
The memory contains up to 16-Mbyte linear address space.  The instruction area and data

area are not separated so that internal RAM, special function registers for internal periph-

eral functions are allocated into the first 64 kbytes in memory as the basic configuration.

Three memory modes shown in Table 1-1-1 are available depending on models and sizes

of user programs.

x'0FC000'

Internal ROM

Internal RAM

I/O Control Registers

x'FFFFFF'

x'080000'

x'010000'

x'00FC00'

x'008000'

x'000000'

Max of
31 Kbytes

1 Kbyte

Max of 
496 Kbytes

External Memory

External Memory

External Memory

16 Mbytes
Program start address

x'080000'

Interrupt handlerstart address
x'080008'

Figure 1-1-1  Address Space

This is a general example of the

memory expansion mode.

The start address of internal ROM

is fixed at x’008000’ while the end

address of internal ROM depending

on sizes of internal ROM.  (The end

address in this example is 496

kbytes.)

Both start address and end address

of internal RAM are changed within

x’008000’ to x’00FBFF’ depending

on models.

Mode        Address Bit Width      Internal ROM Capacity

Single-chip Mode

Memory Expansion Mode

Processor Mode

Up to 24 bits
16 kbytes or more

None

Table 1-1-1 Memory Modes
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■   Internal Registers, Memory and Special Function Registers

23
PC

0

Program Counter

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

the execution.

23
A0

0

Address Registers

The address registers specify the data location on the memory.  Of four reg-

isters, A3 is assigned as the stack pointer.
A1

A2

A3

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.

15
MDR

0
Multiplication/Division Register

The multiplication/division register stores the upper 16 bits of the 32-bit

product of the multiplication operations.  In division operations, this register

stores the upper 16 bits of the 32-bit dividend before the execution and the

16-bit remainder of the quotient after the execution.

15
PSW

0
Processor Status Word

The processor status word indicates the CPU status.  This register stores the

operation result flags and interrupt mask levels.

23
D0

0
Data Registers

D1

D2

D3

ROM

RAM

Memory, Special Registers, I/O Ports

CPUM, MEMCTR, IAGR

GnICR

SCnCTR, SCnTRB, SCnSTR

ANCTR, ANBUF

TMnMD, TMnBC, TMnBR...

MEMMDn, EXMCTR

ATCBC, ATCCTR

PnOUT, PnIN, PnDIR

Memory (ROM and RAM), special registers for controlling peripheral func-

tions and I/O ports are assigned to the same address space.

Internal ControlRegisters

Interrupt Control Registers

Serial Interface

A/D Converter

Timers/Counters

Memory Control

ATC Controller

I/O Ports
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■   Interrupt Controller
The interrupt controller (group 0 to group 7) allocated to the outside of the CPU controls

all nonmaskable interrupts and maskable interrupts except reset.  Each group contains up

to four interrupt vectors and specifies any of seven priority levels.

0123456

Interrupt Mask

Nonmaskable Interrupt
Receive

Reset
Receive

Interrupt Enable

Maskable Interrupt 
Receive Reset

CPU Core

3
Maskable Interrupt Controller

Group 1 (G1CIR)

Nonmaskable Interrupt Controller
Group 0 (G0CIR)

3

Maskable Interrupts
26 Vectors

Maskable Interrupt Controller
Group 7 (G7CIR)

Interrupt Controller

3

External Pin Interrupts
Peripheral Interrupts, etc.

Nonmaskable Interrupts

Watchdog Timers
Undefined Instruction 
External Pin NMI

Hardware processing
Push PC, PSW

Interrupt

Main Program x'080008'
Interrupt service routine
Reset interrupt vectors 
at the beginning

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

JMP, etc.

Max. of 4 mashine cycles 7 machine cycles

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

moves to the interrupt, searches to the interrupt vector and branches to the entry address of

the interrupt service for that interrupt.

Figure 1-1-2  Interrupt Controller Configuration

Figure 1-1-3  Interrupt Servicing Sequence
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1-2  Basic Specifications

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

Load/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

36 instructions

6 addressing modes

One-byte basic instruction length

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

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

3-stage: Instruction fetch, decode, execute

16-Mbyte linear address space

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

SLOW mode, STOP mode, HALT mode

High-speed: Up to 20 MHz

Low-speed: Up to 32 kHz

CPU Structure

Instruction

Basic Performance

Pipeline

Address Space

External Bus

Low-power Mode

Frequency Circuit

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

3 nonmaskable 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

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

1 Channel (fixed between serial channel 0 and internal RAM)

Serial (ch0) transmit/receive interrupt request

600 ns of 1-byte data transfer speed with a 20-MHz oscillator

Two UART/Synchronous (shared) serial interfaces

A/D converter

Eight 8-bit inputs

Auto scanning (1 to 8 channel settings)

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

80 I/O ports (All shared pins except ROM less)

48 I/O ports (all shared pins, with ROM less)

100-pin LQFP

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

Interrupt

Timer/Counter

ATC *

Serial Interface

Analog Interface

Byte-swap Register

I/O Port

Package
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1-3  Block Diagram

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

A1

A0

A3

A2

D1

D0

D3

D2

MDR

T1
T2

Clock
Generator

Clock Source

Instruction Execution
Controller

Instruction Decoder

Interrupt
Controller

Instruction
Queue

Interrupt Bus

Internal Peripheral Function

BRACK  BREQ

External Interface

RAM Bus

Internal RAMInternal ROM

ROM Bus

Bus Controller

Operand AddressProgram Address

Program
Counter

ALU

Address Registers Data Registers

A

B

PSW

Multiplication/Division Register

Increment

Peripheral Extension Bus

External Expansion Bus

Figure 1-3-1  Block Diagram
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The clock generator contains the clock oscillation circuit connected to an external crystal

and supplies the clock to all CPU blocks.

The program counter generates addresses for 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.

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

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.

The instruction execution controller controls the operations of each CPU function based

on results from the instruction decoder and interrupt requests.

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 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.

They also store the base addresses in the register relative indirect, indexed addressing and

register indirect addressing modes.

The data registers (Dn) store the operation results and transfer the data to memory.  They

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.

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

interrupt controller and operation results.

The interrupt controller detects the interrupt requests from the peripheral functions, and

requests the CPU to move to the interrupt service routine.

The bus controller controls the connection between the CPU internal bus and the CPU

external bus.  It also contains the bus arbitration function.

This series contains the peripheral functions including timers, serial interface and A/D

converter.

Clock Generator

Program Counter

Instruction Queue

Instruction Decoder

Instruction Execution
Controller

ALU

Internal ROM, Internal RAM

Address Registers (An)

Operation Registers

(Dn, MDR)

PSW

Interrupt Controller

Bus Controller

Internal Peripheral Function

Block Function

Table 1-3-1  Block Functions
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1-4  Pin Description
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48
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MN102L(P,F)25x Series
(TOP VIEW)

P12,D10,AD10
P11,D09,AD09
P10,D08,AD08

P07,D07,AD07

P05,D05,AD05
P04,D04,AD04

P02,D02,AD02

RST

PA1,IRQ1

P17,D15,AD15

P16,D14,AD14
P15,D13,AD13
P14,D12,AD12
P13,D11,AD11

PA0,IRQ0

PA2,IRQ2
PA3,IRQ3
PA4,IRQ4

P03,D03,AD03

P06,D06,AD06
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P01,D01,AD01

VDD

P00,D00,AD00

 P
22

,A
02 V
D

D

X
O

V
S

S

S
Y

S
C

LK

 V
D

D

 P
23

,A
03

P
56

,A
LE

,A
LE

,B
S

T
R

E

 P
55

,B
R

A
C

K

P
51

,C
S

1

P
63

,W
E

H

P
60

,W
A

IT

P
61

,R
E

P
62

,W
E

L

P
52

,C
S

2

P
53

,C
S

3
P

54
,B

R
E

Q

 P
57

,W
O

R
D

 P
20

,A
00

O
S

C
I

O
S

C
O

M
O

D
E

P
50

,C
S

0 X
I

 P
21

,A
01

27

28
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26

A17,P41
A18,P42
A19,P43
VSS

A20,AN4,P44
A21,AN5,P45
A22,STOP,AN6,P46
A23,WDOUT,AN7,P47
TM0IO,P80
TM1IO,P81
TM2IO,P82

VDD

A12,P34
A13,P35
A14,P36
A15,P37
A16,P40

A11,P33

A05,P25
A06,P26
A07,P27
A08,P30
A09,P31
A10,P32

A04,P24

PA5,ADSEP

*

* : Use 33 kΩ to 50 kΩ.

*

Figure 1-4-1  Pin Configuration

The unused input pins are connected to VDD/VSS, the unused output pins are opened

and the unused I/O pins are connected to VDD/VSS by setting the direction in ports.
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Pin Name

VDD

Input/Output Function Description

1-4-1  List of Pin Functions

Refer to “9-2-3  List of Pin Functions” for each pin’s input level, Schmidt and pull-up

resistor availability.  TTL in the input level column means that the input is determined at

TTL level.  CMOS in the input level column means that the input is determined at CMOS

level.  The column with “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.

Shared Pin

Power There are six VDD pins.  Connect these six pins to

a power supply of 4.5 V to 5.5 V.

VSS Power (Ground) There are four VSS pins.  Connect these four pins

to a power supply of 0 V.

OSCI

OSCO

High-speed Oscillator

Input (4 MHz to 20

MHz)

High-speed Oscillator

Output (4 MHz to 20

MHz)

For a self-excited oscillator configuration, connect

crystal or ceramic oscillator across these two pins.

They have a built-in feedback resistor between them.

For stability, insert capacitor of 20 pF to 33 pF be-

tween the OSCI or OSCO pin and VSS pin.  (For the

exact capacitance, consult the oscillator manufac-

turer.)

For an external oscillator configuration, connect the

OSCI pin to an oscillator with an amplitude of 4 MHz

to 20 MHz and the width between VDD and VSS.

Leave the OSCO open.  See “Figure 1-4-2”.

Connecting the OSCO pin with the external circuit is

not allowed.  Select the SYSCLK pin as a synchro-

nous signal.

Input

Output

For a self-excited oscillator configuration, connect

crystal or ceramic oscillator across these two pins.

They have a built-in feedback resistor between them.

For stability, insert capacitor of 100 pF to 200 pF be-

tween the XI or XO pin and VSS pin.  (For the exact

capacitance, consult the oscillator manufacturer.)  See

“Figure 1-4-3”.

For an external oscillator configuration, connect the

XI pin to 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 VSS and

leave XO open.  Connecting the XO pin with the ex-

ternal circuit is not allowed.  Select the SYSCLK pin

as a synchronous signal.

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

XI

XO

Low-speed Oscillator

Input (32 kHz to 200

kHz)

Low-speed Oscillator

Output (32 kHz to 200

kHz)

Input

Output
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Pin Name

RST

Input/Output Function DescriptionShared Pin

Reset Input This pin resets the chip.  With a 20-MHz oscillator,

reset starts when the low level is input to this pin

for more than 400 ns.  Reset starts even when the

noise is input to this pin for less than 400 ns.  Reset

is released when the high level is input to the pin.

The oscillation waits of the high-speed oscillation

pin (OSCI) are performed (approximately 6 ms to

7 ms with a 20-MHz oscillator).  After that, the chip

starts executing the instruction from x’08000’.  See

“Figure 1-4-4”.

This pin provides the system clock.  After reset re-

lease, the oscillation waits of OSCI are always per-

formed and this pin outputs the clock of 10 MHz.

This pin hold the high level until the oscillation waits

are released after the RST pin became the low level.

Table 1-4-1  List of Pin Functions (2/9)

MODE Memory Mode Setup

Input

Input

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 MN102L2503 (ROM less), this pin is fixed

the low level.

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 0 (the address of x’010000’ to

x’3FFFFF’) of 4 blocks (Block 0 to Block 3) divided

in the 16-MB space.  The data bus widths for internal

ROM, RAM and special registers are 16-bit width

regardless of this pin setting.

Pulling the pin low sets the 16-bit data bus width while

pulling the pin high sets the 8-bit data bus width.  In

processor mode or memory expansion mode, al-

ways use this pin as an input pin for specifying the

data bus width.

Do not change the data bus width in this pin during

operation.  When the setting is changed, proper op-

eration cannot be guaranteed.

SYSCLK System Clock OutputOutput

P57 General-purpose Port 5

Data Bus Width Setup

Input

I/O

WORD



15MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Chapter 1  General Description

Pin Name

P54

P55

Input/Output Function DescriptionShared Pin

General-purpose Port 5

Bus Request

General-purpose Port 5

Bus Request Enable

Output

This pin can be used as a general-purpose input/out-

put port.  See “Chapter 8 Ports”.

The BREQ and BRACK pins operate bus arbitration.

Pulling the BREQ pin low suspends the execution of

the current instruction.  After that, the CPU releases

bus and pulls the BRACK pin low.  While the CPU is

accessing bus, the CPU releases the bus after the bus

access is completed and then pulls the BRACK pin

low.  Pulling the BREQ pin high restores the bus

master to the CPU.  See “2-2-2 External Memory

Connection Example”.

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

P62

P63

P61

General-purpose Port 6

Lower Byte Write En-

able Output

General-purpose Port 6

Upper Byte Write En-

able Output

General-purpose Port 6

Read Enable Output

I/O

Output

I/O

Output

I/O

Output

I/O

Input

I/O

Output

This pin can be used as a general-purpose input/out-

put port.  See “Chapter 8 Ports”.

These pins provide control signals for the memory

read/write.

When connecting SRAM and ROM, connect RE to

OE in memory.  RE outputs low level during read

operation and the CPU read out the content of the

memory.  When connecting SRAM, connect WEL

and WEH to WE pins in 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 D07.  WEL is invalid 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 pins in the

processor mode.  (It means these cannot be used as

general-purpose ports.)

During bus request, STOP mode or HALT mode, these

pins become in a high impedance state.  (When using

as ports, these are not in a high impedance state.)

See “2-2-, 2-2-4 External Memory Connection Ex-

ample”.

WEL

WEH

RE

BREQ

BRACK
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Pin Name

P43 to P40

Input/Output Function DescriptionShared Pin

General-purpose Port 4

Address Output

When using as general-purpose input/output ports,

the I/O direction is controlled 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

A19 to A16, and cannot be used as general-purpose

I/O ports.  During a bus request (BREQ is low level),

STOP mode or HALT mode, these pins will be in a

high impedance state.  (However, these pins will not

be in a high impedance state when they are using as

general-purpose I/O ports.)

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

I/O

Output

When using as general-purpose input/output ports,

the I/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

A21 to A20, and cannot be used as general-purpose

I/O ports.  During a bus request (BREQ is low level),

STOP mode or HALT mode, these pins will be in a

high impedance state.  (However, these pins will not

be in a high impedance state when they are using as

general-purpose I/O ports or analog input pins.)

A19 to A16

P45 to P44 General-purpose Port 4

A/D Converter Input

Address Output

I/O

Input

Output

AN5 to AN4

A19 to A16
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Pin Name

P46

Input/Output Function DescriptionShared Pin

General-purpose Port 4

A/D Conversion Input

STOP Status Signal

Address Output

When using as a general-purpose input/output port,

the I/O direction is controlled in bit units.

This pin is used as an A/D conversion input pin.  See

“Chapter 6 A/D Converter”.

This pin becomes high level during STOP or HALT

mode.

This pin outputs the 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 it 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 be in a high im-

pedance state.  (However, it will not be in a high im-

pedance state when they are using as a general-pur-

pose I/O port, an analog input or STOP pin.)

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

I/O

Input

Output

Output

When using as a general-purpose input/output port,

the I/O direction is controlled in bit units.

This pin is used as an A/D conversion input pin.  See

“Chapter 6 A/D Converter”.

This pin outputs a pulse when the watchdog timer

overflows.

This pin outputs the address (A23) of memory in pro-

cessor mode or memory expansion mode.  Connect

it to address pin of memory or address decode cir-

cuit.  When it 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 be in a high im-

pedance state.  (However, it will not be in a high im-

pedance state when they are using as a general-pur-

pose I/O port, an analog input or WDOUT pin.)

AN6

STOP

A22

P47 General-purpose Port 4

A/D Converter Input

Watchdog Timer Over-

flow Signal

Address Output

I/O

Input

Output

Output

AN7

WDOUT

A23
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Pin Name

P37 to P30

Input/Output Function DescriptionShared Pin

General-purpose Port 3

Address Output

When using as general-purpose input/output ports,

the I/O direction is controlled in bit units.  See “Chap-

ter 8 Ports”.

These pins output addresses (A15 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

A15 to A08, and cannot be used as general-purpose

I/O ports.  During a bus request (BREQ is low level),

STOP mode or HALT mode, these pins will be in a

high impedance state.  (However, these pins will not

be in a high impedance state when they are using as

general-purpose I/O ports.)

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

I/O

Output

When using as general-purpose input/output ports,

the I/O direction is controlled in bit units.  See “Chap-

ter 8 Ports”.

These pins output addresses (A07 to A00) 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

A07 to A00, and cannot be used as general-purpose

I/O ports.  During a bus request (BREQ is low level),

STOP mode or HALT mode, these pins will be in a

high impedance state.  (However, these pins will not

be in a high impedance state when they are using as

general-purpose I/O ports.)

A15 to A08

P27 to P20 General-purpose Port 2

Address Output

I/O

Output A07 to A00
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Pin Name

P17 to P10

P07 to P00

Input/Output Function DescriptionShared Pin

General-purpose Port 1

General-purpose Port 0

Data (Address/Data) I/O

pin

When using as general-purpose input/output ports,

the I/O direction is controlled 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 become in-

put.

When the 8-bit data bus width is selected in memory

expansion mode or address/data separate mode, P07

to P00 can function as I/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 pins will be in a high

impedance state.  (However, these pins will not be

in a high impedance state when they are using as

general-purpose I/O ports.)

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

I/O

I/O

When using as general-purpose input/output ports,

the I/O direction is controlled 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 Bus Interface”  for address allocation

for CS3 to CS0.  CS0 cannot be output when

accesssing internal ROM.

During a bus request (BREQ is low level), STOP

mode or HALT mode, these pins will be in a high

impedance state.  (However, these pins will not be in

a high impedance state when they are using as gen-

eral-purpose I/O ports.)

D15 to D00

(AD15 to

AD00)

P53 to P50 General-purpose Port 5

Chip Select Output

I/O

Output CS3 to CS0

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

as ADSEP in processor mode or memory expansion

mode.

Do not change this pin’s setting during the operation.

When the setting is changed, proper operation can-

not be guaranteed.

PA5 General-purpose Port A

Addree/Data Separate/

Shared Mode Setup

I/O

Input ADSEP
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Pin Name

P56

Input/Output Function DescriptionShared Pin

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 becomes a RE signal for burst ROM during

the address/data separate mode in processor mode.

(However, this pin is not used  as BSTRE because

connecting the RE pin to burst ROM is possible with

the penalty for burst ROM.)  See “2-1-3 ROM Burst

Mode Timing”

This pin provides a timing signal of latching the ad-

dress which outputs to A15 to A00 during the ad-

dress/data shred mode.  ALE outputs at positive logic

at reset release, but the register switches to negative

logic.  Because of this, ALE cannot be used at nega-

tive logic in 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 be in a high im-

pedance state.  (However, this pin will not be in a

high impedance state when it is using as a general-

purpose I/O port.)

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

I/O

Output

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 access to

the external memory.  See “Figure 1-4-5”

BSTRE

(ALE/ALE)

P60 General-purpose Port 6

Bus Cycle Wiat Input

I/O

Input WAIT

These pins can be used as general-purpose input/out-

put ports.  See “Chapter 8 Ports”.

These pins can be used as data input/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 Serial Interface”.

P74, P71 General-purpose Port 7

Serial Interface Data In-

put

I/O

Input SBI1 to SBI0

P75, P72 General-purpose Port 7

Serial Interface Data

Output

I/O

Output SBO1 to

SBO0

These pins can be used as general-purpose input/out-

put ports.  See “Chapter 8 Ports”.

These pins can be used as synchronous transfer clock

signals for serial interface.

When these are unused, the input pins are fixed as

high level while the output pins are opened.  See

“Chapter 5 Serial Interface”.

P70 General-purpose Port 7

Serial Interface 0 Clock

Input/Output

I/O

I/O SBT0

P73 General-purpose Port 7

Serial Interface 1 Clock

Input/Output

I/O

I/O SBT1
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Pin Name

P85 to P80

Input/Output Function DescriptionShared Pin

General-purpose Port 8

Timer 5 to Timer 0 In-

put/Output

When using as general-purpose input/output ports,

the I/O direction is controlled in bit units.  See “Chap-

ter 8 Ports”.

These pins can be used as timer 5 to timer 0 input/

output pins.

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

I/O

I/O TM5IO to

TM0IO

P86

Timer 6A Input/Output

This pin can be used as a general-purpose input/out-

put port.

This pin can be used as a timer input capture input/

output compare output pin.

I/O

I/O TM6IOA

P87

Timer 6B Input/Output

This pin can be used as a general-purpose input/out-

put port.

This pin can be used as a timer input capture input/

output compare output pin.

I/O

I/O TM6IOB

P90

Timer 6 Counter Clear

This pin can be used as a general-purpose input/out-

put port.

This pin can be used as a timer 6 counter clear pin.

See “Chapter 4 Timers”

I/O

Input TM6IC

P91

Timer 7A Input/Output

This pin can be used as a general-purpose input/out-

put port.

This pin can be used as a timer input capture input/

output compare output pin.

I/O

I/O TM7IOA

P92 General-purpose Port 8

Timer 7B Input/Output

This pin can be used as a general-purpose input/out-

put port.

This pin can be used as a timer input capture input/

output compare output pin.

I/O

I/O TM7IOB

P93

Timer 7 Counter Clear

This pin can be used as a general-purpose input/out-

put port.

This pin can be used as a timer 7 counter clear pin.

See “Chapter 4 Timers”

I/O

Input TM7IC

P97 to P94 General-purpose Port 9

A/D Conversion Input

When using as a general-purpose input/output port,

the I/O direction is controlled in bit units.

This pin is used as an A/D conversion input pin.  See

“Chapter 6 A/D Converter”.

I/O

Input AN3 to

 AN0

NMI NMI A NMI interrupt occurs on the falling edge to low

level at negative logic.  (When reading the Port A,

monitor the pin value at bit 6.)

Input

PA4 to PA0 General-purpose Port A

External Interrupt

When using as a general-purpose input/output port,

the I/O direction is controlled in bit units.  See “Chap-

ter 8 Ports”.

I/O

Input IRQ4 to

IRQ0
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20 pF to 33 pF 20 pF to 33 pF

OSCI OSCO

4 MHz to 20 MHz

OSCI OSCO

4 MHz to 20 MHz

Oscillation
Circuit

Figure 1-4-2  OSCI and OSCO Connection Example

XI XO

32 kHz to 200 kHz

Oscillation
Circuit

100 pF to 200 pF 100 pF to 200 pF

XI XO

32 kHz to 200 kHz

Figure 1-4-3  XI and XO Connection Example

Figure 1-4-4  Reset Connection Example

10 kΩ to 50 kΩ

+

-
10 µF to 100µF

RST

SW

Di

RE
WEH
WEL

WAIT

RESET
Delay
Circuit

Figure 1-4-5  WAIT Signal Control Circuit Example
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1-5  External Dimensions

Package Code: LQFP100-P-1414

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

your nearest sales office for the latest product specifications.
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2-1  Bus Interface

2-1-1  Overview

This series contains three memory modes of single-chip mode, memory
expansion mode and processor mode.  The chip of this series connects to the
external memory or I/O consisted of gate array in the expansion mode or
processor mode.  The address space is divided into four fixed areas (Block 0
to Block 3).  Each block has approximately 4 MB area and generates four
chip-select signals to its corresponding external space.  (The address space
is optionally divided when the chip-select signals are generated externally.)

16-bit bus width or 8-bit bus width is selected for each block.  The WORD pin sets the 16-

bit bus width or 8-bit bus width for Block 0 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'

x'00E000'

x'00EC00'
or  x'00F400'

x'00FC00'

x'010000'

x'800000'

x'C00000'

x'FFFFFF'

x'100000'

x'080000'
or x'088000'
or x'090000'
or x'0A0000'

x'400000'

�
Internal RAM
(5 KB or 3 KB)

Access Prohibited Area
(2 KB or 4 KB)

Special Registers
(1 KB)

External Memory
(448 KB)

Internal ROM
(128 KB or 64 KB or 32 KB or 0KB)

External Memory
(3952 KB)

External Memory
(4 MB)

External Memory
(4 MB)

External Memory
(4 MB)

External Memory
(384 KB or 448 KB or 480 KB or 512 KB)

x'080000'

��
������
���CS0 Area

Burst ROM
Support Area

CS1 Area

CS2 Area

CS3 Area

Block 1

Block 2

Block 3

Block 0

(56 KB)

Virtual Image

(56 KB)

Actual Image

External Memory

External Memory

Figure 2-1-1  Address Space

The MN102L2503 has only proces-

sor mode.

*  Accessing the virtual area using

the program means accessing the

real area in this series.
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x'09FFFF'

x'FFFFFF'

x'00FFFF'

x'00FC00'

x'00F3FF'

x'000000'

x'080000'

x'00E000'

Single-chip Mode

Pin Mode = 'H'

Memory Expansion Mode

Reset Handler
Interrupt Handler

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.

Processor Mode 

Reset Handler
Interrupt Handler

Pin Mode = 'L'

��
Access Prohibited Area

Access Prohibited Area

Internal RAM

��Internal ROM

Access Prohibited Area

Access Prohibited Area

�
External Memory

External Memory

Internal RAM

�Internal ROM

Access Prohibited Area

External Memory

��
External Memory

Internal RAM

Access Prohibited Area

External Memory

Reset Handler
Interrupt Handler

External Memory

Special Registers Special Registers Special Registers

Figure 2-1-2  Bus Controller

In this series, the addresses of x’000000’ to x’00DFFF’ replaces the 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 allocated into Block1, Block2 and Block 3 respectively, and

these pins become low level.

x’010000’ to x’3FFFFF’

(The CS0 signal is not generated in the internal ROM area.)

x’400000’ to x’7FFFFF’

x’000000’ to x’00DFFF’

x’800000’ to x’BFFFFF’

x’C00000’ to x’FFFFFF’

CS0

CS1

CS2

CS3

Table 2-1-1  CS Signal Generation

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.

Figure 2-1-2 shows the bus control-

ler of the MN102L25G.

The CS0 signal is generated even in

the internal ROM area during pro-

cessor mode.

Accessing the logical addresses of

x’000000’ to x’00DFFF’ means ac-

cessing the addresses of  x’800000’

to x’80DFFF’.
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Figure 2-1-3  Memory Expansion Mode
(Address/Data Shared Pin Configuration)
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Figure 2-1-4  Memory Expansion Mode
(Address/Data Separated Pin Configuration)



29MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Chapter 2  Bus Interface

40

41

42

43

44

45

46

47

48

49

50

V
D

D

T
M

6I
O

A
,P

86

T
M

6I
C

,P
90

T
M

7I
O

A
,P

91
T

M
7I

O
B

,P
92

T
M

7I
C

,P
93

V
S

S

A
N

3,
P

97

V
D

D
 (
V

pp
)

S
B

T
1,

P
73

S
B

O
1,

P
75

N
M

I

S
B

O
0,

P
72

S
B

I0
,P

71

S
B

T
0,

P
70

A
N

2,
P

96
A

N
1,

P
95

A
N

0,
P

94

T
M

5I
O

,P
85

T
M

4I
O

,P
84

T
M

3I
O

,P
83

S
B

I1
,P

74

T
M

6I
O

B
,P

87

65

34

35

36

37

38

39

33

24232120191817161514131 2 3 4 5 6 7 8 9 10 11 12 22 25

93

92

91

90

89

88

87

86

85

84

83

82

81

80

79

78

77

76

7374 545556575859606162 53 52 9164 6375 72 71 70 69 68 67 66

99

98

97

96

95

94

100

MN102L25x
(TOP VIEW)

100-pin LQFP
AD10
AD09
AD08

AD07

AD05
AD04

AD02

RST

PA1,IRQ1

AD15

AD14
AD13
AD12
AD11

PA0,IRQ0

PA2,IRQ2
PA3,IRQ3
PA4,IRQ4

AD03

AD06

VSS

AD01

VDD

AD00

V
D

D

X
O

V
S

S

S
Y

S
C

LK

 V
D

D

O
S

C
I

O
S

C
OX
I

27

28

29

30

31

32

26

A17
A18
A19
VSS

A20
A21
A22,STOP,AN6,P46
A23,WDOUT,AN7,P47
TM0IO,P80
TM1IO,P81
TM2IO,P82

VDD

P34
P35
P36
P37
A16

P33

P25
P26
P27
P30
P31
P32

P24

P
22

P
23

A
LE

 P
55

,B
R

A
C

K

C
S

1

W
E

H

P
60

,W
A

IT

R
E

W
E

L

C
S

2

C
S

3
P

54
,B

R
E

Q

W
O

R
D

P
20

C
S

0

P
21

Figure 2-1-5  Processor Mode
(Address/Data Shared Pin Configuration)
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Figure 2-1-6  Processor Mode
(Address/Data Separated Pin Configuration)

ALE is not generated during proces-

sor mode.
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Figure 2-1-7  Single-chip Mode
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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-
ternal memory control register (EXMCTR).

retsigeR sserddA W/R noitcnuF

RTCMEM '20CF00'x W/R retsigeRlortnoCyromeM

0DMMEM '03CF00'x W/R 0retsigeRlortnoCedoMyromeM

1DMMEM '23CF00'x W/R 1retsigeRlortnoCedoMyromeM

2DMMEM '43CF00'x W/R 2retsigeRlortnoCedoMyromeM

3DMMEM '63CF00'x W/R 3retsigeRlortnoCedoMyromeM

RTCMXE '00DF00'x W/R retsigeRlortnoCyromeMlanretxE

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

The MEMCTR register and the MEMMDn register need to set the conditions matched

the system configuration during the initialization program.  [See “9-4 Initialization Pro-

gram”]

The MEMCTR register sets x’04n0’ (n = 0 to 3, the wait cycle of

special registers is normally 1) during the initialization program.

The MEMMD0 register sets the wait cycle for the device connected to Block 0.  The bits

for selecting bus mode do noe exist in the MEMMD0 register like other MEMMDn reg-

isters because the bus width for Block 0 is selected using the pin.  Setting the WAIT[1:0]

is ignored in the burst ROM support area when using burst ROM.

15 14 13 12 11 10 9 7 6 4 3 2 1 08 5

WAIT
1

WAIT
0

Wait Cycle Setting for Block 0
00: None
01: 1 cycle
10: 2 cycles
11: Handshake

MEMMD0:  x’00FC30’
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The MEMMD1 register sets the wait cycles and bus mode for Block 1.

15 14 13 12 11 10 9 7 6 4 3 2 1 08 5

WAIT
1

WAIT
0

Wait Cycle Setting for Block 1
00: None
01: 1 cycle
10: 2 cycles
11: Handshake

BSMOD

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

MEMMD1:  x’00FC32’

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

When using the address converted area (x’000000’ to x’00DFFF’),

set the bus width for block 2 as the same as the bus width for block 0.

15 14 13 12 11 10 9 7 6 4 3 2 1 08 5

WAIT
1

WAIT
0

Wait Cycle Setting for Block 2
00: None
01: 1 cycle
10: 2 cycles
11: Handshake

BSMOD

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

MEMMD2:  x’00FC34’

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

15 14 13 12 11 10 9 7 6 4 3 2 1 08 5

WAIT
1

WAIT
0

Wait Cycle Setting for Block 3
00: None
01: 1 cycle
10: 2 cycles
11: Handshake

BSMOD

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

MEMMD3:  x’00FC36’
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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.

15 14 13 12 11 10 9 7 6 4 3 2 1 08 5

ALE Siganl Polarity
0: Pogitive logic
1: Negative logic

BRPG
0

BRPG
1

WE
SHT

Page Size of ROM Burst Mode
00: 4 bytes
01: 8 bytes
10: 16 bytes
11: Reserved

ROM Burst Mode
00: Disable
01: Reserved
10: Enable (Without penalty)
11: Enable (With penalty)

(*3)

(*2)

WEH, WEL Pulse Width Shortening
0: Disable
1: Enable

(*1)

NALE
EN

BREN
1

BREN
0

EXMCTR:  x’00FD00’

*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

MN102L2503.

*2  Setting the NALEEN bit is in-

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.
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2-1-3  ROM Burst Mode Timing

This LSI 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 size).

An - A02

CE

OE

A01 - 00

D07 - 00

Figure 2-1-8  ROM Timing for Burst Mode
(4 bytes for Page Size)

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’0FFFFF’.  The ac-

cess  cyc le  in  x ’080000 ’  t o

x’0FFFFF’ is 1 wait cycle outside the

page and no wait cycle in the page.

(Bits[1:0] of the MEMMD0 regis-

ter are ignored.)
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This series has the access cycle with penalty and without penalty when the chip accesses

to devices except ROM after it accesses to ROM during the burst mode.  Figure 2-1-9

shows their timings and Figure 2-1-10 shows the connection example.

The ROM burst mode is used only during the address/data separated mode and the WAIT

pin is ignored even though handshake mode us selected.  (Figure 2-1-9 shows the timing

of 8 bytes/page during the 16-bit bus mode.)

OSCI

SYSCLK

A23-00

D15-00

CS0

CSn

RE

WEH

WEL

��
��(A2-0=000) (A2-0=010)(A2-0=100)(A2-0=110) (Penarty)(Not ROM)(A2-0=000)

OSCI

SYSCLK

A23-00

D15-00

CS0

CSn

BRE

RE

WEH

WEL

(A2-0=000) (A2-0=010)(A2-0=100)(A2-0=110) (Not ROM)(A2-0=000) (A2-0=010)

With Penalty

Without Penalty

Figure 2-1-9  ROM Burst Mode Access Timing

When the access without penalty is

selected, accessing x’010000’ to

x’07FFFF’  and x’100000’  to

x’3FFFFF’ is not allowed.
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WEH
(WEL)

CSn

OE CE

A23-00
 

D15-00

A D

OE WR CE

RAM

CS0

RE

MN102L25x

WEH
(WEL)

CSn

A23-00
 

D15-00

CS0

RE

MN102L25x

OE CE

A D

OE WR CE

RAM

BSTRE

OE *Note

*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.

A

ROM

D A

ROM

D

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 cycle is selected.  In addition, the external 3-state

buffer (for example, 74ALS541) may be required when the ROM data hold time is long.
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No. 1 Up to 16 bytes 8 bit P0DIR= - - - - - - - * P0MD= - - - - - - - * Use D07 to D00 as general-purpose ports.

(A03 to A00) (D15 to D08)

P1DIR= - - - - - - - 0 P1MD= - - - - - - - 1

P2DIR= - - - * - - - 0 P2MD= - - - 0 - - - 1 Use A23 to A04 as general-purpose ports.

P3DIR= * * * * * * * * P3MD= 0 0 0 0 0 0 0 0

P4DIR= * * * * * * * * P4MD= 0 0 0 0 0 0 0 0

16 bit P0DIR= - - - - - - - 0 P0MD= - - - - - - - 1 Use A23 to A04 as general-purpose ports.

(D15 to D00)

P1DIR to P4DIR and P1MD to P4MD are same as those 
in the above 8-bit bus width of No. 1.

No. 2 Up to 256 bytes 8 bit P0DIR= - - - - - - - * P0MD= - - - - - - - * Use D07 to D00 as general-purpose ports.

(A07 to A00) (D15 to D08)

P1DIR= - - - - - - - 0 P1MD= - - - - - - - 1 Use A23 to A08 as general-purpose ports.

P2DIR= - - - 0 - - - 0 P2MD= - - - 1 - - - 1

P3DIR to P4DIR and P1MD to P4MD are same as those 
in the above 8-bit bus width of No. 1.

16 bit P0DIR= - - - - - - - 0 P0MD= - - - - - - - 1 Use A23 to A08 as general-purpose ports.

(D15 to D00)

P1DIR to P4DIR and P1MD to P4MD are same as those 
in the above 8-bit bus width.
P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are

No.3 Up to 512 bytes 8 bit same as those in the above 8-bit bus width of No. 1. Use D07 to D00 as general-purpose ports.

(A08 to A00) (D15 to D08)

P3DIR= * * * * * * * 0 P3MD= 0 0 0 0 0 0 0 1 Use A23 to A09 as general-purpose ports.

16 bit P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are Use A23 to A09 as general-purpose ports.

(D15 to D00) 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.
P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are

No.4 Up to 1k bytes 8bit same as those in the above 8-bit bus width of No. 1. Use D07 to D00 as general-purpose ports.

(A09 to A00) (D15 to D08)

P3DIR= * * * * * * 0 0 P3MD= 0 0 0 0 0 0 1 1 Use A23 to A10 as general-purpose ports.

16bit P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are Use A23 to A10 as general-purpose ports.

(D15 to D00) 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.
P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are

No.5 Up to 2k bytes 8bit same as those in the above 8-bit bus width of No. 1. Use D07 to D00 as general-purpose ports.

(A10 to A00) (D15 to D08)
P3DIR= * * * * * 0 0 0 P3MD= 0 0 0 0 0 1 1 1 Use A23 to A11 as general-purpose ports.

16bit P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are Use A23 to A11 as general-purpose ports.

(D15 to D00) 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.
P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are

No.6 Up to 4k bytes 8bit same as those in the above 8-bit bus width of No. 1. Use D07 to D00 as general-purpose ports.

(A11 to A00) (D15 to D08)
P3DIR= * * * * 0 0 0 0 P3MD= 0 0 0 0 1 1 1 1 Use A23 to A12 as general-purpose ports.

16bit P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are Use A23 to A12 as general-purpose ports.

(D15 to D00) 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.
P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are

No.7 Up to 8k bytes 8bit same as those in the above 8-bit bus width of No. 1. Use D07 to D00 as general-purpose ports.

(A12 to A00) (D15 to D08)
P3DIR= * * * 0 0 0 0 0 P3MD= 0 0 0 1 1 1 1 1 Use A23 to A13 as general-purpose ports.

16bit P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are Use A23 to A13 as general-purpose ports.

(D15 to D00) 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.

2-2  External Memory Connection Examples

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

In this LSI series, the control registers for address or data setting need to be
set as follows during address/data separated mode. [See Chapter 8 Ports.]
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P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are
No.8 Up to 16k bytes 8bit same as those in the above 8-bit bus width of No. 1. Use D07 to D00 as general-purpose ports.

(A13 to A00) (D15 to D08)
P3DIR= * * 0 0 0 0 0 0 P3MD= 0 0 1 1 1 1 1 1 Use A23 to A14 as general-purpose ports.

16bit P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are Use A23 to A14 as general-purpose ports.

(D15 to D00) 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.
P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are

No.9 Up to 32k bytes 8bit same as those in the above 8-bit bus width of No. 1. Use D07 to D00 as general-purpose ports.

(A14 to A00) (D15 to D08)
P3DIR= * 0 0 0 0 0 0 0 P3MD= 0 1 1 1 1 1 1 1 Use A23 to A15 as general-purpose ports.

P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD 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 D00) P3DIR and P3MD are same as those in the above 8-bit 
bus width.

P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD are
No.10 Up to 64k bytes 8bit same as those in the above 8-bit bus width of No. 1. Use D07 to D00 as general-purpose ports.

(A15 to A00) (D15 to D08)
P3DIR= 0 0 0 0 0 0 0 0 P3MD= 1 1 1 1 1 1 1 1 Use A23 to A16 as general-purpose ports.

P0DIR to P2DIR, P4DIR and P0MD to P2MD, P4MD 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 D00) P3DIR and P3MD are same as those in the above 8-bit 
bus width.

P0DIR to P3DIR and P0MD to P3MD are same as those
No.11 Up to 128k bytes 8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to D00 as general-purpose ports.

(A16 to A00) (D15 to D08)
P4DIR= * * * * * * * 0 P4MD= 0 0 0 0 0 0 0 1 Use A23 to A17 as general-purpose ports.

P0DIR to P3DIR and P0MD 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 D00) P4DIR and P4MD are same as those in the above 8-bit 
bus width.

P0DIR to P3DIR and P0MD 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 D00 as general-purpose ports.

(A17 to A00) (D15 to D08)
P4DIR= * * * * * * 0 0 P4MD= 0 0 0 0 0 0 1 1 Use A23 to A18 as general-purpose ports.

P0DIR to P3DIR and P0MD 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 D00) P4DIR and P4MD are same as those in the above 8-bit 
bus width.

P0DIR to P3DIR and P0MD to P3MD are same as those
No.13 Up to 512k bytes 8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to D00 as general-purpose ports.

(A18 to A00) (D15 to D08)
P4DIR= * * * * * 0 0 0 P4MD= 0 0 0 0 0 1 1 1 Use A23 to A19 as general-purpose ports.

P0DIR to P3DIR and P0MD 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 D00) P4DIR and P4MD are same as those in the above 8-bit 
bus width.

P0DIR to P3DIR and P0MD to P3MD are same as those
No.14 Up to 1M bytes 8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to D00 as general-purpose ports.

(A18 to A00) (D15 to D08)
P4DIR= * * * * 0 0 0 0 P4MD= 0 0 0 0 1 1 1 1 Use A23 to A20 as general-purpose ports.

P0DIR to P3DIR and P0MD 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 D00) P4DIR and P4MD are same as those in the above 8-bit 
bus width.

P0DIR to P3DIR and P0MD to P3MD are same as those
No.15 Up to 2M bytes 8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to D00 as general-purpose ports.

(A19 to A00) (D15 to D08)
P4DIR= * * * 0 0 0 0 0 P4MD= 0 0 0 1 1 1 1 1 Use A23 to A21 as general-purpose ports.

P0DIR to P3DIR and P0MD 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 D00) P4DIR and P4MD are same as those in the above 8-bit 
bus width.

P0DIR to P3DIR and P0MD to P3MD are same as those
No.16 Up to 4M bytes 8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to D00 as general-purpose ports.

(A20 to A00) (D15 to D08)
P4DIR= * * 0 0 0 0 0 0 P4MD= 0 0 1 1 1 1 1 1 Use A23 to A22  as general-purpose ports.

P0DIR to P3DIR and P0MD to P3MD are same as those
16bit in the above 16-bit bus width of No. 10. Use A23 to A22  as general-purpose ports.

(D15 to D00) P4DIR and P4MD are same as those in the above 8-bit 
bus width.

P0DIR to P3DIR and P0MD 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 D00 as general-purpose ports.

(A21 to A00) (D15 to D08)

Or P4DIR= * 0 0 0 0 0 0 0 P4MD= 0 1 1 1 1 1 1 1 In addition, use A22 as a general-purpose 

(/CS2 to /CS0, port when the address is determined by 

A21 to A00) P6MD= * 0 - - * * * - /CS2 to /CS0.

P0DIR to P3DIR and P0MD 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 D00) P4DIR and P4MD 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.

P0DIR to P3DIR and P0MD to P3MD are same as those
No.18 Up to 16M bytes 8bit (All Spaces) in the above 8-bit bus width of No. 10. Use D07 to D00 as general-purpose ports.

(A23 to A00) (D15 to D08)

Or P4DIR= 0 0 0 0 0 0 0 0 P4MD= 1 1 1 1 1 1 1 1 In addition, use A23 to A22 as general-

(/CS3 to /CS0, purpose ports when the address is 

A23 to A00) P6MD= 0 0 - - * * * - determined by /CS3 to CS0.

P0DIR to P3DIR and P0MD 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 D00) P4DIR and P4MD 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.

■   Memory System with 16-bit Bus Width

The following is the example of connecting the 4-Mbit ROM (256 kilowords × 16 bits),

the 1-Mbit SRAM (128 kilo words × 8 bits) and the ASIC with 16-bit bus width to the

CS0 area (1 wait cycle fixed), the CS1 area (no wait cycle fixed) and the CS3 area (hand-

shake), respectively.

A18-A00
D15-D00

WEH
WEL

CS0

CS1

RE

D15-D00

CS3

WAITADSEP

WORD

ROM

A17-A00

CS OE
SRAM

A16-A00I/O7-0

WE

CS

OE

OE WEH WEL

D A

ASIC

WAIT

CS

15:0 15:8 15:0

18:1 16:0

Port
A23-A19

Figure 2-2-1  Memory Connection Example with 16-bit Bus Width
(Address/Data Separated Mode)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — — — — — — — — 1TIAW 0TIAW

— — — — — — — — — — — — — — 0 1

MEMMD0:  x’00FC30’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — DOMB — — — — — — 1TIAW 0TIAW

— — — — — — — 1 — — — — — — 0 0

MEMMD1:  x’00FC32’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — DOMB — — — — — — 1TIAW 0TIAW

— — — — — — — 0 — — — — — — 1 1

MEMMD3:  x’00FC36’
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■   Memory System with 8-bit Bus Width in All Areas

The following is the example of connecting the 4-Mbit ROM (512 kilowords × 8 bits), the

1-Mbit SRAM (128 kilowords × 8 bits) and the ASIC with 8-bit bus width to the CS0 area

(2 wait cycles fixed), the CS1 area (1 wait  cycle fixed) and the CS3 area (handshake),

respectively.

A18-A00
D15-D08

A23-A19

WEH

CS0

CS1

RE

D15-D00

CS3

WAITADSEP

WORD

ROM

A18-A00

CS OE
SRAM

A16-A00I/O7-0

WE

CS

OE

OE

D A

ASIC

WAIT

CS

15:8 15:8 15:8

18:0 16:0

D07-D00

WE

Port

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

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — — — — — — — — 1TIAW 0TIAW

— — — — — — — — — — — — — — 1 0

MEMMD0:  x’00FC30’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — DOMB — — — — — — 1TIAW 0TIAW

— — — — — — — 1 — — — — — — 0 1

MEMMD1:  x’00FC32’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — DOMB — — — — — — 1TIAW 0TIAW

— — — — — — — 1 — — — — — — 1 1

MEMMD3:  x’00FC36’

In the MN10200 series, the data is

input to the upper pins of D15 to

D08.
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■   ROM, RAM Access Timing with 16-bit Bus Width

8-bit Write
Low side

8-bit Write
High Side

16-bit WriteRead

OSCI

SYSCLK

A23-00

D15-08

D07-00

CS

RE

WEH

WEL

(A00=H) (A00=L))

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

8-bit Write
Low Side

16-bit WriteRead

OSCI

SYSCLK

A23-00

D15-08

D07-00

CS

RE

WEH

WEL

Figure 2-2-4  1 Wait Access Timing with 16-bit Bus Width
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16-bit Read

OSCI

SYSCLK

A23-00

D15-08

D07-00

CS

RE

WEH

WEL

WAIT

16-bit Write

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

OSCI

SYSCLK

A23-00

D15-08

CS

RE

WEH

16-bit Read 8-bit Write

(A00=0) (A00=1)

Figure 2-2-6  No Wait Access Timing with 8-bit Bus Width

■   ROM, RAM Access Timing with 16-bit Bus Width

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

8-bit Write16-bit Read

OSCI

SYSCLK

A23-00

D15-08

CS

RE

WEH

(A00=0) (A00=1)

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

16-bit Write

OSCI

SYSCLK

A23-00

D15-08

CS

WE

WAIT

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

OSCO

SYSCLK

A23-16

D15-00

CSn

BRE

RE

WEH,WEL

WAIT

BREQ

BRACK

Bus Master

D A D

CPU  CPUExternal Device

FLOATING

FLOATING

FLOATING

FLOATING

FLOATING

FLOATING

Figure 2-2-9  Access Timing during Bus Request
(Address/Data Separated Mode)
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No.1 Up to 64 Kbytes 8/16bit P0DIR= - - - - - - - 0 P0MD= - - - - - - - 1 Use A23 to A16 as general-purpose ports.

P1DIR= - - - - - - - 0 P1MD= - - - - - - - 1

P4DIR= * * * * * * * 0 P4MD= 0 0 0 0 0 0 0 0

No.2 Up to 128 Kbytes 8/16bit P0DIR to P1DIR and P0MD and P1MD are set as same as Use A23 to A17 as general-purpose ports.
those in the above.
P4DIR= * * * * * * * 1 P4MD= 0 0 0 0 0 0 0 1

No.3 Up to 256 Kbytes 8/16bit P0DIR to P1DIR and P0MD and P1MD are set as same as Use A23 to A18 as general-purpose ports.
those in the above.
P4DIR= * * * * * * 1 1 P4MD= 0 0 0 0 0 0 1 1

No.4 Up to 512 Kbytes 8/16bit P0DIR to P1DIR and P0MD and P1MD are set as same as Use A23 to A19 as general-purpose ports.
those in the above.
P4DIR= * * * * * 1 1 1 P4MD= 0 0 0 0 0 1 1 1

No.5 Up to 1 Mbyte 8/16bit P0DIR to P1DIR and P0MD and P1MD are set as same as Use A23 to A20 as general-purpose ports.
those in the above.
P4DIR= * * * * 1 1 1 1 P4MD= 0 0 0 0 1 1 1 1

No.6 Up to 2 Mbytes 8/16bit P0DIR to P1DIR and P0MD and P1MD are set as same as Use A23 to A21 as general-purpose ports.
those in the above.
P4DIR= * * * 1 1 1 1 1 P4MD= 0 0 0 1 1 1 1 1

No.7 Up to 4 Mbytes 8/16bit P0DIR to P1DIR and P0MD and P1MD are set as same as Use A23 to A22 as general-purpose ports.
those in the above.
P4DIR= * * 1 1 1 1 1 1 P4MD= 0 0 1 1 1 1 1 1

No.8 Up to 8 Mbytes 8/16bit P0DIR to P1DIR and P0MD and P1MD are set as same as Use A23 as a general-purpose port.
those in the above.
P4DIR= * 1 1 1 1 1 1 1 P4MD= 0 1 1 1 1 1 1 1

P6MD= * 0 - - * * * -

No.9 Up to 16 Mbytes 8/16bit P0DIR to P1DIR and P0MD and P1MD are set as same as
those in the above.
P4DIR= 1 1 1 1 1 1 1 1 P4MD= 1 1 1 1 1 1 1 1

P6MD= 0 0 - - * * * -

2-2-3  Memory Expansion Mode

   (Address/Data Shared Mode)

In this LSI series, the control registers for address or data setting need to be
set as follows during address/data shared mode. [See Chapter 8 Ports.]
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2-2-4 External Memory Connection Examples

(Address/Data Shared Mode)

This section describes the external memory connection examples.

■   Memory System with 16-bit Bus Width

The following is the example of connecting the 4-Mbit ROM (256 kilo words × 16 bits),

the 1-Mbit SRAM (128 kilo words × 8 bits) 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.

A18-A16

CS0

CS1

CS3

WAIT

D15-D00

ROM

A17-A00

CS OE

SRAM

A16-A00I/O7-0

CS

OE

D A

ASIC

CS

18:1

AD07-A00

AD15-AD08 D Q
E

D Q
E

ALE

WEOE

WAIT

7:0

15:8

18:16

RE

WEH
WEL

15:8 7:0 15:0 15:8 15:0

 16:0

WEH WEL

A23-A19

WORD

Port

ADSEP

Figure 2-2-10  Memory Connection Example with 16-bit Bus Width
(Address/Data Shared Mode)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — — — — — — — — 1TIAW 0TIAW

— — — — — — — — — — — — — — 0 1

MEMMD0:  x’00FC30’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — DOMB — — — — — — 1TIAW 0TIAW

— — — — — — — 1 — — — — — — 0 1

MEMMD1:  x’00FC32’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — DOMB — — — — — — 1TIAW 0TIAW

— — — — — — — 0 — — — — — — 1 1

MEMMD3:  x’00FC36’

During the address/data shared

mode, this LSI series operates in 1

wait cycle even though WAIT[1:0]

are set to ‘00’.
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■   Memory System with 8-bit Bus Width in All Areas

The following is the example of connecting the 4-Mbit ROM (512 kilo words × 8 bits),

the 1-Mbit SRAM (128 kilo words × 8 bits) and the ASIC with 8-bit bus width to the CS0

area (2 wait cycles fixed), the CS1 area (1 wait cycle fixed) and the CS3 area (handshake),

respectively.

A18-A16

CS0

CS1

CS3

WAIT

A18-A00

ROM

I/O7-0

CS OE

SRAM

A16-A00I/O7-0

CS

OE

A

ASIC

CS

18:0

AD07-AD00

AD15-AD08 D Q
E

ALE

WEOE

WAIT

7:0

15:8

18:16

WE

RE

WEH

D

Figure 2-2-11  Memory Connection Example with 8-bit Bus Width
(Address/Data Shared Mode)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — — — — — — — — 1TIAW 0TIAW

— — — — — — — — — — — — — — 1 0

MEMMD0:  x’00FC30’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — DOMB — — — — — — 1TIAW 0TIAW

— — — — — — — 1 — — — — — — 0 1

MEMMD1:  x’00FC32’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — — — DOMB — — — — — — 1TIAW 0TIAW

— — — — — — — 1 — — — — — — 1 1

MEMMD3:  x’00FC36’

In the MN10200 series, the data is

input to the upper pins of D15 to

D08.
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■   ROM, RAM Access Timing with 16-bit Bus Width

OSCI

SYSCLK

A23-A16

AD15-AD08

AD07-AD00

ALE

CS

RE

WEH

WEL

Read 16-bit Write 8-bit Write
High Side

8-bit Write
Low Side

(Address)

(Address)

(Data)

(Data)

(AD00=0)

(Address)

(Address)

(AD00=0)

(Address)

(Address)

(AD00=1)

(Address)

(Address)

(AD00=0)

(Data)

(Data)

(Data)

(Data)

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

OSCI

SYSCLK

A23-A16

AD15-AD08

AD07-AD00

ALE

CS

RE

WEH

WEL

WAIT

Read Write

(Address)

(Address)

(Data)

(Data)

(Address)

(Address)

(Data)

(Data)

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

16-bit Read 8-bit Write
High Side

8-bit Write
Low Side

(Address)

(Address)

(Data)

(AD00=0)

(Address)

(Address)

(AD00=1)

(Address)

(Address)

(AD00=1)

(Address)

(Address)

(AD00=0)

(Data) (Data) (Data)

Lower 8-bit
Access

Upper 8-bit
Access

OSCI

SYSCLK

A23-A16

AD15-AD08

AD07-AD00

ALE

CS

RE

WEH

WEL

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

OSCI

SYSCLK

A23-A16

AD15-AD08

AD07-AD00

16-bit Write

(Address)

(Address)

(Address)

(Address)

(Data)(Data)

Lower 8-bit
Access

(AD00=0) (AD00=1)

ALE

CS

RE

WEH

WEL

WAIT

Upper 8-bit
Access

Figure 2-2-15  Handshake Access Timing with 8-bit Bus Width
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■   Access Timing during Bus Request (Address/Data Shared Mode)

OSCO

SYSCLK

A23-A16

D15-D00

ALE

CSn

RE

WEH,L

WAIT

BREQ

BRACK

Bus Master

D D

CPU  CPUExternal Device

FLOATING

FLOATING

FLOATING

FLOATING

FLOATING

FLOATING

A A

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



0

1

2

3

4

5

6

7

8

9

Chapter 3  Interrupts



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

Chapter 3  Interrupts

3-1  Interrupts

3-1-1  Overview

The interrupt Controller contains eight groups.  Each group has some inter-
rupt vectors .  When an interrupt occurs, the CPU receives an interrupt re-
quest.  [See the MN10200 Series LSI User’s Manual Linear Addressing
Version.]

Table 3-1-1 List of Interrupt Control Registers

puorGtpurretnI
rotceVtpurretnI

)noitisoptibnTDIsirebmuN(
retsigeRlortnoC

0puorG
tpurretnInoitcurtsnIdenifednU2

tpurretnIremiTgodhctaW1
tpurretnIIMN0

0retsigeRlortnoCtpurretnIelbaksamnoN
'04CF00'x:RCI0G

1puorG

devreseR3
wolfrednU5retnuoC/remiT2
wolfrednU0retnuoC/remiT1

0QRItpurretnIlanretxE0

1retsigeRlortnoCtpurretnIelbaksaM
'24CF00'x:RCI1G

2puorG

devreseR3
dnEnoisrevnoCD/A2

wolfrednU1retnuoC/remiT1
1QRItpurretnIlanretxE0

2retsigeRlortnoCtpurretnIelbaksaM
'44CF00'x:RCI2G

3puorG

dnEnoitpeceR0hClaireS3
dnEnoissimsnarT0hClaireS2

wolfrednU2retnuoC/remiT1
2QRItpurretnIlanretxE0

3retsigeRlortnoCtpurretnIelbaksaM
'64CF00'x:RCI3G

4puorG

dnEnoitpeceR1hClaireS3
dnEnoissimsnarT1hClaireS2

wolfrednU3retnuoC/remiT1
3QRItpurretnIlanretxE0

4retsigeRlortnoCtpurretnIelbaksaM
'84CF00'x:RCI4G

5puorG

elbanegnidnopserrocehtteS(devreseR3
).0otgalf

elbanegnidnopserrocehtteS(devreseR2
).0otgalf

wolfrednU4retnuoC/remiT1
4QRItpurretnIlanretxE0

5retsigeRlortnoCtpurretnIelbaksaM
'A4CF00'x:RCI5G

6puorG

dnECTA3
BerutpaC/erapmoC6retnuoC/remiT2
AerutpaC/erapmoC6retnuoC/remiT1

wolfrednU6retnuoC/remiT0

6retsigeRlortnoCtpurretnIelbaksaM
'C4CF00'x:RCI6G

7puorG

devreseR3
BerutpaC/erapmoC7retnuoC/remiT2
AerutpaC/erapmoC7retnuoC/remiT1

wolfrednU7retnuoC/remiT0

7retsigeRlortnoCtpurretnIelbaksaM
'E4CF00'x:RCI7G
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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 0 underflows, the interrupt request flag (IRF1=TM0IR) 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=TM0IE) is 1.  Comparing the interrupt

mask level (IM2 - 0 ) of the processor status word (PSW) and the group interrupt level

(ILVn=G1LV[2:0]) of the G1ICR register determines whether the CPU receives the inter-

rupt or not.

15 14 13 12 11 10 9 7 6 4 3 2 1 08 5

TM0
ID

IRQ0
ID

G1
LV2

G1
LV1

G1
LV0

TM5
ID

TM0
IR

IRQ0
IR

TM5
IR

TM0
IE

IRQ0
IE

TM5
IE

Group Interrupt Level
ILVn

Interrupt Level Setup

Interrupt Enable Flag
IENn

Interrupt Enable Setup

Interrupt Request Flag
IRFn

Interrupt Vector Generation

Interrupt Detect Flag
IDTn

Interrupt Request Detect

G1ICR:  x’00FC42’

See “2-5 Interrupt Controller” in the MN10200 Series LSI User’s Manual Linear Ad-

dressing Version for detail operations.  See the MN10200 Series Instruction Manual Lin-

ear Addressing Version for interrupt service flow and handler programming.

Set the interrupt enable flags IEN[3:2] (bits [11:10]) of the G5ICR to 0.
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3-2  External Interrupts

3-2-1  External Pin Interrupts

Group 5 to Group 1 control external pin interrupts.

The EXTMD register sets the interrupt conditions.  The EXTMD register sets the inter-

rupt levels and timing of external interrupts.  The EXTMD register specifies each pins’s

level or edge.

15 14 13 12 11 10 9 7 6 4 3 2 1 08 5

IRQ0
TG1

IRQ0
TG0

IRQ0
TG0

IRQ2
TG1

IRQ2
TG0

IRQ3
TG0

IRQ4
TG1

IRQ4
TG0

EIRQ0

IRQ3
TG1

IRQ1
TG1

EIRQ1EIRQ2EIRQ3EIRQ4

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

EXTMD:  x’00FC50’

3-2-2  NMI Interrupts

This series supports a NMI interrupt.  The NMI interrupt occurs on the negative edge of

NMI pin.

An NMI interrupt occurs when the CPU is in the bus release state or the

handshake access is in wait state.
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3-3  Interrupt Setup Examples

3-3-1  External Pin Interrupt Setup

An interrupt occurs on the negative edge from the external interrupt pin
IRQ0 (PA0).

The external interrupt edge specification register (EXTMD) sets the interrupt request at

low level after reset release, and the IRQ0IR bit of the maskable interrupt control register

1 (G1ICR) becomes 0.

■    Interrupt Enable Setup

(1)  Set the interrupt conditions of the interrupt pin IRQ0 (PA0).  Set the IRQ0TG of

the EXTMD register to 2. (Bit Setting: 10)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — —
4QRI

1GT

4QRI

0GT

3QRI

1GT

3QRI

0GT

2QRI

1GT

2QRI

0GT

1QRI

1GT

1QRI

0GT

0QRI

1GT

0QRI

0GT

— — — — — — 0 0 0 0 0 0 0 0 1 0

EXTMD:  x’00FC50’

(2)  Enable interrupts.  At this point, clear all prior interrupt requests.  To do this, set

G1LV[2:0], IRQ0IR and IRQ0IE of the G1ICR register to an interrupt level, 0 and

1, respectively.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

—
1G
2VL

1G
1VL

1G
0VL

—
5MT

EI
0MT

EI

0QRI

EI
—

5MT
RI

0MT
RI

0QRI

RI
—

5MT

DI

0MT

DI

0QRI

DI

— 1 0 0 — 0 0 1 — 0 0 0 — 0 0 0

G1ICR:  x’00FC42’

(3)  Enable interrupts 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).

In this example, the interrupt level

is 4.
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Thereafter, an interrupt occurs on the negative edge of the interrupt pin IRQ0 (PA0).  The

program branches to x’080008’ when the interrupt accepted.

■    Interrupt Service Routine

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

during interrupt preprocessing.

(5)  Specify the interrupt vector in the group by reading the G1ICR register.  Check the

IRQ0ID with the bit test instruction (BTST).  If IRQ0ID is 1, execute the interrupt

service routine.

(6)  Clear the IRQ0IR bit of the G1ICR register.

(7)  Return to the main program with the interrupt return instruction (RTI) after the

interrupt service routine ends.

PA0(IRQ0)

EXTMD

IRQ0IE

IRQ0IR

Interrupt Service Routine

Registers [R/W] EXTMD(W) G1ICR(R/W)

Low Level Negative Edge

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

G1ICR(R/W)G1ICR(R)

(4)(5)(6)(7)

Normally, the program generates the

interrupt start address and branches

to that address.

During interrupt service routine, the

IM and IE of PSW become the inter-

rupt level and 0 respectively.  The

multiple interrupts are not allowed.

It means that other interrupts except

the nonmaskable interrupt are not

accepted during interrupt service rou-

tine unless the PSW is set.

Figure 3-3-1  External Pin Interrupt Timing
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3-3-2  Watchdog Timer Interrupt

An interrupt occurs by using the watchdog timer.

Set the WDRST flag of the CPU mode control register (CPUM) to enable (‘0’) after reset.

This starts the watchdog timer.  A nonmaskable interrupt occurs when the watchdog counter

overflows.  Because of this, the watchdog timer needs to be cleared during the main

program.

■    Interrupt Enable Setup

(1)  Enable interrupts 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.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

DW
TSR

— — — — — — — — — —
CSO

DI
POTS TLAH 1CSO 0CSO

0 — — — — — — — — — — 0 0 0 0 0

CPUM:  x’00FC00’

■    Watchdog Timer Clear

(3)  Set the WDRST flag of the CPUM register to 1 and then immediately clear to 0.

The watchdog timer clears to 0 when the WDRST flag is 1.

■    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 a watchdog interrupt by reading the nonmaskable interrupt control register

(G0ICR).  Check the WDIF with the bit test instruction (BTST).  If WDIF is 1,

execute the interrupt service routine.

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 generates the

interrupt start address and branches

to that address.

The IM of PSW becomes the high-

est level during interrupt service rou-

tine and other interrupts are not ac-

cepted.
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(6)  Clear the WDIR flag of the G0ICR 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 STOP mode.  Because of this, the WDIF flag is cleared to 0 when the CPU move

to the STOP mode.  The WDIF flag cleared to 0 again after the CPU moves to the normal

mode.  [See “2-6 Standby Function” in the MN10200 Series LSI User’s Manual Linear

Addressing Version.]

RST Pin

WD Count

WDRST(CPUM)

WDIF(G0ICR)

Interrupt Service Routine

CPUM(W) CPUM(W) CPUM(W) G0ICR(R/W)
(1) (2) (4)(5)(6)(7)(3) (3)

Clear

Overflow

Registers [R/W]

Procedure

Figure 3-3-2  Watchdog Interrupt Timing

The watchdog interrupt does not occur when the chip is in bus release.

The watchdog interrupt occurs when the chip waits for the handshake

access.

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 is not guaranteed

when the watchdog interrupt occurs

during the wait.
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4-1  Timers

4-1-1  Overview

This LSI 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)

Group 1 (G1ICR)

• TM0IR

Timer 0 underflow

• TM0IO pin

•  φ/128(*1)

•  φ(*2)

•  fxi/4(*3)

Down counting

         ✔

         ✔

         ✔

         —

         —

         —

         —

         —

         —

         —

         —

         —

         —

Interrupt RequestDestination

Interrupt Source

Clock Source

Group 2 (G2ICR)

• TM1IR

Timer 1 underflow

• TM1IO pin

•   fxi/4

•  Timer 0

•  φ

Down counting

         ✔

         ✔

         ✔

         —

         —

         —

         —

         —

         —

         —

         —

         —

         ✔

Group 3 (G3ICR)

• TM2IR

Timer 2 underflow

• TM2IO pin

•  Timer 1

•  Timer 0

•  φ

Down counting

         ✔

         ✔

         ✔

         —

         —

         —

         —

         —

         —

         —

         —

         ✔

         —

Group 4 (G4ICR)

• TM3IR

Timer 3 underflow

• TM3IO pin

•  Timer 2

•  Timer 0

•  φ

Down counting

         ✔

         ✔

         ✔

         —

         —

         —

         —

         —

         —

         —

         —

          ✔

         —

Timer 0

8-bit Timer

Counting Method

Interval Timer

Event Counter

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

Serial Interface Transfer Clock Generation

A/D Conversion Timing Generation

Timer 1 Timer 2 Timer 3Function

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

Group 5 (G5ICR)

• TM4IR

Timer 4 underflow

• TM4IO pin

•  Timer 3

•  Timer 0

•  fxi/4

Down counting

         ✔

         ✔

         ✔

         —

         —

         —

         —

         —

         —

         —

         —

         —

         —

Interrupt RequestDestination

Interrupt Source

Clock Source

Group 1 (G1ICR)

• TM5IR

Timer 5 underflow

• TM5IO pin

•   Timer 4

•  Timer 0

•  fxi/4

Down counting

         ✔

         ✔

         ✔

         —

         —

         —

         —

         —

         —

         —

         —

         —

         —

Group 6 (G6ICR)

• TM6UIR

• TM6AIR

• TM6BIR

Timer 6 underflow

Timer 6 compare A or

capture A match

Timer 6 compare B or

capture B match

• SYSCLK

•  Timer 4

•  Timer 5

•  TM6IOB pin

• Two-phase encoder

Up/Down counting

         ✔

         ✔

         ✔

 Arbitrary duty

          ✔

          ✔

          ✔

          ✔

         4x, 1x

          ✔

          ✔

         —

         —

Group 7 (G7ICR)

• TM7UIR

• TM7AIR

• TM7BIR

Timer 7 underflow

Timer 7 compare A or

capture A match

Timer 7 compare B or

capture B match

• SYSCLK

•  Timer 4

•  Timer 5

•  TM7IOB pin

• Two-phase encoder

Up/Down counting

          ✔

          ✔

          ✔

 Arbitrary duty

          ✔

          ✔

          ✔

          ✔

         4x, 1x

          ✔

          ✔

           —

         —

Timer 4

8-bit Timer

Counting Method

Interval Timer

Event Counter

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

Serial Interface Transfer Clock Generation

A/D Conversion Timing Generation

Timer 5 Timer 6 Timer 7Function

Timer

*1  System Clock (10 MHz with a 20-MHz ocillator)/128

*2  System Clock (10 MHz with a 20-MHz ocillator)

*3  Low-speed Clock (32 kHz)/4
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TMnBR
Value

TMnIO
(Input)

TMnBC Value

Time

TMnBR
Value

TMnIO
(Output)

TMnBC Value

Time

Interrupts

TMnCA

TMnIOA
(Output)

TMnBC Value

Time

TMnCB

Figure 4-1-3  PWM Output Timing (Timer 6 and Timer 7)

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

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

TMnIOA
(Output)

TMnBC Value

Time

TMnCB

Rewrite the TMnCB
value

Keep in the current cycle
Reflect the result from the 
next cycle

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

TMnCA

TMnBC Value

Time

TMnCB

TMnOB
(Output)

TMnOA
(Output)

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

TMnCA

TMnOA
(Output)

TMnBC Value

Time

TMnIB
(Input)

Figure 4-1-6  One-shot Pulse Output Timing (Timer6 and Timer 7)
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0033 (Example)

5A87(Example)

FFFF

TMnCA
(Register value)

TMnBC Value

Time

TMnIB
(Input)

TMnIA
(Input)

TMnCB
(Register value)

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

0033(Example)

5A87(Example)

FFFF

TMnCA

TMnBC Value

Time

TMnIB
(Input)

TMnIA
(Input)

TMnCB

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

TMnIB
(Input)

TMnBC Value

Time

TMnIA
(Input)

Figure 4-1-9  Two-phase Encoder (4x) Timing



71MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Chapter 4  Timers

TMnIB
(Input)

TMnBC Value

Time

TMnIA
(Input)

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

TMnIB
(Input)

TMnBC Value

Time

TMnIA
(Input)

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

TMnIA

TMnBC Value

Time

TMnIB
(Input)

TMnCA

TMnIC
(Input)

Figure 4-1-12  External Count Reset Control (Two-phase Encoder) Timing
(Timer 6 and Timer 7)
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■    Timer 0 to Timer 5

Timer 0 to Timer 5 are 8-bit timers.  They are down counting and are divided by the 8-bit

value set in the base register (TMnBR) plus one.  (Do not set 0 to TMnBR).  An interrupt

occurs when each timer underflows (the binary counter changes from x’00’ to the 8-bit

value).  They can function as interval timers, event counters, clock output, base clock for

serial interface and A/D conversion start timing.

■    Timer 6 and Timer 7

Timer 6 and Timer 7 are 16-bit timers.  They are up/down counting.  Each timer has two

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 prevents the

PWM waveform losses and distorts during timing changes.  These timers can function as

interval timers, event counters (at clock oscillation), one-phase PWM, two-phase PWM,

two capture input, dual two-phase encoders, one-shot pulse generators and external count

direction controllers.

Timer 1 to timer 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.

An underflow interrupt occurs only

when these timers are down count-

ing.
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Figure 4-1-13 shows the timer configuration.  Combining timers serves as various interval

timers.

Figure 4-1-13  Timer Configuration

SYSCLK
(10 MHz)

Clock Synchronous
Serial

Timer Output

Long-term Interval
Timer

Clock

8-bit Timer
Timer 0

(Divided by 2 to 256)

8-bit Timer
Timer 2

(Divided by 2 to 256)

8-bit Timer
Timer 1

(Divided by 2 to 256)

16-bit Timer

Timer 3              Timer 4

(Divided by 2 to 65536)

8-bit Timer
Timer 5

(Divided by 2 to 256)

fxi/4
(8 kHz)

Each timer n (n=2 to 5) cascade inputs cascade output of timer n-1.  Therefore, timer does

not function as a 8-bit counter but it functions as a 16-bit counter.  SYSCLK is a signal of

dividing the clock from OSCI pin by 2 (10 MHz with a 20-MHz oscillator) during normal

mode or HALT0 mode.   SYSCLK becomes a signal of dividing the clock from XI pin by

2 (16 kHz with a 32-kHz oscillator) during SLOW mode or HALT1 mode.  SYSCLK

stops during STOP0 mode or STOP1 mode.  SYSCLK outputs to the external SYSCLK

pin.  The fxi/4 means a signal of dividing the clock from XI pin by 4 (18 kHz with a 32-

kHz oscillator) during modes except STOP0 and STOP1 modes.  The fxi/4 stops during

STOP0 or STOP1 mode.
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4-1-2  Control Registers

The following table shows timer control registers.

retsigeR sserddA W/R noitcnuF

0remiT
DM0MT
CB0MT
RB0MT

'02EF00'x
'00EF00'x
'01EF00'x

W/R
R
W/R

retsigeRedoM0remiT
retnuoCyraniB0remiT

retsigeResaB0remiT

1remiT
DM1MT
CB1MT
RB1MT

'12EF00'x
'10EF00'x
'11EF00'x

W/R
R
W/R

retsigeRedoM1remiT
retnuoCyraniB1remiT

retsigeResaB1remiT

2remiT
DM2MT
CB2MT
RB2MT

'22EF00'x
'20EF00'x
'21EF00'x

W/R
R
W/R

retsigeRedoM2remiT
retnuoCyraniB2remiT

retsigeResaB2remiT

3remiT
DM3MT
CB3MT
RB3MT

'32EF00'x
'30EF00'x
'31EF00'x

W/R
R
W/R

retsigeRedoM3remiT
retnuoCyraniB3remiT

retsigeResaB3remiT

4remiT
DM4MT
CB4MT
RB4MT

'42EF00'x
'40EF00'x
'41EF00'x

W/R
R
W/R

retsigeRedoM4remiT
retnuoCyraniB4remiT

retsigeResaB4remiT

5remiT
DM5MT
CB5MT
RB5MT

'52EF00'x
'50EF00'x
'51EF00'x

W/R
R
W/R

retsigeRedoM5remiT
retnuoCyraniB5remiT

retsigeResaB5remiT

6remiT

DM6MT
CB6MT
AC6MT

XAC6MT
BC6MT

XBC6MT

'03EF00'x
'23EF00'x
'43EF00'x
'63EF00'x
'83EF00'x
'A3EF00'x

W/R
R
W/R
-
W/R
-

retsigeRedoM6remiT
retnuoCyraniB6remiT

AretsigeRerutpaC/erapmoC6remiT
AteSretsigeRerutpaC/erapmoC6remiT

BretsigeRerutpaC/erapmoC6remiT
BteSretsigeRerutpaC/erapmoC6remiT

7remiT

DM7MT
CB7MT
AC7MT

XAC7MT
BC7MT

XBC7MT

'04EF00'x
'24EF00'x
'44EF00'x
'64EF00'x
'84EF00'x
'A4EF00'x

W/R
R
W/R
-
W/R
-

retsigeRedoM7remiT
retnuoCyraniB7remiT

AretsigeRerutpaC/erapmoC7remiT
AteSretsigeRerutpaC/erapmoC7remiT

BretsigeRerutpaC/erapmoC7remiT
BteSretsigeRerutpaC/erapmoC7remiT

Table 4-1-2  List of Timer Control Registers

The  TM6CAX reg i s t e r,  t he

TM6CBX register, the TM7CAX

register and the TM7CBX register

are dummy registers to specify the

double buffer mode when the PWM

is output.
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4-1-3  Timer Block Diagram

This section describes block diagrams of timer 0 to timer 7.

(x'00FE10')

(x'00FE00')

TM0MD

(x'00FE20')

Clock Source for Timer1 to Timer 5

TM0IO pin
TM0IO pin

SYSCLK

Selector

0

1

2

3

Interrupt
Controller

1/2
Reset

Underflow

Reload

Timer 0 Base Register
TM0BR

T
M

0LD

T
M

0E
N

T
M

0S
0

T
M

0S
1

Load

Count

8

Timer 0 Binary Counter
TM0BC

8 88

Data Bus

SYSCLK/128

Low-speed clock/4

Figure 4-1-14  Timer 0 Block Diagram

(x'00FE11')

(x'00FE01')

TM1MD

(x'00FE21')

Timer 1 cascade signal

TM1IO pin

A/D Conversion
Controller

TM1IO pin

Selector

0

1

2

3

Interrupt
Controller

1/2
Reset

Underflow

Reload

Timer 1 Base Register
TM1BR

T
M

1LD

T
M

1E
N

T
M

1S
0

T
M

1S
1

Load

Count

8

Timer 1 Binary Counter
TM1BC

8 88

Data Bus

Low-speed Clock/4

Timer 0

SYSCLK

Figure 4-1-15  Timer 1 Block Diagram
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(x'00FE12')

(x'00FE02')

TM2MD

(x'00FE22')

Timer 2 cascade signal

TM2IO pin
TM2IO pin

Timer 1 cascade

Timer 0

SYSCLK

Selector

0

1

2

3

Interrupt 
Controller

1/2
Reset

Underflow

Reload

Timer 2 Base Register
TM2BR

T
M

2LD

T
M

2E
N

T
M

2S
0

T
M

2S
1

Load

Count

8

Timer 2 Binary Counter
TM2BC

8 88

Data Bus

Serial I/F
Controller

Figure 4-1-16  Timer 2 Block Diagram

(x'00FE13')

(x'00FE03')

TM3MD

(x'00FE23')

Timer 3 cascade signal

TM3IO pin
TM3IO pin

Timer 2 cascade

Timer 0

SYSCLK

Selector

0

1

2

3

Interrupt
Controller

1/2
Reset

Underflow

Reload

Timer 3 Base Register
TM3BR

T
M

3LD

T
M

3E
N

T
M

3S
0

T
M

3S
1

Load

Count

8

Timer 3 Binary Counter
TM3BC

8 88

Data Bus

Serial I/F
Controller

Figure 4-1-17  Timer 3 Block Diagram
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(x'00FE14')

(x'00FE04')

TM4MD

(x'00FE24')

Timer 4 cascade signal

TM4IO pin
TM4IO pin

Timer 3 cascade

Timer 0

Selector

0

1

2

3

Interrupt
Controller

1/2
Reset

Underflow

Reload

Timer 4 Base Register
TM4BR

T
M

4LD

T
M

4E
N

T
M

4S
0

T
M

4S
1

Load

Count

Timer 4 Binary Counter
TM4BC

8 88

Data Bus

Low-speed Clock/4

Figure 4-1-18  Timer 4 Block Diagram

Data Bus

88
(x'00FE15')

(x'00FE05')

TM5MD

(x'00FE25')

TM5IO pin (P30)

Timer 4 cascade

Timer 0

Selector

0

1

2

3

Interrupt
ControllerUnderflow

Reload

Timer 5 Base Register
TM5BR

T
M

5LD

T
M

5E
N

T
M

5S
0

T
M

5S
1

Load

Count

8

Timer 5 Binary Counter
TM5BC

8

TM5IO pin (P30)

1/2
Reset

Low-speed Clock/4

Figure 4-1-19  Timer 5 Block Diagram
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Clear

[ECLR]

[LP]

[EN]

[S] [UD]

TM6IC

Timer 4
Timer 5
SYSCLK

TM6IOB
TM6IOA Capture

Match

[MD] [NLD]

(When TM6BC=0)

Load

TM6IOA

TM6IOB

[TGE]

[ONE]

U/D
Control

TM6BC(x'00FE32')

TM6CAX
            (x'00FE36')

TM6CA(x'00FE34') Q
R

T

Q
RS

R

Q

R
T

TM6CB(x'00FE38')

TM6CBX
          (x'00FE3A')

Capture

TM6MD(x'00FE30')
C

ontrol

[ASEL]

S
elector

S
elector

Figure 4-1-20  Timer 6 Block Diagram

Clear

[ECLR]

[LP]

[EN]

[S] [UD]

TM7IC

Timer 4
Timer 5
SYSCLK

TM7IOB
TM7IOA Capture

Match

[MD] [NLD]

TM7IOA

TM7IOB

[TGE]

[ONE]

U/D
Control

TM7BC(x'00FE42')

TM7CAX
            (x'00FE46')

TM7CA(x'00FE44') Q
R

T

Q

RS
R

Q

R
T

TM7CB(x'00FE48')

TM7CBX
            (x'00FE4A')

Capture

TM7MD (x'00FE40')

[ASEL](When TM7BC=0)
Load

C
ontrol

S
elector

S
elector

Figure 4-1-21  Timer 7 Block Diagram
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4-2  8-bit Timer Setup Examples

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

The event counter setup procedures for Timer 0 to Timer 5 are the same.  In
this example, timer 2 counts the rising edge of the TM2IO pin input four
times and generates an interrupt at underflow.

(1)  Set the interrupt enable flag (IE) of the processor status word (PSW) to 1.

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

7 6 5 4 3 2 1 0

2MT
NE

2MT
DL

— — — —
2MT

S1

2MT

S0

0 0 — — — — 0 0

TM2MD:  x’00FE22’

(3)  Enable interrupts.  At the same time, clear all prior interrupt requests.  Set G3LV[2:0]

bits of the maskable interrupt control register 3 (G3ICR) to the interrupt 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.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

—
3G
2VL

3G
1VL

3G
0VL

R0CS
EI

T0CS
EI

2MT
EI

2QRI
EI

R0CS
RI

T0CS
RI

2MT
RI

2QRI
RI

R0CS
DI

T0CS
DI

2MT
DI

2QRI
DI

— 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0

G3ICR:  x’00FC46’

This verification is unnecessary im-

mediately after a reset.
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(4)  Set the timer divisor.  Since timer 2 divides the TM2IO pin by 4, set the timer 2

base register (TM2BR) to 3.  (The valid range for TM2BR is 1 to 255.)

7 6 5 4 3 2 1 0

2MT

7RB

2MT

6RB

2MT

5RB

2MT

4RB

2MT

3RB

2MT

2RB

2MT

1RB

2MT

0RB

0 0 0 0 0 0 1 1

TM2BR:  x’00FE12’

(5)  Load the TM2BR value to the TM2BC register.  To do this, set TM2LD and

TM2EN of the TM2MD register to 1 and 0 respectively.  At the same time, select

the clock source.  Set TM2S[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 starts timer 2.  Counting starts at the

beginning of the next cycle.

When the timer 2 binary counter value reaches 0 and loads the value of 3 from the timer 2

base register (TM2BR), a timer 2 underflow interrupt request occurs.

Interrupt Enable

TM2BR

TM2BC

Timer 2

TM2IO

G3ICR(W) TM2BR(W)

(2) (4) (5)
TM2MD(W) TM2MD(W) TM2MD(W)

(3) (6) (7)

Underflow Interrupt

00 03

00 03 02 01 00 03

Procedure
TM2MD(W)

Figure 4-2-1  Event Counter Timing

Changing the clock source while

controlling count operation will cor-

rupt the binary counter value.
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■    Timer 0 Setup

(1)  Verify that timer 0 counting is stopped using the timer 0 mode register (TM0MD).

If setting 1 of divisor, write the

dummy value (for example, x’0F’)

once.

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

Timer 0 to timer 5 contain clock output functions.  The setup procedures for
timer 0 to timer 5 are same.  In this example, timer 0 and timer 1 output 12
clock cycles (SYSCLK/6).

SYSCLK
(10 MHz)

Clock Output

8-bit Timer

Timer 1

8-bit Timer

 Timer 0

(Divided by 2) (Divided by 3)

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

7 6 5 4 3 2 1 0

MT 0
NE

MT 0
DL

— — — —
MT 0

S1

MT 0

S0

0 1 1 0

TM0MD:  x’00FE20’

(2)  Set the timer 0 divisor.  Since timer 0 divides SYSCLK by 2, set the timer 0 base

register (TM0BR) to 1.  (The valid range for TM0BR is 1 to 255.)

7 6 5 4 3 2 1 0

0MT

7RB

MT 0

6RB

MT 0

5RB

MT 0

4RB

MT 0

3RB

MT 0

2RB

MT 0

1RB

MT 0

0RB

0 0 0 0 0 0 0 1

TM0BR:  x’00FE10’

(3)  Load the TM0BR value to TM0BC.  To do this, set TM0LD and TM0EN to 1 and

0 resepctively.

7 6 5 4 3 2 1 0

MT 0
NE

MT 0
DL

— — — —
MT 0

S1

MT 0

S0

0 1 1 0

TM0MD:  x’00FE20’

This verification is unnecessary im-

mediately after a reset.
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(4)  Set both TM0LD and TM0EN of the TM0MD register to 0.  If this setting is

omitted, the timer 0 binary counter may not start at the first cycle.

(5)  Set TM0LD and TM0EN to 0 and 1 respectively.  This starts timer 0.  Counting

starts at the beginning of the next cycle.  When the timer 0 binary counter value

reaches 0 and loads the value of 1 from the timer 0 base register (TM0BR), a timer

0 underflow interrupt request occurs.

■    Pin Setup

(6)  Select the TM1IO pin to output using the port 8 I/O control register (P8DIR) and

the port 8 output mode register (P8MD).  (The set value is 2.)

7 6 5 4 3 2 1 0

8P
7RID

8P
6RID

8P
5RID

8P
4RID

8P
3RID

8P
2RID

8P
1RID

8P
0RID

0 0 0 0 0 0 1 0

7 6 5 4 3 2 1 0

8P
7DM

8P
6DM

8P
5DM

8P
4DM

8P
3DM

8P
2DM

8P
1DM

8P
0DM

0 0 0 0 0 0 1 0

P8DIR:  x’00FFE8’ P8MD:  x’00FFF8’

■    Timer 1 Setup

(7)  Verify that timer 1 counting is stopped using the timer 1 mode register (TM1MD).

7 6 5 4 3 2 1 0

1MT
NE

1MT
DL

— — — —
MT 1

S1

MT 1

S0

0 0 1 0

TM1MD:  x’00FE21’

(8)  Set the timer 1 divisor.  Since timer 1 divides timer 0 output by 3, set the timer 1

base register (TM1BR) to 2.  (The valid range for TM0BR is 1 to 255.)

7 6 5 4 3 2 1 0

1MT

7RB

MT 1

6RB

MT 1

5RB

MT 1

4RB

MT 1

3RB

MT 1

2RB

MT 1

1RB

MT 1

0RB

0 0 0 0 0 0 1 0

TM1BR:  x’00FE11’

(9)  Load the TM1BR value to TM1BC.  To do this, set TM1LD and TM1EN to 1 and

0 resepctively.  At the same time, select the clock source.

This verification is unnecessary im-

mediately after a reset.

If selecting 1 of divisor, set 0 to the

timer 0 base register (TM0BR) once

again after step (5).  The first count

is the value set in step (2), but the

second count becomes 1.  For ex-

ample, if 0 is set to TM0BR in  step

(2), the first count is 257 and the sec-

ond count becomes 1.

Changing the clock source while

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 0 binary counter may not start at the first cycle.

(11) Set TM1LD and TM1EN to 0 and 1 respectively.  This starts timer 1.  Counting

starts at the beginning of the next cycle.

When the TM1BC value reaches 0, TM1IO output is inverted as soon as the value of 2

from the timer 1 base register (TM1BR) is loaded.  Immediately after TM1BC starts

counting, the TM1IO output pin outputs 0.  The TM1IO output pin outputs 1 at the begin-

ning of the next cycle when TM1BC becomes 0.  Then the TM1IO output pin outputs 0

again at the beginning of the next cycle.  This repeated operation results in 12 clock

cycles.

(1) (3) (4)(2)

SYSCLK

TM0BR

TM0BC

TM0 Output

TM1BR

TM1BC

TM1IO Output

Procedure

00 01

00 01 00 01 00 01 00 01 00 01 00 01 00 01 00 01 00 01 00 01

00 02

(5) (7)(8) (9) (10)(11)

00 02 01 00 02 01 00 02

(6)

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

The interval timer setup procedures for timer 0 to timer 5 are same.  In this
example, timer 0, timer 2 and timer 3 generate an interrupt at regular inter-
vals (1 second).  (To divide SYSCLK by 10,000,000, timer 0 divides
SYSCLK by 250 and timer 2 and timer 3 divide SYSCLK by 40,000.)

SYSCLK
(10 MHz)

Interrupt Request

8-bit Timer

Timer 0

(Divided by 250)

16-bit Timer

Timer 3Timer 2

(Divided by 40000)

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

(1)  Set the interrupt enable flag (IE) of the processor status word (PSW) to 1.

(2)  Enable interrupts.  At the same time, clear all prior interrupt requests.  Set G4LV[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.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

—
4G
2VL

4G
1VL

4G
0VL

R1CS
EI

T1CS
EI

3MT
EI

3QRI
EI

R1CS
RI

T1CS
RI

3MT
RI

3QRI
RI

R1CS
DI

T1CS
DI

3MT
DI

3QRI
DI

— 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0

G4ICR:  x’00FC48’

■    Timer 0 Setup

(3)  Verify that timer 0 counting is stopped using the timer 0 mode register (TM0MD).

7 6 5 4 3 2 1 0

MT 0
NE

MT 0
DL

— — — —
MT 0

S1

MT 0

S0

0 0 1 0

TM0MD:  x’00FE20’

(2)  Set the timer 0 divisor.  Since timer 0 divides SYSCLK by 250, set the timer 0 base

register (TM0BR) to 249.  (The valid range for TM0BR is 1 to 255.)

7 6 5 4 3 2 1 0

0MT

7RB

MT 0

6RB

MT 0

5RB

MT 0

4RB

MT 0

3RB

MT 0

2RB

MT 0

1RB

MT 0

0RB

1 1 1 1 1 0 0 1

TM0BR:  x’00FE10’

This verification is unnecessary im-

mediately after a reset.

If setting 1 of divisor, write the

dummy value (for example, x’0F’)

once.
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(5)  Load the TM0BR value to TM0BC.  To do this, set TM0LD and TM0EN to 1 and

0 resepctively.

7 6 5 4 3 2 1 0

MT 0
NE

MT 0
DL

— — — —
MT 0

S1

MT 0

S0

0 0 1 0

TM0MD:  x’00FE20’

(6)  Set both TM0LD and TM0EN of the TM0MD register to 0.  If this setting is

omitted, the timer 0 binary counter may not start at the first cycle.

(7)  Set TM0LD and TM0EN to 0 and 1 respectively.  This starts timer 0.  Counting

starts at the beginning of the next cycle.  When the timer 0 binary counter (TM0BC)

reaches 0 and loads the value of 1 from the timer 0 base register (TM0BR), a timer

0 underflow interrupt request occurs.

■    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).

7 6 5 4 3 2 1 0

2MT
NE

2MT
DL

— — — —
2MT

S1

2MT

S0

0 0 — — — — 0 0

TM2MD:  x’00FE22’

(9)  Set the timer divisor.  Since the divisor is 40000 (x’9C40’), set the timer 2 base

register (TM2BR) and the timer 3 base register (TM3BR) to x’3F’ and x’9C’.

(The valid range is 1 to 255.)

7 6 5 4 3 2 1 0

2MT

7RB

2MT

6RB

2MT

5RB

2MT

4RB

2MT

3RB

2MT

2RB

2MT

1RB

2MT

0RB

0 0 1 1 1 1 1 1

TM2BR:  x’00FE12’

7 6 5 4 3 2 1 0

3MT
NE

3MT
DL

— — — —
MT 3

S1

3MT

S0

0 0 0 1

TM3MD:  x’00FE23’

7 6 5 4 3 2 1 0

3MT

7RB

MT 3

6RB

MT 3

5RB

MT 3

4RB

MT 3

3RB

MT 3

2RB

MT 3

1RB

MT 3

0RB

1 0 0 1 1 1 0 0

TM3BR:  x’00FE13’

(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 0 for the timer 2 clock source and

timer 2 cascade for the timer 3 clock source.)

If selecting 1 of divisor, set 0 to the

timer 0 base register (TM0BR) once

again after step (7).  The first count

is the value set in step (4), but the

second count becomes 1.  For ex-

ample, if 0 is set to TM0BR in  step

(4), the first count is 257 and the sec-

ond count becomes 1.

This verification is unnecessary im-

mediately after a reset.

Changing the clock source while

controlling count operation will cor-

rupt the binary counter value.
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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 value and the TM3BC value reache 0, a timer 3 underflow interrupt

request occurs as soon as the TM2BR value x’3F’ and the TM3BR value x’9C’ are loaded.

00 F9

00 F9 F8 F7 F6 F5 F4 F9 F8 F7 00 F8 00 F9 F8

00 0200

00 3F

00

00 9C

00

F9 F7

FF 00 3FFF

00 00 9C

SYSCLK

TM0BR

TM0BC

TM0 Output

TM2BR

TM2BC

Timer 2
Cascade Signal

TM3BR

TM3BC

Procedure
(1) (3)(4)(2) (5) (7) (8) (9)(10)(11)(6) (12)

3F

9C

F3 00

00

9B9C 01

Figure 4-2-5  Interval Timer Timing
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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 the up/down counting selection.  In this example, timer 6 counts TM6IOB
pin input (SYSCLK/2 or less, 5 MHz or less with a 20-MHz oscillaor) and
generates an interrupt on the second cycle and fifth cycle.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
NE

6MT
DLN

— —
6MT
1DU

6MT
0DU

6MT
EGT

6MT
ENO

6MT
1DM

6MT
0DM

6MT
RLCE

6MT
PL

6MT
LESA

6MT
2S

6MT
1S

6MT
0S

0 0 — — 0 0 0 0 0 0 0 1 0 0 1 0

TM6MD:  x’00FE30’

Stop TM6BC counting and initial-

ize (clear) TM6BC and RS.F.F.

■    Interrupt Enable Setup

(1)  Enable interrupts.  At the same time, clear all prior interrupt requests.  Set G6LV[2:0]

bits of the G6ICR to the interrupt level of 6 to 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.

■    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.

(3)  Set the timer 6 divisor.  Since timer 6 divides TM6IOB pin input by 5, set 4 to the

timer 6 compare/capture register A (TM6CA).  (The valid range for TM6CA is 1

to x’FFFE’.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
51AC

6MT
41AC

6MT
31AC

6MT
21AC

6MT
11AC

6MT
01AC

6MT
9AC

6MT
8AC

6MT
7AC

6MT
6AC

6MT
5AC

6MT
4AC

6MT
3AC

6MT
2AC

6MT
1AC

6MT
0AC

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

TM6CA:  x’00FE34’

(4)  Set the phase difference for timer 6.  Since the phase difference is 2 cycles, set 1 to

the timer 6 compare/capture register B (TM6CB).  (The valid range for TM6CB is

-1 ≤  TM6CB < TM6CA.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
51BC

6MT
41BC

6MT
31BC

6MT
21BC

6MT
11BC

6MT
01BC

6MT
9BC

6MT
8BC

6MT
7BC

6MT
6BC

6MT
5BC

6MT
4BC

6MT
3BC

6MT
2BC

6MT
1BC

6MT
0BC

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

TM6CB:  x’00FE38’

Use the MOV instruction to set the

data and always use 16-bit write op-

erations.

In the single buffer mode, both

TM6CA and TM6CB are compared

to TM6BC.

The TM6CB value is set to ‘-1’ by

writing x’FFFF’ to TM6CB.  When

TM6CB is  not  compared to

TM6BC, the TM6CB value is set to

‘-1’.
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(5)  Set TM6NLD and TM6EN of the timer 6 mode register (TM6MD) to 1 and 0

respectively.  This enables TM6BC, T.F.F and RS.F.F.

TM6MD:  x’00FE30’

Figure 4-3-1  Event Counter Timing

If this step is omitted, TM6BC may

not count during the first cycle.  Do

not change other bits in the TM6MD

register at the same time.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
NE

6MT
DLN

— —
6MT
1DU

6MT
0DU

6MT
EGT

6MT
ENO

6MT
1DM

6MT
0DM

6MT
RLCE

6MT
PL

6MT
LESA

6MT
2S

6MT
1S

6MT
0S

0 1 — — 0 0 0 0 0 0 0 1 0 0 1 0

(6)  Set both TM6NLD and TM6EN to 1.  This starts the timer 6.  Counting starts at the

beginning of the next cycle.

When SYSCLK operates (in normal and halt modes), the external TM6IOB input  is

sampled on SYSCLK.  When SYSCLK stops (in STOP mode), TM6BC counts on the

TM6IOB input.  Select the oscillation clock/4 (5 MHz with a 20-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

TM6CB

TM6BC

TM6IOB

Interrupts

B

0000 0003 00000001

0004

0001

0002 0004 00030001 0002 0004

BA A
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■    Pin Setup

(1)  Set the TM6IOA pin to output using the port 8 I/O control register (P8DIR) and the

port 8 output mode register (P8MD).

Use the MOV instruction to set the

data and always use 16-bit write op-

erations.

7 6 5 4 3 2 1 0

8P
7RID

8P
6RID

8P
5RID

8P
4RID

8P
3RID

8P
2RID

8P
1RID

8P
0RID

0 1 0 0 0 0 0 0

P8DIR:  x’00FFE8’

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 procedures for Timer 6 and Timer 7 are same except
the up/down counting selection.  In this example, timer 6 divides SYSCLK
by 5 and outputs PWM signal on the fifth cycle.  The duty is 2:3.  Therefore,
set the divisor of 5 (the set value is ‘4’) to the timer 6 compare/capture
register A and the cycle of 2 (the set value is ‘1’) to the timer 6 compare/
capture B.

7 6 5 4 3 2 1 0

8P
7DM

8P
6DM

8P
5DM

8P
4DM

8P
3DM

8P
2DM

8P
1DM

8P
0DM

0 1 0 0 0 0 0 0

P8MD:  x’00FFF8’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
NE

6MT
DLN

— —
6MT
1DU

6MT
0DU

6MT
EGT

6MT
ENO

6MT
1DM

6MT
0DM

6MT
RLCE

6MT
PL

6MT
LESA

6MT
2S

6MT
1S

6MT
0S

0 0 — — 0 0 0 0 0 1 0 1 0 0 1 1

TM6MD:  x’00FE30’

■    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 as the timer 6 clock source.  Select the double buffer operating

mode.

(3)  Set the timer 6 divisor.  Since timer 6 divides SYSCLK by 5, set 4 to the timer 6

compare/capture register A (TM6CA).  (The valid range for TM6CA is 1 to

x’FFFE’.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
51AC

6MT
41AC

6MT
31AC

6MT
21AC

6MT
11AC

6MT
01AC

6MT
9AC

6MT
8AC

6MT
7AC

6MT
6AC

6MT
5AC

6MT
4AC

6MT
3AC

6MT
2AC

6MT
1AC

6MT
0AC

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

TM6CA:  x’00FE34’
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TM6CAX and TM6CBX are valid

only when the timer 6 compare/cap-

ture register is set to double buffer

mode.

(4)  Set the timer 6 duty.  Since the duty is 2/5 of SYSCLK, set 1 to the timer 6

compare/capture register B (TM6CB).  (The valid range for TM6CB is -1 ≤  TM6CB

< TM6CA.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
51BC

6MT
41BC

6MT
31BC

6MT
21BC

6MT
11BC

6MT
01BC

6MT
9BC

6MT
8BC

6MT
7BC

6MT
6BC

6MT
5BC

6MT
4BC

6MT
3BC

6MT
2BC

6MT
1BC

6MT
0BC

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

TM6CB:  x’00FE38’

(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 value to TM6CAX, write

the dummy data to TM6CAX.  (The dummy data can be any values.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
51XAC

6MT
41XAC

6MT
31XAC

6MT
21XAC

6MT
11XAC

6MT
01XAC

6MT
9XAC

6MT
8XAC

6MT
7XAC

6MT
6XAC

6MT
5XAC

6MT
4XAC

6MT
3XAC

6MT
2XAC

6MT
1XAC

6MT
0XAC

TM6CAX:  x’00FE36’

(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 value to TM6CBX, write

the dummy data to TM6CBX.  (The dummy data can be any values.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT

51XBC

6MT

41XBC

6MT

31XBC

6MT

21XBC

6MT

11XBC

6MT

01XBC

6MT

9XBC

6MT

8XBC

6MT

7XBC

6MT

6XBC

6MT

5XBC

6MT

4XBC

6MT

3XBC

6MT

2XBC

6MT

1XBC

6MT

0XBC

TM6CBX:  x’00FE3A’

The setup steps after step (6) are the same as steps (5) and (6) in “4-3-1 Event Counter

Using 16-bit Timer”.

The TM6CB value is set to ‘-1’ by

writing x’FFFF’ to TM6CB.  When

TM6CB is not compared to TM6BC,

the TM6CB value is set to ‘-1’.
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TM6EN

TM6BC

SYSCLK

TM6CA

TM6CB

TM6IOA

Interrupts

0 0 0 1 20 3 4 0 1 2 3 4 0 1 2 3

B

0001

B A BA

0004

Figure 4-3-2  PWM Timing

When timer n changes the duty of PWM output waveforms dynamically, the PWM output

waveforms and interrupts may corrupt at the timing of changing the TMnCB value in 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 1s and 0s.

TMnEN

TMnCB Write

TMnBC

SYSCLK

CLRBC

TMnCB

TMnCBX

S

R

TMnIOA

Interrupts

0 1 2 3 40 0 1 2 3 4 0 1 2 3 4 0 1 2 3

3 1

3 1

B A A AB B B

Figure 4-3-3  PWM Timing in Double Buffer Mode
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■    Pin Setup

(1)  Set the TM6IOA pin to output using the port 8 I/O control register (P8DIR) and the

port 8 output mode register (P8MD).

7 6 5 4 3 2 1 0

8P
7RID

8P
6RID

8P
5RID

8P
4RID

8P
3RID

8P
2RID

8P
1RID

8P
0RID

1 1 0 0 0 0 0 0

P8DIR:  x’00FFE8’

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

The two-phase PWM output setup procedures for Timer 6 and Timer 7 are
same except the up/down counting selection.  In this example, timer 6 di-
vides SYSCLK by 5 and outputs two-phase PWM signal on the fifth cycle.
The phase difference is 2 cycles.  Therefore, set the divisor of 5 (the set
value is ‘4’) to the timer 6 compare/capture register A and the cycle of 2 (the
set value is ‘1’) to the timer 6 compare/capture B.

7 6 5 4 3 2 1 0

8P
7DM

8P
6DM

8P
5DM

8P
4DM

8P
3DM

8P
2DM

8P
1DM

8P
0DM

1 1 0 0 0 0 0 0

P8MD:  x’00FFF8’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
NE

6MT
DLN

— —
6MT
1DU

6MT
0DU

6MT
EGT

6MT
ENO

6MT
1DM

6MT
0DM

6MT
RLCE

6MT
PL

6MT
LESA

6MT
2S

6MT
1S

6MT
0S

0 0 — — 0 0 0 0 0 1 0 1 0 0 1 0

TM6MD:  x’00FE30’

■    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.

(3)  Set the timer 6 divisor.  Since timer 6 divides TM6IOB pin input by 5, set 4 to the

timer 6 compare/capture register A (TM6CA).  (The valid range for TM6CA is 1

to x’FFFE’.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
51AC

6MT
41AC

6MT
31AC

6MT
21AC

6MT
11AC

6MT
01AC

6MT
9AC

6MT
8AC

6MT
7AC

6MT
6AC

6MT
5AC

6MT
4AC

6MT
3AC

6MT
2AC

6MT
1AC

6MT
0AC

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

TM6CA:  x’00FE34’

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.

This verification is unnecessary im-

mediately after a reset.
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(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).  (The valid

range for TM6CB is -1 <  TM6CB < TM6CA.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
51BC

6MT
41BC

6MT
31BC

6MT
21BC

6MT
11BC

6MT
01BC

6MT
9BC

6MT
8BC

6MT
7BC

6MT
6BC

6MT
5BC

6MT
4BC

6MT
3BC

6MT
2BC

6MT
1BC

6MT
0BC

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

TM6CB:  x’00FE38’

(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 value to TM6CAX, write

the dummy data to TM6CAX.  (The dummy data can be any values.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT
51XAC

6MT
41XAC

6MT
31XAC

6MT
21XAC

6MT
11XAC

6MT
01XAC

6MT
9XAC

6MT
8XAC

6MT
7XAC

6MT
6XAC

6MT
5XAC

6MT
4XAC

6MT
3XAC

6MT
2XAC

6MT
1XAC

6MT
0XAC

TM6CAX:  x’00FE36’

(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 value to TM6CBX, write

the dummy data to TM6CBX.  (The dummy data can be any values.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

6MT

51XBC

6MT

41XBC

6MT

31XBC

6MT

21XBC

6MT

11XBC

6MT

01XBC

6MT

9XBC

6MT

8XBC

6MT

7XBC

6MT

6XBC

6MT

5XBC

6MT

4XBC

6MT

3XBC

6MT

2XBC

6MT

1XBC

6MT

0XBC

TM6CBX:  x’00FE3A’

The setup steps after step (6) are the same as steps (5) and (6) in “4-3-1 Event Counter

Using 16-bit Timer”.

TM6EN

TM6BC

SYSCLK

TM6CA

TM6CB

TM6IOA

Interrupts

0 0 0 1 20 3 4 0 1 2 3 4 0 1 2 3

B

0001

B A BA

0004

TM6IOB

Figure 4-3-4  Two-phase PWM Timing

TM6CAX and TM6CBX are valid

only when the timer 6 compare/cap-

ture register is set to double buffer

mode.



95MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Chapter 4  Timers

When timer n changes the duty of PWM output waveforms dynamically, the PWM output

waveforms and interrupts may corrupt at the timing of changing the TMnCB value in 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 1s and 0s.

TMnEN

TMnCB Write

TMnBC

Clock Output

CLRBC

TMnCB

TMnCBX

S

R

TMnIOA

Interrupts

0 1 2 3 40 0 1 2 3 4 0 1 2 3 4 0 1 2 3

3 1

3 1

B A A AB B B
TMnIOB

Figure 4-3-5  Two-phase PWM Timing in Double Buffer Mode
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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 this example, timer 7 di-
vides SYSCLK by 65536 and measures how long the TM7IOA input is
high.  An interrupt occurs on the capture B and the width where the TM7IOA
input is high is calculated by the instruction (TMnCB - TMnCA).

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
NE

N7MT
DL

— —
7MT
1DU

7MT
0DU

7MT
EGT

7MT
ENO

7MT
1DM

7MT
0DM

7MT
RLCE

7MT
PL

7MT
LESA

7MT
2S

7MT
1S

7MT
0S

0 0 — — 0 0 0 0 1 0 0 0 0 0 1 1

TM7MD:  x’00FE40’

■    Interrupt Enable Setup

(1)  Enable interrupts.  At the same time, clear all prior interrupt requests.  Set G7LV[2:0]

bits of the G7ICR to the interrupt level of 6 to 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.

■    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 TM7LP to 0 to count the loop of 0 to x’FFFF’.   Select SYSCLK as the timer

7 clock source.

(3)  Set TM7NLD and TM7EN of the TM7MD register to 1 and 0 respectively.  This

enables TM7BC, T.F.F and RS.F.F.

(4)  Set both TM7NLD and TM7EN to 1.  This starts the timer 7.  Counting starts at the

beginning of the next cycle.

Stop TM7BC counting and initial-

ize (clear) TM7BC and RS.F.F.

Use the MOV instruction to set the

data and always use 16-bit write op-

erations.

If this step is omitted, TM7BC may

not count during the first cycle.
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■    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 is required, first

set TM7MD[1:0] to ‘00’.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
51AC

7MT
41AC

7MT
31AC

7MT
21AC

7MT
11AC

7MT
01AC

7MT
9AC

7MT
8AC

7MT
7AC

7MT
6AC

7MT
5AC

7MT
4AC

7MT
3AC

7MT
2AC

7MT
1AC

7MT
0AC

TM7CA:  x’00FE44’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
51BC

7MT
41BC

7MT
31BC

7MT
21BC

7MT
11BC

7MT
01BC

7MT
9BC

7MT
8BC

7MT
7BC

7MT
6BC

7MT
5BC

7MT
4BC

7MT
3BC

7MT
2BC

7MT
1BC

7MT
0BC

TM7CB:  x’00FE48’

TM7CA is captured on the rising edge of TM7IOA and TM7CB is cap-

tured on the falling edge of TM7IOA.

■    Interrupt Processing and Width Calculation

(6)  Execute interrupt processing.  The interrupt processing specifies the interrupt group

and vector, and clears IRFn.

(7)  Calculate the width.  Store the TM7CA value and TM7CB value to the data regis-

ter and subtract TM7CA from TM7CB.  Ignore C and V flags.  The width is calcu-

lated correctly even though the TM7CA value is greater than the TM7CB value by

setting TM7LP to 0.  The following figure shows 000A - 0007 = 0003 or 3 cycles.

TM7EN

TM7BC

SYSCLK

TM7CA

TM7CB

TM7IOA

Interrupts

0 1 2 3 40 5 6 7 8 9 A B C D E F 10 11 12

0 7

0 A

A-7=3

3 Cycles

B

Figure 4-3-6  One-phase Capture Timing

Load the TM7CA value and TM7CB

value during interrupt processing.

The width is calculated by ignoring

flags even though the TM7CA value

is greater than the TM7CB value.
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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 this example, timer 7 di-
vides SYSCLK by 65536 and measures the width from positive edge of the
TM7IOA input to the positive edge of TM7IOB input.  An interrupt occurs
on the capture B and the width is calculated by the instruction (TMnCB -
TMnCA).

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
NE

N7MT
DL

— —
7MT
1DU

7MT
0DU

7MT
EGT

7MT
ENO

7MT
1DM

7MT
0DM

7MT
RLCE

7MT
PL

7MT
LESA

7MT
2S

7MT
1S

7MT
0S

0 0 — — 0 0 0 0 1 1 0 0 0 0 1 1

TM7MD:  x’00FE40’

■    Interrupt Enable Setup

(1)  Enable interrupts.  At the same time, clear all prior interrupt requests.  Set G7LV[2:0]

bits of the G7ICR to the interrupt level of 6 to 0, TM7BIR 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.

■    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 TM7LP to 0 to count the loop of 0 to x’FFFF’.   Select SYSCLK as the timer

7 clock source.

Stop TM7BC counting and initial-

ize (clear) TM7BC and RS.F.F.

Use the MOV instruction to set the

data and always use 16-bit write op-

erations.

TM7CA is captured on the rising edge of TM7IOA 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

SYSCLK

TM7CA

TM7CB

TM7IOA

TM7IOB

Interrrupts
B

0 1 2 3 40 5 6 7 8 9 A B C D E F 10 11 12

0 7

0 A

A-7=3

3 Cycles

Figure 4-3-7  Two-phase Capture Timing
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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.  In this example, timer 7 inputs the two-phase encoder (4x) and counts
up/down.  An interrupt occurs when the TM7BC reaches the set value.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
NE

N7MT
DL

— —
7MT
1DU

7MT
0DU

7MT
EGT

7MT
ENO

7MT
1DM

7MT
0DM

7MT
RLCE

7MT
PL

7MT
LESA

7MT
2S

7MT
1S

7MT
0S

0 0 — — 0 0 0 0 0 0 0 1 0 1 0 0

TM7MD:  x’00FE40’

■    Interrupt Enable Setup

(1)  Enable interrupts.  At the same time, clear all prior interrupt requests.  Set G7LV[2:0]

bits of the G7ICR to the interrupt level of 6 to 0, TM7BIR 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.

■    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 TM7LP to 1 when TM7BC starts loop counting from the TM7CA value.  Set

TM7LP to 0 when TM7BC counts the loop of 0 to x’FFFF’.   Select two-phase

encoder (4x) as the timer 7 clock source.

Stop TM7BC counting and initial-

ize (clear) TM7BC and RS.F.F.

Use the MOV instruction to set the

data and always use 16-bit write op-

erations.

(3)  Set the timer 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’.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
51AC

7MT
41AC

7MT
31AC

7MT
21AC

7MT
11AC

7MT
01AC

7MT
9AC

7MT
8AC

7MT
7AC

7MT
6AC

7MT
5AC

7MT
4AC

7MT
3AC

7MT
2AC

7MT
1AC

7MT
0AC

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

TM7CA:  x’00FE44’

Whenever the up or down counter reaches the TM7CA value, a compare/capture A inter-

rupt occurs at the beginning of the next cycle.
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(4)  Set the value for a timer 7 interrupt when the interrupt occurs at the TM7CB value.

(The valid range is 0 to TM7CA.)  When the up or down counter reaches this

value, a compare/capture B interrupt occurs at the beginning of the next cycle.  Set

the value for timer 7 interrupt when the TM7BC counts from 0 to x’FFFF’.  (The

valid range is 0 to x’FFFF’.)

(5)  Set TM7NLD and TM7EN to 1 and 0 respectively.  This enables TM7BC, 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 starts timer 7.  Counting starts at the

beginning of the next cycle.

■    Interrupt Processing

(6)  Execute interrupt processing.  The interrupt processing specifies the interrupt group

and vector, and clears IRFn.

The following figure shows the count direction.

TM7IOA

TM7IOB 0

1

Up Counting Down Counting

1

0 0

01

1

TM7CA

TM7CB

TM7BC

TM7IOA

TM7IOB

Interrupts

B

1FFF 1FFE0000 1FFD 1FFE 1FFF 0000 0001 0FFF

1FFF

1000

1000 1001

Figure 4-3-8  Two-phase Encoder Input Timing

If this step is omitted, TM7BC may

not count during the first cycle.
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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
this example, timer 7 generates a one-shot pulse.  The pulse width is 2 cycles
of SYSCLK.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
NE

N7MT
DL

— —
7MT
1DU

7MT
0DU

7MT
EGT

7MT
ENO

7MT
1DM

7MT
0DM

7MT
RLCE

7MT
PL

7MT
LESA

7MT
2S

7MT
1S

7MT
0S

0 0 — — 0 0 0 1 0 0 0 1 0 0 1 1

TM7MD:  x’00FE40’

■    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.  Select SYSCLK as

the timer 7 clock source.

(2)  Set the timer 7 pulse width to TM7CA.  (The valid range is 1 to x’FFFF’.)  Since

the timer 7 pulse width is 2 cycles of SYSCLK, write ‘3’ to TM7CA.  TM7BC

counts from 0 to 3, and TM7IOA outputs high while TM7BC counts from 2 to 3.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
51AC

7MT
41AC

7MT
31AC

7MT
21AC

7MT
11AC

7MT
01AC

7MT
9AC

7MT
8AC

7MT
7AC

7MT
6AC

7MT
5AC

7MT
4AC

7MT
3AC

7MT
2AC

7MT
1AC

7MT
0AC

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

TM7CA:  x’00FE44’

(3)  Write ‘1’ to TM7CB.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
51BC

7MT
41BC

7MT
31BC

7MT
21BC

7MT
11BC

7MT
01BC

7MT
9BC

7MT
8BC

7MT
7BC

7MT
6BC

7MT
5BC

7MT
4BC

7MT
3BC

7MT
2BC

7MT
1BC

7MT
0BC

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

TM7CB:  x’00FE48’

(4)  Set TM7NLD and TM7EN to 1 and 0 respectively.  This enables TM7BC, T.F.F

and RS.F.F.

(5)  Set TM7EN to 1 when TM7IOB rises.  Counting starts at the beginning of the next

cycle after TM7IOB rises.

Stop TM7BC counting and initial-

ize (clear) TM7BC and RS.F.F.

Use the MOV instruction to set the

data and always use 16-bit write op-

erations.

If this step is omitted, TM7BC may

not count during the first cycle.

Do not output athe first one-shot

pulse when TM7CB is set to ‘0’.

TM7EN is substitute for the BUSY

flag for one-shot pulse.
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Figure 4-3-9 shows the one-shot pulse output timing.  Set TM7EN on the falling edge of

TM7IOB and start counting from the next cycle.  Before counting starts, TM7BC is 0, the

initial value of TM7IOA is 0, and a reset (R) signal and a set (S) signal cannot be output.

When counting starts, TM7BC changes from 0 to 1 and the S signal is output.  TM7IOA

becomes 1 and the pulse is output.  TM7BC reaches 3, TM7BC resets and changes from

3 to 0.  At the same time, the R signal is output and TM7IOA outputs 0.  Because TM7ONE

is set to 1, the TM7EN flag is also reset and counting stops.  When TM7IOB rises again,

TM7EN is set and the same operation is repeated.  As a result, the one-shot pulse is output.

TM7CA

TM7CB

TM7EN

TM7IOB Input

S

R

TM7IOA Output

0000 0003 00000001

0003

0001

0002 00030001 0002 0000TM7BC

SYSCLK

Figure 4-3-9  One-shot Pulse Output Timing
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4-3-8  External Count Direction Control Using 16-bit Timer

The external count direction control setup procedures for timer 6 and timer
7 are same.  In this example, timer 7 counts SYSCLK and controls the
counting direction using TM7IOA.  An interrupt occurs when TM7BC
reaches the set value.

■    Interrupt Enable Setup

(1)  Enable interrupts.  At the same time, clear all prior interrupt requests.  Set G7LV[2:0]

bits of the G7ICR to the interrupt level of 6 to 0, TM7BIR 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.

■    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.  The count direction is up when TM7IOA

pin is 1 while the count direction is down when TM7IOA is 0.  Select SYSCLK as

the timer 7 clock source.

(3)  Set the timer 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.

Stop TM7BC counting and initial-

ize (clear) TM7BC and RS.F.F.

Use the MOV instruction to set the

data and always use 16-bit write op-

erations.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
NE

N7MT
DL

— —
7MT
1DU

7MT
0DU

7MT
EGT

7MT
ENO

7MT
1DM

7MT
0DM

7MT
RLCE

7MT
PL

7MT
LESA

7MT
2S

7MT
1S

7MT
0S

0 0 — — 1 0 0 0 0 0 0 1 0 0 1 1

TM7MD:  x’00FE40’

(4)  Set the value for a timer 7 interrupt when the interrupt occurs at the TM7CB value.

(The valid range is 0 to TM7CA.)  When the up or down counter reaches this

value, a compare/capture B interrupt occurs at the beginning of the next cycle.  Set

the value for timer 7 interrupt when the TM7BC counts from 0 to x’FFFF’.  (The

valid range is 0 to x’FFFF’.)

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
51AC

7MT
41AC

7MT
31AC

7MT
21AC

7MT
11AC

7MT
01AC

7MT
9AC

7MT
8AC

7MT
7AC

7MT
6AC

7MT
5AC

7MT
4AC

7MT
3AC

7MT
2AC

7MT
1AC

7MT
0AC

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

TM7CA:  x’00FE44’
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(5)  Set TM7NLD and TM7EN to 1 and 0 respectively.  This enables TM7BC, 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 starts timer 7.  Counting starts at the

beginning of the next cycle.

■    Interrupt Processing

(6)  Execute interrupt processing.  The interrupt processing specifies the interrupt group

and vector, and clears IRFn.  The following figure shows the count direction.

Timer 7 controls the count direction using TM7IOA or TM7IOB.  The count direction

becomes the opposite edge of the count edge (shown as ❍  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.

B

TM7CA

TM7CB

TM7BC

SYSCLK

TM7IOA

Interrupts

Count Direction

0000

1FFF

1000

00030001 0002 10001FFF 1FFE 1FFD 00001FFE 1FFF 1001

Down Down Up Up Up Up Up Up Up Up Up

Figure 4-3-10  External Count Direction Control Timing

If this step is omitted, TM7BC may

not count during the first cycle.
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■    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 is reset by TM7IC pin asynchronously.  Select SYSCLK as the

timer 7 clock source.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
NE

N7MT
DL

— —
7MT
1DU

7MT
0DU

7MT
EGT

7MT
ENO

7MT
1DM

7MT
0DM

7MT
RLCE

7MT
PL

7MT
LESA

7MT
2S

7MT
1S

7MT
0S

0 0 — — 0 0 0 0 0 0 1 1 0 0 1 1

TM7MD:  x’00FE40’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

7MT
51AC

7MT
41AC

7MT
31AC

7MT
21AC

7MT
11AC

7MT
01AC

7MT
9AC

7MT
8AC

7MT
7AC

7MT
6AC

7MT
5AC

7MT
4AC

7MT
3AC

7MT
2AC

7MT
1AC

7MT
0AC

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

TM7CA:  x’00FE44’

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

The external reset control setup procedures for timer 6 and timer 7 are same.
In this example, timer 7 is reset by an external signal while counting up.

(2)  Set the timer 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’.

(3)  Set TM7NLD and TM7EN to 1 and 0 respectively.  This enables TM7BC, T.F.F

and RS.F.F.  Do not change other bits of the TM7MD register.

(4)  Set both TM7NLD and TM7EN to 1.  This starts timer 7.  Counting starts at the

beginning of the next cycle.

Stop TM7BC counting and initial-

ize (clear) TM7BC and RS.F.F.

Use the MOV instruction to set the

data and always use 16-bit write op-

erations.

If this step is omitted, TM7BC may

not count during the first cycle.
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Thereafter, timer 7 is reset asynchronously when TM7IC is high.  This allows external

synchronization easily.  It can be used to adjust the motor or to initialize the timer by

hardware.

TM7BC

SYSCLK

TM7IC

0003 00000001 0002 00030001 00020000 0004

Figure 4-3-11  External Reset Control Timing
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5-1  Serial Interface

5-1-1  Overview

This LSI series contains two serial interfaces.  Each serial interface trans-
mits and receives the data in the synchronous mode, asynchronous mode
and I2C mode.  The maximum baud speed in synchronous mode is SYSCLK/
4.  The maximum baud speed in asynchronous mode is 312,500 bps with a
20-MHz oscillator.  (The baud speed can be set to 312,500 bps or more by
changing the oscillation frequency.)

SBO0

SBT0

SBI0

SBO1

SBT1

SBI1

Timer 2 Underflow Timer 3 Underflow

TXC

TXD

RXC

RXD

Transmitter

Receiver

TXC

TXD

RXC

RXD

Transmitter

receiver

Transmission End Interrupt 0

Reception End Interrupt 0

Transmission End Interrupt 0

Reception End Interrupt 0

Figure 5-1-1 Serial Interface Configuration

Synchronous Serial Interface Asynchronous Serial Interface I2C

Parity —

Character Length 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

External Clock

Timer 2/2 (Ch0)

Timer 3/2 (Ch1)

Max. Transfer Speed 2,500,000 bps 312,500 bps 100,000 bps

(with a 20-MHz Oscillator) (with a 20-MHz Oscillator)

Error Detect Parity Error Parity Error Slave Response

Overrun Error Overrun Error

Framing Error

Buffer ←

Interrupt ←

None, 0, 1, Even, Odd

7-bit, 8-bit

Independent Transmit/Receive buffer
(Single Transmit Buffer, Double Receive

Transmission End Interrupt, Reception End Interrupt

Table 5-1-1  Serial Interface Features
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Serial Interface 0 Serial Interface 1

Serial Control Register
Serial 0 Control Register
(SC0CTR),  x'00FD80'

Serial 1 Control Register
(SC1CTR),  x'00FD90'

Serial Transmit/Receive Register
Serial 0 Transmit/Receive Register
(SC0TRB),  x'00FD82'

Serial 1 Transmit/Receive Register
(SC1TRB),  x'00FD92'

Serial Status Register
Serial 0 Status Register
(SC0STR),  x'00FD83'

Serial 1 Status Register
(SC1STR),  x'00FD93'

5-1-2  Control Registers

Three registers control the serial interface: serial control register (SCnCTR),
serial transmit/receive register (SCnTRB) and serial status register (SCnSTR).

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

The serial control register (SCnCTR) sets the operating conditions for serial interface.

This register controls clock source selection, parity bit selection, protocol selection and

transmit/receive enable.

The transmit data is written to the serial transmit/receive register (SCnTRB), while the

receive data is written to the SCnTRB register.  The transmission starts at the end of the

first cycle or second cycle of  the transfer clock (timer 2 underflow or timer 3 udnerflow)

after the data is written to SCnTRB.  The serial transmission is operated in double buffer

mode.  After the reception is completed, the data is set to the SCnTRB register.  The

receive data is loaded when an interrupt occurs or the SCnRXA flag of the SCnSTR

register is 1.

The serial status register (SCnSTR) reads the status of error detection of serial interface.

An overrun error occurs when the next data is received before the received data is loaded

by SCnTRB.  An error does not occur on the next cycle by reading the SCnTRB register.

The overrun error data is updated when the last bit (the 7th bit or the 8th bit) of the data is

received.  A parity error occurs when the parity bit is 1 although it is supposed to 0, when

the parity bit is 0 although it is supposed to 1, when the parity bit is odd although it is even

and when the parity bit is even although it is supposed to set odd.  The parity error data is

updated when the parity bit is received.  A framing error occurs when the stop bit is 0.  The

framing error data is updated when the stop bit is received.  Figure 5-1-2 shows the timing

when each bit of the serial status register (SCnSTR).

Igonore MSB (bit 7) in the 7-bit

transmission.

Write the data to the serial transmit/

receive register after verifying the

data is not in transmission by check-

ing the SCnTBSY of the SCnSTR

register or a transmission 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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Figure 5-1-2  SCnSTR Change Timing

■    Asynchronous/Synchronous Timing

SBO

Write Data to SCnTRB

Reset even when
transmission is disabled.SCnTBSY

Transmission Interrupt

b0 b2 b3 b4 b5 b6 PTY STb1

Transmission

SBI

SCnRBSY Reset even when 
reception is disabled.

Reset even when 
reception is disabled.

Reception Interrupt

RXA

Read Data 
of SCnTRB

SCnOE
(Overrun Error)

SCnPE
(Parity Error)

SCnFE
(Framing Error)

b0 b2 b3 b4 b5 b6 PTY STb1

Update

Update

Update

Reception

■    I2C Timing

SBO

SBT

SCnSTS
Start Detect

SCnTRB
Write

SCnSPS

After reset, the signal
 is low during the first I  C
transmission.  The signal
is high during other transmission.

2
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5-1-3  Serial Interface Connection

There are six serial interface connecting methods.

■    Asynchronous Mode

The serial interface can connect using either simplex transfer or duplex transfer mode.

SBO

SBI

SBO

SBI

Transmit Receive

SBO

SBI

SBO

SBI
T

ra
ns

m
it/

R
ec

ei
ve

T
ra

ns
m

it/
R

ec
ei

ve

Figure 5-1-3  Asynchronous Connection

Simplex Connection Duplex Connection

■    Synchronous Mode

The serial interface can connect using either simplex transfer, duplex transfer or half-

duplex transfer mode.

SBO

SBI

SBO

SBI

Transmit Receive
SBT SBT

SBO

SBI

SBO

SBI

SBT SBT

T
ransm

it/R
eceive

T
ransm

it/R
eceive

Figure 5-1-4  Synchronous Connection

Simplex Connection Duplex Connection

SBO

SBI

SBO

SBI

SBT SBT

T
ransm

it/R
eceive

T
ransm

it/R
eceive

Half-duplex Connection

When the data cannot be transmitted in half-duplex mode, both SBT pins become input so

that they need pull-up resistors.  The SBT pins connect a pull-up resistor externally or a

built-in pull-up resistor by the PPLU register.

See “Chapter 7” for SBT port setup.
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■    I2C Mode

The serial interface can connect to the devices which can slave transmit and receive.  The

SBO pin and SBT pin connect pull-up resistors (externally or internally).

SBO

SBT

M
aster

T
ransm

ition/R
eception

Slave
Transmit/Receive

This LSI Series
Slave

Transmit/Receive

Figure 5-1-5  I2C Mode Connection

The acknowledge (ACK) bit is substituted for a parity bit.  In the system requiring the

ACK, fix the parity bit to 1 (SCnPTY[2:0] = 101) when this LSI master transmits the data.

In that case, a parity error occurs when the ACK (low level) returns from the slave.  There-

fore, the parity bit of the SCnSTR register becomes 1 when the transmission is completed

normally.

On the other hand, when this LSI 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.

■    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 calculation.

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

The transmission is possible if the baud rate error is within 2 %.  Table 5-1-3 to Table 5-1-

10 show the baud rates with frequently used oscillators.

The I2C mode is used only as the

master transmission/reception in the

single master system.  Because I2C

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.
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Table 5-1-3  Baud Rate Setup Example in Asynchronous Mode

External Oscillator at 20 MHz
Baud Rate Divisor Real 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)

External Oscillator at 19.6608 MHz
Baud Rate Divisor Real 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)

External Oscillator at 17.2032 MHz
Baud Rate Divisor Real 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)

External Oscillator at 16 MHz
Baud Rate Divisor Real 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)

External Oscillator at 14 MHz
Baud Rate Divisor Real 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)

External Oscillator at 12 MHz
Baud Rate Divisor Real 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)

External Oscillator at 10 MHz
Baud Rate Divisor Real 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)

External Oscillator at 8 MHz
Baud Rate Divisor Real 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)

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

*
*

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

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

*
*

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

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

*

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

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

*

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

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

*

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

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

*

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

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

*

Table 5-1-10  Baud Rate Setup Example in Asynchronous Mode
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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 describes the example of serial interface 0 transmission in asyn-
chronous mode with the following settings:
•  20 MHz oscillation
•  Baud Rate = 9600 bps (SYSCLK/65 by timer 2)
•  Bit Order: LSB
•  8-bit data transfer
• Two stop bits
•  Odd parity
The next data is transmitted when a transmission end interrupt occurs.

Serial I/F
Transfer Clock

SYSCLK
(10 MHz)

8-bit Timer

Timer 2

(Divided by 65)

Serial Interface

Divider

(Divided by 16)

Figure 5-2-1  Aynchronous Transmission Configuration

The transmission starts when the data is written to the SC0TRB register.  The transmis-

sion starts synchronizing with timer 2 underflow.  An interrupt occurs after the transmis-

sion is completed and the new data is written to the SC0TRB register during the interrupt

service routine.  The SC0TBSY flag of the SC0STR register polls if an interrupt does not

occur.

The serial interface generates the serial transfer baud rate with timer 2 or timer 3 divided

by 16.  With a 20-MHz oscillator (SYSCLK is 10 MHz) and 9600 bps, 10 MHz/16/9600

= 65.10

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

■    Pin Setup

Set P72 pin to data output of serial interface 0.  [See Chapter 8 Ports]
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■    Timer 2 Setup

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

7 6 5 4 3 2 1 0

2MT
NE

2MT
DL

— — — —
2MT

S1

2MT

S0

0 0 — — — — 1 1

TM2MD:  x’00FE22’

(2)  Set the timer 2 divisor.  Since the timer 2 divisor is SYSCLK/65, set the timer 2

base register (TM2BR) to 64.  (The valid range is 1 to 255.)

7 6 5 4 3 2 1 0

2MT

7RB

2MT

6RB

2MT

5RB

2MT

4RB

2MT

3RB

2MT

2RB

2MT

1RB

2MT

0RB

0 1 0 0 0 0 0 0

TM2BR:  x’00FE12’

(3)  Load the TM2BR value to 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 0.

(5)  Set TM2LD and TM2EN to 0 and 1 respectively.  This starts timer 2.

■    Serial Interface 0 Setup

(6)  Enable interrupts.  At this point, clear all prior interrupt requests.  Set the G3ICR

register to the interrupt level (level 6 to 0), SC0TIR and SC0TIE 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 is transferred.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

—
3G
2VL

3G
1VL

3G
0VL

R0CS
EI

T0CS
EI

2MT
EI

2QRI
EI

R0CS
RI

T0CS
RI

2MT
RI

2QRI
RI

R0CS
DI

T0CS
DI

2MT
DI

2QRI
DI

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

G3ICR:  x’00FC46’

This verification is unnecessary im-

mediately after a reset.

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 the first cycle.
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(7)  Set the operating control conditions to the serial 0 control register (SC0CTR).  Set

asynchronous mode, LSB for bit order, timer 2/16, 8-bit data transfer, 2 stop bits

and odd parity.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

0CS
NET

0CS
NER

0CS
ERB

0CS
SC2I

0CS
LTP

—
0CS

DO
0CS
MC2I

0CS
NL

0CS
2YTP

0CS
1YTP

0CS
0YTP

0CS
BS

0CS
DOP

0CS
1S

0CS
0S

1 1 0 0 0 — 0 0 1 1 1 1 1 0 0 1

SC0CTR:  x’00FD80’

(8)  Set the first data to be transferred to the serial 0 transmit/receive register (SC0TRB).

When the data to be transferred is set to the SC0TRB 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

SC0TRB Write

SBO0

Interrupt Request

Interrupt Service Routine

SC0TBSY

ST b0 b1 b2 b3 b4 b5 b6 b7 PT SP SP ST b0 b1 b2 b3 b4

Figure 5-2-2  Bit Transmission Timing in Asynchronous Mode
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5-2-2  Serial Reception in Synchronous Mode Using Timer 2

This section describes the example of serial interface 0 reception in syn-
chronous mode with the following settings:
•  Bit Order: MSB
•  8-bit data transfer
•  Even parity
The next data is read when a reception end interrupt occurs.

■    Pin Setup

Set P70 pin and P71 pin to serial clock input and data input of serial interface 0 respec-

tively.  [See Chapter 8 Ports]

■    Serial Interface 0 Setup

(1)  Set the operating control conditions to the serial 0 control register (SC0CTR).  Set

synchronous mode, MSB for bit order, the external clock source, 8-bit data trans-

fer and even parity.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

0CS
NET

0CS
NER

0CS
ERB

0CS
SC2I

0CS
LTP

—
0CS

DO
0CS
MC2I

0CS
NL

0CS
2YTP

0CS
1YTP

0CS
0YTP

0CS
BS

0CS
DOP

0CS
1S

0CS
0S

1 1 0 0 1 — 1 0 1 1 1 0 0 0 0 0

SC0CTR:  x’00FD80’

(2)  Enable interrupts.  At this point, clear all prior interrupt requests.  Set the G3ICR

register to the interrupt level (level 6 to 0), SC0RIR and SC0RIE 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.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

—
3G
2VL

3G
1VL

3G
0VL

R0CS
EI

T0CS
EI

2MT
EI

2QRI
EI

R0CS
RI

T0CS
RI

2MT
RI

2QRI
RI

R0CS
DI

T0CS
DI

2MT
DI

2QRI
DI

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

G3ICR:  x’00FC46’

Thereafter, an interrupt occurs when the serial data is received.

After specifying the interrupt group

and vector, and clearing IRFn, pro-

gram the interrupt service routine.
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5-2-3  Serial Transmission/Reception in I2C Mode Using Timer 3

This section describes the example of serial interface 0 transmission/recep-
tion in I2C mode explaining I2C start sequence transmission, data transmis-
sion, data reception and I2C stop sequence transmission in order.

■    Pin Setup

Set P70 pin and P72 pin to serial clock input and port input respectively.  If P70 pin and

P72 pin do not equip a pull-up resistor externally, set the pull-up resistor by the pull-up

control register. [See Chapter 8 Ports]

■    Serial Interface 0 Setup

<Initial Setup>

(1)  Set the operating conditions to the serial 0 control register (SC0CTR).  In I2C

mode, select open-drain, 8-bit data transfer, MSB as the bit order.  In the system

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.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

0CS
NET

0CS
NER

0CS
ERB

0CS
SC2I

0CS
LTP

—
0CS

DO
0CS
MC2I

0CS
NL

0CS
2YTP

0CS
1YTP

0CS
0YTP

0CS
BS

0CS
DOP

0CS
1S

0CS
0S

1 1 0 0 1 — 1 1 1 1 0 1 0 1 1 1

SC0CTR:  x’00FD80’

<Start Sequence>

(2)  Set the I2C sequence output bit of the serial 0 control register (SC0CTR) to 1.  This

makes the SBO pin output low and generates the start sequence.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

0CS
NET

0CS
NER

0CS
ERB

0CS
SC2I

0CS
LTP

—
0CS

DO
0CS
MC2I

0CS
NL

0CS
2YTP

0CS
1YTP

0CS
0YTP

0CS
BS

0CS
DOP

0CS
1S

0CS
0S

1 1 0 1 1 — 1 1 1 1 0 1 0 1 1 1

SC0CTR:  x’00FD80’

<Data Transmission>

(3)  Load the data to the serial 0 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.

Set both the transmission enable flag

and the reception enable flag to 1.

In this example, select the slave re-

sponse.

When selecting P70 and P72 to I2C

mode by the serial 0 control regis-

ter, these pins becomes output mode.

Therefore, they should be set to in-

put when they are used as ports.
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(4)  After transmission ends, read the dummy data of the serial 0 transmit/receive

register (SC0TRB).

(5)  Read the serial 0 status register and verify the parity error.  If a parity error occurs,

the response is obtained from the slave correctly.  If a parity 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 data is transmitted continuously, repeat the steps (3) to (5).

<Data Reception>

(6)  Load the dummy data x’FF’ to the serial 0 transmit/receive register (SC0TRB).

This allows the SBO pin to output resistive high (because the SBO pin is an open-

drain pin) and input low when the slave outputs low.

(7)  After reception ends, retrieve the received data by reading the serial 0 transmit/

receive register (SC0TRB).

When the data is received continuously, repeat the steps (6) and (7).

<Stop Sequence>

(8)  Set the I2C sequence output bit of the serial 0 control register (SC0CTR) to 0.  This

makes the SBT pin output high and generates the stop sequence.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

0CS
NET

0CS
NER

0CS
ERB

0CS
SC2I

0CS
LTP

—
0CS

DO
0CS
MC2I

0CS
NL

0CS
2YTP

0CS
1YTP

0CS
0YTP

0CS
BS

0CS
DOP

0CS
1S

0CS
0S

1 1 0 0 1 — 1 1 1 1 0 1 0 1 0 1

SC0CTR:  x’00FD80’

(9)  Disable the reception enable flag once immediately after the stop sequence is

generated.

SBT Pin Output

b7 b6 b5 b4 b3 b2 b1 b0 ACK b7 b6 b5b4 b3 b2 b1 b0 ACK
SBO Pin Output

Write to
SC0TRB Register

I  C Sequence
Output Bit

START Detect Bit = 1 STOP Detect Bit = 1

Transmitting the dummy data for reception

Transmit Interrupt RequestTransmit Interrupt Request

(2) (3) (6) (8)

2

Figure 5-2-3  Transmission/Reception in I2C Mode

An interrupt (a serial 0 transmission

end interrupt or a serial 0 reception

end interrupt) or polling the serial

status register identifies the trans-

mission end.

(Polling the reception state flag dur-

ing I2C mode is prohibited.)

An interrupt (a serial 0 transmission

end interrupt or a serial 0 reception

end interrupt) or polling the serial

status register identifies the recep-

tion end.

(Polling the reception state flag dur-

ing I2C mode is prohibited.)
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6-1  Analog Interface

6-1-1  Overview

This LSI series contains a 8-bit charge redistribution A/D converter.  The A/
D converter supports digital signal processing in the voice and audio fre-
quency ranges with a 8-bit resolution, a maximum conversion frequency of
208 kHz (4.8 µs per channel with a 20-MHz oscillator)  and a low current.

Figure 6-1-1 Analog Interface Configuration

VDD

AN0
AN1
AN2
AN3
AN4
AN5
AN6
AN7

VSS

S/H

8-bit
Successive
Approximation
ADC

A/Dn Conversion Data Buffer

AN0BUF
AN1BUF
AN2BUF
AN3BUF
AN4BUF
AN5BUF
AN6BUF
AN7BUF

M

U

X

■    Notices When Using A/D Converter

(1)  Set the impedance of the analog signal for A/D conversion to 8 kΩ 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 kΩ 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.

MN102L25x Series

R < 8 kΩ Or C ≥ 2000 pF

Equivalent Circuit Block 
Outputs Analog Signal

A/D Input Pin

(AVss)

Connect to Vss in the chip model 
which has no AVss.

R

C
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Table 6-1-2  A/D Converter Functions

“Ch” stands for channel.  ANn pin

corresponds to the channel number.

For example, the AN3 pin corre-

sponds to channel 3.

erutaeF noitpircseD

H/S ni-tliuB

noisrevnoC
noituloseR

)0NAot3NA(BSL3±tib-8
)4NAot7NA(BSL4±tib-8

otnidedividssVdnaDDVneewtebegatlovehtstrevnocretrevnocD/AehT
.FUB0NAotFUB7NAniderotsitluserdetrevnocsihtdna652

emiTnoisrevnoC )rotallicsozHM-02ahtiwsn004foemitelpmas(lennahcreperomrosµ8.4

ecruoSkcolC 8,4,2,1ybdedividKLCSYSkcolCmetsySlanretnI

edoMgnitarepO :sedomgnitarepo03
)7lennahcot0lennahc(lennahcelgnisfonoisrevnocelgniS

,2lennahcotolennahc,1lennahcot0lennahc(slennahcelpitlumfonoisrevnocelgniS
lennahcot0lennahc,5lennahcot0lennahc,4lennahcot0lennahc,3lennahcot0lennahc

)7lennahcot0lennahc,6
)7lennahcot0lennahc(lennahcelgnisfonoisrevnocsuounitnoC

lennahcotolennahc,1lennahcot0lennahc(slennahcelpitlumfonoisrevnocsuounitnoC
ot0lennahc,5lennahcot0lennahc,4lennahcot0lennahc,3lennahcot0lennahc,2

)7lennahcot0lennahc,6lennahc

tratSnoisrevnoC gnittesretsigerrowolfrednu1remiT

tpurretnI .sdneecneuqesnoisrevnocehtemithcaesruccotpurretninA

■    Selecting the A/D Converter Clock Source

The A/D converter clock source is selected to SYSCLK, SYSCLK/2, SYSCLK/4 or

SYSCLK/8 as the conversion time is 4.8 µs 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 SYSCLK/4 (the conversion speed

of 4.8 µs) or SYSCLK/8 (the conversion time of 9.6 µs) with a 20-MHz oscillator.  Select

SYSCLK/2, SYSCLK/4 or SYSCLK/8 with a 10-MHz oscillator.  Select SYSCLK.

SYSCLK/2, SYSCLK/4, SYSCLK/8 with a 5-MHz oscillator or less.  The conversion

time is 12 cycles of the A/D converter clock source as Figure 6-1-2 shows.  For example,

the conversion time is calculated as follows when SYSCLK/4 is selected.

[SYSCLK cycle (s) × 4 (divisor) × 12 (cycle)]

State

A/D Conversion Clock

Start

S/H bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 transfer

Figure 6-1-2  A/D Conversion Timing

The input current is run to the stan-

dard voltage only during conversion.

Therefore, the on/off control of in-

put current to the voltage is not re-

quired.



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

Chapter 6  Analog Interface

■    One Channel/Single Conversion

The A/D converter converts one A/D input signal of 1 channel once.  An interrupt occurs

as soon as the 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

State

ANEN

Ch n
Conversion

Figure 6-1-3  One Channel/Single Conversion Timing

■    Multiple Channels/Single Conversion

The A/D converter converts A/D input signals of continuous channels from channel 0

once.  An interrupt occurs as soon as the conversion for all channels ends.  Set AN1CH[2:0]

bits to channel 0 and the ANNCH flag to the last channel to be converted.  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

sequence ends.  In addition, the AN1CH[2:0] bits are set to the channel number during the

conversion and channel 0 after the conversion sequence ends.

Interrupt

State

ANEN

Ch0
Conversion

Ch1
Conversion

Ch2
Conversion

Ch3
Conversion

Ch4
Conversion

Ch5
Conversion

Figure 6-1-4  Multiple Channels/Single Conversion Timing
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■    One Channel/Continuous Conversion

The A/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 ANTM1 flag and the ANEN flag to 0 and 1 respectively when the conversion

starts using the ANEN flag.  Setting the ANEN flag to 0 ends the conversion forcibly.

Ch n
Conversion

Interrupt

State

ANEN

Ch n
Conversion

Ch n
Conversion

Figure 6-1-5  One Channel/Continuous Conversion Timing

■    Multiple Channels/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] bits to channel 0 and the ANNCH flag to the last channel to be converted.

(The conversion starts from channel 0.)  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 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

State

ANEN

Ch0
Conversion

Ch1
Conversion

Ch2
Conversion

Ch0
Conversion

Ch1
Conversion

Ch2
Conversion

Ch0
Conversion

Figure 6-1-5  Multiple Channels/Continuous Conversion Timing
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128 64 32 16 8 4 2 1 1

VDD

VSS

Data Bus

ANCTR

comp
SYSCLK

VDD

VSS

AN7BUF-AN0BUF

AN0
AN1
AN2
AN3
AN4
AN5
AN6
AN7

M
U
X

Storage for Data Conversion

Shift Registers for State Information

ANNCH AN1CH

Divider
INC

Eight 8-bit
Registers

Figure 6-1-7  Analog Interface Block Diagram
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6-1-2  Control Registers

The A/D converter contains the A/D conversion control register (ANCTR)
and the A/D conversion data buffers (ANnBUF) corresponding to channel 7
to channel 0 (AN7 pin to AN0 pin).

Table 6-1-2  List of A/D Conversion Control Registers

The A/D conversion control register (ANCTR) sets the 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).

Control Register A/D Conversion Control Register
(ANCTR), x'00FDA0'

Data Buffers A/D0 Conversion Data Buffer
(AN0BUF), x'00FDA8'

A/D4 Conversion Data Buffer
(AN4BUF), x'00FDAC8'

A/D1 Conversion Data Buffer
(AN1BUF), x'00FDA9'

A/D5 Conversion Data Buffer
(AN5BUF), x'00FDAD'

A/D2 Conversion Data Buffer
(AN2BUF), x'00FDAA'

A/D6 Conversion Data Buffer
(AN6BUF), x'00FDAE'

A/D3 Conversion Data Buffer
(AN3BUF), x'00FDAB'

A/D7 Conversion Data Buffer
(AN7BUF), x'00FDAF'
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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 obtains the A/D
conversion result.

5 V

0 V

P96/AN2

MN102L25x Series

1000 pF

Figure 6-2-1  One Channel A/D Conversion

■    Pin Setup

(1)  Set AN2 pin (P96) of the port 9 to input (P9DIR6 = ‘0’).

■    A/D Conversion Control Register Setup

(2)  Set the operating conditions to 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 a 20-MHz oscillator).  Set ANEN to ‘0’ and AN1CH[2:0] to the chan-

nel number to be converted.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

—
NA

2HCN
NA

1HCN
NA

0HCN
—

NA
2HC1

NA
1HC1

NA
0HC1

NA
NE

NA
1MT

— —
NA
1KC

NA
0KC

NA
1DM

NA
0DM

— 0 0 0 — 0 1 0 0 0 — — 1 0 0 0

ANCTR:  x’00FDA0’

ANNCH[2:0] are ignored.
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(3)  Set the ANEN flag to ‘1’ to start the conversion.  Conversion starts on the falling

edge of the A/D conversion clock source after ANEN is set to 1.  The conversion

time is 12 cycles of the A/D conversion clock source (4.8 µs, 4.8 µs to 5.2 µs after

ANEN is set).

(4)  Wait for the conversion to 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 divides 0 V to

5 V into 256 and the conversion result is the value from 0 to 255.

7 6 5 4 3 2 1 0

2NA
7FUB

2NA
6FUB

2NA
5FUB

2NA
4FUB

2NA
3FUB

2NA
2FUB

2NA
1FUB

2NA
0FUB

AN2BUF:  x’00FDAA’

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 AN0 pins

The AN2, AN1 and AN0 pins input the analog voltage of 0 V to 5 V and
obtains the A/D conversion results.  The converter performs periodically
using timer 1.

Volume 3Volume 2

0

5

10

Volume 1

0

5

10

0

5

10

ch0 ch1 ch2

A/D Conversion Data Buffers

Underflow

Timer 1

CPU

MN102L(P, F) 25x Series

Figure 6-2-2  Multiple Channel A/D Conversion

■    A/D Conversion Control Register Setup

(2)  Set the operating conditions to the A/D conversion control register (ANCTR).  Set

ANMD to multiple channel/single conversion and select the ANCK[1:0] bits to

SYSCLK/4 (10 MHz/4 with a 20-MHz oscillator).  Set ANEN and ANTM1 to ‘0’

and ‘1’ respectively.   Set AN1CH[2:0] to the first channel number to be converted

(channel 0) and ANNCH[2:0] to the last channel number to be converted (channel

2).

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

—
NA

2HCN
NA

1HCN
NA

0HCN
—

NA
2HC1

NA
1HC1

NA
0HC1

NA
NE

NA
1MT

— —
NA
1KC

NA
0KC

NA
1DM

NA
0DM

— 0 1 0 — 0 0 0 0 1 — — 1 0 0 1

ANCTR:  x’00FDA0’
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■    Timer 1 Setup

(2)  Set the timer 1 divisor.  Since timer 1 divides SYSCLK by 256, set the timer 1 base

register (TM1BR) to 255.  (The valid range for TM1BR is 1 to 255.)

7 6 5 4 3 2 1 0

1MT

7RB

MT 1

6RB

MT 1

5RB

MT 1

4RB

MT 1

3RB

MT 1

2RB

MT 1

1RB

MT 1

0RB

1 1 1 1 1 1 1 1

TM1BR:  x’00FE11’

(3)  Load the TM1BR value to TM1BC.  To do this, set TM1LD and TM1EN to 1 and

0 resepctively.  At the same time, select the clock source.

7 6 5 4 3 2 1 0

1MT
NE

1MT
DL

— — — —
MT 1

S1

MT 1

S0

0 1 — — — — 1 0

TM1MD:  x’00FE21’

(4)  Set both TM1LD and TM1EN of the TM1MD register to 0.

(5)  Set TM1LD and TM1EN to 0 and 1 respectively.  This starts timer 1.  Counting

starts at the beginning of the next cycle.

When the timer 1 binary counter (TM1BC) reaches 0 and loads the value of 255 from the

timer 1 base register (TM1BR), a timer 1 underflow interrupt request occurs.  The A/D

converter converts each AN2, AN1, and AN0 once when timer 1 underflows.

If this setting is omitted, the timer 1

binary counter may not start at the

first cycle.

The periodical conversion saves the

power consumption compared to the

continuous conversion.

Underflow
Timer 1

Ch0 Ch1 Ch2Conversion

Interrupt

Ch0 Ch1 Ch2

Figure 6-2-3  A/D Conversion Timing
(Single Conversion of Channel 2 to Channel 0)

Do not change the clock source af-

ter this step.  Changing the clock

source while controlling count op-

eration will corrupt the binary

counter value.
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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 serial interface 0 and
internal RAM speedily without using the CPU.

Table 7-1-1  ATC Functions

The following is four serial interface 0 modes that the ATC can operate.

1.  Synchronous Transmission  Internal Clock Master (when this LSI se-

ries generates the synchronous clock)

2.  Synchronous Reception   External Clock Master (when this LSI series

receives the synchronous clock externally)

3.  Asynchronous Transmission

4.  Asynchronous Reception

*  Setting bi-direction of transmission and reception does not allow.

tratS tpurretnidnenoitpecer0lairesrotpurretnidnenoissimsnart0lairesA

noitceriDrefsnarT MARlanretnI → )BRT0CS(reffuBevieceR/timsnarT0laireS → MARlanretnI

edoMrefsnarT
*)etybk1('FF3E00'xot'000E00'xsiMARlanretnIrofsserddaehT

refsnarTdrow-enO

dnErefsnarT gnitteSsserddAMARlanretnI

tinUrefsnarT etyB

deepSrefsnarT )rotallicsOzHM-02ahtiw(etyb/sn006
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�
Serial InterruptSerial Interrupt

ATC Transfer End Interrupt

(B)(A)

ATC Transfer End Interrupt Service Routine

Main Program

ATC Transfer

Interrupt Service Routine

�

Serial InterruptSerial Interrupt

ATC Transfer End Interrupt

(B)(A)

Identify that both a serial 
interrupt and an ATC 
transfer end interrupt occur.

Main Program

ATC Transfer

Interrupt Service Routine

�Serial Interrupt Service Routine

Serial Interrupt

(C)

Main Program

ATC Transfer

Interrupt Service Routine

�
ATC Transfer End Interrupt Service Routine

Serial Interrupt

ATC Transfer End Interrupt

A

B

Internal RAM

SC0TRB

End Address
(ATCEND)

C

Internal RAM
SC0TRB

End Address
(ATCEND)

ATCBC Value

The value of C is invalid.
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Figure 7-1-1  ATC Operations



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

Chapter 7  ATC

The internal RAM area where the ATC can transfer the data is 1 k byte of

x’00E000’ to x’00E3FF’.  The upper 14 bits are fixed at

‘00000000111000’.  Therefore, the lower 10 bits are read when the

ATCBC counter is read.  The address in the ATCCTR register or the

ATCBC counter is set to only lower 10 bits.

7-1-2  Control Registers

The ATC contains the ATC control register (ATCCTR) and the ATC binary
counter (ATCBC).

retsigeRlortnoC '01DF00'x,)RTCCTA(retsigeRlortnoCCTA

retnuoC '21DF00'x,)CBCTA(retnuoCyraniBCTA

Table 7-1-2  List of ATC Control Registers

The ATC control register (ATCCTR) sets the transfer direction, the internal 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 serial 0 reception end interrupt occurs before the

ATC operation is completed after the serial 0 reception end interrupt occurred during the

serial 0 reception (ATCDIR = ‘0’).  When this error occurs, setting bit 14 (OVREF) of the

ATCCTR register to 1 as well as negating bit 15 (ATCEN) ends the 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 shows is invalid.  (No data is stored in the address the

ATCBC counter shows.)

First, the ATC binary counter (ATCBC) sets the start address of internal RAM.   Next the

ATCBC counter shows the RAM address to write (or read) during ATC operation.

Set the value of the internal RAM

address for ATC end greater than the

value of the ATCBC counter.
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7-2  ATC Setup Examples

7-2-1  Serial Reception

The ATC transfers the serial transmit/receive buffer contents to internal RAM
automatically after the serial reception is completed.  The ATC generates an
ATC transfer end interrupt after the ATC transfers 5 times, and starts soft-
ware processing.  The start address of the ATC destination is x’00E0A0’.

■    Serial Interface 0 Setup

(1)  Enable an ATC transfer end interrupt.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

—
6G
2VL

6G
1VL

6G
0VL

CTA
EI

B6MT
EI

A6MT
EI

U6MT
EI

CTA
RI

B6MT
RI

A6MT
RI

U6MT
RI

CTA
DI

B6MT
DI

A6MT
DI

U6MT
DI

— 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

G6ICR:  x’00FC40’

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

— — — — — —
CBCTA

9
CBCTA

8
CBCTA

7
CBCTA

6
CBCTA

8
CBCTA

4
CBCTA

3
CBCTA

2
CBCTA

1
CBCTA

0

0 0 1 0 1 0 0 0 0 0

ATCBC:  x’00FD12’

(3)  Set the internal RAM end address (x’00E0A4’) and the transfer direction (serial

→ internal RAM) and clear the overrun error flag.

■    ATC Setup

(2)  Set the lower 10 bits of the internal RAM start address for ATC destination to the

ATC binary counter (ATCBC).

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

CTA
NE

RVO
FE

—
CTA
RID

— —
CTA
9DNE

CTA
8DNE

CTA
7DNE

CTA
6DNE

CTA
5DNE

CTA
4DNE

CTA
3DNE

CTA
2DNE

CTA
1DNE

CTA
0DNE

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

ATCCTR:  x’00FD10’

(4)  Set ATCEN to enable.  Keep the same setting as step (3).

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

CTA
NE

RVO
FE

—
CTA
RID

— —
CTA
9DNE

CTA
8DNE

CTA
7DNE

CTA
6DNE

CTA
5DNE

CTA
4DNE

CTA
3DNE

CTA
2DNE

CTA
1DNE

CTA
0DNE

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

ATCCTR:  x’00FD10’

When a serial reception end inter-

rupt is enabled, a serial reception end

interrupt occurs each time the 1-

word transfer ends.



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

Chapter 7  ATC

(5)  Set the mode of serial 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 is reached, an ATC transfer end interrupt occurs and the ATC transfer

end interrupt service routine is executed.

Figure 7-2-1  Serial Reception Data Transfer

A

x'00E0A0'

x'00E0A1'

x'00E0A2'

x'00E0A3'

x'00E0A4'

Serial Reception

ATC Transfer

D

E

B C D E

Destination Memory

A A

B

C

A

B

C

A

B

D

C

A

B

ATC Tranfer
End Interrupt
Processing

Transfer Transfer Transfer Transfer Transfer

OSCI

SYSCLK

Serial Reception

Serial End Interrupt

Address

Data

Bus Authority

ATC Transfer Content

CPU ATC CPU

Start Serial Reception
Buffer

End

x'00FDA8'CPU

CPU

Internal RAM Write

Serial Reception

x'00E0A4'

E CPUE

CPU

Figure 7-2-2  Last Data Transfer Timing

A, B, C, D and E means 1-byte data.
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8-1  Ports

8-1-1  Overview

This LSI series contains ten I/O ports.  Of ports 0 to 5, port 8 and port 9 are
8 bits.  Port 7 and port A are 6 bits.  Port 6 is 4 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 I/O
direction in bit unit.

Table 8-1-1  Port Functions (1 of 8)

Port Pin

(Shared Pin)
Function

Port 0 is used as the port 0 general-purpose port, data (address/data separated) input/output, or

address/data (address/data shared) input/output.  At reset, this port operates as a general-pur-

pose port input during other modes except processor mode and as D07 to D00 (AD07 to

AD00) pins during processor mode.  However, this port operates as a general-purpose port

during processor mode when 8-bit bus width is selected for all spaces in 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), P0MD is invalid.  During memory expansion mode, set P0MD

and P0DIR to 1 and 0 respectively.

P07 to 00
(D07 to 00)
(AD07 to 00)

P0DIR0

DLP

Address/Data Output Control
(Bus Controller)

P0OUT7 to 0

Address/Data Output
(Bus Controller)

P0IN7 to 0

Data Input
(Bus Controller)

0

1
MUX

P0MD0

Port 0 P07 to P00

(D07 to D00)

(AD07 to AD00)
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Table 8-1-1  Port Functions (2 of 8)

Port Pin

(Shared Pin)
Function

Port 1 is used as the port 1 general-purpose port, data (address/data separated) input/output, or

address/data (address/data shared) input/output.  At reset, this port operates as a general-pur-

pose port input during other modes except processor mode and as D15 to D08 (AD15 to

AD08) 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), P1MD is invalid.  During memory expansion mode, set P1MD and P1DIR to 1 and 0

respectively.

P17 to 10
(AD15 to 08)

P1DIR0

DHP

Address/Data Output Control
(Bus Controller)

P1OUT7 to 0

Address/Data
(Bus Controller)

P1IN7 to 0

Data Input
(Bus Controller)

0

1
MUX

P1MD0

Port 1 P17 to P10

(D15 to D08)

(AD15 to AD08)

Port 2 is used as the port 2 general-purpose port or address output.  At reset, this port operates

as a general-purpose port input during other modes except processor mode and as A07 to A00

pins during processor mode.  During processor mode, P2MD is invalid.  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.

P27 to 24
(A07 to04)
P23 to 20
(A03 to 00)

P2DIR4,P2DIR0

ALP

Address/Data Output Control
(Bus Controller)

P2OUT7 to 0

Address/Data Output Control
(Bus Controller)

P2IN7 to 0

0

1
MUX

P2MD4,P2MD0

Port 2 P27 to P20

(A07 to A00)
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Table 8-1-1  Port Functions (3 of 8)

Port Pin

(Shared Pin)
Function

Port 3 is used as the port 3 general-purpose port or address output.  At reset, this port operates

as a general-purpose port input during other modes except processor mode and as A15 to A08

pins during processor mode.  During processor mode, P3MD is invalid.  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.

P37 to 30
(A15 to 08)

P3DIR7 to 0

AMP

Address/Data Output Control
(Bus Controller)

P3OUT7 to 0

Address/Data
(Bus Controller)

P3IN7 to 0

0

1
MUX

P3MD7 to 0

Port 3 P37 to P30

(A15 to A08)

Port 4 is used as the port 4 general-purpose port, address output, A/D converter input pin or

CPU status signal pin.  At reset, this port operates as a general-purpose port input during other

modes except processor mode and as A21 to A16 pins (P47 and P46 operate as general-pur-

pose input) during processor mode.  During processor mode, P4MD of P45 to P40 is invalid.

See “2-2-1 Memory Expansion Mode (Address/Data Separated Mode)” and “2-2-3 Memory

Expansion Mode (Address/Data Shared Mode)”  for port setting during memory expansion

mode.

P43 to 40
(A19 to 16)

P4DIR3 to 0

AMP

Address/Data Output Control
(Bus Controller)

P4OUT3 to 0

Address/Data
(Bus Controller)

P4IN3 to 0

0

1
MUX

P4MD3 to 0

Port 4 P43 to P40

(A19 to A16)

P45 to P44

(A21 to A20,

AN5 to AN4)

P46

(A22, AN6,

STOP)

P47

(A23, AN7,

WDOUT)
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Table 8-1-1  Port Functions (4 of 8)

Port Pin

(Shared Pin)
Function

P45 to 44
(A21 to 20)
(AN5 to 4)

P4DIR5 to 4

Address/Data Output Control
(Bus Controller)

P4OUT5 to 4

P4IN5 to 4

0

1
MUX

P4MD5 to 4

Address

To A/D Converter

AHP

Port 4

P47 to 46
(A23 to 22)
(AN7 to 6)
(WDOUT,STOP)

P6MD7 to 6

P4DIR7 to 6

P4OUT7 to 6

Address

Watchdog overflow,STOP

P4MD7 to 6

A B

(A , B)
0    *

1   0

1   1

To A/D Converter

P4IN7 to 6

AHP

Address/Data Output Control
(Bus Controller)
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Table 8-1-1  Port Functions (5 of 8)

Port Pin

(Shared Pin)
Function

Port 5 is used as the port 5 general-purpose port or external memory interface signals pins (/

WORD, /BSTRE, ALE, /ALE, /BRACK, /BREQ, /CS3 to /CS0).  At reset, this port operates

as a general-purpose port input during other modes except processor mode while P56, P53 to

P50 pins operate as /BSTRE, ALE, /ALE, /BRACK, /BREQ, /CS3 to /CS0 pins during proces-

sor mode.  During processor mode, P5MD6, P5MD3 to P5MD0 are invalid.

P57 to 50
(WORD,CS3 to 0
BSTRE/ALE/ALE)

0

1
MUX

P57,P55,P54do not
contain pull-up resistors.

P5DIR7 to 0

BIFP1 to 0

External memory Interface Signal
Output Control (Bus Controller)

P5OUT7 to 0

External Memory Interface Signal
(Bus Controller)

P5IN7 to 0

(WORD,BREQ)
(Bus Controller)

P5MD6 to 0

P57 does not have MUX.

Port 5 P57 to P50

(/WORD,

/BSTRE,

ALE, /ALE,

/BRACK,

/BREQ,

/CS3 to /CS0)

Port 6 is used as the port 6 general-purpose port or external memory interface signals pins

(WAIT, /RE, /WEH, /WEL).  At reset, this port operates as a general-purpose port input during

other modes except processor mode while P63 to P61 pins operate as /WEH, /WEL and /RE

pins during processor mode.  During processor mode, P6MD3 to P6MD1 are invalid.

P63 to 60
(WEH,WEL,
RE,WAIT)

0

1
MUX

P6DIR3 to 0

BIFP0,WAITP

External memory Interface Signal
Output Control (Bus Controller)

P6OUT3 to 0

External memory Interface Signal
(Bus Controller)

P6IN3 to 0

WAIT
(Bus Controller)

P6MD3 to 0

P60 does not have MUX.

Port 6 P63 to P60

(/WEL, /WEH,

/RE, WAIT)



147MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Chapter 8  Ports

Table 8-1-1  Port Functions (6 of 8)

Port Pin

(Shared Pin)
Function

Port 7 is used as the port 7 general-purpose port or serial interface signal pins.  At reset, this

port operates as a general-purpose port input.

P75 (SBO1)
P72 (SBO0)

SB1P,SB0P

P7IN5,P7IN2

0

1
MUX

P7DIR4,P7DIR1

SB1P,SB0P

P7OUT4,P7OUT1

P7IN4,P7IN1

P74 (SBI1)
P71 (SBI0)

P73 (SBT1)
P70 (SBT0))

P7MD3,P7MD0

SB1P,SB0P

Serial I/F Clock Input

(Note)
C=A*B

A

Decoder(note)

C

P7IN3,P7IN0

Serial I/F Clock Output

P7OUT3,P7OUT0

P7DIR3,P7DIR0

Serial I/F Clock Enable

Serial I/F Data Output

P7OUT5,P7OUT2

P7DIR5,P7DIR2

P7MD5,P7MD2

B

Serial I/F Data Input

0

1
MUX

A

Serial I/F Data Enable

Port 7 P75

(SBO1)

P74

(SBI1)

 P73

(SBT1)

P72

(SBO0)

P71

(SBI0)

P70

(SBT0)
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Table 8-1-1  Port Functions (7 of 8)

Port Pin

(Shared Pin)
Function

Port 8 is used as the port 8 general-purpose port or timer input/output pins (TM0IO to TM5IO,

TM6IOA, TM6IOB).  At reset, this port operates as a general-purpose port input.

P87 (TM6IOB)
P86 (TM6IOA)
P85 to 80(TM5IO to TM0IO)

P8DIR7 to 0

P8OUT7 to 0

Timer Output

P8IN7 to 0

Timer Input

0

1
MUX

P8MD7 to 0

Port 8 P87

(TM6IOB)

P86

 (TM6IOA)

P85 to P80

(TM5IO to

TM0IO)

Port 9 is used as the port 9 general-purpose port, timer input/output pins or A/D converter input

pins (AN3 to AN0, TM7IC, TM7IOB, TM7IOA, TM6IC).  At reset, this port operates as a

general-purpose port input.

P93 (TM7IC)
P92 (TM7IOB)
P91 (TM7IOA)
P90 (TM6IC)

P9DIR3 to 0

P9OUT3 to 0

Timer Output

P9IN3 to 0

Timer Input

0

1
MUX

P9MD2,P9MD1

P93 and P90do not have MUX.

Port 9 P97 to P94

(AN3 to AN0)

P93

(TM7IC)

P92

(TM7IOB)

P91

(TM7IOA)

P90

(TM6IC)

P97 (AN3)
P96 (AN2)
P95 (AN1)
P94 (AN0)

P9DIR7 to 4

P9OUT7 to 4

P9IN7 to 4

To A/D Converter
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Table 8-1-1  Port Functions (8 of 8)

Port Pin

(Shared Pin)
Function

Port A is used as the port A general-purpose port or interrupt related signal pins (ADSEP, IRQ4

to IRQ0).  At reset, this port operates as a general-purpose port input.  This port can read the

level of /NMI pin by operating as the port input pin (PAIN6), and verify an error due to chatter-

ing using software.

PA5 (ADSEP)
PA4 to 0 (IRQ4 to 0)

PADIR5 to 0

PA4P,PA3P,PA2P,
PA1P,PA0P

PAOUT5 to 0

PAIN5 to 0

(IRQ4 to 0)
ADSEP

NMIPAIN6

NMI

PA4 does not have
a pull-up resistor.

Port A PA5

(ADSEP)

PA4 to PA0

(IRQ4 to IRQ0)
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8-1-2  Control Registers

This section describes the port control registers.

0troP

retsigeRtuptuO0troP
retsigeRtupnI0troP

retsigeRlortnoCtuptuO/tupnI0troP
retsigeRedoMtuptuO0troP

TUO0P
NI0P

RID0P
DM0P

'0CFF00'x
'0DFF00'x
'0EFF00'x
'0FFF00'x

1troP

retsigeRtuptuO1troP
retsigeRtupnI1troP

retsigeRlortnoCtuptuO/tupnI1troP
retsigeRedoMtuptuO1troP

TUO1P
NI1P

RID1P
DM1P

'1CFF00'x
'1DFF00'x
'1EFF00'x
'1FFF00'x

2troP

retsigeRtuptuO2troP
retsigeRtupnI2troP

retsigeRlortnoCtuptuO/tupnI2troP
retsigeRedoMtuptuO2troP

TUO2P
NI2P

RID2P
DM2P

'2CFF00'x
'2DFF00'x
'2EFF00'x
'2FFF00'x

3troP

retsigeRtuptuO3troP
retsigeRtupnI3troP

retsigeRlortnoCtuptuO/tupnI3troP
retsigeRedoMtuptuO3troP

TUO3P
NI3P

RID3P
DM3P

'3CFF00'x
'3DFF00'x
'3EFF00'x
'3FFF00'x

4troP

retsigeRtuptuO4troP
retsigeRtupnI4troP

retsigeRlortnoCtuptuO/tupnI4troP
retsigeRedoMtuptuO4troP

TUO4P
NI4P

RID4P
DM4P

'4CFF00'x
'4DFF00'x
'4EFF00'x
'4FFF00'x

5troP

retsigeRtuptuO5troP
retsigeRtupnI5troP

retsigeRlortnoCtuptuO/tupnI5troP
retsigeRedoMtuptuO5troP

TUO5P
NI5P

RID5P
DM5P

'5CFF00'x
'5DFF00'x
'5EFF00'x
'5FFF00'x

6troP

retsigeRtuptuO6troP
retsigeRtupnI6troP

retsigeRlortnoCtuptuO/tupnI6troP
retsigeRedoMtuptuO6troP

TUO6P
NI6P

RID6P
DM6P

'6CFF00'x
'6DFF00'x
'6EFF00'x
'6FFF00'x

7troP

retsigeRtuptuO7troP
retsigeRtupnI7troP

retsigeRlortnoCtuptuO/tupnI7troP
retsigeRedoMtuptuO7troP

TUO7P
NI7P

RID7P
DM7P

'7CFF00'x
'7DFF00'x
'7EFF00'x
'7FFF00'x

Table 8-1-2  List of Port Control Registers
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8troP

retsigeRtuptuO8troP
retsigeRtupnI8troP

retsigeRlortnoCtuptuO/tupnI8troP
retsigeRedoMtuptuO8troP

TUO8P
NI8P

RID8P
DM8P

'8CFF00'x
'8DFF00'x
'8EFF00'x
'8FFF00'x

9troP

retsigeRtuptuO9troP
retsigeRtupnI9troP

retsigeRlortnoCtuptuO/tupnI9troP
retsigeRedoMtuptuO9troP

TUO9P
NI9P

RID9P
DM9P

'9CFF00'x
'9DFF00'x
'9EFF00'x
'9FFF00'x

AtroP

retsigeRtuptuOAtroP
retsigeRtupnIAtroP

retsigeRlortnoCtuptuO/tupnIAtroP

TUOAP
NIAP

RIDAP

'ACFF00'x
'ADFF00'x
'AEFF00'x

rehtO

retsigeRlortnoCpu-lluPtroP
retsigeRpawSetyBataDdroW

LretsigeRpawSetyBataDretnioP
HretsigeRpawSetyBataDretnioP

LretsigeRpawSetyBataddrow-gnoL
HretsigeRpawSetyBataddrow-gnoL

ULPP
PWSBW
LPWSBP
HPWSBP
LPWSBL
HPWSBL

'0BFF00'x
'0AFF00'x
'2AFF00'x
'4AFF00'x
'6AFF00'x
'8AFF00'x
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The port output register (PnOUT) sets the data to be output.  The port input register (PnIN)

reads the pin values.  The port input/output control register (PnDIR) sets the input or

output of all bits or each bit.  The output mode register (PnMD) selects the port output.

The port pull-up control register (PPLU) selects on/off of each pin.

Selection P0DIR0 P0MD0 Description

Port Input Select the port input or the port output only when 8-bit bus width for all spaces is

selected during single-chip mode or address/data separated mode  (the word pin is

high and all 8th bits of the MEMMD3 to MEMMD1 registers are high).Port Output

D07 to D00/
AD07 to AD00

Reserved

0        0

1        0

1        1

Select D07 to D00 during address/data separated mode, AD07 to AD00 during ad-

dress/data shared mode.

■    P07 to P00 Pins

Note:  Set only in 8-bit unit.

Selection P1DIR0 P1MD0 Description

Port Input Select the port input or the port output only when single-chip mode is selected.

Port Output

D15 to D08/
AD15 to AD08

Reserved

0        0

1        0

0        1

1        1

Select D15 to D08 during address/data separated mode, AD15 to AD08 during ad-

dress/data shared mode.

■    P17 to P10 Pins

Note:  Set only in 8-bit unit.

0        1

Selection P2DIR0 P2MD0 Description

Port Input Do not select the port input or the port output in address/data separated mode during

processor mode.Port Output

A03 to A00

Reserved

0        0

1        0

0        1

1        1

■    P23 to P20 Pins

Note:  Set only in 4-bit unit.

Selection P2DIR4 P2MD4 Description

Port Input Do not select the port input or the port output in address/data separated mode during

processor mode.Port Output

A07 to A04

Reserved

0        0

1        0

0        1

1        1

■    P27 to P24 Pins

Note:  Set only in 4-bit unit.

The pullup resistor is approximately

30 kΩ.  See the product specifica-

tions for the exact value.
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Selection P3DIRn
(n=7 to 0)

P3MDn
(n=7 to 0)

Description

Port Input Do not select the port input or the port output in address/data separated mode during

processor mode.Port Output

A15 to A08

Reserved

0        0

1        0

0        1

■    P37 to P30 Pins

1        1

Selection P4DIRn
(n=3 to 0)

P4MDn
(n=3 to 0)

Description

Port Input Do not select the port input or the port output during processor mode.

Port Output

A19 to A16

Reserved

0        0

1        0

0        1

■    P43 to P40 Pins

1        1

Selection P4DIRn
(n=5, 4)

P4MDn
(n=5, 4)

Description

Port Input Do not select the port input or the port output during processor mode.

Port Output

A21, A20

Reserved

0        0

1        0

0        1

■    P45 to P44 Pins

1        1

AN5, 4 Input

Selection P4DIR6 P4MD6

Port Input

Port Output

A22 Output

STOP Output

0        0  *

■    P46 Pin

AN6 Input

Reserved

1        0  *

0        1  0

1        1  1

1        1  0

P6MD6
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Selection P4DIR7 P4MD7

Port Input

Port Output

A23 Output

WDOUT Output

0        0  *

■    P47 Pin

AN7 Input

Reserved

1        0  *

0        1  0

1        1  1

1        1  0

P6MD7

Selection P5DIRn
(n=3 to 0)

P5MDn
(n=3 to 0)

Description

Port Input Do not select the port input or the port output during processor mode.

Port Output

/CS Output

Reserved

0        0

1        0

0        1

■    P53 to P50 Pins

1        1

Selection P5DIR4 P5MD4

Port Input

Port Output

/BREQ Output

Reserved

0        0

1        0

0        1

1        1

■    P54 Pin

Selection P5DIR5 P5MD5

Port Input

Port Output

/BREQ Output

Reserved

0        0

1        0

1        1

0        1

■    P55 Pin

Selection P5DIR6 P5MD6 Description

Port Input Do not select the port input or the port output during processor mode.

Port Output

/BSTRE, ALE,
/ALE

Reserved

0        0

1        0

0        1

1        1

Select /BSTRE during address/data separated mode, ALE (/ALE) during address/

data shared mode.

■    P56 Pin

Selection P5DIR7 Description

Port Input Select the port input during single-chip mode.  Otherwise, select /WORD input.

/WORD Input

Port Output

0

1

■    P57 Pin
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Selection P6DIR0 Description

Port Input Select WAIT input when the clock is set to handshake mode.  Otherwise, select the port input.

WAIT Input

Port Output

0

1

■    P60 Pin

Selection P6DIRn
(n=3 to 1)

P6MDn
(n=3 to 1)

Description

Port Input Do not select the port input or the port output during processor mode.

Port Output

/WEH, /WEL.
/RE Output

Reserved

0        0

1        0

0        1

■    P63 to P61 Pins

1        1

Selection P7DIRn
(n=3,0)

P7MDn
(n=3,0)

Description

Port Input
Serial Clock Input

Operate as a serial clock input pin when setting the serial clock source to the SBT pin
(including I2C mode).

Serial Clock I/O
(Half-duplex)

Port Output

Serial Clock Output

1       0

0       1

■    P73 and P70 Pins

1       1

0       0

Become output only when this LSI series output during bidirectional synchronous
transfer.

Selection P7DIRn
(n=4, 1)

Description

Port Input

Serial Input

Operate as a serial data input pin when the serial reception is enabled.

Port Output

0

1

■    P74 and P71 Pins

Selection P7DIRn
(n=5, 2)

P7MDn
(n=5, 2)

Description

Port Input Select the port input during I2C mode.

Port Output

Serial Output

0        *

1        0

1        1

■    P75 and P72 Pins
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Selection P8DIRn
(n=7 to 0)

P8MDn
(n=7 to 0)

Description

Port Input Operate as a timer input pin when selecting the timer closk source to the pin.

Timer Input

Port Output

Timer Output

0        *

1        0

■    P87 to P80 Pins

1        1

Selection P9DIRn
(n=3, 0)

Description

Port Input

Serial Input

Operate as a serial data input pin when selecting the 16-bit timer binary counter clear

condition 2 (5th bit of TMnMD).

Port Output

0

1

■    P93 and P90 Pins

Selection P9DIRn
(n=2, 1)

P9MDn
(n=2, 1)

Description

Port Input Operate as a timer input pin when setting the timer closk source, capture, trigger and

encoder.Timer Input

Port Output

Timer Output

0        *

1        0

■    P92 and P91 Pins

1        1

Selection P9DIRn
(n=7 to 4)

Port Output

0

1

■    P97 to P94 Pins

Port Input

AN3 to 0 Input

Selection PADIRn
(n=4 to 0)

Port Output

0

1

■    PA4 to PA0 Pins

Port Input

Interrupt Input
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Selection PADIR5 Description

Port Input Operate as the port input only during single-chip mode.  Otherwise, operate as the ADSEP input.

ADSEP Input

Port Output

0

1

■    PA5 Pin

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 LSI series contains a word byte swap register, point byte swap registers and long

word swap registers.  The data is swapped and read as Figure 8-2-1 shows.

A B

bp15           8   7                   0

Word Byte Swap Register
WBSWP(x'00FFA0') (All initial values are 0.)

B A

A B C

bp23            16  7       015      8

A B C

C B A

D

D C B A

WRITE

READ

WRITE

READ

WRITE

READ

Long-word Byte Swap Register
LBSWPH(x'00FFA8')       LBSWPL(x'00FFA6') (All initial values are 0.)

23     16  7        015      8bp31            24  

Point Byte Swap Register
PBSWPH(x'00FFA4')     PBSWPL(x'00FFA2') 
(All initial values are 0.) 

Figure 8-2-1  Byte Swap Register
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8-3  Pull-up Control Register

8-3-1  Overview

This LSI series contains a pin which sets a pull-up resistor using the pro-
gram.  See “9-2-3  List of Pin Functions”.

tiB
dednopserroC
rebmuNniP

noitpircseD

0
1
2
3
4
5
6
7
8
9
01
11
21
31
41
51

19ot48
001ot39

92ot62,61ot31
83ot53,33ot03
74ot44,24ot93

1
11,4ot2

8ot5
67
77
87
97
08

96ot76
27ot07
devreseR

00Pot70P,00DAot70DA,00Dot70D
11Pot71P,80DAot51DA,80Dot51D

02Pot72P,00Aot70A
03Pot73P,80Aot51A
04Pot74P,61Aot32A

06P,TIAW
65P,16Pot36P,ERTSB/,LEW/,HEW/,ER/

05Pot35P,0SC/ot3SC/
0AP,0QRI/
1AP,1QRI/
2AP,2QRI/
3AP,3QRI/
4AP,4QRI/

07Pot27P,0OBS,0IBS,0TBS
37Pot57P,1OBS,1IBS,1TBS

.0ottessyawlA

Table 8-3-1  Pull-up Control Register
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9-1  Electrical Characteristics

9-1-1  Electrical Characteristics 5 V

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 = 0 V

Parameter Symbol Rating Unit

A1 Power supply voltage VDD  - 0.3 to + 7.0 V

A2 Input pin voltage VI  - 0.3 to VDD + 0.3 V

A3 Output pin voltage VO  - 0.3 to VDD + 0.3 V

A4
Input/output pin
voltage

VIO  - 0.3 to VDD + 0.3 V

A5
Operating ambient
temperature

Topr  - 40 to + 85 C

A6 Storage temperature Tstg  -55 to + 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 VDD 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 pins and ground.  Use at least 0.2 µF condenser.
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B. Operating Conditions
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

B1 Power supply voltage VDD 4.5 5 5.5 V

Crystal Oscillator 1 (OSCI)

B2 Oscillator frequency Fosc1 4 20 MHz

Crystal Oscillator 2 (XI)

B3 Oscillator frequency Fosc2 32 200 kHz
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VDD = 5.0 V
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

C1
Power supply current
during operation IDD1

VI = VDD or VSS

Fosc1 = 20 MHz
Output pins open

75 mA

C2
Power supply current
during slow mode IDD2

VI = VDD or VSS

Fosc2 = 32 kHz
Output pins open

10 mA

C3
Power supply current in
STOP mode IDD3

Oscillator stop
All functions stop

50 µA

C4
Power supply current in
HALT0 mode IDD4

Fosc1 = 20 MHz
Fosc2 = 32 kHz

30 mA

C5
Power supply current in
HALT1 mode IDD5

Fosc1 = Oscillator stop
Fosc2 = 32 kHz

1 mA
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VDD = 4.5 V to 5.5 V
VSS = 0 V
Ta = -40 C to +85 C

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 VDD ✕  0.8 V

VIL1 Only ADSEP pin VDD ✕  0.1 V

VIL2 Other pins VDD ✕  0.2 V

C8 Output high voltage VOH1
VDD = 5.0 V
IOH = -4.0 mA

VDD-0.6 V

C9 Output low voltage VOL1
VDD = 5.0 V
IOL = 4.0 mA

0.4 V

C10 Output leakage current ILO1 Vo = Hi-z +/- 10 µA

  Input/Output Pins 2

  < Output pushpull/Input CMOS level schmidt trigger/Programmable pullup >

SBO1, SBI1, SBT1, SBO0, SBI0, SBT0

C11 Input high voltage VIH2 VDD ✕  0.8 V

C12 Input low voltage VIL3 VDD ✕  0.2 V

C13 Output high voltage VOH2
VDD = 5.0 V
IOH = -4.0 mA

VDD-0.6 V

C14 Output low voltage VOL2
VDD = 5.0 V
IOL = 4.0 mA

0.4 V

C15 Output leakage current ILO2 Vo = Hi-z +/- 10 µA

C16 Pullup resistance PPU1
VDD = 5.0 V
VI = 1.5 V

10 30 50 kΩ

Input low voltageC7
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VDD = 4.5 V to 5.5 V
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

  Input/Output Pins 3

  < Output pushpull/Input TTL level schmidt trigger/Programmable pullup >

WAIT, /RE, /WEL, /WEH, /CS3 to /CS0, ALE, A19 to A0, /IRQ4 to /IRQ0

C17 Input high voltage VIH3 2.4 V

C18 Input low voltage VIL4 0.8 V

C19 Output high voltage VOH3
VDD = 5.0 V
IOH = -2.0 mA

VDD-0.6 V

C20 Output low voltage VOL3
VDD = 5.0 V
IOL = 4.0 mA

0.4 V

C21 Output leakage current ILO3 Vo = Hi-z +/- 10 µA

C22 Pullup resistance PPU2
VDD = 5.0 V
VI = 1.5 V

10 30 50 kΩ

  Input/Output Pins 4

  < Output pushpull/Input TTL level schmidt trigger >

/BREQ, /BRACK, /WORD

C23 Input high voltage VIH4 2.4 V

C24 Input low voltage VIL5 0.8 V

C25 Output high voltage VOH4
VDD = 5.0 V
IOH = -2.0 mA

VDD-0.6 V

C26 Output low voltage VOL4
VDD = 5.0 V
IOL = 4.0 mA

0.4 V

C27 Output leakage current ILO4 Vo = Hi-z +/- 10 µA
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VDD = 4.5 V to 5.5 V
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

  Input/Output Pins 5

  < Output pushpull/Input TTL level schmidt trigger/Programmable pullup >

D15 to D0

C28 Input high voltage VIH5 2.4 V

C29 Input low voltage VIL6 0.8 V

C30 Output high voltage VOH5
VDD = 5.0 V
IOH = -2.0 mA

VDD-0.6 V

C31 Output low voltage VOL5
VDD = 5.0 V
IOL = 4.0 mA

0.4 V

C32 Output leakage current ILO5 Vo = Hi-z +/- 10 µA

C33 Pullup resistance PPU3
VDD = 5.0 V
VI = 1.5 V

10 30 50 kΩ

  Input/Output Pins 6

  < Output pushpull/Analog Input >

AN3 to AN0

C34 Input high voltage VIH6 VDD ✕  0.8 V

C35 Input low voltage VIL7 VDD ✕  0.2 V

C36 Output high voltage VOH6
VDD = 5.0 V
IOH = -4.0 mA

VDD-0.6 V

C37 Output low voltage VOL6
VDD = 5.0 V
IOL = 4.0 mA

0.4 V

C38 Output leakage current ILO6 Vo = Hi-z +/- 10 µA
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VDD = 4.5 V to 5.5 V
VSS = 0 V
Ta = -40 C to +85 C

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 VDD ✕  0.8 V

C40 Input low voltage VIL8 VDD ✕  0.2 V

C41 Output high voltage VOH7
VDD = 5.0 V
IOH = -4.0 mA

VDD-0.6 V

C42 Output low voltage VOL7
VDD = 5.0 V
IOL = 4.0 mA

0.4 V

C43 Output leakage current ILO7 Vo = Hi-z +/- 10 µA

C44 Pullup resistance PPU4
VDD = 5.0 V
VI = 1.5 V

10 30 50 kΩ

  Input/Output Pins 8

  < Input CMOS level schmidt trigger/Output open-drain/Pullup >

/RST

C45 Input high voltage VIH8 VDD ✕  0.9 V

C46 Input low voltage VIL9 VDD ✕  0.1 V

C47 Pullup resistance PPU5
VDD = 5.0 V
VI = 1.5 V

10 30 50 kΩ
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VDD = 4.5 V to 5.5 V
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Output Pin

  < Output pushpull >

SYSCLK

C48 Output high voltage VOH8
VDD = 5.0 V
IOH = -4.0 mA VDD-0.6 V

C49 Output low voltage VOL8
VDD = 5.0 V
IOL = 4.0 mA 0.4 V

  Input Pins 

  < Input CMOS level schmidt trigger >

  /NMI, MODE

C50 Input high voltage VIH9 VDD ✕  0.9 V

C51 Input low voltage VIL10 VDD ✕  0.1 V

C52 Input leakage current VLO9
VDD = 5.5 V
VI = VSS to VDD

+/- 10 µA

  OSCI 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 VDD ✕  0.8 VDD V

C54 Input low voltage VIL11 VSS VDD ✕  0.2 V

  Pin Capacitance

C55 Input pin CIN 7 15 pF

C56 Output pin COUT
VIN = 0 V
Ta=25 C 7 15 pF

C57 Input/output pin CI/O 7 15 pF
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D.  A/D Converter Characteristics
VDD = 5.0 V
VSS  = 0 V
Ta = 25 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

D1 Resolution 8 Bits

+/- 3 LSB

+/- 3 LSB

D3 A/D conversion time Fosc = 20 MHz 4.8 µs

D4 A/D conversion cycle Fosc = 20 MHz 4.8 µs

D5 Analog input voltage VIA VSS VDD V

A/D conversion relative
precision

VDD = 5 V

VSS = 0 V

AN3-0

AN7-4
D2
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E.  AC Characteristics

VDD = 4.5 V to 5.5 V
Input Timing Conditions VSS = 0 V

Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

External Clock Input Timing (Fosc1 = 20 MHz)

E1 External clock input cycle time tEXCcyc 50 ns

E2 external clock input high pulse width tEXCH -5 ns

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 tEXCF 5 ns

Reset Input Timing

E6 Reset signal pulse width (/RST) tRSTW Fig 9-2 4 tEXCcyc

tEXCcy

2

tEXCcy

2
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VDD = 4.5 V to 5.5 V
Input Timing Conditions VSS = 0 V

Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Data Transfer Signal Input Timing  

E7
Data acknowledge signal setup time
(WAIT)

tWAITS
Fig 9-4

20 ns

E8
Data acknowledge signal hold time
(WAIT)

tWAITH
Fig 9-6

0 ns

Data Transfer Signal Input Timing

E9 Read data setup time (D15-00) tRDS Fig 9-3
Fig 9-4

20 ns

E10 Read data hold time (D15-00) tRDH
Fig 9-5
Fig 9-6 0 ns

Bus Authority Request Input Timing

E11
Bus authority request signal setup time
(/BREQ)

tBREQS
Fig 9-8

0 ns

E12
Bus authority request signal hold time
(/BREQ)

tBREQH 0 ns

Interrupt Signal Input Timing

E13
Nonmaskable interrupt signal pulse
width (NMI)

tNMIW
Fig 9-9

5
(Note) tcyc

E14
External interrupt signal pulse width
(/IRQ4-0)

tIRQW
2

(Note) tcyc

Note : An interrupt may occur when the noise of the specified time or less is input.
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VDD = 4.5 V to 5.5 V
Input Timing Conditions VSS = 0 V

Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Serial Interface Related Signal Timing (Synchronous Serial Reception)

E15 Data reception setup time (SBI1-0) tRXDS 25 ns

E16 Data reception hold time (SBI1-0) tRXDH
Fig 9-13

25 ns

E17
Serial clock input high pulse width
(SBT1-0)

tSCH tcyc+100 ns

E18
Serial clock input low pulse width
(SBT1-0)

tSCL tcyc+100 ns

Timer/Counter Signal Input Timing

E19
Timer external input clock low pulse
width (TMnIO: n=5-0)
(TMnIOA, TMnIOB, TMnIC: n=6,7)

tTCCLKL

Fig 9-14

tcyc ns

E20
Timer external input clock high pulse
width (TMnIO: n=5-0)
(TMnIOA, TMnIOB, TMnIC: n=6,7)

tTCCLKH tcyc ns
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F.  AC Characteristics (Output)

VDD = 4.5 V to 5.5 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

System Clock Output Timing

F1
System clock output cycle time
(SYSCLK)

tcyc 100 ns

F2
System clock output low pulse width
(SYSCLK)

tCL 45 ns

F3
System clock output high pulse width
(SYSCLK)

tCH Fig 9-1 35 ns

F4
System clock output rise time
(SYSCLK)

tCR 10 ns

F5
System clock output fall time
(SYSCLK)

tCF 10 ns
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VDD = 4.5 V to 5.5 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Data Transfer Signal Output Timing 1

F6
Address delay time 1
(A23-0), (A23-16)

tAD1 Fig 9-3 to Fig 9-6 30 ns

F7
Address delay time 2
(AD15-0)

tAD2
Fig 9-4
Fig 9-6

+15 ns

F8
Address hold time 1
(A23-0), (A23-16)

tAH1
Fig 9-3
Fig 9-4

5 ns

F9
Address hold time 2
(A23-0), (A23-16)

tAH2
Fig 9-5
Fig 9-6

ns

F10
Address hold time 3
(AD15-0)

tAH3 -10 ns

F11
Address/Data hold time 1
(AD15-0)

tADH1
Fig 9-5
Fig 9-6

5 ns

F12
Address/Data hold time 2
(AD15-0)

tADH2 ns

F13
Data delay time 1
(D15-0)

tDD1
Fig 9-3
Fig 9-4

15 ns

F14
Data delay time 2
(AD15-0)

tDD2
Fig 9-5
Fig 9-6

ns

F15
Data delay time 3
(D15-0)

tDD3 Fig 9-7 ns

F16
Data hold time 1
(D15-0)

tDH1

Fig 9-3
5 ns

F17
Data hold time 2
(D15-0)

tDH2

Fig 9-4
ns

tcy

4

tcy

4

tcyc

4

tcy

4

tcyc

4

tcyc

2

tcyc

4

tcyc

4
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VDD = 4.5 V to 5.5 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Data Transfer Signal Output Timing 2

F18
Chip-select signal fall delay time 1
(/CS3-0), (/CS3-1)

tCSDF1

Fig 9-3 to Fig 9-7
20 ns

F19
Chip-select signal rise delay time 1
(/CS3-0), (/CS3-1)

tCSDR1 20 ns

F20
Chip-select signal fall delay time 2
(/CS0)

tCSDF2

Fig 9-7
+10 ns

F21
Chip-select signal rise delay time 2
(/CS0)

tCSDR2 +10 ns

F22
Chip-select signal hold time 1
(/CS3-0)

tCSH1 Fig 9-3
Fig 9-4

5 ns

F23
Chip-select signal hold time 2
(/CS3-0)

tCSH2

Fig 9-5               Fig
9-6 ns

F24
Address latch signal fall delay time
(ALE)

tALEDF -10 ns

F25
Address latch signal pulse width
(ALE)

tALEPW

Fig 9-5
-10 ns

F26
Address latch signal hold time 1
(ALE)

tALEH1

Fig 9-6
5 ns

F27
Address latch signal hold time 2
(ALE)

tALEH2 ns

tcyc

4

tcyc

4

tcyc

4

tcyc

4

tcyc

2

tcyc

4
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VDD = 4.5 V to 5.5 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Data Transfer Signal Output Timing 3

F28
Read enable signal fall delay time 1
(/RE)

tREDF1
Fig 9-3
Fig 9-4

10 ns

F29
Read enable signal fall delay time 2
(/RE)

tREDF2
Fig 9-5
Fig 9-6

15 ns

F30
Read enable signal fall delay time 3
(/RE)

tREDF3 Fig 9-7 20 ns

F31
Read enable signal rise delay time 1
(/RE)

tREDR1 Fig 9-3 to Fig 9-6 15 ns

F32
Read enable signal rise delay time 2
(/RE)

tREDR2 +10 ns

F33
Read enable signal hold time
(/RE)

tREH
Fig 9-7

ns

F34
Burst ROM read enable signal fall delay
time               (/BSTRE)

tBREDF 20 ns

F35
Burst ROM read enable signal rise
delay time               (/BSTRE)

tBREDR +10 ns

F36
Write enable signal fall delay time 1
(/WEH, WEL)

tWEDF1
Fig 9-3
Fig 9-4

15 ns

F37
Write enable signal fall delay time 2
(/WEH, WEL)

tWEDF2
Fig 9-5
Fig 9-6

20 ns

F38
Write enable signal fall delay time 3
(/WEH, WEL)

tWEDF3 Fig 9-7 ns

F39
Write enable pulse width time 1
(/WEH, WEL)

tWEPW1
Fig 9-3

-20 ns

F40
Write enable pulse width time 2
(/WEH, WEL)

tWEPW2
Fig 9-4

-10 ns

F41
Write enable pulse width time 3
(/WEH, WEL)

tWEPW3
Fig 9-5

-10 ns

F42
Write enable pulse width time 4
(/WEH, WEL)

tWEPW4
Fig 9-6

ns

tcyc
4

tcyc

4

tcyc
4

tcyc

4

tcyc
2

tcyc
4

tcyc

3
4

✕  tcyc

-10
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 VDD = 4.5 V to 5.5 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Serial Interface Signal Output Timing (Synchronous Serial Transmission)

Transfer data delay time Fig 9-10 Normal ns

F43 (SBO1-0) tTXDD Fig 9-11
Fig 9-12 I2C tcyc ✕  2 ns

F44
Transfer data hold time (transfer in
progress) (SBO1-0)

tTXDH1 Fig 9-10 10 ns

Transfer data hold time
F45 (Transfer end timing at SBT input) tTXDH2 Fig 9-11 ns

(SBO1-0)

Transfer data hold time
F46 (Transfer end timing at SBT output) tTXDH3 Fig 9-12 ns

(SBO1-0)

tcyc

2

tcyc

2

tSCH+tSCL

2
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9-1-2  Electrical Characteristics 3 V

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 = 0 V

Parameter Symbol Rating Unit

A1 Power supply voltage VDD  - 0.3 to + 7.0 V

A2 Input pin voltage VI  - 0.3 to VDD + 0.3 V

A3 Output pin voltage VO  - 0.3 to VDD + 0.3 V

A4
Input/output pin
voltage

VIO  - 0.3 to VDD + 0.3 V

A5
Operating ambient
temperature

Topr  - 40 to + 85 C

A6 Storage temperature Tstg  -55 to + 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 VDD 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 pins and ground.  Use at least 0.2 µF condenser.
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B. Operating Conditions
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

B1 Power supply voltage VDD 2.7 3 3.6 V

Crystal Oscillator 1 (OSCI)

B2 Oscillator frequency Fosc1 4 10 MHz

Crystal Oscillator 2 (XI)

B3 Oscillator frequency Fosc2 32 200 kHz
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C. Electrical Characteristics

1.  DC Characteristics
VDD = 3.0 V
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

C1
Power supply current
during operation IDD1

VI = VDD or VSS

Fosc1 = 10 MHz
Output pins open

20 mA

C2
Power supply current
during slow mode IDD2

VI = VDD or VSS

Fosc2 = 32 kHz
Output pins open

5 mA

C3
Power supply current in
STOP mode IDD3

Oscillator stop
All functions stop

50 µA

C4
Power supply current in
HALT0 mode IDD4

Fosc1 = 10 MHz
Fosc2 = 32 kHz

8 mA

C5
Power supply current in
HALT1 mode IDD5

Fosc1 = Oscillator stop
Fosc2 = 32 kHz

100 µA
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VDD = 2.7 V to 3.6 V
VSS = 0 V
Ta = -40 C to +85 C

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 VDD ✕  0.8 V

VIL1 Only ADSEP pin VDD ✕  0.1 V

VIL2 Other pins VDD ✕  0.2 V

C8 Output high voltage VOH1 IOH = -2.0 mA VDD-0.6 V

C9 Output low voltage VOL1 IOL = 2.0 mA 0.3 V

C10 Output leakage current ILO1 Vo = Hi-z +/- 10 µA

  Input/Output Pins 2

  < Output pushpull/Input CMOS level schmidt trigger/Programmable pullup >

SBO1, SBI1, SBT1, SBO0, SBI0, SBT0

C11 Input high voltage VIH2 VDD ✕  0.8 V

C12 Input low voltage VIL3 VDD ✕  0.2 V

C13 Output high voltage VOH2 IOH = -2.0 mA VDD-0.6 V

C14 Output low voltage VOL2 IOL = 2.0 mA 0.3 V

C15 Output leakage current ILO2 Vo = Hi-z +/- 10 µA

C16 Pullup resistance PPU1 VI = VSS 20 60 180 kΩ

Input low voltageC7
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VDD = 2.7 V to 3.6 V
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

  Input/Output Pins 3

  < Output pushpull/Input TTL level schmidt trigger/Programmable pullup >

WAIT, /RE, /WEL. /WEH, /CS3 to /CS0, ALE, A19 to A0, /IRQ4 to /IRQ0

C17 Input high voltage VIH3 2.1 V

C18 Input low voltage VIL4 0.4 V

C19 Output high voltage VOH3 IOH = -2.0 mA VDD-0.6 V

C20 Output low voltage VOL3 IOL = 2.0 mA 0.3 V

C21 Output leakage current ILO3 Vo = Hi-z +/- 10 µA

C22 Pullup resistance PPU2 VI = VSS 20 60 180 kΩ

  Input/Output Pins 4

  < Output pushpull/Input TTL level schmidt trigger >

/BREQ, /BRACK, /WORD

C23 Input high voltage VIH4 2.1 V

C24 Input low voltage VIL5 0.4 V

C25 Output high voltage VOH4 IOH = -2.0 mA VDD-0.6 V

C26 Output low voltage VOL4 IOL = 2.0 mA 0.3 V

C27 Output leakage current ILO4 Vo = Hi-z +/- 10 µA
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VDD = 2.7 V to 3.6 V
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

  Input/Output Pins 5

  < Output pushpull/Input TTL level schmidt trigger/Programmable pullup >

D15 to D0

C28 Input high voltage VIH5 2.1 V

C29 Input low voltage VIL6 0.4 V

C30 Output high voltage VOH5 IOH = -2.0 mA VDD-0.6 V

C31 Output low voltage VOL5 IOL = 2.0 mA 0.3 V

C32 Output leakage current ILO5 Vo = Hi-z +/- 10 µA

C33 Pullup resistance PPU3 VI = VSS 20 60 180 kΩ

  Input/Output Pins 6

  < Output pushpull/Analog Input >

AN3 to AN0

C34 Input high voltage VIH6 VDD ✕  0.8 V

C35 Input low voltage VIL7 VDD ✕  0.2 V

C36 Output high voltage VOH6 IOH = -2.0 mA VDD-0.6 V

C37 Output low voltage VOL6 IOL = 2.0 mA 0.3 V

C38 Output leakage current ILO6 Vo = Hi-z +/- 10 µA
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VDD = 2.7 V to 3.6 V
VSS = 0 V
Ta = -40 C to +85 C

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 VDD ✕  0.8 V

C40 Input low voltage VIL8 VDD ✕  0.2 V

C41 Output high voltage VOH7 IOH = -2.0 mA VDD-0.6 V

C42 Output low voltage VOL7 IOL = 2.0 mA 0.3 V

C43 Output leakage current ILO7 Vo = Hi-z +/- 10 µA

C44 Pullup resistance PPU4 VI = VSS 20 60 180 kΩ

  Input/Output Pins 8

  < Input CMOS level schmidt trigger/Output open-drain/Pullup >

/RST

C45 Input high voltage VIH8 VDD ✕  0.9 V

C46 Input low voltage VIL9 VDD ✕  0.1 V

C47 Pullup resistance PPU5 VI = VSS 20 60 180 kΩ
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VDD = 2.7 V to 3.6 V
VSS = 0 V
Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Output Pin

  < Output pushpull >

SYSCLK

C48 Output high voltage VOH8 IOH = -2.0 mA VDD-0.6 V

C49 Output low voltage VOL8 IOL = 2.0 mA 0.3 V

C50 Output leakage current ILO8 Vo = Hi-z +/- 10 V

  Input Pins 

  < Input CMOS level schmidt trigger >

  /NMI, MODE

C51 Input high voltage VIH9 VDD ✕  0.9 V

C52 Input low voltage VIL10 VDD ✕  0.1 V

C53 Input leakage current VLO9
VDD = 3.3 V
VI = VSS to VDD

+/- 10 µA

  OSCI 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 VDD ✕  0.8 VDD V

C55 Input low voltage VIL11 VSS VDD ✕  0.2 V

  Pin Capacitance

C56 Input pin CIN 7 15 pF

C57 Output pin COUT
VIN = 0 V
Ta=25 C 7 15 pF

C58 Input/output pin CI/O 7 15 pF
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D.  A/D Converter Characteristics
VDD = 3.0 V
VSS  = 0 V
Ta = 25 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

D1 Resolution 8 Bits

+/- 3 LSB

+/- 4 LSB

D3 A/D conversion time Fosc = 10 MHz 9.6 µs

D4 A/D conversion cycle Fosc = 10 MHz 9.6 µs

D5 Analog input voltage VIA VSS VDD V

A/D conversion relative
precision

VDD = 3.0 V

VSS = 0 V

AN3-0

AN7-4
D2
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E.  AC Characteristics

VDD = 2.7 V to 3.6 V
Input Timing Conditions VSS = 0 V

Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

External Clock Input Timing (Fosc1 = 10 MHz)

E1 External clock input cycle time tEXCcyc 100 ns

E2 external clock input high pulse width tEXCH -5 ns

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 tEXCF 5 ns

Reset Input Timing

E6 Reset signal pulse width (/RST) tRSTW Fig 9-2 4 tEXCcyc

tEXCcyc

2

tEXCcyc

2
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VDD = 2.7 V to 3.6 V
Input Timing Conditions VSS = 0 V

Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Data Transfer Signal Input Timing  

E7
Data acknowledge signal setup time
(WAIT)

tWAITS
Fig 9-4

20 ns

E8
Data acknowledge signal hold time
(WAIT)

tWAITH
Fig 9-6

0 ns

Data Transfer Signal Input Timing

E9 Read data setup time (D15-00) tRDS Fig 9-3
Fig 9-4

40 ns

E10 Read data hold time (D15-00) tRDH
Fig 9-5
Fig 9-6 0 ns

Bus Authority Request Input Timing

E11
Bus authority request signal setup time
(/BREQ)

tBREQS
Fig 9-8

0 ns

E12
Bus authority request signal hold time
(/BREQ)

tBREQH 0 ns

Interrupt Signal Input Timing

E13
Nonmaskable interrupt signal pulse
width (NMI)

tNMIW
Fig 9-9

5
(Note) tcyc

E14
External interrupt signal pulse width
(/IRQ4-0)

tIRQW
2

(Note) tcyc

Note : An interrupt may occur when the noise of the specified time or less is input.
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VDD = 2.7 V to 3.6 V
Input Timing Conditions VSS = 0 V

Ta = -40 C to +85 C

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Serial Interface Related Signal Timing (Synchronous Serial Reception)

E15 Data reception setup time (SBI1-0) tRXDS 25 ns

E16 Data reception hold time (SBI1-0) tRXDH
Fig 9-13

25 ns

E17
Serial clock input high pulse width
(SBT1-0)

tSCH tcyc+100 ns

E18
Serial clock input low pulse width
(SBT1-0)

tSCL tcyc+100 ns

Timer/Counter Signal Input Timing

E19
Timer external input clock low pulse
width (TMnIO: n=5-0)
(TMnIOA, TMnIOB, TMnIC: n=6,7)

tTCCLKL

Fig 9-14

tcyc ns

E20
Timer external input clock high pulse
width (TMnIO: n=5-0)
(TMnIOA, TMnIOB, TMnIC: n=6,7)

tTCCLKH tcyc ns
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F.  AC Characteristics (Output)

VDD = 2.7 V to 3.6 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

System Clock Output Timing

F1
System clock output cycle time
(SYSCLK)

tcyc 200 ns

F2
System clock output low pulse width
(SYSCLK)

tCL 90 ns

F3
System clock output high pulse width
(SYSCLK)

tCH Fig 9-1 90 ns

F4
System clock output rise time
(SYSCLK)

tCR 20 ns

F5
System clock output fall time
(SYSCLK)

tCF 20 ns
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VDD = 2.7 V to 3.6 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Data Transfer Signal Output Timing 1

F6
Address delay time 1
(A23-0), (A23-16)

tAD1 Fig 9-3 to Fig 9-6 50 ns

F7
Address delay time 2
(AD15-0)

tAD2
Fig 9-5                           Fig

9-6
+40 ns

F8
Address hold time 1
(A23-0), (A23-16)

tAH1
Fig 9-3
Fig 9-4

5 ns

F9
Address hold time 2
(A23-0), (A23-16)

tAH2
Fig 9-5                        Fig

9-6
ns

F10
Address hold time 3
(AD15-0)

tAH3 -30 ns

F11
Address/Data hold time 1
(AD15-0)

tADH1
Fig 9-5                         Fig

9-6
5 ns

F12
Address/Data hold time 2
(AD15-0)

tADH2 ns

F13
Data delay time 1
(D15-0)

tDD1
Fig 9-3                        Fig

9-4
40 ns

F14
Data delay time 2
(AD15-0)

tDD2
Fig 9-5                        Fig

9-6
ns

F15
Data delay time 3
(D15-0)

tDD3 Fig 9-7 ns

F16
Data hold time 1
(D15-0)

tDH1

Fig 9-3
5 ns

F17
Data hold time 2
(D15-0)

tDH2

Fig 9-4
ns

tcy

4

tcy

4

tcyc

4

tcy

4

tcy

4

tcy

2

tcy

4

tcy

4
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VDD = 2.7 V to 3.6 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Data Transfer Signal Output Timing 2

F18
Chip-select signal fall delay time 1
(/CS3-0), (/CS3-1)

tCSDF1

Fig 9-3 to Fig 9-7
40 ns

F19
Chip-select signal rise delay time 1
(/CS3-0), (/CS3-1)

tCSDR1 40 ns

F20
Chip-select signal fall delay time 2
(/CS0)

tCSDF2

Fig 9-7
+30 ns

F21
Chip-select signal rise delay time 2
(/CS0)

tCSDR2 +30 ns

F22
Chip-select signal hold time 1
(/CS3-0)

tCSH1 Fig 9-3
Fig 9-4

5 ns

F23
Chip-select signal hold time 2
(/CS3-0)

tCSH2

Fig 9-5               Fig
9-6 ns

F24
Address latch signal fall delay time
(ALE)

tALEDF -10 ns

F25
Address latch signal pulse width
(ALE)

tALEPW

Fig 9-5
-30 ns

F26
Address latch signal hold time 1
(ALE)

tALEH1

Fig 9-6
5 ns

F27
Address latch signal hold time 2
(ALE)

tALEH2 ns

tcyc

4

tcy

4

tcyc

4

tcyc

4

tcyc

2

tcyc

4
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VDD = 2.7 V to 3.6 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Data Transfer Signal Output Timing 3

F28
Read enable signal fall delay time 1
(/RE)

tREDF1
Fig 9-3
Fig 9-4

20 ns

F29
Read enable signal fall delay time 2
(/RE)

tREDF2
Fig 9-5
Fig 9-6

30 ns

F30
Read enable signal fall delay time 3
(/RE)

tREDF3 Fig 9-7 40 ns

F31
Read enable signal rise delay time 1
(/RE)

tREDR1 Fig 9-3 to Fig 9-6 30 ns

F32
Read enable signal rise delay time 2
(/RE)

tREDR2 +20 ns

F33
Read enable signal hold time
(/RE)

tREH
Fig 9-7

ns

F34
Burst ROM read enable signal fall delay
time               (/BSTRE)

tBREDF 40 ns

F35
Burst ROM read enable signal rise
delay time               (/BSTRE)

tBREDR +20 ns

F36
Write enable signal fall delay time 1
(/WEH, WEL)

tWEDF1
Fig 9-3
Fig 9-4

30 ns

F37
Write enable signal fall delay time 2
(/WEH, WEL)

tWEDF2
Fig 9-5
Fig 9-6

40 ns

F38
Write enable signal fall delay time 3
(/WEH, WEL)

tWEDF3 Fig 9-7 ns

F39
Write enable pulse width time 1
(/WEH, WEL)

tWEPW1
Fig 9-3

-20 ns

F40
Write enable pulse width time 2
(/WEH, WEL)

tWEPW2
Fig 9-4

-10 ns

F41
Write enable pulse width time 3
(/WEH, WEL)

tWEPW3
Fig 9-5

-10 ns

F42
Write enable pulse width time 4
(/WEH, WEL)

tWEPW4
Fig 9-6

ns

tcy
4

tcy

4

tcy
4

tcy

4

tcyc
2

tcy
4

tcyc

3
4

✕  tcyc

-10
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 VDD = 2.7 V to 3.6 V
Output Signal Characteristics VSS = 0 V

Ta = -40 C to +85 C
CL = 70 pF

Capacitance
Parameter Symbol Conditions Unit

Min Typ Max

Serial Interface Signal Output Timing (Synchronous Serial Transmission)

Transfer data delay time Fig 9-10 Normal ns

F43 (SBO1-0) tTXDD Fig 9-11
Fig 9-12 I2C tcyc ✕  2 ns

F44
Transfer data hold time (transfer in
progress) (SBO1-0)

tTXDH1 Fig 9-10 10 ns

Transfer data hold time
F45 (Transfer end timing at SBT input) tTXDH2 Fig 9-11 ns

(SBO1-0)

Transfer data hold time
F46 (Transfer end timing at SBT output) tTXDH3 Fig 9-12 ns

(SBO1-0)

tcyc

2

tcy

2

tSCH+tSCL

2
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Cycle Time

Pulse Width High

Fall Time Rise Time

AC Timing Voltage Level

Pulse Width Low

VDD × 0.9

Delay Time

Cycle Time

Pulse Width High

Fall Time Rise Time

Pulse Width Low

Input Signal

Output Signal

Output Signal

(Both setup time and hold time are VDD × 0.5)

VDD × 0.1

VDD × 0.9

VDD × 0.1 VDD × 0.1
VDD × 0.9

VDD × 0.1 VDD × 0.1 VDD × 0.1
VDD × 0.9

VDD × 0.9
VDD × 0.9

VDD × 0.5

VDD × 0.5
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Fig. 9-1  System Clock Timing

FOSC1

tEXCcyc

tEXCH tEXCL

tEXCF t EXCR

SYSCLK

tcyc

tCH tCL

tCF tCR

Fig. 9-2  Reset Timing

RST
tRSTW
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SYSCLK

/CS3-0

tCH

<read>

/RE

A23-00

D15-00

tcyc

tCL

tAD1

tCSDF1

tCSDR1

tCSH2

tCSH1

tAH1

tAH2

t
t

t

Data

tRDS tRDH

tREDF1
tREDR1

D15-00

/WEL,/WEH
(Normal)

<write>

WEDF1

tWEPW1

WEPW2

Data

tDH1

DH2tDD1

/WEL,/WEH
(WE short mode)

tAD1

Fig. 9-3  Data Transfer Signal Timing (Address/Data Separated Mode, Without Wait)

tREPW1

(Normal)
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SYSCLK

tcyc

Fig. 9-4  Data Transfer Signal Timing (Address/Data Separated Mode, With Wait)

D15-00

CS3-0

tCL tCH

<read>

WEL,WEH
(Normal)

<write>

tCH

RE

A23-00

D15-00

WAIT

tcyc × (N-1)* tcyc

Data

Data

WEL,WEH
(WE Short Mode)

tCL

tAD1

tCSDF1

tREDF1

tDD1

tWEDF1

tWEPW1

tDH1

tDH2

tREDR1

tRDS tRDH

tCSDR1

tCSH2

tCSH1

tAH1

tAH2

tWEPW2

tWAITS tWAITH tWAITS tWAITH tWAITS tWAITH

tAD1

*: N is the number of waits (N≥1)
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SYSCLK

tcyc

Fig. 9-5  Data Transfer Signal Timing (Address/Data Shared Mode, Without Wait)

AD15-08

CS3-0

tCL tCH

<read>

WEL,WEH
(Normal)

<write>

tCH

RE

A23-16

tcyc

AD07-00
(16-bit bus mode)

Data

WEL,WEH
(WE short mode)

tCL

ALE

* Note 1

Address

AD15-08
AD07-00

(16-bit bus mode)

Address Data

AD07-00
(8-bit bus mode)

Address

tAD1 tAD1

tAH1

tCSDF1 tCSDR1

tCSH2

tCSH1

tAH2

tAD2

tALEPW

tALEDF

tAH3

tAD2

tAD2

tDD2

tREDF2
tREDR1

tADH2

tADH1

tRDS tRDH

tADH1

tADH2

tWEDF2

ALEH2

tWEPW4

tWEPW3

tAH3

t
ALEH1
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SYSCLK

tcyc

AD15-08

CS3-0

tCL tCH

<read>

WEL,WEH
(Normal)

<write>

tCH

RE

A23-16

WAIT

tcyc

AD07-00
(16-bit bus mode)

Data

WEL,WEH
(WE short mode)

tCL

ALE * Note 1

Address

AD15-08
AD07-00

(16-bit bus mode)

Address Data

AD07-00
(8-bit bus mode)

Address

tAD1 tAD1

tAH1

tCSDF1 tCSDR1

tCSH2

tCSH1

tAH2

tWAITS tWAITH tWAITS tWAITH

tAD2

tALEPW

tALEDF

tAH3

tAD2

tAD2

tDD2

tREDF2
tREDR1

tADH2

tADH1

tRDS tRDH

tADH1

tADH2

tWEDF2

tALEH2

tWEPW4

tWEPW3

tAH3

tALEH1

tcyc × (N-1)*

*:  N is the number of waits (N≥1)

Fig. 9-6  Data Transfer Signal Timing (Address/Data Shared Mode, With Wait)
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SYSCLK

tcyc

Fig. 9-7  Data Transfer Signal Timing (Burst ROM Interface)

CS0

tCL

<With Penalty>

tCH

A23-00

tcyc × N tcyc

tCHtCL tCHtCL tCHtCL tCHtCL tCHtCL

tcyc tcyctcyc

(Penarty-cyc.)(ROM-read) (ROM-read) (ROM-read) (NotROM-read)

RE

CS3-1

CS0

<Without Penalty>

A23-00

(ROM-read) (ROM-read) (ROM-read) (NotROM-access)

BSTRE

CS3-1

(ROM-read)

RE

tCSDF2 tCSDR2

tCSDF1 tCSDR1

tREDR2tREDF3 tREDF1 tREDR1

tCSDF2 tCSDR2

tCSDF1 tCSDR1

(read)

WEL,WEH

(write)

D15-00

tBREDF
tBREDR

tREH

tDD3

tWEDF3
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Fig. 9-9  Interrupt Signal Timing

IRQ3-0

tIRQW

Fig. 9-10  Serial Interface Signal Timing 1
(Synchronous Serial Transmission: Transfer in Progress)

SBT1-0

tTXDD

SBO1-0

NMI

tNMIW

Fig. 9-8  Bus Authority Request Signal Timing

BREQ

BRACK

tBREQS tBREQH

tTXDH 1

Fig. 9-11  Serial Interface Signal Timing 2
(Synchronous Serial Transmission: Transfer End Timing at SBT Input)

SBT1-0

SBO1-0

tTXDD tTXDH 2
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TMnIO(n=5-0)

Fig. 9-14  Timer/Counter Signal Timing

tTCCLKL tTCCLKH

TMnIOA(n=6,7)
TMnIOB(n=6,7)
TMnIC(n=6,7)

tRXDS tRXDH

Fig. 9-13  Serial Interface Signal Timing 4
(Synchronous Serial Reception)

SBT1-0

SBI1-0

tSCL tSCH

Fig. 9-12  Serial Interface Signal Timing 3
(Synchronous Serial Transmission: Transfer End Timing at SBT Output)

SBT1-0

SBO1-0

tTXDD tTXDH 3
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A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

R

S

T

U

V

W

X

Y

Z

9-2 Data Appendix

9-2-1 List of Special Registers
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Flag Description

Bit Number

Chapter 9  Appendix

MN102H55D/55G/F55G 9-69

A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

R

S

T

U

V

W

X

Y

Z

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

AT3 AT3 AT3 AT3 AT3 AT3 AT3 AT3 - - - - AT3 AT3 AT3 AT3

EN MD1 MD0 BW DB8 DI SB8 SI IQ3 IQ2 IQ1 IQ0

R/W R/W R/W R/W R/W R/W R/W R/W R R R R R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0 0 0 0 0/1 0/1 0/1 0/1

AT3CTR :

x'00FD30'

ATC 3 Control

Register

16-bit access register
0: Disable

1: Transfer start/transfer in progress

00: One byte/word transfer

01: Burst transfer

10: Two bytes/words transfer

11: Reserved

0: Byte

1: Word

0: 16-bit

1: 8-bit

0: Fixed

1: Increment

0: 16-bit

1: 8-bit

0: Fixed

1: Increment

0000: Software Initialization

0001: /DMAREQ1 pin input

0010: External interrupt 2

0011: External interrupt 3

0100: Timer 2 underflow 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

15 Transfer Busy/Start Flag

14,13 Transfer Mode

12 Transfer Units

11 Destination Bus Width

10 Destination Pointer

Increment

9 Source Bus Width

8 Source Pointer Increment

3-0 ATC Activation Factor Setup

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

forcibly becomes 1.

Selecting word as the unit is not

allowed when 8-bit bus width is

allowed in the external memory

space.

Selecting 8-bit desitination bus

width or 8-bit source bus width

is allowed only when 8-bit bus

width is selected in the external

memory space.

When destination pointer incre-

ment or source pointer incre-

ment is selected, the pointer in-

crements by 1 in byte access

and by 2 in word access.

The AT3IQ0 ~ 3 bits are cleared

to 0 by the ATC3 transfer end

interrupt.

Value at reset

About This Section

■   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.

Access

Bit Map

Bit Number

Flag Name

R: Read only

W: Write only

R/W: Read/Write

Read value
0: Always 0

1: Always 1

Register Access

Register Name

Address

Supplemental

Explanation
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A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

R

S

T

U

V

W

X

Y

Z

CPUM :

x'00FC00'

CPU Mode Control

Register

16-bit access register

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

WD WD WD - - - - - - - - OSC STOP HALT OSC1 OSC0

RST lng1 lng0 ID

R/W R/W R/W R R R R R R R R R R/W R/W R/W R/W

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

0/1 0/1 0/1 0 0 0 0 0 0 0 0 0/1 0/1 0/1 0/1 0/1

Setting WDRST to '0' after set-

ting it to '1' clears the watchdog

timer counting value and starts

counting.  The watchdog timer

consists of a 17-bit binary

counter counting on the oscilla-

tion clock.  Therefore, clear the

watchdog timer counting value

within 216 (65,536) machine

cycles.

15 Watchdog Timer Enable

14:13 Watchdog Timer Count *

4 System Clock Monitor

3 CPU Operating Control

(STOP tranfer request)

2 CPU Operating Control

(HALT tranfer request)

1:0 Oscillator Control

0: Enable 1: Disable and clear

00: 216

01: 24

10: 28

11: Reserved

0: High-speed

1: Low-speed

0000: NORMAL mode

0001: IDLE mode

0011: SLOW mode

0100: HALT0 mode

0111: HALT1 mode

1000: STOP0 mode

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), D0 ;  Transfer the contents of CPUM to D0.

OR    x'000*', D0 ;  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    D0, (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)  Set the 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.

Changing the set value reduces

the wait time for oscillation sta-

bilization when returning from

STOP mode.  (At reset release,

the wait time for oscillation

stabliation is 216 (65,536) ma-

chine cycles.
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MEMCTR :

x'00FC02'

Memory Control

Register

16-bit access register

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

- - - - - HSWT NWAIT WAIT ARB - WAIT WAIT - WAIT WAIT WAIT

IOE IOE SET SZ IO1 IO0 2 1 0

R R R R R R/W R/W R/W R/W R R/W R/W R R/W R/W R/W

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

0 0 0 0 0 0/1 0/1 0/1 0/1 0 0 0/1 0 0/1 0/1 0/1

10 Peripheral Fixed Wait Cycle

Enable Flag

During Handshake Mode

9 Peripheral Fixed Wait Cycle

Enable Flag

8 Fixed Wait Mode/ Handhsake

Mode Switch

7 Bus Width Setup Flag

for Fixed Area (x'040000' to

x'07FFFF')

5:4 Peripheral Fixed Wait Cycle

2:0 Fixed Wait Cycle

0: No Wait

1: Peripheral Fixed Wait Cycle

(Always set '1' in this series.)

0: Enable 1: Disable

(Always set '0' in this series.)

0: Handshake Mode

1: Fixed Wait Mode

(Always set '0' in this series.)

0: Based on /WORD pin

1: 8-bit Bus Access regardless of

/WORD pin

00: No wait

01: 1 wait cycle

10: 2 wait cycles

11: 3 wait cycles

(Always set '01' in this series.)

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.)

In this series, set MEMCTR to

x'0410' or x'0490'.
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A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

R

S

T

U

V

W

X

Y

Z

- - - - - - - - - - GN4 GN3 GN2 GN1 GN0 -

R R R R R R R R R R R R R R R R

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 0/1 0/1 0/1 0/1 0/1 0

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

x'00FC0E'

Interrupt Accept

Group Register

8/16-bit access register

5:1 Group Number of Accepted

Interrupt IAGR is a read-only register.

- - - - - - - - - - - - - - WAIT WAIT

1 0

R R R R R R R R R R R R R R R/W R / W

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 0 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 MEMMD0 :

x'00FC30'

Memory Mode Control
Register 0

16-bit access register

Set any values when block 0 is

unused.

1:0 Wait Cycle for Block 0 00: No Wait

01: 1 Wait Cycle

10: 2 Wait Cycles

11: Handshake
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- - - - - - - BMOD - - - - - - WAIT WAIT

1 0

R R R R R R R R/W R R R R R R R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0/1 0 0 0 0 0 0 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 MEMMD1 :

x'00FC32'

Memory Mode Control
Register 1

16-bit access register

Set any values when block 1 is

unused.

8 Bus Mode for Block 1

1:0 Wait Cycle for Block 1

0: 16-bit Bus Mode

1: 8-bit Bus Mode

00: No Wait

01: 1 Wait Cycle

10: 2 Wait Cycles

11: Handshake

- - - - - - - BMOD - - - - - - WAIT WAIT

1 0

R R R R R R R R/W R R R R R R R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0/1 0 0 0 0 0 0 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 MEMMD2 :

x'00FC34'

Memory Mode Control
Register 2

16-bit access register

Set any values when block 2 is

unused.

8 Bus Mode for Block 2

1:0 Wait Cycle for Block 2

0: 16-bit Bus Mode

1: 8-bit Bus Mode

(Select the same bus width as the bus

width set by /WORD pin.)

00: No Wait

01: 1 Wait Cycle

10: 2 Wait Cycles

11: Handshake
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W
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- - - - - - - - - - - - - UNIF WDIF NMIF

R R R R R R R R R R R R R R/W R/W R / W

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 0/1 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G0ICR :

x'00FC40'

Nonmaskable Interrupt

Control Register 0

8/16-bit access register

2 Nonmaskable Interrupt

Request Flag by Executing

Undefined Instruction

1 Nonmaskable Interrupt

Request Flag by Overflowing

Watchdog Timer

0 Nonmaskable Interrupt

Request Flag by /NMI Pin

0: No interrupt requested

1: Interrupt requested

0: No interrupt requested

1: Interrupt requested

0: No interrupt requested

1: Interrupt requested

- - - - - - - BMOD - - - - - - WAIT WAIT

1 0

R R R R R R R R/W R R R R R R R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0/1 0 0 0 0 0 0 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 MEMMD3 :

x'00FC36'

Memory Mode Control
Register 3

16-bit access register

Set any values when block 3 is

unused.

8 Bus Mode for Block 3

1:0 Wait Cycle for Block 3

0: 16-bit Bus Mode

1: 8-bit Bus Mode

00: No Wait

01: 1 Wait Cycle

10: 2 Wait Cycles

11: Handshake
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- G1 G1 G1 - TM5 TM0 IRQ0 - TM5 TM0 IRQ0 - TM5 TM0 IRQ0

LV2 LV1 LV0 IE IE IE IR IR IR ID ID ID

R R/W R/W R/W R R/W R/W R/W R R/W R/W R/W R R/W R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0 0/1 0/1 0/1 0 0/1 0/1 0/1 0 0/1 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G1ICR :

x'00FC42'

Maskable Interrupt

Control Register 1

8/16-bit access register

14:12 Group 1 Interrupt

Priority Level

10 Timer 5 Underflow

Interrupt Enable Flag

9 Timer 0 Underflow

Interrupt Enable Flag

8 IRQ0 Interrupt Enable Flag

6 Timer 5 Underflow

Interrupt Request Flag

5 Timer 0 Underflow

Interrupt Request Flag

4 IRQ0 Interrupt Request Flag

2 Timer 5 Underflow

Interrupt Detect Flag

1 Timer 0 Underflow

Interrupt Detect Flag

0 IRQ0 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

Set '1' when timer 5 underflows.

Set '1' when timer 0 underflows.

Set '1' when an external inter-

rupt occurs from IRQ0 pin.
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A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

R

S

T

U

V

W

X

Y

Z

- G2 G2 G2 - AN TM1 IRQ1 - AN TM1 IRQ1 - AN TM1 IRQ1

LV2 LV1 LV0 IE IE IE IR IR IR ID ID ID

R R/W R/W R/W R R/W R/W R/W R R/W R/W R/W R R/W R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0 0/1 0/1 0/1 0 0/1 0/1 0/1 0 0/1 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G2ICR :

x'00FC44'

Maskable Interrupt

Control Register 2

8/16-bit access register

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

Set '1' when the A/D conversion

ends.

Set '1' when timer 1 underflows.

Set '1' when an external inter-

rupt occurs from IRQ1 pin.
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- G3 G3 G3 SC0R SC0T TM2 IRQ2 SC0R SC0T TM2 IRQ2 SC0R SC0T TM2 IRQ2

LV2 LV1 LV0 IE IE IE IE IR IR IR IR ID ID ID ID

R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

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

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

G3ICR :

x'00FC46'

Maskable Interrupt

Control Register 3

8/16-bit access register

Set '1' when the serial 0 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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Y

Z

- G4 G4 G4 SC1R SC1T TM3 IRQ3 SC1R SC1T TM3 IRQ3 SC1R SC1T TM3 IRQ3

LV2 LV1 LV0 IE IE IE IE IR IR IR IR ID ID ID ID

R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

14:12 Group 4 Interrupt

Priority Level

11 Serial 1 Reception End

Interrupt Enable Flag

10 Serial 1 Transmission End

Interrupt Enable Flag

9 Timer 3 Underflow

Interrupt Enable Flag

8 IRQ3 Interrupt Enable Flag

7 Serial 1 Reception End

Interrupt Request Flag

6 Serial 1 Transmission End

Interrupt Request Flag

5 Timer 3 Underflow

Interrupt Request Flag

4 IRQ3 Interrupt Request Flag

3 Serial 1 Reception End

Interrupt Detect Flag

2 Serial 1 Transmission End

Interrupt Detect Flag

1 Timer 3 Underflow

Interrupt Detect Flag

0 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

G4ICR :

x'00FC48'

Maskable Interrupt

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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- G5 G5 G5 *Note *Note TM4 IRQ4 *Note *Note TM4 IRQ4 - - TM4 IRQ4

LV2 LV1 LV0 IE IE IR IR ID ID

R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R R R R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0 0 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G5ICR :

x'00FC4A'

Maskable Interrupt

Control Register 5

8/16-bit access register

14:12 Group 5 Interrupt

Priority Level

9 Timer 4 Underflow

Interrupt Enable Flag

8 IRQ4 Interrupt Enable Flag

5 Timer 4 Underflow

Interrupt Request Flag

4 IRQ4 Interrupt Request Flag

1 Timer 4 Underflow

Interrupt Detect Flag

0 IRQ4 Interrupt Detect Flag

000 (level 0) to 110 (level 6)

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 detected

1: Interrupt detected

0: No interrupt detected

1: Interrupt detected

Set '1' when timer 4 underflows.

Set '1' when an external inter-

rupt occurs from IRQ4 pin.

*Note: Always set 0.
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- G6 G6 G6 ATC TM6B TM6A TM6U ATC TM6B TM6A TM6U ATC TM6B TM6A TM6U

LV2 LV1 LV0 IE IE IE IE IR IR IR IR ID ID ID ID

R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R R R R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G6ICR :

x'00FC4C'

Maskable Interrupt

Control Register 6

8/16-bit access register

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

Set '1' when ATC transfer ends.

Set '1' when a timer 6 underflow

interrupt or compare/capture in-

terrupt occurs.



Chapter 9  Appendix

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

- G7 G7 G7 - TM7B TM7A TM7U - TM7B TM7A TM7U - TM7B TM7A TM7U

LV2 LV1 LV0 IE IE IE IR IR IR ID ID ID

R R/W R/W R/W R R/W R/W R/W R R/W R/W R/W R R R R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0 0/1 0/1 0/1 0 0/1 0/1 0/1 0 0/1 0/1 0/1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 G7ICR :

x'00FC4E'

Maskable Interrupt

Control Register 7

8/16-bit access register

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

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

Set '1' when a timer 7 underflow

interrupt or compare/capture in-

terrupt occurs.
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- - - - - - IRQ4 IRQ4 IRQ3 IRQ3 IRQ2 IRQ2 IRQ1 IRQ1 IRQ0 IRQ0

TG1 TG0 TG1 TG0 TG1 TG0 TG1 TG0 TG1 TG0

R R R R R R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

x'00FC50'

External Interrupt

Edge Setup Register

IRQTRG sets the trigger condi-

tions for external interrupts.

8/16-bit access register

9:8 Set Trigger Conditions

for IRQ4 Pin Interrupt

7:6 Set Trigger Conditions

for IRQ3 Pin Interrupt

5:4 Set Trigger Conditions

for IRQ2 Pin Interrupt

3:2 Set Trigger Conditions

for IRQ1 Pin Interrupt

1:0 Set Trigger Conditions

for IRQ0 Pin Interrupt

00: Low level

01: High level

10: Negative edge

11: Positive edge

00: Low level

01: High level

10: Negative edge

11: Positive edge

00: Low level

01: High level

10: Negative edge

11: Positive edge

00: Low level

01: High level

10: Negative edge

11: Positive edge

00: Low level

01: High level

10: Negative edge

11: Positive edge
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WE - - - - - - NALE - - BRPG BRPG - - BREN BREN

SHT EN 1 0 1 0

R/W R R R R R R R/W R R R/W R/W R R R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0 0 0 0 0 0 0/1 0 0 0/1 0/1 0 0 0/1 0/1

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

x'00FD00'

External Memory

Control Register

8/16-bit access register

15 WEH, WEL Pulse Width

Shortening

8 ALE Signal Polarity

5:4 Page Size of ROM Burst

Mode

1:0 ROM Burst Mode

0: Disbale 1: Enable

0: Positive logic

1: Negative logic

00: 4 bytes

01: 8 bytes

10: 16 bytes

11: Reserved

00: Disable

01: Reserved

10: Enable (without penalty)

11: Enable (with penalty)

Setting a page size of ROM

burst mode is invalid when ROM

burst mode is disabled.

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 END0

R/W R/W R R/W R R R/W R/W R/W R/W R/W R/W R/W R/W R/W R / W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0 0/1 0 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

x'00FD10'

ATC Control Register

8/16-bit access register

15 ATC Enable

14 Overrun Error Flag

13 ATC Transfer Direction

9:0 ATC End Address

0: Disbale 1: Enable

0: No error 1: Error

0: From serial ch 0 to Internal RAM

1: From Internal RAm to serial ch 0

Set the ATC end address

(the lower 10 bits of the internal RAM

area)

The upper 14 bits are fixed at

'00000000111000' because the

internal RAM addresses for TC

operation are x'00E000' to

x'00E3FF'.  Set the larger value

than the ATCBC value.
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- - - - - - ATC ATC ATC ATC ATC ATC ATC ATC ATC ATC

 BC9  BC8  BC7  BC6 BC5 BC4 BC3  BC2  BC1 BC0

R R R R R R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

x'00FD12'

ATC Binary Counter

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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SC0CTR :

x'00FD80'

Serial 0 Control Register

15 Transmit Enable

14 Receive Enable

13 Break Transmission

12 I2C Start or Stop Sequence

11 Protocol Selection

9 Bit Order Selection

8 I2C mode Selection

7 Character Length

6:4 Parity Bit Selection

3 Stop Bit Selection

2 Open-drain Control

for I2C pin

1:0 Serial 0 Clock Source

Selection

0: Disable 1: Enable

0: Disable 1: Enable

0: Don't break 1: Break (Set SBO to 0)

0: Stop sequence output when changing this bit

    from 1 to 0.

1: Start sequence output when changing this bit

    from 0 to 1.

0: Asynchronous mode

1: Clock synchronous mode, I2C mode

0: LSB first

1: MSB first (select only when the character

length is 8-bit.)

0: I2C mode off 1: I2C mode on

0: 7-bit 1: 8-bit

000: None

100: 0 (output low)

101: 1 (output high)

110: Even (1s are even)

111: Odd (1s are odd)

Others: Reserved

0: 1-bit 1: 2-bit

0: Off 1: On

00: SBT0 pin

01: Timer 2 underflow/16

10: Timer 2 underflow/2

11: Timer 3 underflow/16

SC0 SC0 SC0 SC0 SC0 - SC0 SC0 SC0 SC0 SC0 SC0 SC0 SC0 SC0 SC0

TEN REN BRE I2C PTL OD I2CM LN PTY2 PTY1 PTY0 SB POD S1 S0

R/W R/W R/W R/W R/W R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

8/16-bit access register

The stop bit is set only during

asynchronous mode.

When 7-bit transfer is selected,

the bit order is set only to 'LSB

first'.
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SC0TRB :

x'00FD82'

Serial 0 Transmit/

Receive Buffer

8-bit access register

SC0 SC0 SC0 SC0 SC0 SC0 SC0 SC0

TRB7 TRB6 TRB5 TRB4 TRB3 TRB2 TRB1 TRB0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

7:0 Serial Transmit/Receive Data
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

SC0TRB 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

SC0RXA flag of the SC0STR

register is 1.   In 7-bit transfer,

the MSB (bit 7) becomes 0.
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SC0STR :

x'00FD83'

Serial 0 Status

Register

8-bit access register
(16-bit access is possible
from even address)

SC0 SC0 SC0 SC0 SC0 SC0 SC0 SC0

TBY RBY ISP RXA IST FE PE OE

R R R R R R R R

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

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

1: Transmission in progress

0: Ready to receive

1: Reception in progress

0: Undetected

1: Detected

0: No received data

1: Received data

0: Undetected

1: Detected

0: No error

1: Error

0: No error

1: Error

0: No error

1: Error

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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SC1CTR :

x'00FD90'

Serial 1 Control Register

15 Transmit Enable

14 Receive Enable

13 Break Transmission

12 I2C Start or Stop Sequence

11 Protocol Selection

9 Bit Order Selection

8 I2C mode Selection

7 Character Length

6:4 Parity Bit Selection

3 Stop Bit Selection

2 Open-drain Control

for I2C pin

1:0 Serial 1 Clock Source

Selection

0: Disable 1: Enable

0: Disable 1: Enable

0: Don't break 1: Break (Set SBO to 0)

0: Stop sequence output when changing this bit

    from 1 to 0.

1: Start sequence output when changing this bit

    from 0 to 1.

0: Asynchronous mode

1: Clock synchronous mode, I2C mode

0: LSB first

1: MSB first (select only when the character

length is 8-bit.)

0: I2C mode off 1: I2C mode on

0: 7-bit 1: 8-bit

000: None

100: 0 (output low)

101: 1 (output high)

110: Even (1s are even)

111: Odd (1s are odd)

Others: Reserved

0: 1-bit 1: 2-bit

0: Off 1: On

00: SBT1 pin

01: Timer 2 underflow/16

10: Timer 2 underflow/2

11: Timer 3 underflow/16

SC1 SC1 SC1 SC1 SC1 - SC1 SC1 SC1 SC1 SC1 SC1 SC1 SC1 SC1 SC1

TEN REN BRE I2C PTL OD I2CM LN PTY2 PTY1 PTY0 SB POD S1 S0

R/W R/W R/W R/W R/W R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

8/16-bit access register

The stop bit is set only during

asynchronous mode.

When 7-bit transfer is selected,

the bit order is set only to 'LSB

first'.



Chapter 9  Appendix

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

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

SC1TRB 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.

SC1 SC1 SC1 SC1 SC1 SC1 SC1 SC1

TRB7 TRB6 TRB5 TRB4 TRB3 TRB2 TRB1 TRB0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

7:0 Serial Transmit/Receive Data
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SC1STR :

x'00FD93'

Serial 1 Status

Register

8-bit access register
(16-bit access is possible
from even address)

SC1 SC1 SC1 SC1 SC1 SC1 SC1 SC1

TBY RBY ISP RXA IST FE PE OE

R R R R R R R R

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

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

1: Transmission in progress

0: Ready to receive

1: Reception in progress

0: Undetected

1: Detected

0: No received data

1: Received data

0: Undetected

1: Detected

0: No error

1: Error

0: No error

1: Error

0: No error

1: Error

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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- AN AN AN - AN AN AN AN AN - - AN AN AN AN

NCH2 NCH1 NCH0 1CH2 1CH1 1CH0 EN TM1 CK1 CK0 MD1 MD0

R R/W R/W R/W R R/W R/W R/W R/W R/W R R R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0 0/1 0/1 0/1 0/1 0/1 0 0 0/1 0/1 0/1 0/1

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

14:12 Channel Selection for

Multiple Channel Conversion

10:8 Channel Selection for

Single Channel Conversion

7 Conversion Start/Execution

Flag

6 Conversion Start at Timer 1

underflow

3:2 Clock Source Selection

1:0 Operating Mode Selection

000: Convert AN0

001: Convert from AN0 to AN1

010: Convert from AN0 to AN2

011: Convert from AN0 to AN3

100: Convert from AN0 to AN4

101: Convert from AN0 to AN5

110: Convert from AN0 to AN6

111: Convert from AN0 to AN7

000: Convert AN0

001: Convert AN1

010: Convert AN2

011: Convert AN3

100: Convert AN4

101: Convert AN5

110: Convert AN6

111: Convert AN7

0: Reserved

1: Conversion start/Conversion in progress

0: Disable

1: Enable

00: SYSCLK

01: SYSCLK/2

10: SYSCLK/4

11: SYSCLK/8

00: Single channel, single conversion

01: Multiple channels, single conversion

10: Single channel, continuous conversion

11: Multiple channels, continuous conversion

ANCTR :

x'00FF00'

A/D Converter

Control Register

8/16-bit access register
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AN0BUF :

x'00FDA8'

8/16-bit access register

AN0BUF is a read-only buffer.

A/D 0 Conversion Data
Buffer

7:0 A/D Conversion Result of Ch 0 (AN0 Pin)

AN0 AN0 AN0 AN0 AN0 AN0 AN0 AN0

BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUF0

R R R R 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

7 6 5 4 3 2 1 0

*Note: Undefined

AN1BUF :

x'00FDA9'

8-bit access register
(16-bit access is possible
from even address)

AN1BUF is a read-only buffer.

A/D 1 Conversion Data
Buffer

7:0 A/D Conversion Result of Ch 1 (AN1 Pin)

AN1 AN1 AN1 AN1 AN1 AN1 AN1 AN1

BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUF0

R R R R 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

7 6 5 4 3 2 1 0

*Note: Undefined

AN2BUF :

x'00FDAA'

8/16-bit access register

AN2BUF is a read-only buffer.

A/D 2 Conversion Data
Buffer

7:0 A/D Conversion Result of Ch 2 (AN2 Pin)

AN2 AN2 AN2 AN2 AN2 AN2 AN2 AN2

BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUF0

R R R R 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

7 6 5 4 3 2 1 0

*Note: Undefined
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AN3BUF :

x'00FDAB'

A/D 3 Conversion Data
Buffer

7:0 A/D Conversion Result of Ch 3 (AN3 Pin)

AN3 AN3 AN3 AN3 AN3 AN3 AN3 AN3

BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUF0

R R R R 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

7 6 5 4 3 2 1 0

*Note: Undefined

AN4BUF :

x'00FDAC'

8/16-bit access register

AN4BUF is a read-only buffer.

A/D 4 Conversion Data
Buffer

7:0 A/D Conversion Result of Ch 4 (AN4 Pin)

AN4 AN4 AN4 AN4 AN4 AN4 AN4 AN4

BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUF0

R R R R 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

7 6 5 4 3 2 1 0

*Note: Undefined

AN5BUF :

x'00FDAD'

A/D 5 Conversion Data
Buffer

7:0 A/D Conversion Result of Ch 5 (AN5 Pin)

AN5 AN5 AN5 AN5 AN5 AN5 AN5 AN5

BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUF0

R R R R 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

7 6 5 4 3 2 1 0

*Note: Undefined

8-bit access register
(16-bit access is possible
from even address)

AN3BUF is a read-only buffer.

8-bit access register
(16-bit access is possible
from even address)

AN5BUF is a read-only buffer.



Chapter 9  Appendix

MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G 231

A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

R

S

T

U

V

W

X

Y

Z

AN6BUF :

x'00FDAE'

8/16-bit access register

AN6BUF is a read-only buffer.

A/D 6 Conversion Data
Buffer

7:0 A/D Conversion Result of Ch 6 (AN6 Pin)

AN6 AN6 AN6 AN6 AN6 AN6 AN6 AN6

BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUF0

R R R R 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

7 6 5 4 3 2 1 0

*Note: Undefined

AN7BUF :

x'00FDAF'

8-bit access register
(16-bit access is possible
from even address)

AN7BUF is a read-only buffer.

A/D 7 Conversion Data
Buffer

7:0 A/D Conversion Result of Ch 7 (AN7 Pin)

AN7 AN7 AN7 AN7 AN7 AN7 AN7 AN7

BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUF0

R R R R 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

7 6 5 4 3 2 1 0

*Note: Undefined
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TM0BC :

x'00FE00'

8/16-bit access register

TM0BC is a read-only register.

Timer 0 Binary
Counter

7:0 Timer 0 Count Value

TM0 TM0 TM0 TM0 TM0 TM0 TM0 TM0

BC7 BC6 BC5 BC4 BC3 BC2 BC1 BC0

R R R R R R R R

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

TM1BC :

x'00FE01'

8-bit access register
(16-bit access is possible
from even address)

TM1BC is a read-only register.

Timer 1 Binary
Counter

7:0 Timer 1 Count Value

TM1 TM1 TM1 TM1 TM1 TM1 TM1 TM1

BC7 BC6 BC5 BC4 BC3 BC2 BC1 BC0

R R R R R R R R

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

TM2BC :

x'00FE02'

8/16-bit access register

TM2BC is a read-only register.

Timer 2 Binary
Counter

7:0 Timer 2 Count Value

TM2 TM2 TM2 TM2 TM2 TM2 TM2 TM2

BC7 BC6 BC5 BC4 BC3 BC2 BC1 BC0

R R R R R R R R

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0
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TM3BC :

x'00FE03'

Timer 3 Binary
Counter

7:0 Timer 3 Count Value

TM3 TM3 TM3 TM3 TM3 TM3 TM3 TM3

BC7 BC6 BC5 BC4 BC3 BC2 BC1 BC0

R R R R R R R R

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

TM4BC :

x'00FE04'

8/16-bit access register

TM4BC is a read-only register.

Timer 4 Binary
Counter

7:0 Timer 4 Count Value

TM4 TM4 TM4 TM4 TM4 TM4 TM4 TM4

  BC7 BC6 BC5 BC4 BC3 BC2 BC1 BC0

R R R R R R R R

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

TM5BC :

x'00FE05'

Timer 5 Binary
Counter

7:0 Timer 5 Count Value

TM5 TM5 TM5 TM5 TM5 TM5 TM5 TM5

BC7 BC6 BC5 BC4 BC3 BC2 BC1 BC0

R R R R R R R R

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

8-bit access register
(16-bit access is possible
from even address)

TM3BC is a read-only register.

8-bit access register
(16-bit access is possible
from even address)

TM5BC is a read-only register.
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TM0BR :

x'00FE10'

8/16-bit access register

TM0BR is set to 0 after timer 0

starts.  See "4-2 8-bit Timer

Setup Examples" for details.

Timer 0 Base Register

TM0 TM0 TM0 TM0 TM0 TM0 TM0 TM0

BR7 BR6 BR5 BR4 BR3 BR2 BR1 BR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

TM1BR :

x'00FE11'

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.

Timer 1 Base Register

7:0 Timer 1 Count Cycle

TM1 TM1 TM1 TM1 TM1 TM1 TM1 TM1

BR7 BR6 BR5 BR4 BR3 BR2 BR1 BR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

TM2BR :

x'00FE12'

8/16-bit access register

TM2BR is set to 0 after timer 2

starts.  See "4-2 8-bit Timer

Setup Examples" for details.

Timer 2 Base Register

7:0 Timer 2 Count Cycle

TM2 TM2 TM2 TM2 TM2 TM2 TM2 TM2

BR7 BR6 BR5 BR4 BR3 BR2 BR1 BR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

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 TM0BR is 0 to 255.

Set the count cycle (2 to 256).  Timer 1

counts the set value plus 1.  The valid

range for TM1BR is 0 to 255.

Set the count cycle (2 to 256).  Timer 2

counts the set value plus 1.  The valid

range for TM2BR is 0 to 255.
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TM3BR :

x'00FE13'

Timer 3 Base Register

7:0 Timer 3 Count Cycle

TM3 TM3 TM3 TM3 TM3 TM3 TM3 TM3

BR7 BR6 BR5 BR4 BR3 BR2 BR1 BR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

TM4BR :

x'00FE14'

8/16-bit access register

TM4BR is set to 0 after timer 4

starts.  See "4-2 8-bit Timer

Setup Examples" for details.

Timer 4 Base Register

7:0 Timer 4 Count Cycle

TM4 TM4 TM4 TM4 TM4 TM4 TM4 TM4

BR7 BR6 BR5 BR4 BR3 BR2 BR1 BR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

TM5BR :

x'00FE15'

Timer 5 Base Register

7:0 Timer 5 Count Cycle

TM5 TM5 TM5 TM5 TM5 TM5 TM5 TM5

BR7 BR6 BR5 BR4 BR3 BR2 BR1 BR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

7 6 5 4 3 2 1 0

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.

8-bit access register
(16-bit access is possible
from even address)

TM5BR is set to 0 after timer 5

starts.  See "4-2 8-bit Timer

Setup Examples" for details.

Set the count cycle (2 to 256).  Timer 3

counts the set value plus 1.  The valid

range for TM3BR is 0 to 255.

Set the count cycle (2 to 256).  Timer 4

counts the set value plus 1.  The valid

range for TM4BR is 0 to 255.

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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TM0 TM0 - - - - TM0 TM0

EN LD S1 S0

R/W R/W R R R R R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0 0 0 0 0/1 0/1

7 6 5 4 3 2 1 0 TM0MD :

x'00FE20'

Timer 0 Mode Register

8/16-bit access register

0: Disable

1: Enable

0: Disable

1: Load TM0BR to TM0BC,

    Reset the 1/2 divisor circuit,

    Fix TMIO output to 0.

00: TM0IO pin clock (Event timer)

01: System clock/128

10: System clock

11: Low-speed clock (32 kHz)/4

TM1 TM1 - - - - TM1 TM1

EN LD S1 S0

R/W R/W R R R R R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0 0 0 0 0/1 0/1

7 6 5 4 3 2 1 0 TM1MD :

x'00FE21'

Timer 1 Mode Register

8-bit access register
(16-bit access is possible
from even address)0: Disable

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 0 output clock

11: System clock

7 TM1BC Count

6 TM1BR Setup

1:0 Clock Source Selection

7 TM0BC Count

6 TM0BR Setup

1:0 Clock Source Selection
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TM2 TM2 - - - - TM2 TM2

EN LD S1 S0

R/W R/W R R R R R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0 0 0 0 0/1 0/1

7 6 5 4 3 2 1 0 TM2MD :

x'00FE22'

Timer 2 Mode Register

8/16-bit access register

0: Disable

1: Enable

0: Disable

1: Load TM2BR to TM2BC,

    Reset the 1/2 divisor circuit,

    Fix TMIO output to 0.

00: TM2IO pin clock (Event timer)

01: Timer 1 cascade

10: Timer 0 output clock

11: System clock

TM3 TM3 - - - - TM3 TM3

EN LD S1 S0

R/W R/W R R R R R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0 0 0 0 0/1 0/1

7 6 5 4 3 2 1 0 TM3MD :

x'00FE23'

Timer 3 Mode Register

8-bit access register
(16-bit access is possible
from even address)0: Disable

1: Enable

0: Disable

1: Load TM3BR to TM3BC,

    Reset the 1/2 divisor circuit,

    Fix TMIO output to 0.

00: TM3IO pin clock (Event timer)

01: Timer 2 cascade

10: Timer 0 output clock

11: System clock

7 TM3BC Count

6 TM3BR Setup

1:0 Clock Source Selection

7 TM2BC Count

6 TM2BR Setup

1:0 Clock Source Selection
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TM4 TM4 - - - - TM4 TM4

EN LD S1 S0

R/W R/W R R R R R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0 0 0 0 0/1 0/1

7 6 5 4 3 2 1 0 TM4MD :

x'00FE24'

Timer 4 Mode Register

8/16-bit access register

0: Disable

1: Enable

0: Disable

1: Load TM4BR to TM4BC,

    Reset the 1/2 divisor circuit,

    Fix TMIO output to 0.

00: TM4IO pin clock (Event timer)

01: Timer 3 cascade

10: Timer 0 output clock

11: Low-speed clock (32 kHz)/4

TM5 TM5 - - - - TM5 TM5

EN LD S1 S0

R/W R/W R R R R R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0 0 0 0 0/1 0/1

7 6 5 4 3 2 1 0 TM5MD :

x'00FE25'

Timer 5 Mode Register

8-bit access register
(16-bit access is possible
from even address)0: Disable

1: Enable

0: Disable

1: Load TM5BR to TM5BC,

    Reset the 1/2 divisor circuit,

    Fix TMIO output to 0.

00: TM5IO pin clock (Event timer)

01: Timer 4 cascade

10: Timer 0 output clock

11: Low-speed clock (32 kHz)/4

7 TM5BC Count

6 TM5BR Setup

1:0 Clock Source Selection

7 TM4BC Count

6 TM4BR Setup

1:0 Clock Source Selection
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TM6MD :

x'00FE30'

Timer 6 Mode Register

TM6 TM6 - - TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6

EN NLD UD1 UD0 TGE ONE MD1 MD0 ECLR LP ASEL S2 S1 S0

R/W R/W R R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

16-bit access register

Selecting up/down counting

mode is ignored when two-

phase encoding is slected.

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 TM6IOA Pin Output

2:0 Clock Source Selection

0: Disable 1: Enable

0: Set TM6BC, T.F.F., RS.F.F. to 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 TM6IOA pin is high,

      Capture B when TM6IOA pin is low

11: Capture A when TM6IOA 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 1: Clear TM6BC**

When TM6BC=0 while down counting

0: Don't reload TM6CA 1: 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

During repeat counting, hold the

TM6EN flag state.  During one-

shot counting, set the TM6EN

flag to 0 when TM6BC=TM6CA.

Counting starts on the falling

edge of TM6IOB pin.

Clear TM6EN when TM6BC

matches 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

TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6

 BC15 BC14 BC13 BC12 BC11 BC10 BC9 BC8 BC7 BC6 BC5 BC4 BC3 BC2 BC1 BC0

R R R R R R R R R R R R R R R R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

TM6BC :

x'00FE32'

Timer 6 Binary

Counter

TM6BC is a read-only register.

16-bit access register

TM6CA :

x'00FE34'
TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6 TM6

CA15 CA14 CA13 CA12 CA11 CA10 CA9 CA8 CA7 CA6 CA5 CA4 CA3 CA2 CA1 CA0

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

16-bit access register

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 t imer 6 binary

counter, a timer 6 capture A inter-

rupt occurs.

Timer 6 Compare/
Capture Register A

15:0 Timer 6 Count Value

15:0 Timer 6 Count Cycle Set the count cycle minus 1.

TM6CB :

x'00FE38'
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 CB0

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

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 t imer 6 binary

counter, a timer 6 capture B inter-

rupt occurs.

Timer 6 Compare/
Capture Register B

15:0 Timer 6 PWM Change or Interrupt Generation
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TM7MD :

x'00FE40'

Timer 7 Mode Register

TM7 TM7 - - TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7

EN NLD UD1 UD0 TGE ONE MD1 MD0 ECLR LP ASEL S2 S1 S0

R/W R/W R R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

16-bit access register

Selecting up/down counting

mode is ignored when two-

phase encoding is slected.

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. to 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 TM7IOA 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 1: Clear TM7BC**

When TM7BC=0 while down counting

0: Don't reload TM7CA 1: ReloadTM7CA***

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 TM7IOA

        pin, TM7IOB pin

101: Two-phase encoder (1x) of TM7IOA

        pin, TM7IOB pin

11*: Reserved

During repeat counting, hold the

TM7EN flag state.  During one-

shot counting, set the TM7EN

flag to 0 when TM7BC=TM7CA.

Counting starts on the falling

edge of TM7IOB pin.

Clear TM7EN when TM7BC

matches 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

TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7 TM7

 BC15 BC14 BC13 BC12 BC11 BC10 BC9 BC8 BC7 BC6 BC5 BC4 BC3 BC2 BC1 BC0

R R R R R R R R R R R R R R R R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

TM7BC :

x'00FE42'

Timer 7 Binary

Counter

TM7BC is a read-only register.

16-bit access register

TM7CA :

x'00FE44'
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 CA1 CA0

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

16-bit access register

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 t imer 7 binary

counter, a timer 7 capture A inter-

rupt occurs.

Timer 7 Compare/
Capture Register A

15:0 Timer 7 Count Value

15:0 Timer 7 Count Cycle Set the count cycle minus 1.

TM7CB :

x'00FE48'
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 CB0

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

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 t imer 7 binary

counter, a timer 7 capture B inter-

rupt occurs.

Timer 7 Compare/
Capture Register B

15:0 Timer 7 PWM Change or Interrupt Generation
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WBSWP :

x'00FFA0'

8/16-bit access register

Word Data Byte Swap
Register

15:0 Word Data Byte Swap Data During read operations, the upper 8 bits

and the lower 8 bits are swapped.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

PWSBW

51

PWSBW

41

PWSBW

31

PWSBW

21

PWSBW

11

PWSBW

01

PWSBW

9

PWSBW

8

PWSBW

7

PWSBW

6

PWSBW

5

PWSBW

4

PWSBW

3

PWSBW

2

PWSBW

1

PWSBW

0

W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWSBW

7

PWSBW

6

PWSBW

5

PWSBW

4

PWSBW

3

PWSBW

2

PWSBW

1

PWSBW

0

PWSBW

51

PWSBW

41

PWSBW

31

PWSBW

21

PWSBW

11

-PWSBW

01

PWSBW

9

PWSBW

8

PBSWPL :

x'00FFA2'

8/16-bit access register

Pointer Data Byte
Swap Register (Lower)

15:0 Pointer Data Byte Swap Data During read operations, the upper 8 bits

are remain and the lower 8 bits of

PBSWPH are read out in the lower 8 bits.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

PWSBP

51

PWSBP

41

PWSBP

31

PWSBP

21

PWSBP

11

PWSBP

01

PWSBP

9

PWSBP

8

PWSBP

7

PWSBP

6

PWSBP

5

PWSBP

4

PWSBP

3

PWSBP

2

PWSBP

1

PWSBP

0

W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWSBP

51

PWSBP

41

PWSBP

31

PWSBP

21

PWSBP

11

PWSBP

01

PWSBP

9

PWSBP

8

PWSBP

32

PWSBP

22

PWSBP

12

PWSBP

02

PWSBP

91

PWSBP

81

PWSBP

71

PWSBP

61

PBSWPH :

x'00FFA4'

8/16-bit access register

Pointer Data Byte
Swap Register (Upper)

7:0 Pointer Data Byte Swap Data During read operations, the lower 8 bits of

PBSWPL are read out in the upper 8 bits.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

- - - - - - - -
PWSBP

32

PWSBP

22

PWSBP

12

PWSBP

02

PWSBP

91

PWSBP

81

PWSBP

71

PWSBP

61

- - - - - - - - W/R W/R W/R W/R W/R W/R W/R W/R

- - - - - - - - 0 0 0 0 0 0 0 0

- - - - - - - -
PWSBP

7

PWSBP

6

PWSBP

5

PWSBP

4

PWSBP

3

PWSBP

2

PWSBP

1

PWSBP

0

LBSWPL :

x'00FFA6'

8/16-bit access register

Long-word Data Byte
Swap Register (Lower)

15:0 Long-word Data Byte Swap

Data

During read operations, the lower 8 bits of

LBSWPH are read out in the upper 8 bits

and the upper 8 bits of LBSWPH are read

out in the lower 8 bits.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

PWSBL

51

PWSBL

41

PWSBL

31

PWSBL

21

PWSBL

11

PWSBL

01

PWSBL

9

PWSBL

8

PWSBL

7

PWSBL

6

PWSBL

5

PWSBL

4

PWSBL

3

PWSBL

2

PWSBL

1

PWSBL

0

W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWSBL

32

PWSBL

22

PWSBL

12

PWSBL

02

PWSBL

91

PWSBL

81

PWSBL

71

PWSBL

61

PWSBL

13

PWSBL

03

PWSBL

92

PWSBL

82

PWSBL

72

PWSBL

62

PWSBL

52

PWSBL

42
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LBSWPH :

x'00FFA8'

8/16-bit access register

Long-word Data Byte
Swap Register (Upper)

15:0 Long-word Data Byte Swap

Data

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.

51 41 31 21 11 01 9 8 7 6 5 4 3 2 1 0

PWSBL

13

PWSBL

03

PWSBL

92

PWSBL

82

PWSBL

72

PWSBL

62

PWSBL

52

PWSBL

42

PWSBL

32

PWSBL

22

PWSBL

12

PWSBL

02

PWSBL

91

PWSBL

81

PWSBL

71

PWSBL

61

W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R W/R

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWSBL

7

PWSBL

6

PWSBL

5

PWSBL

4

PWSBL

3

PWSBL

2

PWSBL

1

PWSBL

0

PWSBL

51

PWSBL

41

PWSBL

31

PWSBL

21

PWSBL

11

PWSBL

01

PWSBL

9

PWSBL

8
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PPLU :

x'00FFB0'
Port Pullup Control
Register

*Note SB1P SB0P PA4P PA3P PA2P PA1P PA0P CSP REWEP P60P AHP AMP ALP DHP DLP

R R/W R/W R/w R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

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

16-bit access register

Always set bit 15 to 0.14 Pullup Resistors of Serial 1

Related Pins (SBT1, SBI1, SBO1)

13 Pullup Resistors of Serial 0

Related Pins (SBT0, SBI0, SBO0)

12 Pullup Resistor of IRQ4 (PA4)

11 Pullup Resistor of IRQ3 (PA3)

10 Pullup Resistor of IRQ2 (PA2)

9 Pullup Resistor of IRQ1 (PA1)

8 Pullup Resistor of IRQ0 (PA0)

7 Pullup Resistors of /CS3 to /CS0

6 Pullup Resistors of External

Memory Related Pins (/RE,

/BSTRE, /WEH,  /WEL)

5 Pullup Resistor of WAIT (P60)

4 Pullup Resistors of A23 to A16

3 Pullup Resistors of A15 to A8

2 Pullup Resistors of A7 to A0

1 Pullup Resistors of D15 to D8

0 Pullup Resistors of D7 to D0

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

0: Off 1: On

*Note: Always set 0.
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7 6 5 4 3 2 1 0

P0 P0 P0 P0 P0 P0 P0 P0

OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P0OUT :

x'00FFC0'

8/16-bit access register

7:0 Port 0 Output

7 6 5 4 3 2 1 0

P1 P1 P1 P1 P1 P1 P1 P1

OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P1OUT :

x'00FFC1'

8-bit access register
(16-bit access is possible
from even address)7:0 Port 1 Output

7 6 5 4 3 2 1 0

P2 P2 P2 P2 P2 P2 P2 P2

OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P2OUT :

x'00FFC2'

8/16-bit access register

7:0 Port 2 Output

7 6 5 4 3 2 1 0

P3 P3 P3 P3 P3 P3 P3 P3

OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P3OUT :

x'00FFC3'

8-bit access register
(16-bit access is possible
from even address)7:0 Port 3 Output

Port 3 Output
Register

Port 2 Output
Register

Port 1 Output
Register

Port 0 Output
Register
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7 6 5 4 3 2 1 0

P4 P4 P4 P4 P4 P4 P4 P4

OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P4OUT :

x'00FFC4'

8/16-bit access register

7:0 Port 4 Output

7 6 5 4 3 2 1 0

P5 P5 P5 P5 P5 P5 P5 P5

OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P5OUT :

x'00FFC5'

8-bit access register
(16-bit access is possible
from even address)7:0 Port 5 Output

7 6 5 4 3 2 1 0

- - - - P6 P6 P6 P6

OUT3 OUT2 OUT1 OUT0

R R R R R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0 0 0 0 0/1 0/1 0/1 0/1

P6OUT :

x'00FFC6'

8/16-bit access register

3:0 Port 6 Output

Port 4 Output
Register

Port 5 Output
Register

Port 6 Output
Register
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7 6 5 4 3 2 1 0

- - P7 P7 P7 P7 P7 P7

OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R R R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0 0 0/1 0/1 0/1 0/1 0/1 0/1

P7OUT :

x'00FFC7'

8-bit access register
(16-bit access is possible
from even address)5:0 Port 7 Output

Port 7 Output
Register

7 6 5 4 3 2 1 0

P8 P8 P8 P8 P8 P8 P8 P8

OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P8OUT :

x'00FFC8'

8/16-bit access register

7:0 Port 8 Output

7 6 5 4 3 2 1 0

P9 P9 P9 P9 P9 P9 P9 P9

OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P9OUT :

x'00FFC9'

8-bit access register
(16-bit access is possible
from even address)7:0 Port 9 Output

7 6 5 4 3 2 1 0

- - PA PA PA PA PA PA

OUT5 OUT4 OUT3 OUT2 OUT1 OUT0

R R R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0 0 0/1 0/1 0/1 0/1 0/1 0/1

PAOUT :

x'00FFCA'

8/16-bit access register

5:0 Port A Output

Port 9 Output
Register

Port 8 Output
Register

Port A Output
Register
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A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

R

S

T

U

V

W

X

Y

Z

7 6 5 4 3 2 1 0

P0 P0 P0 P0 P0 P0 P0 P0

IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

Port Port Port Port Port Port Port Port

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P0IN :

x'00FFD0'

8/16-bit access register

7:0 Port 0 Input

7 6 5 4 3 2 1 0

P1 P1 P1 P1 P1 P1 P1 P1

IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

Port Port Port Port Port Port Port Port

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P1IN :

x'00FFD1'

8-bit access register
(16-bit access is possible
from even address)7:0 Port 1 Input

7 6 5 4 3 2 1 0

P2 P2 P2 P2 P2 P2 P2 P2

IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

Port Port Port Port Port Port Port Port

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P2IN :

x'00FFD2'

8/16-bit access register

7:0 Port 2 Input

Port 0 Input
Register

Port 1 Input
Register

Port 2 Input
Register



Chapter 9  Appendix

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

7 6 5 4 3 2 1 0

P3 P3 P3 P3 P3 P3 P3 P3

IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

Port Port Port Port Port Port Port Port

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P3IN :

x'00FFD3'

8-bit access register
(16-bit access is possible
from even address)7:0 Port 3 Input

Port 3 Input
Register

7 6 5 4 3 2 1 0

P4 P4 P4 P4 P4 P4 P4 P4

IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

Port Port Port Port Port Port Port Port

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P4IN :

x'00FFD4'

8/16-bit access register

7:0 Port 4 Input

7 6 5 4 3 2 1 0

P5 P5 P5 P5 P5 P5 P5 P5

IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

Port Port Port Port Port Port Port Port

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P5IN :

x'00FFD5'

8-bit access register
(16-bit access is possible
from even address)7:0 Port 5 Input

Port 5 Input
Register

Port 4 Input
Register
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A

B

C

D

E

F

G

H

I

J

K

L

M

N
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P

Q
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S

T

U

V

W

X

Y

Z

7 6 5 4 3 2 1 0

- - - - P6 P6 P6 P6

IN3 IN2 IN1 IN0

R R R R R R R R

0 0 0 0 Port Port Port Port

0 0 0 0 0/1 0/1 0/1 0/1

P6IN :

x'00FFD6'

8/16-bit access register

3:0 Port 6 Input

7 6 5 4 3 2 1 0

- - P7 P7 P7 P7 P7 P7

IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

1 1 Port Port Port Port Port Port

1 1 0/1 0/1 0/1 0/1 0/1 0/1

P7IN :

x'00FFD7'

8-bit access register
(16-bit access is possible
from even address)5:0 Port 7 Input

Port 7 Input
Register

Port 6 Input
Register

7 6 5 4 3 2 1 0

P8 P8 P8 P8 P8 P8 P8 P8

IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

Port Port Port Port Port Port Port Port

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P8IN :

x'00FFD8'

8/16-bit access register

7:0 Port 8 Input

7 6 5 4 3 2 1 0

P9 P9 P9 P9 P9 P9 P9 P9

IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

Port Port Port Port Port Port Port Port

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P9IN :

x'00FFD9'

8-bit access register
(16-bit access is possible
from even address)7:0 Port 9 Input

Port 9 Input
Register

Port 8 Input
Register
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7 6 5 4 3 2 1 0

- NMI PA PA PA PA PA PA

IN5 IN4 IN3 IN2 IN1 IN0

R R R R R R R R

0 NMI Port Port Port Port Port Port

0 0/1 0/1 0/1 0/1 0/1 0/1 0/1

PAIN :

x'00FFDA'

8-bit access register
(16-bit access is possible
from even address)

Bit 6 is the level of /NMI pin.

5:0 Port A Input

Port A Input
Register

7 6 5 4 3 2 1 0

- - - - - - - P0

DIR0

R R R R R R R R/W

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0/1

P0DIR :

x'00FFE0'

8/16-bit access register

Setting 1 is allowed only when

port 0 is used.

0 All Pin Input/Output of Port 0 0: Input

1: Output

7 6 5 4 3 2 1 0

- - - - - - - P1

DIR0

R R R R R R R R/W

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0/1

P1DIR :

x'00FFE1'

8-bit access register
(16-bit access is possible
from even address)

Setting 1 is allowed only when

port 1 is used.

0 All Pin Input/Output of Port 1 0: Input

1: Output

Port 0 Input/Output
Control Register

Port 1 Input/Output
Control Register
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7 6 5 4 3 2 1 0

- - - P2 - - - P2

DIR4 DIR0

R R R R/W R R R R/W

0 0 0 0 0 0 0 0

0 0 0 0/1 0 0 0 0/1

P2DIR :

x'00FFE2'

8/16-bit access register

Selecting 1 is not allowed in ad-

dress/data separated mode dur-

ing processor mode.

4 Bits [7:4] Input/Output of Port 2

0 Bits [3:0] Input/Output of Port 2

0: Input

1: Output

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 DIR1 DIR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P3DIR :

x'00FFE3'

8-bit access register
(16-bit access is possible
from even address)7:0 Each Pin Input/Output of Port 3 0: Input

1: Output

Port 2 Input/Output
Control Register

Port 3 Input/Output
Control Register

7 6 5 4 3 2 1 0

P4 P4 P4 P4 P4 P4 P4 P4

DIR7 DIR6 DIR5 DIR4 DIR3 DIR2 DIR1 DIR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P4DIR :

x'00FFE4'

8/16-bit access register

7:0 Each Pin Input/Output of Port 4 0: Input

1: Output

Port 4 Input/Output
Control Register

Selecting 1 is not allowed in ad-

dress/data separated mode dur-

ing processor mode.

Selecting 1 is not allowed in ad-

dress/data separated mode dur-

ing processor mode.
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7 6 5 4 3 2 1 0

P5 P5 P5 P5 P5 P5 P5 P5

DIR7 DIR6 DIR5 DIR4 DIR3 DIR2 DIR1 DIR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P5DIR :

x'00FFE5'

8-bit access register
(16-bit access is possible
from even address)

Sett ing 1 to bi ts[7:6]  and

bits[3:0] of this register is not al-

lowed during processor mode.

7:0 Each Pin Input/Output of Port 5 0: Input

1: Output

7 6 5 4 3 2 1 0

- - - - P6 P6 P6 P6

DIR3 DIR2 DIR1 DIR0

R R R R R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0 0 0 0 0/1 0/1 0/1 0/1

P6DIR :

x'00FFE6'

8/16-bit access register

3:0 Each Pin Input/Output of Port 6 0: Input

1: Output

Port 5 Input/Output
Control Register

Port 6 Input/Output
Control Register

7 6 5 4 3 2 1 0

*Note *Note P7 P7 P7 P7 P7 P7

DIR5 DIR4 DIR3 DIR2 DIR1 DIR0

R R R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0 0 0/1 0/1 0/1 0/1 0/1 0/1

P7DIR :

x'00FFE7'

8-bit access register
(16-bit access is possible
from even address)5:0 Each Pin Input/Output of Port 7 0: Input

1: Output

Port 7 Input/Output
Control Register

Setting 1 to bits[3:1] of this regis-

ter is not allowed during proces-

sor mode.

*Note: Always set 0.
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7 6 5 4 3 2 1 0

P8 P8 P8 P8 P8 P8 P8 P8

DIR7 DIR6 DIR5 DIR4 DIR3 DIR2 DIR1 DIR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P8DIR :

x'00FFE8'

8/16-bit access register

7:0 Each Pin Input/Output of Port 8 0: Input

1: Output

7 6 5 4 3 2 1 0

P9 P9 P9 P9 P9 P9 P9 P9

DIR7 DIR6 DIR5 DIR4 DIR3 DIR2 DIR1 DIR0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P9DIR :

x'00FFE9'

8-bit access register
(16-bit access is possible
from even address)7:0 Each Pin Input/Output of Port 9 0: Input

1: Output

Port 8 Input/Output
Control Register

Port 9 Input/Output
Control Register

7 6 5 4 3 2 1 0

- - PA PA PA PA PA PA

DIR5 DIR4 DIR3 DIR2 DIR1 DIR0

R R R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0 0 0/1 0/1 0/1 0/1 0/1 0/1

PADIR :

x'00FFEA'

8/16-bit access register

5:0 Each Pin Input/Output of Port A 0: Input

1: Output

Port A Input/Output
Control Register
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7 6 5 4 3 2 1 0

- - - - - - - P0

MD0

R R R R R R R R/W

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0/1

P0MD :

x'00FFF0'

8/16-bit access register

P0MD is valid and used as a

port when /WORD pin = 'H' and

MEMMDn[8] (n=1 to 3) = 'H'.

0 Port 0 Output 0: P07 to P00 Output

1: D7 to D0 (AD7 to AD0) I/O

7 6 5 4 3 2 1 0

- - - - - - - P1

MD0

R R R R R R R R/W

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0/1

P1MD :

x'00FFF1'

8-bit access register
(16-bit access is possible
from even address)0 Port 1 Output 0: P17 to P10 Output

1: D15 to D8 (AD15 to AD8) I/O

Port 0 Output Mode
Register

Port 1 Output Mode
Register

7 6 5 4 3 2 1 0

- - - P2 - - - P2

MD4 MD0

R R R R/W R R R R/W

0 0 0 0 0 0 0 0

0 0 0 0/1 0 0 0 0/1

P2MD :

x'00FFF2'

8/16-bit access register

4 Port 2 Output

0 Port 2 Output

0: P27 to P24 Output

1: A07 to A04 Output

0: P23 to P20 Output

1: A03 to A00 Output

Port 2 Output Mode
Register

P2MD is invalid in address/data

separated mode during proces-

sor mode.

P1MD is invalid during proces-

sor mode.
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U

V

W

X

Y

Z

7 6 5 4 3 2 1 0

P3 P3 P3 P3 P3 P3 P3 P3

MD7 MD6 MD5 MD4 MD3 MD2 MD1 MD0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P3MD :

x'00FFF3'

8-bit access register
(16-bit access is possible
from even address)7 Port 3 Output

6 Port 3 Output

5 Port 3 Output

4 Port 3 Output

3 Port 3 Output

2 Port 3 Output

1 Port 3 Output

0 Port 3 Output

0: P37 output 1: A15 output

0: P36 output 1: A14 output

0: P35 output 1: A13 output

0: P34 output 1: A12 output

0: P33 output 1: A11 output

0: P32 output 1: A10 output

0: P31 output 1: A09 output

0: P30 output 1: A08 output

Port 3 Output Mode
Register

P3MD is invalid in address/data

separated mode during proces-

sor mode.

7 6 5 4 3 2 1 0

P4 P4 P4 P4 P4 P4 P4 P4

MD7 MD6 MD5 MD4 MD3 MD2 MD1 MD0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P4MD :

x'00FFF4'

8/16-bit access register

7 Port 4 Output

6 Port 4 Output

5 Port 4 Output

4 Port 4 Output

3 Port 4 Output

2 Port 4 Output

1 Port 4 Output

0 Port 4 Output

0: P47 output

1: A23 output or WDOUT output*

0: P46 output

1: A22 output or STOP output*

0: P45 output 1: A21 output

0: P44 output 1: A20 output

0: P43 output 1: A19 output

0: P42 output 1: A18 output

0: P41 output 1: A17 output

0: P40 output 1: A16 output

Port 4 Output Mode
Register

Bits[5:0] of P4MD are invalid

during processor mode.

* Selection is determined by set-

ting with P6MD.
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7 6 5 4 3 2 1 0

- P5 P5 P5 P5 P5 P5 P5

MD6 MD5 MD4 MD3 MD2 MD1 MD0

R R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P5MD :

x'00FFF5'

8-bit access register
(16-bit access is possible
from even address)6 Port 5 Output

5 Port 5 Output

4 Port 5 Output

3 Port 5 Output

2 Port 5 Output

1 Port 5 Output

0 Port 5 Output

0: P56 output

1: /BSTRE output (address/data separated mode)

0: P56 output

1: ALE (/ALE) output (address/data shared mode)

0: P55 output 1: /BRACK output

0: P54 output 1: /BREQ Input

0: P53 output 1: /CS3 output

0: P52 output 1: /CS2 output

0: P51 output 1: /CS1 output

0: P50 output 1: /CS0 output

Port 5 Output Mode
Register

Bits[6, 3:0] of P5MD are invalid

during processor mode.

7 6 5 4 3 2 1 0

P6 P6 - - P6 P6 P6 -

MD7 MD6 MD3 MD2 MD1

R/W R/W R R R/W R/W R/W R

0 0 0 0 0 0 0 0

0/1 0/1 0 0 0/1 0/1 0/1 0

P6MD :

x'00FFF6'

8/16-bit access register

7 Selection When P4MD7 is High

6 Selection When P4MD6 is High

3 Port 6 Output

2 Port 6 Output

1 Port 6 Output

0: A23 output 1: WDOUT output

0: A22 output 1: STOP output

0: P63 output 1: /WEH output

0: P62 output 1: /WEL output

0: P61 output 1: /RE output

Port 6 Output Mode
Register

Bits[3:1] of P6MD are invalid

during processor mode.
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W

X

Y
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7 6 5 4 3 2 1 0

- - P7 - P7 P7 - P7

MD5 MD3 MD2 MD0

R R R/W R R/W R/W R R/W

0 0 0 0 0 0 0 0

0 0 0/1 0 0/1 0/1 0 0/1

P7MD :

x'00FFF7'

8-bit access register
(16-bit access is possible
from even address)5 Port 7 Output

3 Port 7 Output

2 Port 7 Output

0 Port 7 Output

0: P75 output 1: SBO1 output

0: P73 output 1: SBT1 output

0: P72 output 1: SBO0 output

0: P70 output 1: SBT0 output

Port 7 Output Mode
Register

7 6 5 4 3 2 1 0

P8 P8 P8 P8 P8 P8 P8 P8

MD7 MD6 MD5 MD4 MD3 MD2 MD1 MD0

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

P8MD :

x'00FFF8'

8/16-bit access register

7 Port 8 Output

6 Port 8 Output

5 Port 8 Output

4 Port 8 Output

3 Port 8 Output

2 Port 8 Output

1 Port 8 Output

0 Port 8 Output

0: P87 output 1: TM6IOB output

0: P86 output 1: TM6IOA output

0: P85 output 1: TM5IO output

0: P84 output 1: TM4IO output

0: P83 output 1: TM3IO output

0: P82 output 1: TM2IO output

0: P81 output 1: TM1IO output

0: P80 output 1: TM0IO output

Port 8 Output Mode
Register
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7 6 5 4 3 2 1 0

- - - - - P9 P9 -

MD2 MD1

R R R R R R/W R/W R

0 0 0 0 0 0 0 0

0 0 0 0 0 0/1 0/1 0

P9MD :

x'00FFF9'

8-bit access register
(16-bit access is possible
from even address)2 Port 9 Output

1 Port 9 Output

0: P92 output 1: TM7IOB output

0: P91 output 1: TM7IOA output

Port 9 Output Mode
Register
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9-2-3  List of Pin Functions

EE = External excitation

Pin Name
Input
level

Output
level

Schmitt
trigger

Pull-up
register RESET*1 RESET*2 RESET*3 BREQ="L" STOP/HALT

１ P60,WAIT TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

２ P61,RE TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at RE Hi-Z at RE

３ P62,WEL TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at WEL Hi-Z at WEL

４ P63,WEH TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at WEH Hi-Z at WEH

５ P50,CS0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at CS0 Hi-Z at CS0

６ P51,CS1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at CS1 Hi-Z at CS1

７ P52,CS2 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at CS2 Hi-Z at CS2

８ P53,CS3 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at CS3 Hi-Z at CS3

９ P54,BREQ TTL CMOS Yes No Hi-Z Hi-Z Hi-Z Low *

10 P55,BRACK TTL CMOS Yes No Hi-Z Hi-Z Hi-Z Low *

11 P56,ALE,ALE,BSTRE TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P56 Hi-Z except P57

12 P57,WORD TTL CMOS Yes No Hi-Z Hi-Z Hi-Z * *

13 P20,A00 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A00 Hi-Z at A00

14 P21,A01 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A01 Hi-Z at A01

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 CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A03 Hi-Z at A03

17 VDD - - - - - - - - -

18 SYSCLK - CMOS - No High High High * *4

19 VSS - - - - - - - - -

20 XI - - - - - - - - -

21 XO - - - - High(EE) High(EE) High(EE) * *4

22 VDD - - - - - - - - -

23 OSCI - - - - - - - - -

24 OSCO - - - - High(EE) High(EE) High(EE) * *5

25 MODE CMOS - Yes No High(Input) Low(Input) Low(Input) MODE MODE

26 P24,A04 TTL CMOS 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 A05 Hi-Z at A05

28 P26,A06 TTL CMOS 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 A07 Hi-Z at A07

30 P30,A08 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A08 Hi-Z at A08

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 CMOS 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 CMOS 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 CMOS 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 CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A19 Hi-Z at A19

43 VSS - - - - - - - - -

44 P44,A20,AN4 Analog CMOS 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,TM1IO CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

50 P82,TM2IO CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *
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51 P83,TM3IO CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

52 P84,TM4IO CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

53 P85,TM5IO CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

54 VDD - - - - - - - - -

55 P86,TM6IOA CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

56 P87,TM6IOB CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

57 P90,TM6IC CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

58 P91,TM7IOA CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

59 P92,TM7IOB CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

60 P93,TM7IC CMOS*6 CMOS Yes No Hi-Z Hi-Z Hi-Z * *

61 VSS - - - - - - - - -

62 P94,AN0 Analog CMOS No No Hi-Z Hi-Z Hi-Z * *

63 P95,AN1 Analog CMOS No No Hi-Z Hi-Z Hi-Z * *

64 P96,AN2 Analog CMOS No No Hi-Z Hi-Z Hi-Z * *

65 P97,AN3 Analog CMOS No No Hi-Z Hi-Z Hi-Z * *

66 VDD(VPP) - - - - - - - - -

67 P70,SBT0 CMOS*6 CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

68 P71,SBI0 CMOS*6 CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

69 P72,SBO0 CMOS*6 CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

70 P73,SBT1 CMOS*6 CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

71 P74,SBI1 CMOS*6 CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

72 P75,SBO1 CMOS*6 CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

73 Pull-up - - - - - - - - -

74 Pull-up - - - - - - - - -

75 NMI CMOS*6 - Yes No NMI NMI NMI NMI NMI

76 PA0,IRQ0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

77 PA1,IRQ1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

78 PA2,IRQ2 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

79 PA3,IRQ3 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

80 PA4,IRQ4 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * *

81 PA5,ADSEP CMOS CMOS Yes No Hi-Z HighInput) Low(Input) * *

82 RST CMOS - Yes Always Low(Input) Low(Input) Low(Input) High High

83 VDD - - - - - - - - -

84 P00,D00,AD00 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P00 Hi-Z except P00

85 P01,D01,AD01 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P01 Hi-Z except P01

86 P02,D02,AD02 TTL CMOS No Programmable Hi-Z 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 P03 Hi-Z except P03

88 P04,D04,AD04 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P04 Hi-Z except P04

89 P05,D05,AD05 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P05 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,AD07 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P07 Hi-Z except P07

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 CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P11 Hi-Z except P11

95 P12,D10,AD10 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P12 Hi-Z except P12

96 P13,D11,AD11 TTL CMOS No Programmable Hi-Z 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-Z Hi-Z Hi-Z except P16 Hi-Z except P16

100 P17,D15,AD15 TTL CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z except P17 Hi-Z except P17

*: Depends on pin setting *1: Single-chip mode *2:Processor mode (Address/Data separated mode)　*3: Processor mode (Address/Data shared mode)

*4: High during STOP mode    *5:High during STOP and HALT 1 mode    *6:TTL in the MN102L490A  



MOV Dm,An Dm→An – – – – – – – – – 2 2 F2:30+Dm<<2+An

MOV An,Dm An→Dm – – – – – – – – – 2 2 F2:F0+An<<2+Dm

MOV Dn,Dm Dn→Dm – – – – – – – – – 1 1 80+Dn<<2+Dm *1

MOV An,Am An→Am – – – – – – – – – 2 2 F2:70+An<<2+Am

MOV PSW,Dn PSW→Dn 0 – – – – – – – – 2 2 F3:F0+Dn

MOV Dn,PSW Dn→PSW – ● ● ● ● ● ● ● ● 2 3 F3:D0+Dn<<2

MOV MDR,Dn MDR→Dn 0 – – – – – – – – 2 2 F3:E0+Dn

MOV Dn,MDR Dn→MDR – – – – – – – – – 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 – – – – – – – – 2 1 60+An<<2+Dm:d8

MOV (d16,An),Dm mem16(An+d16)→Dm S – – – – – – – – 4 2 F7:C0+An<<2+Dm:d16-l: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 – – – – – – – – 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 – – – – – – – – – 2 2 *2

MOV (d8,An),Am mem24(An+d8)→Am – – – – – – – – – 2 2 70+An<<2+Am:d8

MOV (d16,An),Am mem24(An+d16)→Am – – – – – – – – – 4 3 F7:B0+An<<2+Am:d16-l:d16-h

MOV (d24,An),Am mem24(An+d24)→Am – – – – – – – – – 5 4 F4:F0+An<<2+Am:d24-l:d24-m:d24-h

MOV (Di,An),Am mem24(An+Di)→Am – – – – – – – – – 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 – – – – – – – – – 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) – – – – – – – – – 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) – – – – – – – – – 5 3 F4:00+An<<2+Dm:d24-l:d24-m:d24-h

MOV Dm,(Di,An) Dm→mem16(An+Di) – – – – – – – – – 2 2 F1:C0+Di<<4+An<<2+Dm

MOV Dn,(abs16) Dn→mem16(abs16) – – – – – – – – – 3 1 C0+Dn:abs16-l:abs16-h

MOV Dn,(abs24) Dn→mem16(abs24) – – – – – – – – – 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) – – – – – – – – – 2 2 50+An<<2+Am:d8

MOV Am,(d16,An) Am→mem24(An+d16) – – – – – – – – – 4 3 F7:A0+An<<2+Am:d16-l:d16-h

MOV Am,(d24,An) Am→mem24(An+d24) – – – – – – – – – 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→mem24(abs24) – – – – – – – – – 5 4 F4:50+An:abs24-l:abs24-m:abs24-h

MOV imm8,Dn imm8→Dn S – – – – – – – – 2 1 80+Dn<<2+Dn:imm8

MOV imm16,Dn imm16→Dn S – – – – – – – – 3 1 F8+Dn:imm16-l: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:imm16-l:imm16-h

MOV imm24,An imm24→An – – – – – – – – – 5 3 F4:74+An:imm24-l:imm24-m:imm24-h

MOVX (d8,An),Dm mem24(An+d8)→Dm – – – – – – – – – 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 – – – – – – – – – 5 4 F4:B0+An<<2+Dm:d24-l:d24-m:d24-h

MOVX Dm,(d8,An) Dm→mem24(An+d8) – – – – – – – – – 3 3 F5:50+An<<2+Dm:d8

MOVX Dm,(d16,An) Dm→mem24(An+d16) – – – – – – – – – 4 3 F7:60+An<<2+Dm:d16-l:d16-h

MOVX Dm,(d24,An) Dm→mem24(An+d24) – – – – – – – – – 5 4 F4:30+An<<2+Dm:d24-l:d24-m:d24-h

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-l:d16-h

MOVB (d24,An),Dm mem8(An+d24)→Dm S – – – – – – – – 5 3 F4:A0+An<<2+Dm:d24-l: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 – – – – – – – – 4 2 *5

MOVB (abs24),Dn mem8(abs24)→Dns S – – – – – – – – 5 3 F4:C4+Dn:abs24-l:abs24-m:abs24-h

MOVB Dm,(An) Dm→mem8(An) – – – – – – – – – 1 1 10+Dm<<2+An

MOVB Dm,(d8,An) Dm→mem8(An+d8) – – – – – – – – – 3 2 F5:10+An<<2+Dm:d8

MOVB Dm,(d16,An) Dm→mem8(An+d16) – – – – – – – – – 4 2 F7:90+An<<2+Dm:d16-l: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 F0:C0+Di<<4+An<<2+Dm

266 MN10200 Series Linear Addressing Version Instructions

Instruction Mnemonic Operation
VX CX NX ZX VF CF NF ZF

FlagOP
EX.

Code
Size

Cycle Machine Code

MOV

MOVX

MOVB

MN102L00 SERIES INSTRUCTION SET

Notes: *1 It is not possible to specify that Dn=Dm.
*2 This instruction is supported by the assembler. For "MOV (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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MOVB Dn,(abs16) Dn→mem8(abs16) – – – – – – – – – 3 1 C4+Dn:abs16-l:abs16-h

MOVB Dn,(abs24) Dn→mem8(abs24) – – – – – – – – – 5 3 F4:44+Dn:abs24-l:abs24-m:abs24-h

MOVBU (An),Dm mem8(An)→Dm 0 – – – – – – – – 1 1 30+An<<2+Dm

MOVBU (d8,An),Dm  mem8(An+d8)→Dm 0 – – – – – – – – 3 2 F5:30+An<<2+Dm:d8

MOVBU (d16,An),Dm mem8(An+d16)→Dm 0 – – – – – – – – 4 2 F7:50+An<<2+Dm:d16-l:d16-h

MOVBU (d24,An),Dm mem8(An+d24)→Dm 0 – – – – – – – – 5 3 F4:90+An<<2+Dm:d24-l:d24-m:d24-h

MOVBU (Di,An),Dm  mem8(An+Di)→Dm 0 – – – – – – – – 2 2 F0:80+Di<<4+An<<2+Dm

MOVBU (abs16),Dn  mem8(abs16)→Dn 0 – – – – – – – – 3 1 CC+Dn:abs16-l:abs16-h

MOVBU (abs24),Dn  mem8(abs24)→Dn 0 – – – – – – – – 5 3 F4:C8+Dn:abs24-l:abs24-m:abs24-h

EXT Dn If Dn.bp15=0, S – – – – – – – – 2 3 F3:C1+Dn<<2 *6

x'0000'→MDR

If Dn.bp15=1,

x'FFFF'→MDR

EXTX Dn If Dn.bp15=0, S – – – – – – – – 1 1 B0+Dn *7

Dn&x'00FFFF'→Dn

If Dn.bp15=1,

Dn|x'FF0000'→Dn

EXTXU Dn Dn&x'00FFFF'→Dn 0 – – – – – – – – 1 1 B4+Dn *8

EXTXB Dn If Dn.bp7=0 S – – – – – – – – 1 1 B8+Dn *9

Dn&x'0000FF'→Dn

If Dn.bp7=1

Dn|x'FFFF00'→Dn

EXTXBU Dn Dn&x'0000FF'→Dn 0 – – – – – – – – 1 1 BC+Dn *10

ADD Dn,Dm Dm+Dn→Dm – ● ● ● ● ● ● ● ● 1 1 90+Dn<<2+Dm

ADD Dm,An An+Dm→An – ● ● ● ● ● ● ● ● 2 2 F2:00+Dm<<2+An

ADD An,Dm Dm+An→Dm – ● ● ● ● ● ● ● ● 2 2 F2:C0+An<<2+Dm

ADD An,Am Am+An→Am – ● ● ● ● ● ● ● ● 2 2 F2:40+An<<2+Am

ADD imm8,Dn Dn+imm8→Dn S ● ● ● ● ● ● ● ● 2 1 D4+Dn:imm8

ADD imm16,Dn Dn+imm16→Dn S ● ● ● ● ● ● ● ● 4 2 F7:18+Dn:imm16-l:imm16-h

ADD imm24,Dn  Dn+imm24→Dn – ● ● ● ● ● ● ● ● 5 3 F4:60+Dn:imm24-l:imm24-m:imm24-h

ADD imm8,An An+imm8→An S ● ● ● ● ● ● ● ● 2 1 D0+An:imm8

ADD imm16,An An+imm16→An S ● ● ● ● ● ● ● ● 4 2 F7:08+An:imm16-l:imm16-h

ADD imm24,An An+imm24→An – ● ● ● ● ● ● ● ● 5 3 F4:64+An:imm24-l:imm24-m:imm24-h

ADDC Dn,Dm Dm+Dn+CF→Dm – ● ● ● ● ● ● ● ● 2 2 F2:80+Dn<<2+Dm

ADDNF imm8,An An+imm8→An S – – – – – – – – 3 2 F5:0C+An:imm8 *11

SUB Dn,Dm Dm-Dn→Dm – ● ● ● ● ● ● ● ● 1 1 A0+Dn<<2+Dm

SUB Dm,An An-Dm→An – ● ● ● ● ● ● ● ● 2 2 F2:10+Dn<<2+An

SUB An,Dm Dm-An→Dm – ● ● ● ● ● ● ● ● 2 2 F2:D0+An<<2+Dm

SUB An,Am Am-An→Am – ● ● ● ● ● ● ● ● 2 2 F2:50+An<<2+Am

SUB imm16,Dn Dn-imm16→Dn    S ● ● ● ● ● ● ● ● 4 2 F7:1C+Dn:imm16-l:imm16-h

SUB imm24,Dn Dn-imm24→Dn – ● ● ● ● ● ● ● ● 5 3 F4:68+Dn:imm24-l:imm24-m:imm24-h

SUB imm16,An An-imm16→An S ● ● ● ● ● ● ● ● 4 2 F7:0C+An:imm16-l:imm16-h

SUB imm24,An  An-imm24→An    – ● ● ● ● ● ● ● ● 5 3 F4:6C+An:imm24-l:imm24-m:imm24-h

SUBC Dn,Dm Dm-Dn-CF→Dm – ● ● ● ● ● ● ● ● 2 2 F2:90+Dn<<2+Dm

MUL Dn,Dm Dm×Dn→Dm – ? ? ? ? 0 ?  ● ● 2 12 F3:40+Dn<<2+Dm *12

(Dm×Dn)>>16→MDR

MULU Dn,Dm Dm×Dn→Dm – ? ? ? ? 0 ?  ● ● 2 12 F3:50+Dn<<2+Dm *13

(Dm×Dn)>>16→MDR

DIVU Dn,Dm (MDR<<16+Dm)/Dn→Dm – ? ? ● /? ● /? 0/1 ? ● /? ● /? 2 13 F3:60+Dn<<2+Dm *14

· · · MDR

VX CX NX ZX VF CF NF ZF
Instruction Mnemonic Operation

FlagOP
EX.

Code
Size

Cycle Machine Code

MOVB

MOVBU

EXT

EXTX

EXTXU

EXTXB

EXTXBU

ADD

ADDC

ADDNF

SUB

SUBC

MUL

MULU

DIVU

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 16×16 = 32 (signed)
*13 16×16 = 32 (unsigned)
*14 32÷16 = 16…16 (unsigned)
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CMP

AND

OR

XOR

NOT

ASR

LSR

ROR

ROL

BTST

BSET

BCLR

Bcc

VX CX NX ZX VF CF NF ZF
Instruction Mnemonic Operation

Flag

CMP Dn,Dm Dm-Dn – ● ● ● ● ● ● ● ● 2 2 F3:90+Dn<<2+Dm

CMP Dm,An An-Dm – ● ● ● ● ● ● ● ● 2 2 F2:20+Dm<<2+An

CMP An,Dm Dm-An – ● ● ● ● ● ● ● ● 2 2 F2:E0+An<<2+Dm

CMP An,Am Am-An – ● ● ● ● ● ● ● ● 2 2 F2:60+An<<2+Am

CMP imm8,Dn Dn-imm8 S ● ● ● ● ● ● ● ● 2 1 D8+Dn:imm8

CMP imm16,Dn Dn-imm16 S ● ● ● ● ● ● ● ● 4 2 F7:48+Dn:imm16-l:imm16-h

CMP imm24,Dn Dn-imm24 – ● ● ● ● ● ● ● ● 5 3 F4:78+Dn:imm24-l:imm24-m:imm24-h

CMP imm16,An An-imm16 0 ● ● ● ● ● ● ● ● 3 1 EC+An:imm16-l:imm16-h

CMP imm24,An An-imm24 – ● ● ● ● ● ● ● ● 5 3 F4:7C+An:imm24-l:imm24-m:imm24-h

AND Dn,Dm Dm&(x'FF0000'|Dn)→Dm – – – – – 0 0 ● ● 2 2 F3:00+Dn<<2+Dm *15

AND imm8,Dn Dn&(x'FF0000'|imm8)→Dn 0 – – – – 0 0 ● ● 3 2 F5:00+Dn:imm8 *15

AND imm16,Dn Dn&(x'FF0000'|imm16)→Dn – – – – – 0 0 ● ● 4 2 F7:00+Dn:imm16-l:imm16-h *15

AND imm16,PSW PSW&imm16→PSW – ● ● ● ● ● ● ● ● 4 3 F7:10:imm16-l:imm16-h *15

OR Dn,Dm Dm|(Dn&x'00FFFF')→Dm – – – – – 0 0 ● ● 2 2 F3:10+Dn<<2+Dm *15

OR imm8,Dn Dn|imm8→Dn 0 – – – – 0 0 ● ● 3 2 F5:08+Dn:imm8 *15

OR imm16,Dn Dn|imm16→Dn – – – – – 0 0 ● ● 4 2 F7:40+Dn:imm16-l:imm16-h *15

OR imm16,PSW PSW|imm16→PSW – ● ● ● ● ● ● ● ● 4 3 F7:14:imm16-l:imm16-h *15

XOR Dn,Dm Dm^(x'00FFFF'&Dn)→Dm – – – – – 0 0 ● ● 2 2 F3:20+Dn<<2+Dm *15

XOR imm16,Dn Dn^imm16→Dn – – – – – 0 0 ● ● 4 2 F7:4C+Dn:imm16-l:imm16-h *15

NOT Dn Dn^x'00FFFF'→Dn – – – – – 0 0 ● ● 2 2 F3:E4+Dn *15

ASR Dn Dn.lsb→CF – – – – – 0 ● ● ● 2 2 F3:38+Dn *15

Dn.bp→Dn.bp-1(bp15 1)

Dn.bp15→Dn.bp15

LSR Dn Dn.lsb→CF – – – – – 0 ● 0 ● 2 2 F3:3C+Dn *15

Dn.bp→Dn.bp-1(bp15 1)

0→Dn.bp15

ROR Dn Dn.lsb→temp – – – – – 0 ● ● ● 2 2 F3:34+Dn *15

Dn.bp→Dn.bp-1(bp15 1)

CF→Dn.bp15

temp→CF

ROL Dn Dn.bp15→temp – – – – – 0 ● ● ● 2 2 F3:30+Dn *15

Dn.bp→Dn.bp+1(bp14 0)

CF→Dn.lsb

temp→CF

BTST imm8,Dn Dn&imm8 · · · PSW 0 – – – – 0 0 0 ● 3 2 F5:04+Dn:imm8

BTST imm16,Dn Dn&imm16 · · · PSW 0 – – – – 0 0 ● ● 4 2 F7:04+Dn:imm16-l:imm16-h

BSET Dm,(An) mem8(An)&Dm · · · PSW 0 – – – – 0 0 0 ● 2 5 F0:20+An<<2+Dm *16

mem8(An)|Dm→mem8(An)

BCLR Dm,(An) mem8(An)&Dm · · · PSW 0 – – – – 0 0 0 ● 2 5 F0:30+An<<2+Dm *16

mem8(An)&(~Dm)→mem8(An)

BEQ label If ZF=1, – – – – – – – – – 2 2/1 E8:d8 *17

PC+2+d8(label)→PC

If ZF=0,

PC+2→PC

BNE label If ZF=0, – – – – – – – – – 2 2/1 E9:d8 *18

PC+2+d8(label)→PC

If ZF=1,

PC+2→PC

BLT label If (VF^NF)=1, – – – – – – – – – 2 2/1 E0:d8 *19

PC+2+d8(label)→PC

If (VF^NF)=0,

PC+2→PC

OP
EX.

Code
Size

Cycle Machine Code

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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Bcc

Bccx

VX CX NX ZX VF CF NF ZF
Instruction Mnemonic Operation

Flag

BLE label If ((VF^NF)|ZF)=1, – – – – – – – – – 2 2/1 E3:d8 *20

PC+2+d8(label)→PC

If ((VF^NF)|ZF)=0,

PC+2→PC

BGE label If (VF^NF)=0, – – – – – – – – – 2 2/1 E2:d8 *21

PC+2+d8(label)→PC

If (VF^NF)=1,

PC+2→PC

BGT label If ((VF^NF)|ZF)=0, – – – – – – – – – 2 2/1 E1:d8 *22

PC+2+d8(label)→PC

If ((VF^NF)|ZF)=1,

PC+2→PC

BCS label If CF=1, – – – – – – – – – 2 2/1 E4:d8 *23

PC+2+d8(label)→PC

If CF=0,

PC+2→PC

BLS label If (CF|ZF)=1, – – – – – – – – – 2 2/1 E7:d8 *24

PC+2+d8(label)→PC

If (CF|ZF)=0,

PC+2→PC

BCC label If CF=0, – – – – – – – – – 2 2/1 E6:d8 *25

PC+2+d8(label)→PC

If CF=1,

PC+2→PC

BHI label If (CF|ZF)=0, – – – – – – – – – 2 2/1 E5:d8 *26

PC+2+d8(label)→PC

If (CF|ZF)=1,

PC+2→PC

BVC label If VF=0, – – – – – – – – – 3 3/2 F5:FC:d8 *27

PC+3+d8(label)→PC

If VF=1,

PC+3→PC

BVS label If VF=1, – – – – – – – – – 3 3/2 F5:FD:d8 *28

PC+3+d8(label)→PC

If VF=0,

PC+3→PC

BNC label If NF=0, – – – – – – – – – 3 3/2 F5:FE:d8 *29

PC+3+d8(label)→PC

If NF=1,

PC+3→PC

BNS label If NF=1, – – – – – – – – – 3 3/2 F5:FF:d8 *30

PC+3+d8(label)→PC

If NF=0,

PC+3→PC

BRA label PC+2+d8(label)→PC – – – – – – – – – 2 2 EA:d8

BEQX label If ZX=1, – – – – – – – – – 3 3/2 F5:E8:d8 *31

PC+3+d8(label)→PC

If ZX=0,

PC+3→PC

BNEX label If ZX=0, – – – – – – – – – 3 3/2 F5:E9:d8 *32

PC+3+d8(label)→PC

If ZX=1,

PC+3→PC

OP
EX.

Code
Size

Cycle Machine Code

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 src≥dest (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 src≠dest (24 bits)
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BLTX label If (VX^NX)=1, – – – – – – – – – 3 3/2 F5:E0:d8 *33

PC+3+d8(label)→PC

If (VX^NX)=0,

PC+3→PC

BLEX label If ((VX^NX)|ZX)=1, – – – – – – – – – 3 3/2 F5:E3:d8 *34

PC+3+d8(label)→PC

If ((VX^NX)|ZX)=0,

PC+3→PC

BGEX label If (VX^NX)=0, – – – – – – – – – 3 3/2 F5:E2:d8 *35

PC+3+d8(label)→PC

If (VX^NX)=1,

PC+3→PC

BGTX label If ((VX^NX)|ZX)=0, – – – – – – – – – 3 3/2 F5:E1:d8 *36

PC+3+d8(label)→PC

If ((VX^NX)|ZX)=1,

PC+3→PC

BCSX label If CX=1, – – – – – – – – – 3 3/2 F5:E4:d8 *37

PC+3+d8(label)→PC

If CX=0,

PC+3→PC

BLSX label If (CX|ZX)=1, – – – – – – – – – 3 3/2 F5:E7:d8 *38

PC+3+d8(label)→PC

If (CX|ZX)=0,

PC+3→PC

BCCX label If CX=0, – – – – – – – – – 3 3/2 F5:E6:d8 *39

PC+3+d8(label)→PC

If CX=1,

PC+3→PC

BHIX label If (CX|ZX)=0, – – – – – – – – – 3 3/2 F5:E5:d8 *40

PC+3+d8(label)→PC

If (CX|ZX)=1,

PC+3→PC

BVCX label If VX=0, – – – – – – – – – 3 3/2 F5:EC:d8 *41

PC+3+d8(label)→PC

If VX=1,

PC+3→PC

BVSX label If VX=1, – – – – – – – – – 3 3/2 F5:ED:d8 *42

PC+3+d8(label)→PC

If VX=0,

PC+3→PC

BNCX label If NX=0, – – – – – – – – – 3 3/2 F5:EE:d8 *43

PC+3+d8(label)→PC

If NX=1,

PC+3→PC

BNSX label If NX=1, – – – – – – – – – 3 3/2 F5:EF:d8 *44

PC+3+d8(label)→PC

If NX=0,

PC+3→PC

JMP label16 PC+3+d16(label16)→PC – – – – – – – – – 3 2 FC:d16-l:d16-h

JMP label24 PC+5+d24(label24)→PC – – – – – – – – – 5 4 F4:E0:d24-l:d24-m:d24-h

JMP (An) An→PC – – – – – – – – – 2 3 F0:An<<2

VX CX NX ZX VF CF NF ZF
Instruction Mnemonic Operation

FlagOP
EX.

Code
Size

Cycle Machine Code

Notes: *33 src>dest (24 bits, signed)
*34 src≥dest (24 bits, signed)
*35 src≤dest (24 bits, signed)
*36 src<dest (24 bits, signed)
*37 src>dest (24 bits, unsigned)
*38 src≥dest (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

Bccx

JMP
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JSR label16 A3-4→A3 – – – – – – – – – 3 4 FD:d16-l:d16-h

PC+3→mem24(A3)

PC+3+d16(label16)→PC

JSR label24 A3-4→A3 – – – – – – – – – 5 5 F4:E1:d24-l:d24-m:d24-h

PC+5→mem24(A3)

PC+5+d24(label24)→PC

JSR (An) A3-4→A3 – – – – – – – – – 2 5 F0:01+An<<2

PC+2→mem24(A3)

An→PC

NOP PC+1→PC – – – – – – – – – 1 1 F6

RTS mem24(A3)→PC – – – – – – – – – 1 5 FE

A3+4→A3

RTI mem16(A3)→PSW – ● ● ● ● ● ● ● ● 1 6 EB

mem24(A3+2)→PC

A3+6→A3

VX CX NX ZX VF CF NF ZF
Instruction Mnemonic Operation

FlagOP
EX.

Code
Size

Cycle Machine Code

JSR

NOP

RTS

RTI

How to Read INSTRUCTION SET
■ Explanation of symbols used in the chart

Dn, Dm, Di Data register

An, Am Address register

MDR, PSW, PC Multiplication and division register, program status word, program counter

imm8, imm16, imm16-l, imm16-h Constant

imm24, imm24-l, imm24-m, imm24-h

d8, d16, d16-l, d16-h Displacement

d24, d24-l, d24-m, d24-h

abs16, abs16-l, abs16-h Absolute address

abs24, abs24-l, abs24-m, abs24-h

mem8 (An), mem8 (abs16), mem8 (abs24) 8-bit memory data referenced at the address enclosed in parenthesis

mem16 (An), mem16 (abs16), mem16 (abs24) 16-bit memory data referenced at the address enclosed in parenthesis

mem24 (Am), mem24 (abs16), mem24 (abs24) 24-bit memory data referenced at the address enclosed in parenthesis

.bp,.lsb,.msb Bit specification

&,I,^ Logical AND, logical OR, exclusive OR

~, << Bit reversal, bit shift

VX, CX, NX, ZX Extended overflow flag, extended carry flag, extended negative flag, extended zero flag

VF, CF, NF, ZF Overflow flag, carry flag, negative flag, zero flag

temp Temporary register inside CPU

→, … Assignment, reflection of computation results

■ OP EX. (Operand Extension)

O zero extension

S sign extension

– not applicable

■ 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

• 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.

■ Flag

● change

– no change

0 normally 0

1 normally 1

? undefined

■ Machine Code

[:] separates the byte units. [<<2] indicates a 2-bit shift.

Dn, Dm, Di, An, Am: register numbers

D0 00 A0 00

D1 01 A1 01

D2 10 A2 10

D3 11 A3 11

■ Code Size

Unit:  byte
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MN102L00 SERIES INSTRUCTION MAP

0 1 2 3 4 5 6 7 8 9 A B C D E F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

First Byte

Upper/Lower

MOV Dm, (An)

MOVB Dm, (An)

MOV (An), Dm

MOVBU (An), Dm

MOV Dm, (d8, An)

MOV Am (d8, An)

MOV (d8, An), Dm

MOV (d8, An), Am

MOV Dn, Dm (When src=dest, MOV imm8, Dn)

ADD Dn, Dm 

SUB Dn, Dm 

BLT
label

BGT
label

BGE
label

BLE
label

BCS
label

BHI
label

BCC
label

BLS
label

MOVB Dn, (abs16)

ADD imm8, Dn

Code extended (2 bytes) NOP

BEQ
label

BNE
label

JMP
label16

RTS

BRA
label

Code extended

(5 bytes)

Code extended

(3 bytes)

Code extended

(4 bytes)

RTI

JSR
label16

EXTXU Dn

MOV  (abs16),Dn

CMP imm8, Dn

EXTXB Dn

MOV Dn, (abs16)

ADD imm8, An

EXTX Dn

MOVBU  (abs16),Dn

MOV imm16, An

EXTXBU Dn

CMP imm16, An

MOV imm16, Dn

Two-Byte Instructions (First byte: F0)

0 1 2 3 4 5 6 7 8 9 A B C D E F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

Second Byte

Upper/Lower

BSET Dm, (An)

BCLR Dm, (An)

JMP (A1) JSR (A1)JMP (A0) JSR (A0) JMP (A2) JSR (A2) JMP (A3) JSR (A3)

MOVB (Di, An), Dm

MOVBU (Di, An), Dm

MOVB Dm, (Di, An)



Chapter 9  Appendix

273MN10200 Series Linear Addressing Version Instructions

Two-Byte Instructions (First byte: F1)

0 1 2 3 4 5 6 7 8 9 A B C D E F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

Second Byte

Upper/Lower

MOV (Di, An), Am

MOV (Di, An), Dm

MOV Am, (Di, An)

MOV Dm, (Di, An)

0 1 2 3 4 5 6 7 8 9 A B C D E F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

ADD Dm, An

SUB Dm, An

CMP Dm, An

MOV Dm, An

ADD An, Am

SUB An, Am

CMP An, Am

MOV An, Am

ADDC Dn, Dm

SUBC Dn, Dm

Two-Byte Instructions (First byte: F2)

Second Byte

Upper/Lower

ADD An, Dm

SUB An, Dm

CMP An, Dm

MOV An, Dm
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0 1 2 3 4 5 6 7 8 9 A B C D E F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

AND Dn, Dm

OR Dn, Dm

XOR Dn, Dm

ROL Dn

MUL Dn, Dm

MULU Dn, Dm

DIVU Dn, Dm

CMP Dn, Dm 

MOV D0,
MDR

Two-Byte Instructions (First byte: F3)

Second Byte

Upper/Lower

ROR Dn ASR Dn LSR Dn

MOV D0,
PSW

MOV PSW, Dn

EXT D0
MOV D1,
MDR

MOV D1,
PSW

EXT D1
MOV D2,
MDR

MOV D2,
PSW

EXT D2
MOV D3,
MDR

MOV D3,
PSW

EXT D3

MOV MDR, Dn NOT Dn

0 1 2 3 4 5 6 7 8 9 A B C D E F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

MOV Dm, (d24, An)

MOV Am, (d24, An)

MOVB Dm, (d24, An)

MOVX Dm, (d24, An)

MOV Dn,  (abs24)

MOV (d24, An), Dm

JMP
label24

MOV (abs24), Dn

Five-Byte Instructions (First byte: F4)

Second Byte

Upper/Lower

MOV An,  (abs24)

ADD imm24, Dn

MOV imm24, Dn

MOVB Dn,  (abs24)

ADD imm24, An

MOV imm24, An

SUB imm24, Dn

CMP imm24, Dn

SUB imm24, An

CMP imm24, An

MOVBU (d24, An), Dm

MOVB (d24, An), Dm

MOVX (d24, An), Dm

MOV (abs24), An

MOVB (abs24), Dn MOVBU (abs24), Dn

MOV (d24, An), Am

JSR
label24
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0 1 2 3 4 5 6 7 8 9 A B C D E F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

AND imm8, Dn

MOVB Dm,  (d8, An)

MOVB (d8, An), Dm

MOVBU (d8, An), Dm

MOVX Dm,  (d8, An)

MOVX (d8, An), Dm

BLTX
label

BGTX
label

BGEX
label

BLEX
label

BCSX
label

BHIX
label

BCCX
label

BLSX
label

BEQX
label

BNEX
label

BVC
label

BVS
label

Three-Byte Instructions (First byte: F5)

Second Byte

Upper/Lower

BTST imm8, Dn OR imm8, Dn ADDNF imm8, An

BNC
label

BNS
label

BVCX
label

BVSX
label

BNCX
label

BNSX
label

0 1 2 3 4 5 6 7 8 9 A B C D E F

0

1

2

3

4

5

6

7

8

9

A

B

C

D

E

F

AND imm16, Dn

MOVBU (d16, An), Dm

AND imm16
PSW

Four-Byte Instructions (First byte: F7)

Second Byte

Upper/Lower

BTST imm16, Dn ADD imm16, An SUB imm16, An

ADD imm16, Dn SUB imm16, DnOR imm16
PSW

MOV An, (abs16)

OR imm16, Dn

MOV (abs16), An

CMP imm16, Dn XOR imm16, Dn

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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; Initialization Program
init equ *

; Memory Mode Setting for Block 0
mov MEM0_INIT,d0
mov d0,(Amemmd0)

; Handshake Mode Setting
mov MEMCTR_INIT,d0
mov d0,(Amemctr)

; Pin Setting in Memory Expansion Mode
or Processor Mode

mov P01M_INIT,d0
mov d0,(Ap01md)
mov P01D_INIT,d0
mov d0,(Ap01dir)
mov P23M_INIT,d0
mov d0,(Ap23md)
mov P23D_INIT,d0
mov d0,(Ap23dir)
mov P45M_INIT,d0
mov d0,(Ap45md)
mov P45D_INIT,d0
mov d0,(Ap45dir)
mov P6M_INIT,d0
movb d0,(Ap6md)
mov P6D_INIT,d0
movb d0,(Ap6dir)

; Memory Mode Setting for Block1,
Block2, Block 3

mov MEM1_INIT,d0
mov d0,(Amemmd1)
mov MEM2_INIT,d0
mov d0,(Amemmd2)
mov MEM3_INIT,d0
mov d0,(Amemmd3)

; Burst ROM Setting
mov EXMEM_INIT,d0
mov d0,(Aexmctr)

Set the number of wait cycles for
block 0 to the MEMMD0 regis-
ter.

Set bit 10 (HSWTIOE), bit 9
( N WA I T I O E )  a n d  b i t  8
(WAITSET) of the MEMCTR
register to 1, 0 and 0 respectively.

Set pins.

Set the EXMCTR register when
the burst ROM is used, the ALE
signal polarity is changed, the
pulse width of write enable sig-
nal is shortened.

Set the number of wait cycles for
each block to the associated
MEMMDn register.  (n=1,2,3)

9-4   Initialization Program

After reset, the initialization program must be located in the CS0 area
(x'010000' to x'3FFFFF).  In the initialization program, set the number of
wait cycles for Block 0 to the MEMMD0 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 MEMMD0 register is valid after setting the
MEMCTR register.

Setting the MEMMD0 register and

the MEMCTR register must follow

this step.  If this step is not 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’)

(Amemmd0) = (x’FC30’)

(Amemmd1) = (x’FC32’)

(Amemmd2) = (x’FC34’)

(Amemmd3) = (x’FC36’)

(Aexmctr) = (x’FD00’)

(Ap01md) = (x’FFF0’)

(Ap01dir) = (x’FFE0’)

(Ap23md) = (x’FFF2’)

(Ap23dir) = (x’FFE2’)

(Ap45md) = (x’FFF4’)

(Ap45dir) = (x’FFE4’)

(Ap6md) = (x’FFF6’)

(Ap6dir) = (x’FFE6’)
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; Register Initialization

mov d0,d0

mov d0,d1

mov d0,d2

mov d0,d3

mov d0,a0

mov d0,a1

mov d0,a2

mov STACK_TOP,a3

; Interrupt Enable

mov INIT_PSW,d0

mov d0,psw

Clear register to 0.  Execute this
operation although this step is not
always required.

Set the initial 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) replaces the MN102L25x (x: G, Z, A) mask
ROM with the EPROM which is an electrically erasable/programmable
memory.  The MN102LP25x is sealed in plastic.  Once the data is written to
the PROM, the data cannot be erased.  Using a dedicated adaptor socket, the
program is written with the EPROM writer (EPROM parallel mode).

■   Features

•  Memory Capacity 128 kbytes (64 k × 16 bits) ... MN102LP25G, MN102LP25Z

32 kbytes (16 k × 16 bits) ... MN102LP25A

•  Programming Methods Word programming, Page programming

•  Pin 40 pins

Figure 9-5-1  Memory Map During EPROM Parallel Mode

x'00000' x'00000'

x'1FFFF'

x'07FFF'

MN102LP25G

MN102LP25Z

MN102LP25A

EPROM

[32 kbytes]

EPROM

[128 kbytes]
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9-5-2  Connecting Adaptor Socket

When the CPU becomes the EPROM mode, the MN102LP25x stops and writes the pro-

gram to EPROM.  The following figure shows the connection of the dedicated adaptor

socket and EPROM.

Figure 9-5-2  Pin Configuration of Adaptor Socket
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When programming with the

EPROM writer, the MN102LP25x

must connect to the writer socket

correctly.  If the MN102LP25x and

the writer socket do not connect cor-

rectly, the CPU may damage.
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Figure 9-5-3  EPROM Pin Configuration

MN102LP25x
(TOP VIEW)

100-pin LQFP
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* : Connect the MN102LP25A to VSS.
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Open

I-Mbit EPROM MN102LP25x

Pin Number Pin Name Pin Number Pin Name

1 VPP 66 VPP

2 CE 4 P63

3 I/O15 100 P17

4 I/O14 99 P16

5 I/O13 98 P15

6 I/O12 97 P14

7 I/O11 96 P13

8 I/O10 95 P12

9 I/O9 94 P11

10 I/O8 93 P10

11, 30 VSS 1, 5 - 12, 13,17,19 - 20,
23, 25, 40 - 53,
55 - 65, 67 - 75,

80,82,92

12 I/O7 91 P07

13 I/O6 90 P06

14 I/O5 89 P05

15 I/O4 88 P04

16 I/O3 87 P03

17 I/O2 86 P02

18 I/O1 85 P01

19 I/O0 84 P00

20 OE 2 P61

21 A0 14 P21

22 A1 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 A11 35 P34

34 A12 36 P35

35 A13 37 P36

36 A14 38 P37

37 A15 39 P40

38 A16

39 PGM 3 P62

40 VDD 22, 34,54,76 - 79,81,83 VDD,PA0 - PA3,PA5

18, 21,24 SYSCLK, XO, OSCO

P60,P50 - P57,P20,VDD,VSS,XI,OSCI,
MODE,P41 - P43,VSS,P44 - P47,
P80 - P85,P86 - P87,P90 - P93,

P94 - P97,P70 - P75, NMI,
PA4,RST,VSS

Figure 9-5-4  Adaptor Socket-MN102LP25x Pin Connections
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Table 9-5-1  Operating Mode Selection

9-5-3  Programming

■   Operating Mode

The following table describes the operating modes.

/CE /OE /PGM VDD VPP AB0 to AB15 D7 to D0
Read L L H VDD VDD Address Input Data Output
Output Reserved L H H VDD VDD Address Input High Impedance
Standby H - - VDD VDD - High Impedance
Word Program L H L VDD VPP Address Input Data Input
Page Latch H L H VDD VDD Address Input Data Input
Program Program H H L VDD VPP - High Impedance
Verify L L H VDD VPP Address Input Data Output
Reserved L L L VDD VPP - High Impedance

L H H VDD VPP - High Impedance
H L L VDD VPP - High Impedance
H H H VDD VPP - High Impedance



283MN102L2503/25A/25D/25Z/25G/F25Z/490A/62D/62F/62G

Chapter 9  Appendix

Note:
•  VPP (12.5 V) must be applied after VDD (6 V) and off before VDD voltage.

•  Do not allow VPP to exceed 13 V including overshot.

•  Do not plug or unplug the device while applying VPP (12.5 V).  This affaects the reliabil-

ity of the device.

•  When /OE = VIL (12.5 V), do not change VPP from VIL to 12.5 V or from 12.5 V to VIL.

■   Word Programming

The word programming is a mode to write 1-word (16-bit) data at a time.  To use this

programming mode, set VDD = 6 V, VPP = 12.5 V, and address = 0.  The data is written by

applying 0.2 ms pulses.  After each pulse, read is checked.  This step is repeated until the

read check is OK.  Additional pulse is applied when the read check is verified.  The width

of additional pulses is 0.2 ms times the number of pulses required until the read check is

verified.

The address increments each time the word data is programmed and then the next word

data is programmed.  This operation repeats until the last address is programmed.   After

that, setting VDD = VPP = 5 V and reading all addresses ends programming.

DC Characteristics
VDD = 6 V ± 0.25 V,  VPP = 12.5 V ± 0.3 V,  Ta = 25 •C ± 5 •C

Parameter Symbol Condition Min Typ Max Unit

Input Leakage Current ILI ILI = 0 V to VDD 2 µA
VOL IOL = 4 mA 0.45 V
VOH IOH = -4 mA 2.4 V
VIL 0.8 V
VIH 2.4 V

VDD Power Supply
(Write, Verify) IDD 40.0 mA

VPP Power Supply
(Write) IPP /CE = VIL 40.0 mA

Output Voltage

Input Voltage
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AC Characteristics
VDD = 6 V ± 0.25 V,  VPP = 12.5 V ± 0.3 V,  Ta = 25 •C ± 5 •C

Parameter Symbol Condition Min Typ Max Unit

Address Setup Time tAS 2 µs
/OE Enable Setup Time tOES 2 µs
Data Setup Time tDS 2 µs
Address Hold Time tAH 0 µs
Data Hold Time tDH 2 µs

VDD Setup Time tVCS 2 µs

VPP Setup Time tVPS 2 µs
Program Pulse Width tPW 0.19 0.2 0.21 ms
Additional Program Pulse Width tOPW 0.19 5.25 ms

/OE Setup Time tCES 2 µs
/OE Output Delay Time tOE 0 150 ns
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Figure 9-5-5  Word Program Timing

Address
VIH

VIL

VIH

VIL

VIH

VIL

VIH

VIL

VPP

VDD

6 V

GND

Data

VPP

VDD

CE

PGM

OE

tOPW

tVCS

tVPS

tDS

tAS

tDH

tPW

tOE

Data Fixed

Program VerifyProgram

Valid Data Output

tOES

Data Fixed

tDS tDH

Additional Program

tAH
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Figure 9-5-6  Word Program Flow

Start

Vpp=12.5 V,VDD=6.0 V

Address=0

X=0

X=X+1

Apply 0.2 ms write pulse

Verify

Apply 0.2X ms write pulse

VDD=Vpp=*5.0 V

Read All Addresses

Write End Fail

X=25

YES

NO

NG

OK

NG

YES

NO

OK

Address Increment
(Address + 2 = Address)

Last Address?

*4.75 V≤VDD=Vpp≤5.25 V
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Note:
•  VPP (12.5 V) must be applied after VDD (6 V) and off before VDD voltage.

•  Do not allow VPP to exceed 13 V including overshot.

•  Do not plug or unplug the device while applying VPP (12.5 V).  This affaects the reliabil-

ity of the device.

•  When /OE = VIL (12.5 V), do not change VPP from VIL to 12.5 V or from 12.5 V to VIL.

■   Page Programming

The page programming is a mode to write 2-word (32-bit) data.  To use this programming

mode, first set VDD = 6 V, VPP = 12.5 V.  Latch address = 0 and 16-bit data.  Then set

address = 2 and the next 16-bit data.  The data is written by applying 0.2 ms pulses.  After

each pulse, read is checked.  This step is repeated until the read check is OK.  Additional

pulse is applied when the read check is verified.  The width of additional pulses is 0.2 ms

times the number of pulses required until the read check is verified.

The address increments each time the 2-word data is programmed and then the next 2-

word data is programmed.  This operation repeats until the last address is programmed.

After that, setting VDD = VPP = 5 V and reading all addresses ends programming.

DC Characteristics
VDD = 6 V ± 0.25 V,  VPP = 12.5 V ± 0.3 V,  Ta = 25 •C ± 5 •C

Parameter Symbol Condition Min Typ Max Unit

Input Leakage Current ILI ILI = 0 V to VDD 2 µA
VOL IOL = 4 mA 0.45 V
VOH IOH = -4 mA 2.4 V
VIL 0.8 V
VIH 2.4 V

VDD Power Supply
(Write, Verify) IDD 40.0 mA

VPP Power Supply
(Write) IPP /CE = VIL 40.0 mA

Output Voltage

Input Voltage
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AC Characteristics
VDD = 6 V ± 0.25 V,  VPP = 12.5 V ± 0.3 V,  Ta = 25 •C ± 5 •C

Parameter Symbol Condition Min Typ Max Unit

Address Setup Time tAS 2 µs
NOE Enable Setup Time tOES 2 µs
Data Setup Time tDS 2 µs

tAH 0 µs

tAHL 2 µs
Data Hold Time tDH 2 µs

VPP Setup Time tVPS 2 µs

VDD Setup Time tVCS 2 µs
NPGM Pulse Width during Initial
Programming tPW 0.19 0.2 0.21 ms

NPGM Pulse Width during Over
Programming tOPW 0.19 5.25 ms

NOE Setup Time tCES 2 µs
NOE Output Delay Time tOE 0 150 ns

NOE Pulse Width during Data Latch tLW 1 µs

NPGM Setup Time tPGMS 2 µs

NCE Hold Time tCEH 2 µs

NOE Hold Time tOEH 2 µs

Address Hold Time
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Figure 9-5-7  Page Program Timing
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Start

Vpp=12.5 V,VDD=6.0 V

Address=0

X=0

X=X+1

Apply 0.2 ms write pulse

Verify

Apply 0.2X ms write pulse

VDD=Vpp=*5.0 V

Read All Addresses

Write End Fail

X=25

YES

NO

NG

ON
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YES

NO

OK

Latch

Latch

Address Increment
(Address + 2 = Address)
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*4.75 V≤VDD=Vpp≤5.25 V

Address Increment
(Address + 2 = Address)

Figure 9-5-7  Page Program Flow
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■   EPROM Version Precautions

•  Some of the electrical characteristics may differ from the mask ROM version.

•  The read/write test for all 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 - 48 h

Read

Implement

Figure 9-5-9  High-Temperature Test Flow
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9-6  Flash EEPROM Version

9-6-1  Overview

The MN102LF25Z replaces the MN102L25Z mask ROM with the 128-
kbyte EEPROM which is an electrically erasable/programmable memory.
The MN102LF25Z has two modes: PROM programming mode which uses
a dedicated writer (a DATA-I/O LabSite writer) and onboard serial 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.

Figure 9-6-1  Memory Map for Flash EEPROM Version

Load Program AreaBlock1: 1 K

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

Block11: 1 K

Firm Area

x'80000

x'9FFFF
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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

Erase
(ERASE Process)

User Data Program

Erase Routine

Figure 9-6-2  Flash EEPROM Program Flow

As the 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 actual erase

process occurs

2. Erase process which operate the actual erasing

9-6-3  PROM Programming Mode

In this mode, the MN102LF25Z allows a PROM writer to program the flash EEPROM.

The MN102LF25Z uses a dedicated adaptor, which connects to 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 serial programming mode is used to program the flash ROM in the MN102LF25Z

that is installed on the board.  The following sections describe the MN102LF25Z hard-

ware, system configuration, protocol for this programming mode.

When using YDC dedicated writer, please refer to its user manual.  The load program is

attached to the serial writer.

9-6-5  Hardware Used in Serial Programming Mode

■   Interface
The MN102LF25Z incorporates the following functions as I/F for serial programming.

●   One 8-bit Serial Interface

♦   Data transmission/reception synchronizing external clock

♦   Bit order: LSB first

♦   Maximum clock speed: 10 MHz

♦   Positive input/output logic

●   Two Input/Output Pins

♦   SBT, SBD reserved for serial interface

■   I/F Block Diagram

8-bit Serail I/F
TXD

RXC,TXC

SBD  (74pin)

SBT  (73pin)

RXD

Figure 9-6-3  8-bit Serial Interface Block Diagram for Serial Writer
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■   Memory Space of Internal Flash EEPROM

●  Serial Writer Load Program Area

♦  The 1-kbyte area from x'80000' stores the load program for serial writer.

♦  In onboard serial programming mode, the erasing/programming in this area

     is protected.  (Programming is possible by using the parallel writer.)

●  Branch Instruction to Reset Start Service Routine

♦  Normally, the reset start address is x'80000', but the program branches into

    x'80408' with the soft branch instruction in the serial writer loader.  In this area,

    the JMP instruction to the actual reset service routine is stored.

●   Branch Instruction to Interrupt Service Routine

♦  Normally, the jump address at interrupt is x'80008', but the program branches

     into x'80410' with the soft branch instruction in the serial writer  loader.  In this

    area, the JMP instruction to the actual interrupt service  routine is stored.

●   User Program Area

♦  This area stores the user program.

Address

x'80000' - x'803FF' Serial Writer
Load Program Area

Reserved Area

User Program Area

Branch Instruction 
to Reset Service Routine

Branch Instruction
to Interrupt Service Routine

1 KByte

8 Bytes

8 Bytes

Size Area

x'80400' - x'80407'

x'80408'

x'80410'

x'80418' - x'9FFFF' 127 KBytes

8 Bytes

Figure 9-6-4  Flash EEPROM Memory Space
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9-6-6  Connecting Onboard Serial Programming Mode

Use YDC serial writer for flash microcontroller.
All input/output pins must be set to input at reset release.

Figure 9-6-5  Pin Configuration During Serial Programming

Pins 73, 74 and 82 connect to the serial writer.  VDD and Vss connect to the external power

sources of 5 V and 0 V respectively.  In addition, the level is detected by the writer, VDD

and Vss 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

above figure are 'don't care'.   Fix them to VDD or Vss.  The output pins with no specifica-

tions in the above figure must be open.

TM2IO,P82
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9-6-7  System Configuration for Onboard Serial Programming

■   System Configuration

Target Board

Serial Writer

AC Adaptor

RS232C

Power Source

VDD

Figure 9-6-6  System Configuration for Onboard Serial Writer

The PC sends the program data to the serial writer through RS-232C.  The serial writer

programs the flash memory through serial communication between the serial writer and

the MN102L25Z on the target board.  The power is required only when the power source

is supplied to the target.

■   Pin Description
♦   VDD : 4.5 V - 5.5 V external power supply

♦   VDD (for level detection) :VDD level detection pin for target board

♦   /RST : Reset

♦   SBT : Serial interface clock supply

♦   SBD : Serial interface data supply

♦   GND : Ground

•  VDD detects the VDD level on the target board using the serial writer.  If the VDD level is

not satisfied, the serial writer outputs an error message.

•  /RST outputs microcontroller reset.

•  Connect pullup resistors to /RST, SBT and SBD on the target board.  The pullup resistor

value is 4.7 kΩ±10 % to 10 kΩ±10 %.

•  /RST, SBT and SBD are output from the serial writer through an open collector.

Figure 9-6-7  Target Board-Serial Writer Connection

Target Board

Serial Writer

GND

SBT

SBD

/RST

Chip

SCL1

SDA1

/RST
4.7 kΩ - 10 kΩ

VDD = +5 V

■   Pin Connection for Target Board
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■   MN102LF25Z Clock on the Target Board
•  Use the existing clock on the target board for the clock supply to the MN102LF25Z on

the target board.  Because of this, the clock frequency of the MN102LF25Z differs de-

pending on each user purpose.

•  The following table shows the clock frequency for the MN102LF25Z during serial

programming.  The clock frequency for the MN102LF25Z is assumed to be 20 MHz if the

clock frequency is not specified in the manual.  If the clock frequency for the MN102LF25Z

is different from the clock frequency on the target board, the value should be calculated

proportionately depending on the clock frequency of the MN102LF25Z.

Max. Clock Frequency

20 MHz

Min. Clock Frequency

4 MHz

Table 9-6-1  Clock Frequency
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9-6-8  Onboard Serial Programming Mode Setup

■   Programming Mode Setup Timing
To set serial programming mode, the microcontroller must be in write mode.

This section describes the pin setup for the serial writer.

Figure 9-6-8  Timing for Onboard Serial Programming Mode

SBT

SBD

SBT

SBD

T1 T2

A B C

Timing Waveform 
during Serial Programming

Normal Timing Waveform

/RST

D

/RST

T3

VDD

VDD
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■   Setup Steps
1.  Supply VDD at Timing A.  At this point, output /RST = SBD = Low.

2.  Through the serial writer, drive /RST for T2 term from Timing B when SBT goes

     high while the MN102LF25Z is on.  The MN102LF25Z initializes.

3.  Through the serial writer, drive /RST for T3 term from Timing C when SBD goes

     high while the MN102LF25Z is on.  This informs that 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 MN102LF25Z stabilization wait time.

■   Load Program

Reset Start

SBT pin ==High
&&

SBD pin ==Low ?

Yes

Execute user program

No

Start serial writer
load program

Wait tWAIT1

SBT pin ==High
&&

SBD pin ==Low ?

Yes

No

Has tWAIT2 passed ?

No

SBT pin ==High
&&

SBD pin ==High ?

Yes

No

Yes

Figure 9-6-9  Load Program Start Flow

Conditions
1.  When the load program initializes a reset start, SBD = low and SBT = high.

2.  The program waits for tWAIT1.

3.  SBD must still be low 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

■   Branch to Reset Service Routine

Serial Writer ?

Yes

No

Start serial writer 
load program

Execute User Program

Reset Start

Branch to x'80408'

Figure 9-6-10  Reset Service Routine Flow

When the reset starts, the serial writer load program initializes only if SBD is low.  The

program branches to the user program at address x'80408'.

■   Branch to Interrupt Service Routine

Interrupt Start Address
x'80008'

Branch to x'80410'

Execute user interrupt service routine

jmp x'80410' Instruction
(3 bytes/2 cycles)

(Generate 2-cycle delay)

Write a branch instruction to x'80410'

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

■   Features
Fixed-length Serial Interface

•  Character length 8 bits

•  Transmission bit order LSB

•  Clock source External clock

•  Maximum transfer speed 5 Mbps ( with a 20-MHz oscillator)

•  Error detection Overrun error

•  Buffer Transmit/receive shared buffer

Single transmit buffer, Double receive buffer

■   Data Timing

SBD

SBT

LSB MSB

Figure 9-6-12  Data Transfer Timing

The 8-bit serial data is transfered with LSB first bit order.
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9-6-11 PROM Writer/Onboard Serial Programming

START

END

VDD=5.0 V

All"0"Program

User Data Program

Erase

Figure 9-6-13  Programming Flow
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