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About This Manual

This manual is intended for assembly-language programming engineers.
It describes the internal configuration and hardware functions of the
MN102H60G/60K/F60G/FE0K microcontrollers.

Text Conventions

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

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



Finding Desired Information

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

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

(3) Alist 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

m MN2102H Series LSI User's Manual
(Describes the MN102H series specifications)
m MN2102H Series Instruction Manual
(Describes the instruction set)
m MN102H Series C Compiler User Manual Usage Guide
(Describes the installation, commands, and options for the C complier)
m MN102H Series C Compiler User Manual Language Description
(Describes the syntax for the C complier)
m MN2102H Series C Compiler User Manual Library Reference
(Describes the standard libraries for the C complier)
m MN102H Series Cross Assembler User Manual Language Description
(Describes the assembler syntax and notation)
m MN102H Series C Source Code Debugger User Manual
(Describes the use of the C source code debugger)
m MN102H Series 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)
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Chapter 1 General Description

1-1  General Description

1-1-1 Introduction

The 16-bit MN102 series high-speed linear addressing version designs
the new architecture for C-language programming based on a detailed
analysis for embedded applications. This improves the previous system
architecture in speed and function to meet the requirements in user sys-
tems including miniaturization to power consumption.

This series adapts a load/store architecture method for computing within registers in-
stead of the accumulator system for computing within the memory space in the previ-
ous series. The basic instructions are one byte/one machine cycle. This reduces code
size and improves compiler efficiency. This series uses the circuit designed for sub-
micron technology providing optimized hardware and low system power consump-
tion.

This series has up to 16 Mbytes of linear address space and can develop the highly
efficient programs. The optimized hardware architecture allows lower power con-
sumption even in large systems.

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. High-speed Signal Processing

An internal multiplier operates 16-bit x16-bit = 32-bit in a single cycle. In addition,
the hardware contains a saturation calculator which must be used in signal processing
and increases the signal processing speed.

2. Linear Addressing for Large Systems

The MN102H series contains up to 16 Mbytes of linear address space. The CPU does
not detect borders between address spaces, which provides an effective development
environment. 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.

2 MN102H60G/60K/F60G/F60K



Chapter 1 General Description

3. Single-byte Basic Instruction Length
Conventional Register Assignment

1!
The MN102H series has replaced general registers with eight internal L L L T [ [T [ T T
Register Specification Field

CPU registers divided four address registers (A0-A3) and four data reg- ‘
isters (DO-D3). The register specification fields are four bits or less, and 7 0
the code size of the basic instructions including register-to register opera- LLL] Legi‘sters‘pedlm‘n o
tions and load/store operations is one byte. New Register Assignement
4. High-speed Pipeline Processing 1 Machine Cycle

Instruction 1 | Fetch |>| Decode
The MN102H series executes instructions in a 3-stage pipeline: fetch, s | o

. Execute
decode, execute. This allows the MN102H series to execute instruc- palcutation
tions of single byte in one machine cycle. Instruction 2 | Fetch | 2| Decode
kelculation | BXecute

5. Simple Instruction Set

The MN102H series uses an instruction set of 41 instructions, designed specially for
the programming model for embedded applications. To shrink code size, instructions
have a variable length of one to seven bytes. The most frequently used instructions in
C-language compiler are single byte.

6. High-speed Interrupt Response

Main Program
The MN102H series halts the instructions execution even during the remoont | o
execution of the instruction with long execution cycles. After an inter- -< e Sevie Rede
rupt occurs, the program moves to the interrupt service routine within een
six cycles or less. The MN102H series improves real-time control p&r =+
formance using the interrupt handler which adjusts interrupt servicing
speed.
Instruction 3
Instruction 4
L —_

MN102H60G/60K/F60G/F60K
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7. Flexible Interrupt Control Structure

The interrupt controller supports a maximum of 64 interrupt vectors (of them, inter-
rupt vectors 0 to 3 are reserved for nonmaskable interrupts). In addition, groups of up
to four vectors are assigned to classes. Each class can be set to one of seven priority
levels. This provides the software design flexibility and control. The CPU is compat-
ible with software from previous Panasonic peripheral modules.

8. High-speed, High-functional External Interface

The MN102H series supports external interface functions including DMA, handshake
function and bus arbitration.

9. C-language Development Environment

The MN102H series has simple hardware optimized for C-language programming and
highly efficient C compiler. With this advantage, this series improves development
environment for C-language embedded applications without expanding the program
size. ThePanaXSeries development tools support the MN102H series devices.

10. Outstanding Power Savings

The MN102H series contains separate buses for instructions, data and peripheral func-
tions, which distribute and reduce load capacitance. This reduces overall power con-
sumption. The MN102H series also supports three modes of SLOW, HALT and
STOP for power savings.

PanaXSeries is a trademark of the Matsushita Electric Industrial Co., Ltd.

4 MN102H60G/60K/F60G/F60K
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1-1-3 Overview

This section describes the basic configuration and functions of the
MN102H60G/60K/F60G/F60K.

Note 1: These bits change de-

pending on all 24 bits of the op-

eration result.

m Processor Status Word (PSW) Note 2: These bits change de-

The PSW register contains the operating result flags and interrupt mask level flags. pending on the lower 16 bits of
the operation result.

» Note 1 Note 2 ]
15 8 ! 0 The IE flag should be set to 0
Psw | - |ST| s1] S0] IE [im2]imMajiMo] vx | CX| NX| 2X|VF [CF [NF[ZF | orc e g2 lags of PSw
Reset : - 0 O 0O 0 O 0O 0 0 O 0 0 0 0 0 O are changed.

FIETIrtIrsitss

Negative flag (NF) is set if bit 15 of the op-
eration result is O; otherwise it is reset.

Zero flag (ZF) is set if the lower 16 bits
of the operation result are 0; otherwise
it is reset.

—— Carry flag (CF) is set if the operation resulted in
a carry or a borrow out of bit 15; otherwise it is
reset.

L— Overflow flag (VF) is set if the operation causes the
sign bit to change in a 16-bit signed number; other-
wise it is reset.

L Extension zero flag (ZX) is set if all bits of the operation
result are O; otherwise it is reset.

—— Extension negative flag (NX) is set if the MSB of the operation
result is 1, and it is reset if the MSB is 0.

L Extension carry flag (CX) is set if the operation resulted in a carry or a
borrow out of the MSB; otherwise it is reset.

L Extension overflow flag (VX) is set if the operation causes the sign bit to
change in a 24-bit signed number; otherwise it is reset.

— IM[2:0] indicate the mask level (from 0 to 7) of interrupts that the CPU will accept
from its seven interrupt input pins. The CPU will not accept any interrupt at a higher
level than the indicated level here.

—— Interrupt enable flag (IE) controls maskable interrupt enable. The flag is set if IE=1, and it is
reset if IE=0.

— S[1:0] are OS software control bits. These are reserved for the OS.

— Saturation flag controls whether or not the CPU performs a saturation operation. When this bit is 1, the CPU
execute a saturate operation. When this bit is 0, the CPU operates a normal operation. The PXST instruction
can reserve the meaning of this bit for the next instruction.

Figure 1-1-1 Processor Status Word (PSW)

Please refer to "MN102H Series Instruction Set" for the flags reflected by instructions.

MN102H60G/60K/F60G/F60K 5
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Program Counter

m Internal Registers, Memory, and Special Function Registers

23 0
| PC |
Address Registers
23 0
| A0 |
| A1 |
| A2 |
| A3 |
Data Registers
23 0
| DO |
| D1 |
| D2 |
| D3 |
Multiplication/Division Register

15 0

MDR

Processor Status Word

15 0

PSW

Memory, Special Function Registers, I/O Ports

ROM

RAM

CPUM, EFCR, IAGR

NMICR, xxICR

SCCTRn, TRXBUFn, SCSTRn

ANCTR, ANnBUF

TMn, BCn, BRn

MEMMD

PnOUT, PnIN, PnDIR

MN102H60G/60K/F60G/F60K

The program counter specifies the 24-bit address of the program
during the execution.

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

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

The multiplication/division register stores the upper 16 bits of the
32-bit product of multiplication operations. In division operations,
this register stores the upper 16 bits of the 32-bit dividend before
execution, and the 16-bit remainder of the quotient after execu-
tion.

Memory (ROM, RAM), special function registers for peripheral
function control and 1/O ports are assigned to the same address
space.

Internal Control Registers *

Interrupt Control Registers *

Serial Interfacel Registers *
A/D Converter Registers *

Timer/Counter Registers * * This allocation is an example.
Actual memory, peripheral func-
tions, special function registers
and I/O port allocation depends

on the model.

Memory Control Registers *

1/0 Port Registers *
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m Address Space

The memory contains up to 16 Mbytes of linear address space. The instruction and
data areas are not separated, so that the internal RAM, special function registers for
internal peripheral functions are allocated into the first 64 kbytes in memory as the
basic configuration. There are three memory modes as following depending on mod-
els.

x'000000' Iy

External Memory
x'008000' i

Internal RAM 4 Kbytes
x'009000' I (*3)
(*4)
Reserved

x'00FCO00’

I/O Control Registers t 1 Kbyte
x'010000'

External Memory

Program start address
<'080000" 16 Mbytes
X'080000' i
Interrupt handler start address Internal ROM 128 Kbytes
x'080008' ——— Y (*1)
X'0A0000'
(*2)
Reserved
x'200000'

External Memory

X FFFFFF' Y

Note*) Parameters on the right table *] *2 *3 *4

differ on each chip model. )\ 051F60G| 128 KBytes | X0A0000' | 4 KBytes | 009000
MN102H60G |128 KBytes | X0A0000' | 4 KBytes | x'009000
MN102HF60K | 256 KBytes | X0C0000' | 10 KBytes | x00A800'
MN102HG0K |256 KBytes | X0C0000' | 10 KBytes | x00A800'

Figure 1-1-2 Address Space (Memory Expansion Mode)

Table 1-1-1 Memory Modes

Mode Address Bit Width ROM Capacity External Memory Access

Single-chip mode Not accessible

128 K/256 Kbytes
Memory expansion mode

Up to 24 bits Accessible
Processor mode None

MN102H60G/60K/F60G/F60K
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m Interrupt Controller

The interrupt controller allocated to the outside of the core controls all nonmaskable
and maskable interrupts except reset. Each class has up to four interrupt vectors and
specifies any of seven priority levels.

CPU Core
Maskable Interrupt Nonmaskable Interrupt Reset
Receive Receive Receive Reset

Interrupt Enable

| Interrupt Masking |

6 5| 4| 3| 2 1 O

Interrupt Controller
Nonmaskable interrupts

4 External NMI pin input
Watchdog timer

Groups 0to 3
Nonmaskable Interrupt Controllers

Undefined instruction
Nonmaskable Interrupt Control Register (NMICR) No vector exists
I (WDICR when interri r
T (ONICR en interrupt occurs.
{ (EIICR
4
Group 4

Maskable Interrupt Controller

Maskable Interrupt Control Register (xxICH)

Maskable interrupts

1 Max. 240 vectors
4 External pin interrupts
Group 63 Peripheral interrupts

Maskable Interrupt Controller

Maskable Interrupt Control Register (xxICH)

The hardware configuration of the interrupt

controller depends on the model.

Figure 1-1-3 Interrupt Controller Configuration

The CPU checks the processor status word to determine whether an interrupt request is
accepted or not. If 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
interrupt, searches the interrupt vector and branches to the entry address of the inter-
rupt service routine for that interrupt.

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

Main program x'080008"
Interrupt service routine
\ Hardware processing Resets interrupt vector
Push PC, PSW at the beginning
T IMP, etc._T |
Interrupt .4 ——
Max. 6 machine cycles 7 machine cycles
AN

Figure 1-1-4 Interrupt Servicing Sequence

8 MN102H60G/60K/F60G/F60K
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1-2  Basic Specification

Table 1-2-1 Basic Specifications

Structure

Internal multiplier (16-bil6-bit=32-bit) and internal saturate operation calculator

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

Instruction Set

41 instructions

6 addressing modes

1-byte basic instruction length

Code assignment: 1 byte (basic) + 0 to 6 bytes (extension)

Performance

Maximum of 17-MHz internal operating frequency with a 34-MHz external oscillator

Instruction execution clock cycles:

For register-to-register operations, minimum 1 cycle (58.8 ns with a 34-MHz external oscil
For branch operations, minimum 2 cycles (117.6 ns with a 34-MHz external oscillator)
For load/store operations, minimum 1 cycle (58.8 ns with a 34-MHz external oscillator)

Pipeline

3 stage: instruction fetch, decode, execute

Address Space

Up to 16-Mbyte linear address space
Shared instruction/data space

Interrupt

1 external nonmaskable interrupt
46 maskable interrupts
7 priority level settings

Low-power Mode

SLOW, STOP, HALT

Oscillation
Frequency

Up to 34 MHz

Timer/Counter

Eight 8-bit timers (TMO to TM7) :
Cascading function (form as 16-bit to 64-bit timer)
Timer output
Internal clock source or external clock source
Serial Interface clock generation
Start timing generation for A/D converter

ator)

MN102H60G/60K/F60G/F60K
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Table 1-2-1 Basic Specifications

Timer/Counter

Five 16-bit timers (TM8 to TM12) :
Two channels of compare/capture registers
Selectable internal or external clock
PWM/one-shot pulse output
Two-phase encoder input (4x or 1x method)

Two 8-bit PWM (TM13, TM14) :
Two internal compare registers for each channel
Two pattern outputs
Can be cascaded

One 16-bit pulse width counter (TM15) :
Capture the counter value whenever the input pulse rises

16-bit watchdog timer

ATC

Four Channels
Automatic transfer is possible between memories, memory and peripheral 1/O for each interrupt v
Transfer unit: byte or word
Transfer mode: single-chip or burst mode
Transfer addressing: source, destination pointer, increment
Up to 4096 words can be transferred
Access to 16-Mbyte address space

ector.

ETC

Two Channels
Automatic transfer is possible between external device and external memory.
Transfer unit: byte or word
Transfer mode: single-chip or burst mode
Transfer addressing: source, destination pointer, increment
Up to 4096 words can be transferred
Access to 16-Mbyte address space

Serial Interface

Three Synchronous Interfaces (ASCIO to ASCI2)
Two shared UART/Synchronou¥l (single master only) Interfaces (ASCI3, ASCI4)

A/D Converter

10-bit with 8 channels (can be used as 8-bit)
Automatic Scanning

External Expansio

Address/data multiplex port function
Address/data separate port function

Memory Interface

DRAM Interface (8-hit/16-bit width)
Burst ROM Interface

I/O Port Maximum of 82 I/O ports in single-chip mode
Maximum of 47 I/O ports in address/data multiplex mode
Maximum of 40 I/O ports in address/data separate mode
Package 100-pin LQFP

10 MN102H60G/60K/F60G/F60K



1-3  Block Diagram

Address Registers

Data Registers

Chapter 1 General Description

T1<—— Clock e ciock
T2 «— Generator Source

Instruction Execution

A0 DO
Al D1
A2 D2 Multiplication/Division Register
A3 D3 MDR
\ i
T
Multiplier Program
Counter
[ psw ]
Incrementer A
— ALU

!

Program Address |

'

'

Operand Address

l

Controller

Instruction Decoder

Instruction
Queue

Interrupt
Controller

f

Interrupt Bus

Bus Controller

d

ROM Bus
>

-

RAM Bus
)

Internal ROM

External Interface

Internal RAM

Figure 1-3-1

[} }
External Extension Bus,

Block Diagram

BR BG

1

Peripheral Execution Bus

Internal Peripheral
Functions

MN102H60G/60K/F60G/F60K
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Chapter 1 General Description

Table 1-3-1 Block Functions

Blcok

Function

Clock Generator

An oscillation circuit connected to an external crystal supplies the clock to all b
in the CPU.

locks

Program Counter

The program counter generates addresses for instruction queues. Normally it
ments based on the sequencer indications, but for branch instructions and inter
acceptance, it sets the branch address and the ALU operation result.

incre-
upt

Instruction Queue

The instruction queue contains up to four bytes of prefetched instructions.

Instruction Decoder

The instruction decoder decodes the contents of instruction queue and genera
trol signals needed for the instruction execution. The instruction executes by co
ling each block in the CPU.

tes con-
ntrol-

Quick Decoder

The quick decoder decodes the 2-byte or larger instruction at faster speed.

Instruction Execution
Controller

The instruction execution controller controls the CPU operations based on re
from the instruction decoder and interrupt requests.

sults

tions,

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

Multiplier The multiplier calculates 16 bits 16 bits = 32 bits.

Internal ROM and RAM

These memory allocate the program, data and stack areas.

Address Registers (An)

The address registers (An) store the addresses in memory accessed during d

ata trans-

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

addressing and register indirect addressing modes.

Operation Registers

The data registers (Dn) store data transferred to memory and results of arithm
erations. They also store the offset addresses in indexed addressing and regist
rect addressing modes.

The multiplication/division register (MDR) stores data for multiplication/division o
erations.

etic op-
er indi-

p-

PSW

The processor status word register stores the flags that indicate the status of th
interrupt controller and operation results.

e CPU

Interrupt Controller

The interrupt controller detects interrupt requests from the peripheral function
requests the CPU to move to the interrupt servicing routine.

5, and

Bus Controller

The bus Controller controls the connection between the CPU internal bus and th
external bus. It also contains the bus arbitration function.

e CPU

Internal Peripheral
Function

The MN102H60G/60K/F60G/FE60K contains internal peripheral functions incly
timers, serial interface, A/D converter and D/A converters. Internal peripheral

ding

functions vary depending on the chip models.

12
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Chapter 1 General Description

1-4  Pin Description

1-4-1  Single-chip Mode
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PA5 —e—w- 81 45 |<¢—n P45,AN5
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P01 -=—»{85 41 |+—> P42
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P06 ~=—» 90 ,
P07 ~— 01 ( TOP V|EW) 35 [=+— P34, Ki4
Vss =] 92 34 |— AVDD_
P10,TM8IOB ~e—»={ 93 33 [+ P33,KI3
P11, TM8IC ~a—] 94 32 [ P32, KI2
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N ®
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P57 |12
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VoD ——»| 17
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*: Use 33 kQ - 50 kQ

Figure 1-4-1 Pin Configuration in Single-chip Mode

‘ Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
= open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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Chapter 1 General Description

1-4-2  Memory Expansion Mode with 8-bit Bus Address/
Data Separate Mode
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: Use 33 kQ - 50 kQ

Figure 1-4-2 Pin Configuration in Memory Expansion Mode with 8-bit Bus Address/Data Separate Mode

‘ Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
= open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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Chapter 1 General Description

1-4-3  Memory Expansion Mode with 16-bit Bus
Address/Data Separate Mode
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1 Use 33 kQ - 50 kQ

Figure 1-4-3 Pin Configuration in Memory Expansion Mode with 16-bit Bus Address/Data Separate Mode

‘ Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
= open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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Chapter 1 General Description

1-4-4  Memory Expansion Mode with 8-bit Bus
Address/Data Shared Mode
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1 Use 33 kQ - 50 kQ

Figure 1-4-4 Pin Configuration in Memory Expansion Mode with 8-bit Bus Address/Data Shared Mode

‘ Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
= open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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Chapter 1 General Description

1-4-5  Memory Expansion Mode with 16-bit Bus
Address/Data Shared Mode
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: Use 33 kQ - 50 kQ

Figure 1-4-5 Pin Configuration in Memory Expansion Mode with 16-bit Bus Address/Data Shared Mode

‘ Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
= open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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Chapter 1 General Description

1-4-6 Processor Mode with 8-bit Bus Address/Data
Separate Mode
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: Use 33 kQ - 50 kQ

Figure 1-4-6 Pin Configuration in Processor Mode with 8-bit Bus Address/Data Separate Mode

‘ Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
= open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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1-4-7

Processor Mode with 16-bit Bus Address/Data
Separate Mode

Chapter 1 General Description
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: Use 33 kQ - 50 kQ

Figure 1-4-7 Pin Configuration in Processor Mode with 16-bit Bus Address/Data Separate Mode

Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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1-4-8 Processor Mode with 8-bit Bus Address/Data
Shared Mode
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1 Use 33 k%o - 50 k%o

Figure 1-4-8 Pin Configuration in Processor Mode with 8-bit Bus Address/Data Shared Mode

‘ Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
= open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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1-4-9 Processor Mode with 16-bit Bus Address/Data
Shared Mode
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: Use 33 kQ - 50 kQ

Figure 1-4-9 Pin Configuration in Processor Mode with 16-bit Bus Address/Data Shared Mode

‘ Unused pins require handling in the circuit (input pins connected to VDD/VSS, output pins left
= open, input/output pins connected to VDD/VSS or left open according to pin direction setting).
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1-4-10 List of Pin Functions

Refer to "11-2-3 List of Pin Functions" for each pin's input level and Schmidt avail-
ability. 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 refer
to "Chapter 8 Ports" for details.

Table 1-4-1 List of Pin Functions (1/26)

Pin Number Pin Name 1/0 Function Description

17 VoD - Power There are four Vop pins. These four pins must be con-

22 Voo - Power nected to a power supply of 3.0 Vt0 3.6 V.

66 VDD - Power

83 VDD - Power

19 Vss - Power (Ground) There are two Vss pins. They must be connected to a

92 Vss - Power (Ground) power supply of 0 V.

34 AVDD - Analog Voltage There is one AVpp. It must be connected to the same volt-

age as Vbp.

61 AVss - Analog Voltage There is one AVss. It must be connected to the same volt-
(Ground) age as Vss.

43 Vref - - Analog Basic There is one Vref -. It must be connected with relation of
Voltage Vss <= Vref - < Vref + <= Vop.

54 Vref + - Analog Basic There is one Vref +. It must be connected with relation of
Voltage Vss <= Vref - < Vref + <= Vop.
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Table 1-4-1 List of Pin Functions (2/26)

Pin Number Pin Name 1/0 Function Description
23 OSCl Input High-speed Oscillator For a self-excited oscillator configuration, connect crystal
Input or ceramic oscillator across these two pins. They have a
24 OSCco Output | High-speed Oscillator built-in feedback resistor between them. For stability, in-
Output sert capacitor of 20 pF to 33 pF between the OSCI pin or

the OSCO pin and the Vss pin (For the exact capacitance,
consult the oscillator manufacturer).

For an external oscillator configuration, connect the OSCI
pin to an oscillator with an amplitude of 4 MHz to 34 MHz
and the width between Vop and Vss. Leave the OSCO pin
open. Refer to "Figure 1-4-10".

Connecting the OSCO pin with the external circuit directly
is not allowed when the oscillator clock is taken from the
chip. Select the BOSC pin for a synchronous signal.

20 Xl Input Low-speed Oscillator For a self-excited oscillator configuration, connect crystal or
Input ceramic oscillator across these two pins. They have a built-
21 X0 Output | Low-speed Oscillator in feedback resistor between them. For stability, insert ca-
Output pacitor of 100 pF to 200 pF between the Xl pin or the XO pin

and the Vss pin (For the exact capacitance, consult the os-
cillator manufacturer).

For an external oscillator configuration, connect the Xl pin
to an oscillator with an amplitude of 32 kHz to 166 kHz and
the width between Vpop and Vss. Leave the XO pin open.
Refer to "Figure 1-4-11".

If the Xl pin is not used as the low-speed oscillator input pin,
connect the Xl pin to Vss or Vop. If the XO pin is not used
as the low-speed oscillator output pin, leave the XO pin
open. When the oscillation clock is taken from the chip,
connecting the XO pin with the external circuit directly is not
allowed. Select the BOSC pin for a synchronous signal.

PB1 110 General-purpose port B1 | If pin 20 is not used as the XI pin, this pin can be used as
pin the general-purpose I/O port. The PBMD register switches
the function. The input/output direction is controlled in bit
units. The pin has a built-in software control pull-up resis-
tor. Refer to "Chapter 8 Ports".
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Table 1-4-1 List of Pin Functions (3/26)

Pin Number

Pin Name

11O

Function

Description

82

RST

Input

Reset Input

This pin resets the chip. With a 34-MHz oscillator, reset
starts when the low level is input to this pin for more than
117 ns. Reset starts even when the noise is input to this pin
for 117 ns. When the high level is input to the pin, reset is
released. After the reset pin becomes high level, the oscil-
lation waits of the high-speed oscillation pins (OSCI and
OSCO) are performed (approximately 3.855 ms with a 34-
MHz oscillator). After that, the chip starts executing the in-
struction from x'080000'. Refer to "Figure 1-4-12".

18

BOSC

BIBT1
BIBT2

PBO

Output

Output
Output

11O

System Clock Output

Internal System
Clock Output

General-purpose Port BO

This pin provides the system clock. After reset release, the
pin outputs BOSC. When the high-speed oscillation pin is
operating at 34 MHz, the pin outputs the clock of 34 MHz.

Pin 18 can output BIBT1 or BIBT2 signal of the internal
system clock by setting the PBMD register. These signals
are inverted signals.

If pin 18 is not used as the BOSC pin, it can be used as a
general-purpose input/output port. The PBMD register
switches the function. The input/output direction is con-
trolled in bit units. The pin has a built-in software control
pull-up resistor. Refer to "Chapter 8 Ports".

25

MODE

Input

Mode Setup Input

This pin sets either processor mode or single-chip mode
(memory expansion mode). Pulling the pin low sets the
processor mode. In processor mode, Internal ROM be-
comes the external memory area, and the chip executes
the instruction from x'080000' in memory connected exter-
nally. Pulling the pin high sets the single-chip mode
(memory expansion mode). The chip executes the instruc-
tion from x'080000' of Internal ROM. In memory expansion
mode, the port mode register is set to address output and
data output by instruction.

Do not change the mode setting in this pin during operation.
When the setting is changed, proper operation cannot be
guaranteed. Refer to "2-1 Summary of Bus Interface".

24
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Table 1-4-1 List of Pin Functions (4/26)

Pin Number Pin Name 1/0 Function Description
12 WORD Input | Data Bus Width Setup This pin sets either 8-bit data bus width or 16-bit data bus
Input width in the external memory space 0 immediately after re-

set release in processor mode or memory expansion mode.
Pulling the pin high sets 8-bit bus width while pulling the pin
low sets 16-bit bus width. In processor mode or memory
expansion mode, this pin must be used as the data bus
width setup pin. The MEMMD1 register determines the
data bus width for the external memory spaces 1 to 3. The
MEMMDL1 register can reset the data bus width for the ex-
ternal memory space 0 after reset release, regardless the
level of this pin.

Refer to "2-1 Summary of Bus Interface".

P57 lfe} General-purpose Port 57 | This pin can be used as a general-purpose input/output port
in single-chip mode. The input/output direction is controlled
in bit units. The pin has a built-in software control pull-up
resistor. Refer to "Chapter 8 Ports".

81 ADSEP Input | Address/Data Separate, This pin sets either address/data separate mode or ad-
Shared Mode Setup dress/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 ad-
dress/data shared mode. In processor mode or memory
expansion mode, this pin must be used as the address/
data separate, shared mode setup pin. Do not change this
pin's input during operation. When the setting is changed,
proper operation cannot be guaranteed.

Refer to "2-1 Summary of Bus Interface".

PA5 /0 General-purpose Port A5 | This pin can be used as a general-purpose input/output
port in single-chip mode. The input/output direction is con-
trolled in bit units. The pin has a built-in software control
pull-up resistor. Refer to "Chapter 8 Ports".
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Table 1-4-1 List of Pin Functions (5/26)

Pin Number

Pin Name

11O

Function

Description

9

BREQ

P54

Input

1/10

Bus Request Input

General-purpose Port 54

/BREQ and /BRACK pins operate bus arbitration. Pulling
/BREQ low suspends the execution of the current instruc-
tion, makes addresses, data and control signals high im-
pedance, and then releases bus. After that, pull /BRACK
low. While the chip is accessing the bus, the chip releases
the bus after the bus access is completed. Pulling /BREQ
high at the level detector restores the bus.

This pin can be used as a general-purpose input/output
port in single-chip mode. The input/output direction is con-
trolled in bit units. The pin has a built-in software control
pull-up resistor. Refer to "Chapter 8 Ports".

10

BRACK

P55

Output

110

Output

Bus Request Enable

General-purpose Port 55

/BREQ and /BRACK pins operate bus arbitration. Refer to
"Pin 9 /BREQ Description" for details.

This pin can be used as a general-purpose input/output port
in single-chip mode. The input/output direction is controlled
in bit units. The pin has a built-in software control pull-up
resistor. Refer to "Chapter 8 Ports".

P61

Output

110

Read Enable Output

General-purpose Port 61

This pin provides a control signal for the external memory
read in processor mode or memory expansion mode.
When connecting SRAM and ROM, connect /RE to /OE in
memory. /RE outputs low level during read operation and
the chip reads the contents of the memory.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

Refer to "11-2-3 List of Pin Functions".

This pin can be used as a general-purpose input/output port
if it is not used as /RE in single-chip mode, processor mode
or memory expansion mode. The input/output direction is
controlled in bit units. The pin has a built-in software control
pull-up resistor. Refer to "Chapter 8 Ports".
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Table 1-4-1 List of Pin Functions (6/26)

Pin Number

Pin Name

/0

Function

Description

WEL

P62

Output

1/0

Lower Byte Write Enable
Output

General-purpose Port 62

This pin provides a control signal for the external memory
write in processor mode or memory expansion mode.
When connecting SRAM and ROM, connect /WEL to /WE
in memory. /WEL outputs low level when writing the lower
bytes (bits O to 7 of data) and writes the data to memory.
Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

Refer to "11-2-3 List of Pin Functions".

This pin can be used as a general-purpose input/output
port if it is not used as /WEL in single-chip mode, processor
mode or memory expansion mode. The input/output direc-
tion is controlled in bit units. The pin has a built-in software
control pull-up resistor. Refer to "Chapter 8 Ports".

WEH

Output

Output

Upper Byte Write Enable
Output

Write Enable Output for
DRAM Connection

This pin provides a control signal for the external memory
write in processor mode or memory expansion mode.
When connecting SRAM and ROM, connect /WEH to /WE
in memory. /WEH outputs low level when writing the upper
bytes (bits 8 to 15 of data) and writes the data to memory.
/WEH is invalid when 8-bit bus width is selected in proces-
sor mode or memory expansion mode so that it can be
used as a general-purpose port 63 pin.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

Refer to "11-2-3 List of Pin Functions".

This pin provides a write enable pin when connecting
DRAM in processor mode or memory expansion mode.
When connecting DRAM with 2CAS method, connect this
pin to /WE in DRAM. /WE outputs low during write opera-
tion and writes the data to DRAM.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

Refer to "11-2-3 List of Pin Functions".
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Table 1-4-1 List of Pin Functions (7/26)

Pin Number Pin Name

110

Function

Description

P63

1/10

General-purpose Port 63

This pin can be used as a general-purpose input/output port
when 8-bit bus width is selected in single-chip mode, pro-
cessor mode or memory expansion mode. The input/out-
put direction is controlled in bit units. The pin has a built-in
software control pull-up resistor. Refer to "Chapter 8
Ports".

5 Cso0

TM130A

P50

Output

Output

110

Chip Select Output

Timer 13A Output

General-purpose Port 50

This pin provides a chip select signal corresponding to
each external memory space when accessing SRAM and
ROM connected to the external memory spaces 0 to 3 in
processor mode or memory expansion mode. Connect
/CSO0 - /CS3 to /CS pins in external memory. /CS0 cannot
be output when accessing Internal ROM or Internal RAM.
Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

Refer to "11-2-3 List of Pin Functions".

This pin can be used as a timer 13 PWM output pin if it is
not used as a chip select output pin in single-chip mode,
processor mode or memory expansion mode.

Refer to "Chapter 4 Timers".

This pin can be used as a general-purpose input/output port
if it is not used as /CSO0 in single-chip mode or memory ex-
pansion mode. The input/output direction is controlled in bit
units. The pin has a built-in software control pull-up resis-
tor. Refer to "Chapter 8 Ports".

6 CS1
TM130B

P51

Output
Output

110

Chip Select Output
Timer 13B Output

General-purpose Port 51

Refer to "Pin 5 /CS0 Description" for details.

This pin can be used as a timer 13 PWM output pin if it is
not used as a chip select output pin in single-chip mode,
processor mode or memory expansion mode.

Refer to "Chapter 4 Timers".

This pin can be used as a general-purpose input/output port
if it is not used as /CS1 in single-chip mode, processor
mode or memory expansion mode. The input/output direc-
tion is controlled in bit units. The pin has a built-in software
control pull-up resistor. Refer to "Chapter 8 Ports".

7 CS2
TM140A

P52

Output
Output

1/0

Chip Select Output
Timer 14A Output

General-purpose Port 52

Refer to "Pin 5 /CS0 Description” for details.

This pin can be used as a timer 14 PWM output pin if it is
not used as a chip select output pin in single-chip mode,
processor mode or memory expansion mode. The same
function is also assigned to pin 48.

Refer to "Chapter 4 Timers".

This pin can be used as a general-purpose input/output port
if it is not used as /CS2 in single-chip mode, processor
mode or memory expansion mode. The input/output direc-
tion is controlled in bit units. The pin has a built-in software
control pull-up resistor. Refer to "Chapter 8 Ports".
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Table 1-4-1 List of Pin Functions (8/26)

Pin Number

Pin Name

1/0

Function

Description

CS3

TM140B

P53

Output

Output

11O

Chip Select Output

Timer 14B Output

General-purpose Port 53

Refer to "Pin 5 /CS0 Description” for details.

This pin can be used as a timer 14 PWM output pin if it is
not used as a chip select output pin in single-chip mode,
processor mode or memory expansion mode. The same
function is also assigned to pin 49.

Refer to "Chapter 4 Timers".

This pin can be used as a general-purpose input/output port
if it is not used as /CS3 in single-chip mode, processor
mode or memory expansion mode. The input/output direc-
tion is controlled in bit units. The pin has a built-in software
control pull-up resistor. Refer to "Chapter 8 Ports".

11

ALE

ALE

BSTRE

P56

TM15IA

Output

Output

Output

11O

Input

Address Latch Enable
Output (Positive Logic)
Address Latch Enable
Output (Negative Logic)

Read Enable for Burst
ROM

General-purpose Port 56

Timer 15A Input

This pin provides a timing signal of latching the address
which outputs to ADO to AD15 pins during address/data
shared mode in processor mode or memory expansion
mode. ALE outputs at positive logic at reset release, but
the PSHMD changes to negative logic. Because of this,
ALE cannot be used at negative logic in processor mode.
Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

When connecting burst ROM to the external memory
space in processor mode or memory expansion mode,
connect this pin to /RE in burst ROM.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

This pin can be used as a general-purpose input/output port
if it is not used as ALE, /ALE or /BSTRE in single-chip
mode, processor mode or memory expansion mode. The
input/output direction is controlled in bit units. The pin has a
built-in software control pull-up resistor. Refer to "Chapter
8 Ports".

This pin can be used as a timer 15 pulse input pin if it is not
used as ALE, /ALE or /BSTRE in single-chip mode, proces-
sor mode or memory expansion mode. Because pin 26
has the same function, either pin 26 or pin 11 must be se-
lected. Refer to "Chapter 4 Timers".
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Table 1-4-1 List of Pin Functions (9/26)

Pin Number

Pin Name

11O

Function

Description

WAIT

P60

SBT2

Input

1/10

110

Bus Cycle Wait Input

General-purpose Port 60

Serial Interface 2
Clock Input/Output

This pin extends or shortens the cycle of accessing to the
external memory based on the signal inputted to this pin
when the external memory wait is set to the handshake
mode in processor mode or memory expansion mode. Pull-
ing this pin low ends access to the external memory.
Refer to "Figure 1-4-13, Table 2-1-3 to Table 2-1-6".

This pin can be used as a general-purpose input/output port
if it is not used as WAIT in single-chip mode, processor
mode or memory expansion mode. The input/output direc-
tion is controlled in bit units. The pin has a built-in software
control pull-up resistor. Refer to "Chapter 8 Ports".

This pin can be used as a synchronous transfer clock signal
input/output pin for serial interface 2 if it is not used as
WAIT in single-chip mode, processor mode or memory ex-
pansion mode. Because pin 13 has the same function, ei-
ther pin 13 or pin 1 must be selected.
Refer to "Chapter 5 Serial Interface".

13

AO

P20

SBT2

Output

11O

110

Address Output

General-purpose Port 20

Serial Interface 2
Clock Input/Output

This pin outputs the address of the external memory in pro-
cessor mode or memory expansion mode. Connect this pin
to address pin of the external memory or address decode
circuit. When it is not accessing the external memory, the
output value is undefined.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

This pin can be used as a general-purpose input/output
port if it is not used as the address output pin in single-chip
mode, processor mode or memory expansion mode. The
input/output direction is controlled in bit units. The pin has a
built-in software control pull-up resistor. Refer to "Chapter
8 Ports".

This pin can be used as a synchronous transfer clock sig-
nal input/output pin for serial interface 2 if it is not used as
WAIT in single-chip mode, processor mode or memory ex-
pansion mode. Because pin 13 has the same function, ei-
ther pin 13 or pin 1 must be selected.
Refer to "Chapter 5 Serial Interface".
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Chapter 1 General Description

Table 1-4-1 List of Pin Functions (10/26)

Pin Number Pin Name 1/0 Function Description
14 Al Output | Address Output Refer to "Pin 13 AO Description" for details.
P21 lfe} General-purpose Port 21 | Refer to "Pin 13 P20 Description" for details.
SBI2 Input Serial Interface 2 This pin can be used as a data input pin for serial interface
Data Input 2 if it is not used as the address output pin in single-chip
mode, processor mode or memory expansion mode. Be-
cause pin 50 has the same function, either pin 50 or pin 14
must be selected.
Refer to "Chapter 5 Serial Interface".
15 A2 Output | Address Output Refer to "Pin 13 AO Description" for details.
P22 110 General-purpose Port 21 | Refer to "Pin 13 P20 Description" for details.
SBO2 Output | Serial Interface 2 This pin can be used as a data output pin for serial inter-
Data Output face 2 if it is not used as the address output pin in single-
chip mode, processor mode or memory expansion mode.
Because pin 53 has the same function, either pin 53 or pin
15 must be selected.
Refer to "Chapter 5 Serial Interface".
16 A3 Output | Address Output Refer to "Pin 13 A0 Description” for details.
P23 11O General-purpose Port 23 | Refer to "Pin 13 P20 Description” for details.
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Table 1-4-1 List of Pin Functions (11/26)

Pin Number Pin Name 1/0 Function Description
26 A4 Output | Address Output Refer to "Pin 13 A0 Description” for details.
P24 lfe} General-purpose Port 24 | Refer to "Pin 13 P20 Description" for details.
TM15IA Input Timer 15 Pulse Input This pin can be used as a timer 15 pulse input pin if it is not
used as the address output pin in single-chip mode, pro-
cessor mode or memory expansion mode. Because pin 11
has the same function, either pin 11 or pin 26 must be se-
lected. Refer to "Chapter 4 Timers".
27-29 A5-A7 Output | Address Output Refer to "Pin 13 A0 Description” for details.
P25-P27 110 General-purpose Port Refer to "Pin 13 P20 Description" for details.
25-27
30-33, A8-A15 Output | Address Output Refer to "Pin 13 A0 Description” for details.
35-38
P30-P37 1/0 General-purpose Port Refer to "Pin 13 P20 Description" for details.
30-37
KI0-7 Input | Key Input Interrupt These pins can be used as key input interrupt pins if they

are not used as the address output pins in single-chip
mode, processor mode or memory expansion mode. The
key input interrupt pins can be controlled in bit units.
Refer to "3-2-2 Key Input Interrupt Setup Examples".
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Table 1-4-1 List of Pin Functions (12/26)

Pin Number Pin Name 1/0 Function Description
39-42 Al16-A19 Output | Address Output Refer to "Pin 13 A0 Description” for details.
P40-P43 /0 General-purpose Port Refer to "Pin 13 P20 Description" for details.
40-43
44-45 A20-A21 Output | Address Output Refer to "Pin 13 AQ Description" for details.
P44-P45 110 General-purpose Port Refer to "Pin 13 P20 Description" for details.
44-45
AN4-AN5 Input A/D Conversion Input These pins can be used as A/D conversion input pins if
they are not used as address output pins in single-chip
mode, processor mode or memory expansion mode.
Refer to "6-1 Summary of A/D Converter".
46 A22 Output | Address Output Refer to "Pin 13 A0 Description” for details.
P46 110 General-purpose Port 46 | Refer to "Pin 13 P20 Description" for details.
ANG6 Input A/D Converter 6 This pin can be used as a A/D conversion input pin if it is
Conversion Input not used as the address output pin in single-chip mode,
processor mode or memory expansion mode.
Refer to "6-1 Summary of A/D Converter".
STOP Output | STOP Status Output This pin outputs high to indicate STOP status if it is not used

as the address output pin in single-chip mode, processor
mode or memory expansion mode.
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Table 1-4-1 List of Pin Functions (13/26)

Pin Number

Pin Name

11O

Function

Description

47

A23

P47

AN7

WDOUT

Output

110

Input

Output

Address Output

General-purpose Port 47

A/D Converter 7 Conver-
sion Input

Watchdog Timer
Overflow Output

Refer to "Pin 13 AO Description" for details.

Refer to "Pin 13 P20 Description" for details.

This pin can be used as a A/D conversion input pin if it is
not used as the address output pin in single-chip mode,
processor mode or memory expansion mode.

Refer to "6-1 Summary of A/D Converter".

This pin outputs high when the watchdog timer overflows if
it is not used as the address output pin in single-chip mode,
processor mode or memory expansion mode.

84-91

DO-D7
ADO-AD7

PO0-PO7

110
11O

110

Data I/O
Address/Data /O

General-purpose Ports
00-07

These pins input or output the lower 8-bit data of the exter-
nal memory during address/data separate mode in proces-
sor mode or memory expansion mode. During address/
data shared mode, these pins time-divides input or output
the lower 8-bit address and the lower 8-bit data of the ex-
ternal memory. They become input when the external
memory is not accessed.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

These pins can be used as general-purpose ports if they
are not used as data input/output pins or address/data in-
put/output pins in single-chip mode, processor mode or
memory expansion mode. The input/output direction is
controlled in bit units. The pin has a built-in software con-
trol pull-up resistor. Refer to "Chapter 8 Ports".
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Chapter 1 General Description

Table 1-4-1 List of Pin Functions (14/26)

Pin Number Pin Name 1/0 Function Description
93 D8 110 Data I/O This pin inputs or outputs the upper 8-bit data of the exter-

AD8 110 Address/Data I/O nal memory during address/data separate mode in proces-
sor mode or memory expansion mode. During address/
data shared mode, this pin time-divides input or output the
upper 8-bit address and the upper 8-bit data of the external
memory. It becomes input when the external memory is
not accessed.
Refer to "2-1 Summary of Bus Interface".
During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

P10 110 General-purpose Port 10 | Refer to "Pins 84-91 P00-P07 Description” for details.

TM8IOB /0 Timer 8B Input/Output This pin can be used as a timer 8 input capture B input pin
or a timer 8 output compare B output pin if it is not used as
a data input/output pin or an address/data input/output pin
in single-chip mode, processor mode or memory expan-
sion mode.
Refer to "Chapter 4 Timers".

94 D9 110 Data I/O Refer to "Pin 93 D8, AD8 Description” for details.

AD9 110 Address/Data 1/0

P11 110 General-purpose Port 11 | Refer to "Pins 84-91 P00-P07 Description" for details.

TM8IC Input | Timer 8C Input This pin can be used as a timer 8 counter clear pin if it is not

used as a data input/output pin or an address/data input/
output pin in single-chip mode, processor mode or memory
expansion mode.

Refer to "Chapter 4 Timers".
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Table 1-4-1 List of Pin Functions (15/26)

Pin Number Pin Name 1/0 Function Description
95 D10 lfe} Data I/O Refer to "Pin 93 D8, AD8 Description” for details.
AD10 110 Address/Data I/0
P12 110 General-purpose Port 12 | Refer to "Pins 84-91 P00-P07 Description” for details.
TM11I0A 110 Timer 11A Input/Output This pin can be used as a timer 11 input capture A input pin
or atimer 11 output compare A output pin if it is not used as
a data input/output pin or an address/data input/output pin
in single-chip mode, processor mode or memory expan-
sion mode.
Refer to "Chapter 4 Timers".
96 D11 I/0 Data I/O Refer to "Pin 93 D8, AD8 Description" for details.
AD11 /10 Address/Data 1/0
P13 /0 General-purpose Port 13 Refer to "Pins 84-91 P00-P07 Description" for details.
TM1110B /10 Timer 11B Input/Output This pin can be used as a timer 11 input capture B input pin
or a timer 11 output compare B output pin if it is not used as
a data input/output pin or an address/data input/output pin
in single-chip mode, processor mode or memory expansion
mode.
Refer to "Chapter 4 Timers".
97 D12 110 Data I/0 Refer to "Pin 93 D8, AD8 Description" for details.
AD12 /10 Address/Data 1/0
P14 /O General-purpose Port 14 Refer to "Pins 84-91 P00-P07 Description" for details.
TM11IC Input | Timer 11C Input This pin can be used as a timer 11 counter clear pin if it is
not used as a data input/output pin or an address/data in-
put/output pin in single-chip mode, processor mode or
memory expansion mode.
Refer to "Chapter 4 Timers".
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Table 1-4-1 List of Pin Functions (16/26)

Pin Number Pin Name 1/0 Function Description
98 D13 110 Data I/O Refer to "Pin 93 D8, AD8 Description" for details.
AD13 lfe} Address/Data I/0O
P15 110 General-purpose Port 15 | Refer to "Pins 84-91 P00-P07 Description” for details.
TM12I0A /0 Timer 12A Input/Output This pin can be used as a timer 12 input capture A input pin
or a timer 12 output compare A output pin if it is not used as
a data input/output pin or an address/data input/output pin
in single-chip mode, processor mode or memory expan-
sion mode.
Refer to "Chapter 4 Timers".
99 D14 le} Data I/0 Refer to "Pin 93 D8, AD8 Description" for details.
AD14 110 Address/Data I/0
P16 /10 General-purpose Port 16 | Refer to "Pins 84-91 P00-P07 Description" for details.
TM12I0B /10 Timer 12B Input/Output This pin can be used as a timer 12 input capture B input pin
or a timer 12 output compare B output pin if it is not used as
a data input/output pin or an address/data input/output pin
in single-chip mode, processor mode or memory expansion
mode.
Refer to "Chapter 4 Timers".
100 D15 /0 Data I/0 Refer to "Pin 93 D8, AD8 Description" for details.
AD15 110 Address/Data I/0
P17 /0 General-purpose Port 17 Refer to "Pins 84-91 P00-P07 Description" for details.
TM12IC Input | Timer 12C Input This pin can be used as a timer 12 counter clear pin if it is

not used as a data input/output pin or an address/data in-
put/output pin in single-chip mode, processor mode or
memory expansion mode.

Refer to "Chapter 4 Timers".
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Table 1-4-1 List of Pin Functions (17/26)

Pin Number

Pin Name

11O

Function

Description

67

RAS

P70

SBTO

Output

1/10

1/10

DRAM Control Output

General-purpose Port 70

Serial Interface 0
Clock Input/Output

This pin outputs /RAS signal when connecting DRAM in
processor mode or memory expansion mode.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

This pin can be used as a general-purpose input/output
port if it is not used as /RAS in single-chip mode, processor
mode or memory expansion mode. The input/output direc-
tion is controlled in bit units. The pin has a built-in software
control pull-up resistor. Refer to "Chapter 8 Ports".

This pin can be used as a synchronous transfer clock sig-
nal input/output pin for serial interface 0 if it is not used as
/RAS in single-chip mode, processor mode or memory ex-
pansion mode.

Refer to "Chapter 5 Serial Interface".

68

CAS
LCAS

P71

SBIO

Output
Output

110

Input

DRAM Control Output
DRAM Control Output

General-purpose Port 71

Serial Interface 0
Data Input

This pin outputs /CAS or /LCAS signal when connecting
DRAM in processor mode or memory expansion mode.
Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

This pin can be used as a general-purpose input/output port
if it is not used as /CAS or /LCAS in single-chip mode, pro-
cessor mode or memory expansion mode. The input/output
direction is controlled in bit units. The pin has a built-in soft-
ware control pull-up resistor. Refer to "Chapter 8 Ports".

This pin can be used as a data input pin for serial interface
0 if it is not used as /CAS or /LCAS in single-chip mode,
processor mode or memory expansion mode.

Refer to "Chapter 5 Serial Interface”.
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Table 1-4-1 List of Pin Functions (18/26)

Pin Number

Pin Name

/0

Function

Description

69

UCAS

P72

SBOO

Output

/10

Output

DRAM Control Output

General-purpose Port 72

Serial Interface 0
Data Output

This pin outputs /UCAS signal when connecting DRAM in
processor mode or memory expansion mode.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

This pin can be used as a general-purpose input/output port
if it is not used as /UCAS in single-chip mode, processor
mode or memory expansion mode. The input/output direc-
tion is controlled in bit units. The pin has a built-in software
control pull-up resistor. Refer to "Chapter 8 Ports".

This pin can be used as a data output pin for serial interface
0 if it is not used as /UCAS in single-chip mode, processor
mode or memory expansion mode.

Refer to "Chapter 5 Serial Interface".

70

DUMX

P73

SBT1

Output

/10

11O

DRAM Control Output

General-purpose Port 73

Serial Interface 1
Clock Input/Output

This pin outputs DUMX signal when connecting DRAM in
processor mode or memory expansion mode.

Refer to "2-1 Summary of Bus Interface".

During a bus request, STOP mode or HALT mode, this pin
will be in a high impedance state.

This pin can be used as a general-purpose input/output port
if it is not used as DUMX in single-chip mode, processor
mode or memory expansion mode. The input/output direc-
tion is controlled in bit units. The pin has a built-in software
control pull-up resistor. Refer to "Chapter 8 Ports".

This pin can be used as a synchronous transfer clock signal
input/output pin for serial interface 1 if it is not used as
DUMX in single-chip mode, processor mode or memory ex-
pansion mode.

Refer to "Chapter 5 Serial Interface".
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Table 1-4-1 List of Pin Functions (19/26)

Pin Number Pin Name 1/0 Function Description
71 P74 110 General-purpose Port 74 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
SBI1 Input | Serial Interface 1 This pin can be used as a data input pin for serial interface 1.
Data Input Refer to "Chapter 5 Serial Interface".
72 P75 110 General-purpose Port 75 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
SBO1 Output | Serial Interface 1 This pin can be used as a data output pin for serial interface
Data Output 1. Refer to "Chapter 5 Serial Interface".
48 P80 1/0 General-purpose Port 80 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TM140A Output | Timer 14A Output This pin can be used as a timer 14 PWM output pin. The
same function is also assigned to pin 7.
Refer to "6-3 Summary of D/A Converter".
49 P81 I/0 General-purpose Port 81 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TM140B Output | Timer 14B Output This pin can be used as a timer 14 PWM output pin. The
same function is also assigned to pin 8.
Refer to "6-3 Summary of D/A Converter".
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Table 1-4-1 List of Pin Functions (20/26)

Pin Number Pin Name 1/0 Function Description
50 P82 I/0 General-purpose Port 82 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TMOIO 110 Timer O Input/Output This pin can be used as a timer 0 input/output pin.
Refer to "Chapter 4 Timers".
SBI2 Input Serial Interface 2 This pin can be used as a data input pin for serial interface
Data Input 2. Because pin 14 has the same function, either pin 14 or
pin 50 must be selected.
Refer to "Chapter 5 Serial Interface".
SBT3 1/0 Serial Interface 3 This pin can be used as a synchronous transfer clock sig-
Clock Input/Output nal input/output pin for serial interface 3.
Refer to "Chapter 5 Serial Interface".
SCL3 Output | Serial Interface 3 This pin can be used as an I2C clock signal output pin for
Clock Output serial interface 3.
Refer to "Chapter 5 Serial Interface".
51 P83 I/0 General-purpose Port 83 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TM410 le} Timer 4 Input/Output This pin can be used as a timer 4 input/output pin.
Refer to "Chapter 4 Timers".
SBI3 Input Serial Interface 3 This pin can be used as a data input pin for serial interface

Data Input

3. Refer to "Chapter 5 Serial Interface".
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Table 1-4-1 List of Pin Functions (21/26)

Pin Number Pin Name 11O Function Description
52 P84 110 General-purpose Port 84 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TM710 110 Timer 7 Input/Output This pin can be used as a timer 7 input/output pin.
Refer to "Chapter 4 Timers".
SBO3 Output | Serial Interface 3 This pin can be used as a data output pin for serial inter-
Data Output face 3. Refer to "Chapter 5 Serial Interface”.
SDA3 110 Serial Interface 3 This pin can be used as an I2C data input/output pin for
Data Input/Output serial interface 3.
Refer to "Chapter 5 Serial Interface”.
53 P85 I/0 General-purpose Port 85 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TMOIOA 110 Timer 9A Input/Output This pin can be used as a timer 9 input/output pin.
Refer to "Chapter 4 Timers".
SBO2 Output |  Serial Interface 2 This pin can be used as a data output pin for serial inter-
Data Output face 2. Because pin 15 has the same function, either pin
15 or pin 53 must be selected.
Refer to "Chapter 5 Serial Interface”.
SBT4 1/0 Serial Interface 4 This pin can be used as a synchronous transfer clock signal
Clock Input/Output input/output pin for serial interface 4.
Refer to "Chapter 5 Serial Interface”.
SCL4 Output | Serial Interface 4 This pin can be used as an I2C clock signal output pin for
Clock Output serial interface 4.
Refer to "Chapter 5 Serial Interface”.

42

MN102H60G/60K/F60G/F60K




Chapter 1 General Description

Table 1-4-1 List of Pin Functions (22/26)

Pin Number Pin Name 1/0 Function Description
55 P86 I/0 General-purpose Port 86 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TM9IOB 110 Timer 9B Input/Output This pin can be used as a timer 9 input/output pin.
Refer to "Chapter 4 Timers".
SBl4 Input Serial Interface 4 This pin can be used as a data input pin for serial interface
Data Input 4. Refer to "Chapter 5 Serial Interface”.
56 P87 1/0 General-purpose Port 87 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TMOIC Input | Timer 9C Input This pin can be used as a timer 9 count clear input pin.
Refer to "Chapter 4 Timers".
SBO4 Output | Serial Interface 4 This pin can be used as a data output pin for serial inter-
Data Output face 4.
Refer to "Chapter 5 Serial Interface".
SDA4 110 Serial Interface 4 This pin can be used as an I°C data input/output pin for se-

Data Input/Output

rial interface 4.
Refer to "Chapter 5 Serial Interface".

MN102H60G/60K/F60G/F60K 43



Chapter 1 General Description

Table 1-4-1 List of Pin Functions (23/26)

Pin Number Pin Name 1/0 Function Description
57 P90 110 General-purpose Port 90 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TMB8IOA 110 Timer 8A Input/Output This pin can be used as a timer 8 input/output pin.
Refer to "Chapter 4 Timers".
BIBT1 Output | Internal System Clock | Referto "Pin 18 BIBT1 Description" for details.
Output Refer to "Chapter 5 Serial Interface".
DMAREQ1 Input | ETC1 Activation Request | This pin is an ETC activation request pin. When ETC
Input starts, the data is transferred automatically between the
external memory and the external device which requires
no address specification.
Refer to "Chapter 7 ATC, ETC".
58 P91 I/0 General-purpose Port 91 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".
TM10I0A 110 Timer 10A Input/Output This pin can be used as a timer 10 input/output pin.
Refer to "Chapter 4 Timers".
BIBT2 Output | Internal System Clock | Refer to "Pin 18 BIBT1 Description” for details.
Output Refer to "Chapter 5 Serial Interface”.
DMAACK1 Output | ETC1 Acknowledge This pin is an acknowledge signal output pin for ETC acti-
Output vation request.
Refer to "Chapter 7 ATC, ETC".
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Table 1-4-1 List of Pin Functions (24/26)

Pin Number Pin Name 1/0 Function Description

59 P92 I/0 General-purpose Port 92 | This pin can be used as a general-purpose input/output
port. The input/output direction is controlled in bit units.
The pin has a built-in software control pull-up resistor.
Refer to "Chapter 8 Ports".

TM1010B 110 Timer 10B Input/Output This pin can be used as a timer 10 input/output pin.
Refer to "Chapter 4 Timers".
DMAREQO Input | ETCO Activation Request | This pin is an ETC activation request pin. When ETC
Input starts, the data is transferred automatically between the
external memory and the external device which requires no
address specification.
Refer to "Chapter 7 ATC, ETC".

60 P93 /0 General-purpose Port 93 | This pin can be used as a general-purpose input/output
port. It can also be used as an LED drive port. The input/
output direction is controlled in bit units. The pin has a built-
in software control pull-up resistor.

Refer to "Chapter 8 Ports".
T™M10IC Input | Timer 10C Input This pin can be used as a timer 10 counter clear input pin.
Refer to "Chapter 4 Timers".
DMAACKO Output | ETCO Acknowledge This pin is an acknowledge signal output pin for ETC acti-
Output vation request.
Refer to "Chapter 7 ATC, ETC".

62 P94 1/0 General-purpose Port 94 | This pin can be used as a general-purpose input/output
port. It can also be used as an LED drive port. The input/
output direction is controlled in bit units. The pin has a
built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
ANO Input | A/D Converter 0 This pin can be used as an A/D conversion input pin.

Conversion Input

Refer to "6-1 Summary of A/D Converter".
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Table 1-4-1 List of Pin Functions (25/26)

Pin Number Pin Name 11O Function Description

63 P95 1/0 General-purpose Port 95 | This pin can be used as a general-purpose input/output port.
The input/output direction is controlled in bit units. The pin
has a built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
AN1 Input | A/D Converter 1 This pin can be used as an A/D conversion input pin.
Conversion Input Refer to "6-1 Summary of A/D Converter".

64 P96 110 General-purpose Port 96 | This pin can be used as a general-purpose input/output port.
The input/output direction is controlled in bit units. The pin
has a built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
AN2 Input | A/D Converter 2 This pin can be used as an A/D conversion input pin.
Conversion Input Refer to "6-1 Summary of A/D Converter".

65 P97 I/0 General-purpose Port 97 | This pin can be used as a general-purpose input/output port.
The input/output direction is controlled in bit units. The pin
has a built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
AN3 Input | A/D Converter 3 This pin can be used as an A/D conversion input pin.
Conversion Input Refer to "6-1 Summary of A/D Converter".

76 PAO lfe} General-purpose Port A0 | This pin can be used as a general-purpose input/output port.
The input/output direction is controlled in bit units. The pin
has a built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
IRQO Input | External Interrupt O This pin can be used as an external interrupt request input
Input pin. Refer to "Chapter 3 Interrupts".

77 PA1 110 General-purpose Port A1 | This pin can be used as a general-purpose input/output port.
The input/output direction is controlled in bit units. The pin
has a built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
IRQ1 Input | External Interrupt 1 This pin can be used as an external interrupt request input
Input pin. Refer to "Chapter 3 Interrupts”.
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Table 1-4-1 List of Pin Functions (26/26)

Pin Number Pin Name 1/0 Function Description

78 PA2 I/0 General-purpose Port A2 | This pin can be used as a general-purpose input/output port.
The input/output direction is controlled in bit units. The pin
has a built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
IRQ2 Input | External Interrupt 2 This pin can be used as an external interrupt request input
Input pin. Refer to "Chapter 3 Interrupts".

79 PA3 110 General-purpose Port A3 | This pin can be used as a general-purpose input/output port.
The input/output direction is controlled in bit units. The pin
has a built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
IRQ3 Input | External Interrupt 3 This pin can be used as an external interrupt request input
Input pin. Refer to "Chapter 3 Interrupts".

80 PA4 110 General-purpose Port A4 | This pin can be used as a general-purpose input/output port.
The input/output direction is controlled in bit units. The pin
has a built-in software control pull-up resistor.

Refer to "Chapter 8 Ports".
IRQ4 Input | External Interrupt 4 This pin can be used as an external interrupt request input
Input pin. Refer to "Chapter 3 Interrupts".
TM15IB Input | Timer 15B Input This pin can be used as a base clock input pin for timer 15
pulse width measurement.
Refer to "Chapter 4 Timers".
75 NMI Input Nonmaskable Interrupt | This pin can be used as a /NMl interrupt pin. The /NMI inter-
Input rupt occurs on the falling edge of low level. In addition, this
pin can reads the pin state as the general-purpose input port
P76.
Refer to "Chapter 3 Interrupts".
73-74 PULLUP Input Pull-up These pins must be pullde up with 33 kQ - 50 kQ.
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m Connection Examples of Power Pins, Oscillator Circuits, Reset Pins

‘ oscl 0SCco | OSCI 0SCO |
0—”]}—1» 4 MHz - 34 MHz
v
——20pF-33pF —— 20pF-33pF 4 MHz - 34 MHz
7777 7777 Oscillation
. . Circuit
Note : The capacitance values vary depending on
the crystal oscillator.
Figure 1-4-10 OSCI, OSCO Connection Example
Xl X0 ‘ Xl X‘O ‘
»—{ D }—o 32 kHz - 166 kHz
S
32 kHz-166 kHz
100 pF - 200 pF —___ 100 pF - 200 pF
e /e O_scnl_atlon
Circuit
Note : The capacitance values vary depending on

the crystal oscillator.

Figure 1-4-11 Xl, XO Connection Example

Di
10 kQ - 50 kQ

RST

10 pF - 100 uF | isw

Figure 1-4-12 Reset Pin Connection Example

E
27
d

=
m

RESET
Delay Circuit;

WAIT

Figure 1-4-13 WAIT Signal Control Circuit Connection Example
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Package Code: LQFP100-P-1414

, 16.00£020
14.00 £0.10
75 51
RAARRAARAAARAAAAAAAARARE 50
76
= = 5
= =
o e
= = ol
= = gl s
= = gl e
[=o= = 3 ‘\_Q
= = -
s o=
== =
= ey
[== = | o
1oo§LO o= 26

FEEEELEELEEELLE HHHHHHHZHS

ol
gl
1

0.50 0203

(1.00) | | o.os,L———E:H 00 ® g x
| E
o o
SEIES

o)

g

(1.00) 7] 0.0] e

o

SEATING PLANE

28 —
3% - —
0 '
I
- I 0~10°
0.50%0.20

Unit: mm

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

Figure 1-4-14 External Dimensions (MN12-H60G/F60G/60K/F60K) : 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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Chapter 2 Bus Interface

2-1  Summary of Bus Interface

2-1-1 Overview

The MN102H60G/60K/F60G/F60K has a function to expand memory
to external devices. Table 2-1-1 shows memory modes. 8 or 16-bit data
bus width can be selected by setting pins.

Table 2-1-1 Mode Setting

Modes External Connecting Modes | Externa Data Bus Width | MODE | ADSEP | /WORD Psggﬁ’g\;g
Single-chip mode | - - H - - -
Memory Expanson | Address/data separate mode 8-hit H H H Note 1

16-bit H H L Note 1

Address/data shared mode 8-bit H L H Note 1

16-bit H L L Note 1

Processor mode Address/data separate mode 8-hit L H H Note 2
16-bit L H L Note 2

Address/data shared mode 8-bit L L H Note 2

16-bit L L L Note2

Note 1: Set each mode register to input or output an address/data control signal from single-chip mode
using user program on internal ROM because the CPU starts in single-chip mode after reset
release.

Note 2: Initialize the setting to input or output an address/data control signal after reset release.

Memory Expansion Mode Processor Mode

X'000000 x'000000"
External Device EggnaltMetmory Space 2 External Device %Zﬂyﬁ? ory Space 2
X'008000' (CS2 output) X008000" p
Internal RAM Internal RAM
* *
X009000'(*4) (4096 bytes (*3)) X009000'(+4) (4096 bytes (*3))
X'00FCO00' X'00FCO00'
Peripheral Register Peripheral Register
x'010000' x'010000'
External Device
—  Xx'080000 —  X'080000
Reset Start Reset Start
Internal ROM
(128K bytes (*1)) External Memory Space 0 External Memory Space 0
X'0A0000'(*2) (CS0 output) External Device (CS0 output)
x'200000"
Xx'400000 Xx'400000
External Device External Memory Space 1 External Memory Space 1
X'800000" (CS1 output) X'800000" (CS1 output)
External Memory Space 2 External Memory Space 2
X'C00000" (CS2 output) X'C00000" (CS2 output)
External Memory Space 3 External Memory Space 3
(CS3 output) (CS3 output)
XFFFFFF' XFFFFFF'
Up to 16M space Up to 16M space
expansion is possible. exapnsion is possible.
= MN102HF60G| 128 Kbytes | X'0A0000' | 4 Kbytes | x'009000'
The value of internal RAM is uncer- MN102H60G |128 Kbytes | xX'0A0000' | 4 Kbytes | x'009000'
. . i . MN102HF60K | 256 Kbytes | x'0C0000' | 10 Kbytes | x'00A800'
tain when power is applied to it. MN102H60K |256 Kbytes | x0C0000' | 10 Kbytes | X00A800"

It needs to be initialized before it is

used. Figure 2-1-1 Address Space
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Control Registers

Chapter 2 Bus Interface

These registers control the bus interface: the external memory wait reg-
ister (EXWMD), the memory mode setup 1 register (MEMMD1), the
memory mode setup 2 register (MEMMD2), the DRAM control 1 regis-
ter (DRAMMD1), the DRAM control 2 register (DRAMMD?2), the RE
waveform control register (REEDGE), the WE waveform control regis-
ter (WEEDGE), the ALE waveform control register (ALEEDGE) and
the address output time control register (MPXADR).

The EXWMD register sets the number of waits for devices in the external memory
spaces 0 to 3.

Reset:

EXWMD: x'00FF80'

Set the number of wait
for external memory space 0*

Set the number of wait
for external memory space 1*

Set the number of wait
for external memory space 2*

Set the number of wait
for external memory space 3*

* Please refer to Figure 2-1-1
Address Space on page 52 for

address allocation of the exter-

nal memory spaces.

0.5 wait cycle corresponds to

BOSC 1 cycle. 1 wait corre-

sponds to 1 cycle of instruction.
With a 34-MHz external oscillator,

0.5 wait: 29.4 ns

1.0 wait: 58.8 ns

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EW33[EW32[EW31|EW30[EW23EW22[EW21|[EW20[EW13EW12[EW11|EW10[EW03[EW02[EW01EWOO|
1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0
EW[03:00]
EW[13:10]
EW[23:20]
EW[33:30]
Wait Cycle
0000 0.0 1.0
0001 0.5 15
0010 1.0 2.0
0011 15 2.5
0100 2.0 3.0
0101 25 3.5
0110 3.0 4.0
0111 35 4.5
1000 4.0 5.0
1001 4.5 5.5
1010 5.0 6.0
1011 55 6.5
1100 6.0 7.0
1101 6.5 7.5
1110 7.0 8.0
1111 perform handmek_e
mode by WAIT pin
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The MEMMDL1 register sets the wait cycles for internal peripherals, the bus widths
and ROM burst modes for the external memory spaces 0 to 3.

MEMMDL1: xX'00FF82'

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

EB31|EB30|EB21|EB20|EB11|EB10|EBO1|EB00|BRS1{BRSO|BRC3[BRC2|BRC1(BRCO|IOW1(IOWO

Reset 0 0 0 0 0 0 - = 0 0 0 0 0 0 1 1

L IOW[1:0] |Wait Setting for Internal I/O Space

00 1 wait cycle
01 1.5 wait cycles
10 2 wait cycles
11 3 wait cycles

BRCI[3:0] | Burst ROM Setting for External Memory Space 3-0
0 Disable
1 Enable (Only when 16 bit bus width is set at
external memory space.)

BRS[1:0] |Address Setting
for Burst Operation

16-bit Bus Width

00 AO, A1 2 words
01 AQ, A1, A2 4 words
10 AQ, A1, A2, A3 8 words
11 A0, A1, A2, A3, A4 | 16 words

EB[01:00] | Bus Width Setting for External Memory Space 0 (*1,*2)

00 16-bit bus width

01 8-hit bus width

10 reserved

11 8-hit bus width when A8 pin is high

16-bit bus width when A8 pin is low

*2 The reset value is '00' when /WORD pin is low
while the reset value is '01’ when /WORD pin is high.

EB[11:10]|Bus Width Setting for External Memory Space 1 (*1)

00 16-bit bus width

01 8-bit bus width

10 reserved

11 8-bit bus width when A8 pin is high

16-bit bus width when A8 pin is low

EB[21:20]|Bus Width Setting for External Memory Space 2 (*1)

00 16-bit bus width

01 8-bit bus width

10 reserved

11 8-bit bus width when A8 pin is high

16-bit bus width when A8 pin is low

EB[31:30]|Bus Width Setting for External Memory Space 3 (*1)

00 16-bit bus width
. 01 8-bit bus width
*1 Please refer to Figure 2-1-1 10 reserved

Memory Space on page 52 for 11 8-bit bus width when A8 pin is high
address allocation of the exter- 16-bit bus width when A8 pin is low
nal memory spaces.

Do not access the burst ROM area and other areas consecutively.
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The MEMMD?2 register sets the cycles during burst ROM mode and the fixed wait
cycles during handshake mode.

MEMMD?2: x'00FF84"

4 3 2 1

0

— | =1 = — | HS2 | HS1 | HSO | SC1 | SCo |reser|reser| _ 1BST2|BST1|BSTO
ved | ved
o o o0 o0 o0 O O O O O 0O 0 0 0 0 0
BST[2:0]| Cycle Setting for Burst ROM Shortening
(First Cycle Setting at Burst Access)
000 0.5 cycle
001 1.0 cycle
010 1.5 cycles
011 2.0 cycles
100 2.5 cycles
101 3.0 cycles
110 3.5 cycles
111 4.0 cycles
—|Reserved\ Setto 0
HS[2:0] | SLOW Mode Operating Clock Setting **
00 Xl
01 OSClf2
10 OSCl/4
11 0OSCI/8

*1 Do not change these flags in SLOW mode, as this may
cause erroneous operation.

HS[2:0] | Fixed Wait Setting When Controlling Wait Cycles
in WAIT Pin Handshake Mode
000 No wait
001 0.5 wait cycle
010 1 wait cycle
011 1.5 wait cycles
100 2 wait cycles
101 2.5 wait cycles
110 3 wait cycles
111 3.5 wait cycles
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The DRAMMD1 register sets the external memory DRAM operation, the timing of /
RAS and /CAS, and the size of address shift.

DRAMMD1: x'00FF90'
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ARE3|ARE2|ARE1(AREO(MMD1|MMDO|ASFN|SEL2|SEL1|SELO[CAS2|CAS1|CASO|RAS2(RAS1(RASO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RAS[2:0]| Timing Setting of the RAS's Falling Edge

000 At the beginning of 0.5 cycle

001 At the beginning of 1.0 cycle

010 At the beginning of 1.5 cycles
011 At the beginning of 2.0 cycles
100 At the beginning of 2.5 cycles
101 At the beginning of 3.0 cycles
110 At the beginning of 3.5 cycles
111 At the beginning of 4.0 cycles

CAS[2:0]| Timing Setting of the CAS (CS)'s Falling Edge

000 At the beginning of 0.5 cycle

001 At the beginning of 1.0 cycle

010 At the beginning of 1.5 cycles
011 At the beginning of 2.0 cycles
100 At the beginning of 2.5 cycles
101 At the beginning of 3.0 cycles
110 At the beginning of 3.5 cycles
111 At the beginning of 4.0 cycles

SEL[2:0] | Timing Setting of Shifting

from Row address to Column Address
000 At the beginning of 0.5 cycle

001 At the beginning of 1.0 cycle

010 At the beginning of 1.5 cycles

011 At the beginning of 2.0 cycles

100 At the beginning of 2.5 cycles

101 At the beginning of 3.0 cycles

110 At the beginning of 3.5 cycles

111 At the beginning of 4.0 cycles

ASFN Shift Setting from Row Address of
AD15 - 0 pins to Column Address

Do not shift
1 Shift

MMDI[1:0]| Shift Size of DRAM Address

00 8-bit

01 9-bit

10 10-bit

11 Reserved
MMD(1:0) Setting 00 01 10

Shift 8 Shift 9 Shift 10|

Pin Name [ROW Address Output [COL Address Output
P46 A22 B (Al1) [(Al1)
P45 A21 - (A10) |[(A10)
P44 A20 - (Lo) A10
P43 A19 - (Lo) |A9
P42 A18 - A9 A8
P41 Al17 - A8 A7
P40 Al6 A8 A7 A6
P37 A15 A7 A6 A5
P36 Al4 A6 A5 A4
P35 Al13 A5 A4 A3
P34 Al12 A4 A3 A2
P33 All A3 A2 Al
P32 A10 A2 Al A0
P31 A9 Al AO (A0)
P30 A8 A0 - -

ARE[3:0] | DRAM Operation for External Memory Space 3-0*
0 Disable
1 Enable

* Please refer to Figure 2-1-1 Memory Space on page 52 for address
allocation of the external memory spaces.
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The DRAMMD?2 register sets the DRAM refresh operation, the refresh timing and the
access method.

DRAMMD2: x'00FF92'

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

PRAMIDRAMreserv|reservireservi RoN |RCY3|RCY2[RCY1|RCYO|RCS2|RCS1|RCSO|RRS2[RRS1|RRSO)
ACC| ™™ | ed | ed | ed

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

\— RRS[2:0]| Timing Setting of the RAS (RFSH)’s Falling
Edge at Refresh

000 At the beginning of 0.5 cycle

001 At the beginning of 1.0 cycle

010 At the beginning of 1.5 cycles

011 At the beginning of 2.0 cycles

100 At the beginning of 2.5 cycles

101 At the beginning of 3.0 cycles
110 At the beginning of 3.5 cycles
111 At the beginning of 4.0 cycles

RCS[2:0]| Timing Setting of the CAS (CS)’s Falling Edge
at Refresh

000 At the beginning of 0.5 cycle

001 At the beginning of 1.0 cycle

010 At the beginning of 1.5 cycles
011 At the beginning of 2.0 cycles
100 At the beginning of 2.5 cycles
101 At the beginning of 3.0 cycles

110 At the beginning of 3.5 cycles
111 At the beginning of 4.0 cycles

RCY[3:0]| Cycle Setting at Refresh

0000 2.0 cycles
0001 2.5 cycles
0010 3.0 cycles
0011 3.5 cycles
0100 4.0 cycles
0101 4.5 cycles
0110 5.0 cycles
0111 5.5 cycles
1000 6.0 cycles
1001 6.5 cycles
Others | 7.0 cycles

RON DRAM Refresh Enable *
0 Disable
1 Enable

* DRAM is refreshed once when the timer 10/12 underflow
interrupt is generated.
At 256 times/8 ms, the refresh interval is 31.25 s or less.

IReserved Set to 0.

DRAMTM| Clock Source Selection for DRAM Refresh

0 Timer 12 underflow
1 Timer 10 underflow

DRAMACC| DRAM Access Method Selection *1

0 2WE method
1 2CAS method

*1 Set "0" at MN10OHF60G or ICE.
2 CAS method is not usable.
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The REEDGE register sets the /RE waveform control modes for the external memory
spaces 0 to 3.

REEDGE: x'00FF86'
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

REES|REES|REEL|REEL|REES|REES|REEL(REEL [REES|REES|REEL|REEL|REES|REES|REEL|REEL
31 | 30 | 31 30| 21| 20| 21|20 |11 |10 |11 | 10 | 01 | 00 | O1 | OO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

L—|REEL[01:00] | RE Late Mode in CS0 Area

00 RE late 0.5 mode ( at reset)
01 RE late 1 mode
10 RE late 2 mode
11 RE late 3 mode

REES[01:00] | RE Short Mode in CS0 Area

00 RE short 0 mode

01 RE short 0.5 mode (at reset)
10 RE short 1 mode

11 RE short 1.5 mode

REEL[11:10] | RE Late Mode in CS1 Area

00 RE late 0.5 mode ( at reset)
01 RE late 1 mode
10 RE late 2 mode
11 RE late 3 mode

REES[11:10]| RE Short Mode in CS1 Area

00 RE short 0 mode (at reset)
01 RE short 0.5 mode

10 RE short 1 mode

11 RE short 1.5 mode

REEL[21:20] | RE Late Mode in CS2 Area

00 RE late 0.5 mode ( at reset)
01 RE late 1 mode
10 RE late 2 mode
11 RE late 3 mode

REESJ[21:20] | RE Short Mode in CS2 Area

00 RE short 0 mode (at reset)
01 RE short 0.5 mode

10 RE short 1 mode

11 RE short 1.5 mode

REEL[31:30] | RE Late Mode in CS3 Area

00 RE late 0.5 mode ( at reset)
01 RE late 1 mode
10 RE late 2 mode
11 RE late 3 mode

REES[31:30] | RE Short Mode in CS3 Area

Please refer to Table 2-2-2 on 00 RE short 0 mode (at reset)
01 RE short 0.5 mode

page 76 and Table 2-2-4 on 10 RE short L mode

page 78 for the timing. 11 RE short 1.5 mode
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The WEEDGE register sets the WE waveform control modes for the external memory
spaces 0 to 3.

WEEDGE: x'00FF88'

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

EESWEESWEEL|WEELWEESWEESWEELWWEELWEESWEESWEELWEELWEESWEESWEELWEEL
31 | 30 | 31 30 (21|20 (21 |20 | 11| 10 | 11 | 10 | 01 [ OO | O1 | OO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

L—WEEL[01:00]| WE Late Mode in CS0 Area

00 WE late 1 mode ( at reset)
01 WE late 2 mode

10 WE late 3 mode

11 Reserved

WEES[01:00] WE Short Mode in CS0 Areal

00 WE short 0 mode (at reset)
01 WE short 0.5 mode

10 WE short 1 mode

11 WE short 1.5 mode

WEEL[11:10]| WE Late Mode in CS1 Area

00 WE late 1 mode ( at reset)
01 WE late 2 mode

10 WE late 3 mode

11 Reserved

WEES[11:10]| WE Short Mode in CS1 Area|

00 WE short 0 mode (at reset)
01 WE short 0.5 mode

10 WE short 1 mode

11 WE short 1.5 mode

WEEL[21:20]| WE Late Mode in CS2 Area

00 WE late 1 mode ( at reset)
01 WE late 2 mode

10 WE late 3 mode

11 Reserved

WEES[21:20]| WE Short Mode in CS2 Ared|

00 WE short 0 mode (at reset)
01 WE short 0.5 mode

10 WE short 1 mode

11 WE short 1.5 mode

WEEL[31:30]| WE Late Mode in CS3 Area

00 WE late 1 mode ( at reset)
01 WE late 2 mode

10 WE late 3 mode

11 Reserved

WEES[31:30]| WE Short Mode in CS3 Area

00 WE short 0 mode (at reset)
01 WE short 0.5 mode

10 WE short 1 mode

11 WE short 1.5 mode

Please refer to Table 2-2-3 on
page 77 and Table 2-2-5 on
page 78 for the timing.
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The ALEEDGE register sets the /RE waveform control modes for the external
memory spaces 0 to 3 during address/data shared mode.

ALEEDGE: x'00FF8A'

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

ALEG|ALEG|ALEL | ALEL|ALEG|ALEG|ALEL | ALEL |[ALEG|ALEG|ALEL |ALEL |ALEG|ALEG|ALEL |ALEL
31 30 31 30 21 20 21 20 11 10 11 10 01 00 01 00

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

L—JALEL[01:00] |ALE Late Mode in CSO Area

00 ALE late 0 mode

01 ALE late 0.5 mode

10 ALE late 1 mode (at reset)
11 ALE late 1.5 mode

ALEGJ[01:00] |ALE Long Mode in CSO Area

00 ALE long 0 mode

01 ALE long 0.5 mode

10 ALE long 1 mode (at reset)
11 ALE long 1.5 mode

ALEL[11:10] |ALE Late Mode in CS1 Area

00 ALE late 0 mode (at reset)
01 ALE late 0.5 mode

10 ALE late 1 mode

11 ALE late 1.5 mode

ALEG[11:10] |ALE Long Mode in CS1 Area

00 ALE long 0 mode (at reset)
01 ALE long 0.5 mode

10 ALE long 1 mode

11 ALE long 1.5 mode

ALEL[21:20] |ALE Late Mode in CS2 Area

00 ALE late 0 mode (at reset)
01 ALE late 0.5 mode

10 ALE late 1 mode

11 ALE late 1.5 mode

ALEGJ21:20] |ALE Long Mode in CS2 Area

00 ALE long 0 mode (at reset)
01 ALE long 0.5 mode

10 ALE long 1 mode

11 ALE long 1.5 mode

ALEL[31:30] |ALE Late Mode in CS3 Area

00 ALE late 0 mode (at reset)
01 ALE late 0.5 mode

10 ALE late 1 mode

11 ALE late 1.5 mode

ALEGI31:30] |ALE Long Mode in CS3 Area

00 ALE long 0 mode (at reset)
Please refer to Table 2-2-6 on 01 ALE long 0.5 mode
page 79 for the timing. 10 ALE long 1 mode

11 ALE long 1.5 mode
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The MPXADR register sets the address output timing for the external memory spaces
0 to 3 during address/data shared mode.

MPXADR: x'00FF8C'
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

- = == — | ADL | ADL | ADL | ADL | ADL | ADL | ADL | ADL
31|30 |21 |20 11| 10 | 01 | 0O

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

L——]ADL[01:00] |Address Long Mode in CSO Area

00 AD long 1 mode

01 AD long 1.5 mode

10 AD long 2 mode

11 AD long 3 mode (at reset)

ADL[11:10] | Address Long Mode in CS1 Area

00 AD long 1 mode (at reset)
01 AD long 1.5 mode

10 AD long 2 mode

11 AD long 3 mode

ADL[21:20] |Address Long Mode in CS2 Area

00 AD long 1 mode (at reset)
01 AD long 1.5 mode

10 AD long 2 mode

11 AD long 3 mode

ADL[31:30] |Address Long Mode in CS2 Area

00 AD long 1 mode (at reset)
01 AD long 1.5 mode
10 AD long 2 mode
11 AD long 3 mode
Table 2-1-2 List of Bus Interface Control Registers
Register Address RW Function
EXWMD x'00FF80' R/W | External Memory Wait Register
MEMMD1 x'00FF82 R/W | Memory Mode Setup 1 Register
MEMMD2 x'00FF84 R/W | Memory Mode Setup 2 Register
DRAMMD1 X'00FF90" R/W | DRAM Control 1 Register Please refer to Table 2-2-7 on
DRAMMD?2 X'00FF92' R/W | DRAM Control 2 Register page 79 for the timing.
REEDGE X'00FF86' R/W | RE Waveform Control Register
WEEDGE x'00FF88' R/W | WE Waveform Control Register
ALEEDGE X'00FF8A' R/W | ALE Waveform Control Register
MPXADR X'00FF8C R/W | Address Output Time Control Register
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62

EXWMD

MEMMD1

DRAMMD1

POMD

P1LMD

P2MD

P3HMD

PALMD

PSLMD

P6MD

m Example of SRAM Connection (16-bit Bus Width, 1 Wait)

MN102HF60G SRAM SRAM
(256 K*8bit) (256 K*8hit)
(P50) CSO0 CS CS
A19-1 A18-0 A18-0
D15-8 D7-0
D7-0 D7-0
(P61) RE OE OE
(P63) WEH WE
(P62) WEL WE
Figure 2-1-2 SRAM Connection Example (16-bit Bus Width)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EW EW EW EW
03 02 01 00
0 0 1 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EB EB BRC
o1 | 00 0
0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARE
0
0
7 6 5 4 3 2 1 0
PO | PO
MD1 | MDO
0 1
7 6 5 4 3 2 1 0
PL | P1
LMD1(LMDO
0 1
7 6 5 4 3 2 1 0
P2
MDO
1
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1
B | P[P PPR[P] P[P r pamp | P | R [ P[P p] PP
HMD7|{HMD6{HMD5|HMD4|HMD3|HMD2|HMD1{HMDO LMD7|LMD6|LMD5(LMD4|LMD3|LMD2|(LMD1|LMDO
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
7 6 5 4 3 2 1 0
P4 | P4 | P4 | P4
LMD3|LMD2(LMD1|(LMDO
1 1 1 1
7 6 5 4 3 2 1 0
Ps | Ps
LMD1|LMDO
0 1
7 6 5 4 3 2 1 0
P6 P6 P6
MD5 | MD4 | MD3

1
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m Example of SRAM Connection (8-bit Bus Width, 1 Wait)

EXWMD

MEMMD1

DRAMMD1

POMD

P1LMD

P2MD

P3HMD

PALMD

PSLMD

P6MD

(P50)

(P61)

(P62)

MN102HF60G

CS0

SRAM

A18-0

(256 K*8hit)

[&S)
A18-0

Figure 2-1-3 SRAM Connection Example (8-bit Bus Width)
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5 14 13 12 11 10 9 8 7 6 4 3 2 1 0
EwW | Ew | Ew | EwW
03 | 02 | o1 | 00
0 0 1 0
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
EB | EB BRC
o1 | 00 0
0 1 0
5 14 13 12 11 10 9 8 7 6 4 3 2 1 0
ARE
0
0
7 6 5 4 3 2 1 0
Po | PO
MD1 | MDO
0 1
7 6 5 4 3 2 1 0
PL | P1
LMD1|LMDO
0 0
7 6 5 4 3 2 1 0
P2
MDO
1
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
P3| P3| P3| P[P | P| P[P paLMD | P3| P3| P3| P3| P3| P3| P3 | P3
HMD7|HMD6|HMD5|HMD4|HMD3|HMD2|HMD1|[HMDO LMD7|LMD6|LMD5|LMD4|LMD3|LMD2|LMD1|LMDO
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
7 6 5 4 3 2 1 0
P4 | Pa | P4
LMD2|LMD1|LMDO
1 1 1
7 6 5 4 3 2 1 0
Ps | Ps
LMD1|LMDO
0 1
7 6 5 4 3 2 1 0
Ps | P6 | P
MD5 | MD4 | MD3

0

1

1
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Chapter 2 Bus Interface

m Example of DRAM (2WE Method) Connection (16-bit Bus Width, 2 Wait)

MN102HF60G DRAM
MN41Vv4170
(256 K*16bit) Row=10 Colum=8
A1l8 A9 Al8
Al7 A8 Al7
Al6 A7 Al6 A8
Al1l5 A6 Al15 A7
Al4 A5 Al4 A6
Al1l3 A4 Al1l3 A5
Al2 A3 Al2 A4
All A2 All A3
Al0 Al Al0 A2
A9 A0 A9 Al
D15-8 D15-8
D7-0 D7-0
(P70) RAS RAS
(P71) CAS CAS
(P61) RE OE
(P63) WEH UWE
(P62) EL LWE

Figure 2-1-4 DRAM (2WE Method) Connection Example (16-bit Bus Width)
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15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
EwW [ Ew | EW | EW
EXWMD 23 | 2 | 21| 20
0 1 0 0
5 14 13 12 11 10 9 8 7 6 4 3 2 1 0
EB | EB BRC
MEMMD1 1 | 20 5
0 0 0
5 14 13 12 11 10 9 8 7 6 4 3 2 1 0
ARE MMD|[MMD| As [ seL [ SEL | sEL [ cAs| cas | cAs [ RAsS | RAS | RAS
DRAMMD1 2 1| o |EN| 2| 1] o0 1o 2| 1]o0
1 0 0 1 0 1 0 1 1 0 0 1
5 14 13 12 11 10 9 8 7 6 4 3 2 1 0
DRAM|DRAM R |[Rcy [Rey [Rey [Rey [ Res [ Res | Res | RRs | RRs | RRs
DRAMMDZ "\ 1w ON| 3| 2| 1|0 1o | 2] 1]o0
0o 2 0 0 0 1 0 0 1 0 0 0 0 0 0 1
7 6 5 4 3 2 1 0
P0 [ PO
POMD MD1 | MDO
0 1
7 6 5 4 3 2 1 0
PL | P1
PILMD LMD1|LMDO
0 1
7 6 5 4 3 2 1 0 7 6 5 4 3 2
F3HMD P[P | PR [ P[P rP] PP pavp | B[R Pr[P[r]r
HMD7|HMD6|HMDS5|HMD4|HMD3|HMD2|HMD1|HMDO LMD7|LMD6|LMD5|LMD4|LMD3|LMD2
0 1 0 1 0 1 0 1 0 1 0 1 0 1
7 6 5 4 3 2 1 0
P [ P4 | P4
PALMD LMD2|LMD1|LMDO
1 1 1
7 6 5 4 3 2 1 0
P | Ps | P6
PGMD MD5 | MD4 | MD3
1 1 1
7 6 5 4 3 2 1 0
pr [ Pt [ P7 | PT [ 7
PILMD LMD4|LMD3|LMD2|LMD1|LMDO
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Chapter 2 Bus Interface

m Example of DRAM (2CAS Method) Connection (16-bit Bus Width, 2 Wait)

(P70)
(P72)
(P71)
(P61)
(P63)

MN102H60G DRAM
MN41Vv4170
(256 K*16bit)
A18 A8 A18
Al7 A7 Al7
Al6 A6 Al6
Al1l5 A5 Al1l5
Al4a A4 Al4
Al13 A3 Al13
Al2 A2 Al2
All Al All
Al10 A0 A10
D15-8 D15-8
D7-0 D7-0
RAS RAS
UCAS UCAS
LCAS LCAS
RE OE
WE WE

Row=9 Colum=9

Figure 2-1-5 DRAM (2CAS Method) Connection Example (16-bit Bus Width)

EXWMD ’

15 14 13 12

11 10 9 8

[ 1|

28| 2| 2|2
0o 1 o0 o
5 14 13 12 11 10 9 8 7 6 5 4 3 2 10
EB | EB BRC
vewor | | (R[S [ [ [ [ [ [ [ [ [ ]]
0 o 0
5 14 13 12 11 10 9 8 7 6 5 4 3 2 10
ARE MMD [MMD| AS | SEL | SEL [ sEL | cAS | cAs | cAs | Ras | RAS | RAS
omamor | [*[ [ [l A [ [ [S[S[]S]
1 0 1 1 o 1 0 o 1 1 0 o 1
5 14 13 12 11 10 9 8 7 6 5 4 3 2 10
DRAM|DRAM R [Rcy [Rey [Rey [Rey [ Res | Res [ Res [ RRs | RRsS | RRs
oramoz [P [ [ [ [T
F 0 o 1 0 o 1 0 o0 0 0 o0 o 1
7 6 5 4 3 2 10
PO | PO
o N N I A P Y
0 1
7 6 5 4 3 2 10
PL | PL
S N O 4
0 1
7 6 5 4 3 2 1 0
P2
I I I I I I O N
1
7 6 5 4 3 2 1 0 7 6 5 4 3 2 10
P3| P3| P3| R P3 [ P3| P3 P3 [ P3| P3| R
P3HMD HMD7‘HMD6‘HMD5‘HMD4‘HMDB‘HMDZ‘HMDl‘HMDO‘ P3LMD ‘LMD7‘LMD6‘LMD5‘LMD4‘ ‘ ‘ ‘ ‘
0 1 o0 1 0 1 0 1 0 1 0 1
7 6 5 4 3 2 10
P4 [ Pa [ Pa
PALMD ’ ‘ ‘ ‘ ‘ ‘LMDZ‘LMDl‘LMDO‘
1 1 1
7 6 5 4 3 2 10
P6 P6
oo | ] ] ] [ [
1 1
7 6 5 4 3 2 1 0
pr [ pe [P [P pPr|pPr | P7
PILMD ‘ ‘LMDG‘LMD5‘LMD4‘LMD3‘LMD2‘LMDl‘LMDO‘
1 0 1 o 1 0 1
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Chapter 2 Bus Interface

m Example of DRAM Connection (8-bit Bus Width, 2 Wait)

MN102HF60G

DRAM

MN41Vv4800
(512 K*8bit)

(P70)

(P71)

(P61)

(P62)

Row=10 Colum=9

Al18
Al7
Al6
A1l5
Al4
Al13
Al2
All
A10

A9

Figure 2-1-6 DRAM Connection Example (8-bit Bus Width)

5 14 13 12 11 10 9 8 6 5 4 3 2 1 0
Ew | Ew [ Ew | EW
oo | | L LIRS [ [ [ [ [ [ ] ]
0 1 0 0
5 14 13 12 11 10 9 8 6 5 4 3 2 1 0
EB | EB BRC
vewor | | R[S [ [ [ [ [ [ % [ [ ]]
0 1 0
5 14 13 12 11 10 9 8 6 5 4 3 2 1 0
ARE MMD|[MMD][ As | SEL SEL [ cas [ cas| cas| Ras | RAs | RAS
e I I I S S el el sl el el el sl Bl sl
1 0 1 1 0 0 0 1 1 0 0 1
5 14 13 12 11 10 9 8 6 5 4 3 2 1 0
DRAM[DRAM R [Rey [ Rey RCY [ Rcs [ Res [ Res [ RRs [ RRs | RRs
orawmoz PR | [ &R R R
1 2 0 0 0 1 1 0 1 0 0 0 0 0 1
7 6 5 4 3 2 1 0
Po [ PO
g N A P
0 1
7 6 5 4 3 2 1 0
o | [ L[] ]
7 6 5 4 3 2 1 0
P2
g N O I A I P
0
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
P3 [ P3| P [ P[ P3| P3| P[P P[P [ P3| P3| P[P
P3HMD HMD7‘HMD6‘HMD5‘HMD4‘HMD3‘HMDZ‘HMDl‘HMDO‘ P3LMD ‘LMD7‘LMD6‘LMD5‘LMD4‘LMD3‘LMD2 ‘
0 1 0 1 0 1 0 1 0 1 0 1 0 1
7 6 5 4 3 2 1 0
Pa [ Pa | Pa
PALMD ’ ‘ ‘ ‘ ‘ ‘LMDZ‘LMDl‘LMDO‘
1 1 1
7 6 5 4 3 2 1 0
P6 | Ps
oo | [ [ [afus] [ [ ]
1 1
7 6 5 4 3 2 1 0
pr [ Pr [ P7 | P7 [ P7
P7LMD ‘ ‘ ‘ ‘LMD4‘LMDS‘LMDZ‘LMDl‘LMDO‘

66

MN102H60G/60K/F60G/F60K

1

1

1

0

1




Chapter 2 Bus Interface

Table 2-1-3 Address/Data Multiplex Mode (16-bit Bus Data Access)

The length of wait cycle can be set in 0.5-cycle units.

No Wait 1 Wait
BosCc [ L L[ LT L LT 1 N I I
Base Clock BIBT2 | I I I I I f l : : |
BIBT1 [ I I I [ I : : I
) A23-16 ( A2316 X A2316 X A2316 ) (AZ316 X A23-16 X A23-16 )
16-bitDataRead | 115 o (—ATE0 YATE-OXDISOX ATS0 O (A0 XAI50X D150 X_AI50 )
(The CPU selects —\ ! — : : :
the necessary data &E ! : ! '
of H-side or L-side RE | ' S [ : N
under 8-bit bus width) | WEH | : T . | : . . . .
WEL | T — | e
A23-16 ( A2316 X A2316 X AZ316 ) (A2316 X A23-16 Y A23-16 )
AD15-0 {( AI50 YAI5-0XD15-0X A15-0 ) ( AI50 XAL50X D150 X AI50 )
16-bit Data Write | ALE TN : /am : : :
RE | S | o
WEH | I - I S S S S
WEL | N — l | S ——
A23-16 ( _A23-16 X A2:3—16 X _A23-16 ) (_A23-16 X A23-16 ):( A23-16 )
AD15-0 (_Al5-0 YAL5-0XD15-0_ AL50 ) | (_AI50 )AI50X D50 X AI50 )
8-bit H-side ALE i/—\; D15-8 valid output :/—\j Di15-8 valid output
Data Write RE | . |
WeR | i | —i_
WEL | — | T
A23-16 ( A2316 X A2316 X A2316 ) | (A2316 X A2316 X A2316 )
AD15-0 { Al5-0 XAI5-0¢D15-0X__Al5-0 ) (_A15-0__XA15-0X D15-0 X_A150 )
8-bit L-side ALE :/—\, D7-O:val|d output ./—\: DI7-O vallld outpult
Data Write RE | T — | —
O I S —— —
WEL | : N | : . f
A23-16 (_A23-16 Hold the last — (A23-16 Hold the last )
AD15-0 <T5_0‘_ output address ") W‘_ output address _‘—>
AE | L | I .
No Access RE | . . | . . . . .
WEH | T I S R
WEL | I | T R
(No external access, internal ROM,RAM a'ccess) ((Internal peripﬁeral reéister aécess) ' :
External Wait | WAIT O S S I N R S
1 _next ; don't care i 1 wait ' wait '+ next ' don't care
A23-16 (AZB16 | E P
AD15-0 (CAIS0 [ i----- : boe-oe)
AE [N e R i Sl it
RE /- R : Poeoee :
Bus Request R : . ] ! K H . . i i
L S e i et s s S N S
WEL b
BREQ V) S S S SRS SR S S S
BRACK | ' ! A\ : : . . , : i j .
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The length of wait cycle can be set in 0.5-cycle units.

1-4 Address/Data Multiplex Mode (8-bit Bus Data Access)

Table 2

Chapter 2 Bus Interface

— N N AN N
ale alle
I~ I~
_H H_ 3 < 3 <
()
B > Trr - i S D>kt ey o ) E --=>-8 S L LT
. 5l |
2 S| |l |2
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Chapter 2 Bus Interface

The length of wait cycle can be set in 0.5-cycle units.

69

MN102H60G/60K/F60G/F60K

1-5 Address/Data Separate Mode (16-bit Bus Data Access)

Table 2

— N AN AN AN
Q@ Q@ Q@ Q@
— — — —
N N N N
< < < <
©
N I N~ N N ) N UL SN0 N A I G N> NGl A G A SN N S A J I I Y IS LSRN | S N
ﬂ_u -
n c
mH_ i SR
.............................. SRR I R R R T A e e .M_ I T
= Q 9 2 ol 3 2 B g3 2 m
® — | O - (O — 02 o
2| 711 F--tqe--F---1---r-- Bk a1 | EE R EEEEE) SRRk Rl o (I R B R eEEEE & R Rt e (5% R el o s R -t-- S ot -1 -- SRt EEC R R EE R e
g < < < 53 @ =0 0
— S5 gl =g
Io @ T R
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g g o o
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The length of wait cycle can be set in 0.5-cycle units.
1 Wait

1
L
X A210 )
:X A21:0 )

AZ1-0
A21-0

]

(Internal peripheral register access)

No Wait

Bosc [ LI L[ LI LITLIL | @~y uri

1-6 Address/Data Separate Mode (8-bit Bus Data Access)

Table 2

\ .
C A2to X
\
-
CAzio
(N/A)
(N/A)
i B B G—

Hi-Z
v Hi-Z

[ VL T Sy R R

|

|
A210_X_A210 )
A210_X__A210 )

A
X

I

|
(A210
(A21-0

(=}

CS3-0

=]

(No external access, internal ROM,RAM access)

BRACK |

A21-0
BREQ [\

RE
WEH
WEL
WAIT
S
A21-0
D15-0
RE
WEH
WEL

BIBT2
BIBT1
A21-0
D7-0
RE
WEH
WEL
S
A21-0
D7-0
RE
WEH
WEL
(N/A)
(N/A)
S
A21-0
D15-0

®] O

Chapter 2 Bus Interface

* WEH can be set as the general-purpose port in 8-bit bus width mode.

Base Clock
8-bit Data Read
8-bit Data Write*

No Access
External Wait

Bus Reqeust

MN102H60G/60K/F60G/F60K
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Chapter 2 Bus Interface

Table 2-1-7 Address/Data Separate Mode (16-bit Bus DRAM /WEH and /WEL Method)

The length of wait cycle can be set in 0.5-cycle units.

1 Wait 2 Waits

Bosc L L[ LI L[ L[ L:

I

Base Clock BIBT2 i i i 1 1 i i i | :
BBTL [ L [ - o 1) L e
A22-8 (A21-0 _X_ROW X COLUMN ) (A210 X RO X COLUMN )
16-bit Data Read | 21570 — piso )
-bit Data Rea — . \ j : , T \ : 1 1 1 ,
! RAS T\ oy b bbby
(The CPU selects =Ac ' 1 \x ' ' I I I I I '
the necessary data ﬂs l ! H '\—‘—/ l ! ! ! '\—‘—°—,/
of H-side or L-side OE(RE) T\ : : Y T\ ; : ; ; /
in 8-bit bus width.) | WER I : I
WEL | A e
A22-8 (A21-0 _X_ROW X COLUMN ) (A21-0 X__ ROW X COLUMN )
. : 0 — 4 b0 ——____pb150
16-bit Data Write | 2150 D10 . Dbis0 )
j h | i ; j A\ i i i i ;
(The CPU outputs LAS ,—:\—'_'/ : , : . } } '/
the necessary /IWE | CAS | ! ; Y | ! ! ! N
signal of H-side or | OE(RE) | ; : ; ; . | | | ! ! ! ! :
L-side in 8-bit bus - ] ' ' ' | i . : : : : j
width.) WEH I—_\_,__/’ T\ ! ! LT
WEL [ A o F R N S S R B
Wait, RAS, CAS and address switch timing can be controlled by registers at BOSC level.

No Wait 1 Wait
BOSC _| |_| [ - L] I—l I—l I—l I—l I—l LI
Base Clock BIBT2 | | [ | | | ] 1 | : ]
BIBT1 I D oo I
A22-8 { A22-8 ) { A22-8 N
D15-0 —— —
RAS | : ; : I : : : : :
CAS | N | oo
No Access OE(RE) | : : : | : : : : :
WEH | T | T
WEL | ! ! ; I : : ! : :
(No external access, Internlal ROMI, RAM é\ccess) (Internal periphleral reglister aclcess) I E
A22-8 (A28 | E--H-i_-z-«:( A22:8 ) | (A228 X A22-8 X_A22-8 )
D15-0 : LT : : : : : :
RAS | L Thizd ! I
g cas | L THZ | S S S
s 5 OF 1 . B * * ofined. *
= @ OE(RE) | | CHZ ( . . Undleflnedl . )
o E WEH | 5 Sz ( . __Undefined . >
(2] J
3 WEL | : E_I'-I'i—'z"- { . . Undlefinedl . N
BREQ J , 1 1 1 1 i
BRACK | :‘ . (At ;auto r;efresh;)

* [CAS must be delayed externally to hold the setup time of the COLUMN address.
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Chapter 2 Bus Interface

1-8 Address/Data Separate Mode (8-bit Bus DRAM /WEH and /WEL Method)

Table 2

The length of wait cycle can be set in 0.5-cycle units.

) e ey SN S EUE DR e P . . N _Iﬁu._rfuu S AN 0 NN AN
©
N
........................... 1 [-=-F--t--- -t = P
4 z Q
s s P _H H_
2 2 - ><
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* J[CAS must be delayed externally to hold the setup time of the COLUMN address.
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Chapter 2 Bus Interface

Table 2-1-9 Address/Data Separate Mode (16-bit Bus DRAM /UCAS and /LCAS Method)

The length of wait cycle can be set in 0.5-cycle units.

1 Wait 2 Waits

Bosc L L[ L[ L[ Lrl: | ri Ly
Base Clock BIBT2 : : : : : : : :
BIBT1 L
A22-8 (_A21:0 _X_ROW X COLUMN) (_A21-0_X__RO X COLUMN >
D15-0 e N 1=
16-bit Data Read | RAS e N S S R e — 5 5 5 5 Y
(The CPU selects UCAS | ' . :\ o E/ | I I I :\ : : I/
the necessary data | . : ¢ i . . ) . : : i
of H-side or L-side | LCAS | ' : \—I—:/ | ' ' ' \—'—'—:/
in 8-bit bus width.) | OE(RE) T\ ! . i T\ ! ! ! ! )/

WE I I S R
IWE connects to P51. .
A22-8 (_A21.:0_X_ROW X COLUMN ) (A21-0 _X_ROW_ X COLUMN >
D15-0 : : D15-0 )
16-bit Data Write | RAS I N A A2 I B R i/
(The CPU outputs | UCAS | I . \ vl I I I \ : I y
JUCAS of H-side or | —=—= . " . ' X . . . . | | :
ILCAS of L-side LCAS | I I
in 8-bit bus width.) | OE(RE) | T T
WE N N S B R N S S B S

Wait, RAS, CAS and address switch tin%ing can be controlled by registers at BOSC Iefvel.

No Wait 1 Wait

Bosc LI LI L i1 | rrfe e
Base Clock BIBT2 | 1 | ! | | [ !—! - - !—|

BIBT1 [ I | | | I ; ; | I

A22-8 A28 y | ¢ ' A8 ' N

D15-0 —— S S

RAS I ! ! ! I ! : : : :

UCAS | R I T !
No Access 1CAS | T : T | T T T T T

OE(RE) | ! : : I : : : ! :

WE | T | T

(No external access, Intefnal ROM, RAM access) (Internal periéheral rt;agister éccess); E

A228 (A28 ] i A A8 ) | (A28 X A28 X__A228 )

D15-0 T S S S A

RAS | e | e e A
3 UCAS | e | e e AN
s | § |foAs | s | S —
i 5 OE(RE) | L ThiZl ( —Undefined )
2 =l WE TV ( Undefined )
m ' ' ' T T v v v

BREQ S A A

BRACK | * \ r (At auto refresh)

* JUCAS and /LCAS must be delayed externally to hold the setup time of the COLUMN address.

MN102H60G/60K/F60G/F60K 73



The length of wait cycle can be set in 0.5-cycle units.
2 Waits

)
)

P s [ [ SN Y - Ty - T S

X__A22.8 )

A28
r

A22-8__ X

[ S ey IR S S SO S
—r—
(_A21-0 IX R&)W IX ICOLIUMNI
( D7-0

T\ E
| : :
| E =
| ' ;
(_A21-0 IX R(I)W IX ICOLIUMNI

' ; D7-0
1\ E
| 5 |
| E :
| T
I S L

1 Wait

| | | | |
— |
( — Ams
I
I
I
I
I
(Internal peripheral register access)
<
I
I
I
I
I

1 Wait

X COLUMN )

e e, S A — -
ﬂ_v m ...... .
~
[a] x| x

{_A21-0 X ROW

I
€
I
I
|

/WE connects to P50
(A21-0 X ROW X COLUMN )
' : D7-0
Z R
[l * ' :
Wait, RAS, CAS or address switch timing can be controlled by registers at BOSC level
No Wait
Iy N
| | [ | | |
A28 N
(No external access Interlnal ROI\/I RAMI access)

A22-8 i Z{ A22-8 )

THIiZ 1

THI-Z

HZ

“HI-Z

THIZ

[ —

Hi-Z !

—

OE(RE) |
BREQ
BRACK

WE

OE(RE)

LCAS
WE

UCAS

BOSC
BIBT2
BIBT1
LCAS
A22-8
D15-0
RAS

BOSC
BIBT2
BIBT1
A22-8
D15-0
RAS

UCAS
A22-8
D15-0
RAS

UCAS
A22-8
D15-0
RAS

WE

Table 2-1-10 Address/Data Separate Mode (8-bit Bus DRAM /UCASand /LCAS Method)

Chapter 2 Bus Interface

1senbay sng

Base Clock
8-bit Data Read
8-bit Data Write

Base Clock

No Access

* JUCAS and /LCAS must be delayed externally to hold the setup time of the COLUMN address.
MN102H60G/60K/F60G/F60K
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2-2

2-2-1

Control Signals

Overview

Chapter 2 Bus Interface

The MN102H60G/60K/F60G/F60K can delay or hasten the rising tim-
ing and the falling timing of /RE, /WE and ALE waveforms in the exter-

nal memory extension mode. In addition, it can delay the switching
timing of address and data in the address/data shared mode.

The following table shows settings.

Table 2-2-1 External Memory Control Signal Timing

Signal Mode Timing Function
Late 05 1, 2, 3 Delay the falling timing of /RE.
/RE (Reset)
Short | 0, 0.5, 1, 1.5 Hasten the rising timing of /RE.
Late 1,2,3 Delay the falling timing of /WE.
(Reset)
IWE .
Short | 0, 0.5, 1, 1.5 Hasten the rising timing of /WE.
(Reset)
Late 0,05,1,15 Delay the rising timing of ALE.
ALE
Short | 0,0.5,1,1.5 Hasten the falling timing of ALE.
Address Long 1,15,2,3 Delay the switch timing of address and
Data data in the address/data shared mode.

Please refer to page 76 to page 79 for the waveform in each mode.

MN102H60G/60K/F60G/F60K
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Table 2-2-2 /RE Late and Short Modes (Address/Data Shared Mode)

<3 5 L S ISPy P (O P S ) AP AP RSP P AP AP [N Ep Y R E .
e)
5
=
= SN SO RO HNNOUON USSR AUUPRO MNP NSRRI ASUUSSUURN NSNS PR ASRRNOIOY NSNS SNSRI NN IR ISR NN SRS NN N S
o
o
[9)]
I R N & T = = @ o = @ - o = o
g 3 % F g 8 3 B g 3 % ¢ g 3 3 B
2 £ WE ws wWwWE wg WE wg WE ws WE wE we ws WE WS wWweE wg
o m m e o XJT Xd x Ko QT Xd S o KT X e o X XS
foend = e < =t B ~t - -~ £ ~ = -~ £ - =t B = ~c =t ~ ¢
@ o @ 2 5 g 5 2 5 g 5 2 5 2 5 2 5 2 5
%) < n < wn < %) < %) < 1) < 7] < %) <
=~ (23 = (22 ~ [ ~ [ = [ ~ (23 =~ (28 ~ (22
o | bbb e et e e e e - G SOUNINI GURpIp R
e)
o
=
e e o e e e B B R IEREE ERRRRE S N S R S R SN DU SN I R S
®
| w
@ —~ -
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2 b b| Dg ¥ ¥ £ g Dg xg Cp Ky o 8g ¥3 &y g o Dg &3 &5 &y oo
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Table 2-2-3 /WE Late and Short Modes (Address/Data Shared Mode)

'« Y [ e e e I A A A A
e)
5]
=
- SRS DN PR PUUURONURRURROUNOY NUUUNNON NUNRURUON) ISNUONNON SOOI DRSUURSRURUON RO AUNROUUON) ISR SRRSO ISNUURNSY NUUORUURONOUNS! SNSRNORSNDY NONUUNRON ISNNORNS! NUNUUNNN NNURSROOUUONY ISR SR (R SR
o
o
n
2 e =" R P A P N I T = " =
T 8 % 3 g 8 % 3 T 8 % 3 T 8 % 3
O o o WE wf we wE WE w Wweé w WE wtf we wt WE wi we wk
n k= = S 0 - «© ) b - © S = - © o 0 - 0
m m Wt [=} — o Wt Wl Wt o — Wt o —
(@) = = <5 Mn Mm Mn Mm Mn <g < <5 Mn Mm Mn <5 Mn Mm Mn
© oo & 2 9§ 2 & 2 & 2 & £ &5 2 & 2 & 2
[« Y0 [N SRR () AP AU (ERURUDIRRIDID (UPIRIRIDIDN [N ERIpIPUPRIRIRIDUPEY RNRID ESRSRRIRUDUU SRUDUDEP (PP gUp U RRIRIPIPPRIRN U PUPIPRRIRUDUN PRSERIREPIN R e T L.
©
o
=
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Base Clock

Address Long 1 Mode

Address Long 1.5 Mode

Address Long 2 Mode

Address Long 3 Mode
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Table 2-2-4 /RE Late and Short Modes (Address/Data Separate Mode)

BOSC
BIBT2
BIBT1

F<3 Y (L SR [ U RPN RSP SR M S
©
()
=
pofl 1 AR AN R R A
o
e
S IIIIIIIII
) z 2
2 <] ° <]
K g g Em ws Em wE
O @ o ES o X7 X<
m o o 2 s 2 s
e 8 2 g
|||||||||||| 0
[« Y [ R H PR O AU [ R e
©
(=]
=
o S S O N N IO~ S I
©
-

A23-0 ¢
IRE
(Late 0.5 mode;
IRE
(Late 1 mode)
IRE
(Late 2 mode)
IRE
(Late 3 mode)

Base Clock

Table 2-2-5 /WE Late and Short Modes (Address/Data Separate Mode)

BOSC
BIBT2
BIBT1

O | b ecem e o)
©
()
=
o
o
e
R O T N R R e S e
) z 2
2 <] ° <]
(@] N — ] e o g
o B 5 gs Yo _Mm Yo
Q @ @ 2% 3¢ 3% 3&
m m m < .m 2 S
e &8 2 5
|||||||||||| 0
o | b RN [ E Y A i o
©
(]
=
2| b SN I F = S
©
-

A23-0 ¢
IWE
(Late 1 mode)
IWE
(Late 2 mode)
IWE
(Late 3 mode)

Base Clock
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Table 2-2-6 ALE Late and Long Modes (Address/Data Shared Mode)

Long Mode

T @

3 8
WE wE w
AI.n_o L% |

2 g <

o c

- o

~ =

(Long 1 mode)

(The above waveforms are ones in the ALE late O mode.)

Late Mode

BOSC
BIBT2
BIBT1

/..-..-. )
@ ()
B

We wWwWE w
Jdo w1
g <° <
=z )
= 3

(Late 1 mode)
ALE
(Late 1.5 mode),

(The above waveforms are ones in the ALE long 1.5 mode.)

Base Clock

Table 2-2-7 AD Long Mode (Address/Data Shared Mode)
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2-3 Handshake Wait Control

2-3-1 Overview

The MN102H60G/60K/F60G/F60K controls handshake wait cycles us-
ing WAIT pin when reading or writing the data for external memory or
other devices.

The MN102H60G/60K/F60G/F60K determines the wait cycles using WAIT pin when
reading or writing the data. When starting read/write access, input high level to the
WAIT pin. High level must be input until BOSC signal falls in T2 interval shown in
Figure 2-3-1 because the WAIT pin input level is checked every time BOSC signal
falls. While the WAIT pin is high level, the access cycle for the external memory or
other devices is continued. On the other hand, when the WAIT pin becomes low level,
the access cycle ends 1.5 BOSC cycles later after the next BOSC signal falls.

T2 T1 T1 T1 Tl T2
BOSC
Address — ' !
Data
/WEL, /WEH : E
WAIT |/ \
- Access Cycle >
. ! ! |
Input high level Verify that the WAIT pin is low,
to the WAIT pin and access cycle ends
before this timing. 1.5 BOSC cycle later

Figure 2-3-1 Handshake Wait Control Timing (1.5 Wait Cycles, Data Write)
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When controlling the handshake wait cycles using the WAIT pin, it is possible to

insert a fixed-period wait unrelated to the WAIT pin status in one read/write access,
and subsequently perform handshake wait control by means of the WAIT pin. In the
case of consecutive access cycles to externally connected memory or another device,

as high and low levels must be input to the WAIT pin at high speed, it may be difficult
to input a high level before the initial fall of the BOSC signal in the access cycle. In

Chapter 2 Bus Interface

this case, the second of consecutive access cycles will be a no wait cycle. To prevent
this, a fixed-period wait cycle can be input at the start of an access cycle.

BOSC

Address

Data

IWEL, /WEH

WAIT

Set '1111" to bits for the number of wait cycles of the EXWMD register to control

T2

1L

T1

T1

1L

Tl

H

T1

T1

L]

T2 T1 T1

puigigl

T1

T1

T1

il

gligligs

Fixed Wait

If WAIT pin is high before this timing,

| f——— ———————

Access
'

.

wait cycle continues.

Figure 2-3-2 Fixed Wait and Handshake Wait Control Timing

Cycle

If WAIT pin is low at this timing,
access cycle ends 1.5 BOSC
cycle later.

T2

Fixed Wait

+

Y
A

'
Acces:
'
'

||
t

wait cycle continues.

s Cycle

+

Y

If WAIT pin is low at this timing,
If WAIT pin is high before this timing, — access cycle ends 1.5 BOSC

cycle later.

(1 Wait Cycle as Fixed Wait, 2 Wait Cycles as Whole Wait, Data Write)

handshake wait cycles. When the fixed wait cycle is required, set the necessary num-
ber of wait cycles to bits for number of fixed wait cycles of the MEMMD 2 register at
the same time. (The wait cycle range from 0 to 3.5 cycles is set in 0.5 wait cycle.)

MN102H60G/60K/F60G/F60K
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Chapter 3 Interrupts

3-1 Interrupt Groups

3-1-1 Overview

The most important factor in the real time control is how fast the pro-
gram moves to the interrupt handler processing. The MN102H60G/
60K/F60G/F60K improves the interrupt response by aborting instruc-
tions, including the multiply and divide instruction, which require mul-
tiple clock cycles. The aborted instruction is executed once again after
it is returned from the interrupt service routine.

This section describes the overview of the interrupt system. The MN102H60G/60K/
F60G/F60K contains 56 interrupt groups. Each interrupt group controls interrupts.
An interrupt is generated speedily because one interrupt vector is assigned to each
interrupt group. Interrupt groups are classified into 14 classes, which set its interrupt
level. All interrupts from the peripheral circuits (such as timers) and external pins,
except reset interrupts, are registered into interrupt group controller. Once interrupts
are registered, interrupt requests are sent to the CPU according to the interrupt priority
level (level 0 to 6) set in interrupt group controller. Groups 0 to 3 are interrupts for the
system. Table 3-1-1 shows the comparison between this LSI series and the previous
16-bit series.

Table 3-1-1 Comparison of MN102H60G/60K/F60G/F60K and
MN102B00/MN102L00

Parameters

MN102B00/MN102L00

MN102H60G/60K/F60G/F60K

Interrupt Groups
(IAGR group numbers)

4 vectors per group
(separated by interrupt
service routine)

1 vector per group
(Generated the group
number for each interrupt)

Interrupt Response Time

Good

Excellent

Interrupt Level Setup

4 vectors per level

4 vectors per level

Software Compatibility

Easily modified

The MN102H60G/60K/F60G/F60K has five external interrupt pins and eight key in-
terrupt pins. The IRQTRG register, the KEYTRG register and the KEYCTR register
set the interrupt conditions (positive edge, negative edge, both edges or low level).
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KEYTRG KEYCTR
% Egge;teve: MASK —=| — Interrupt
: ge: evel MASK —| N to CPU
KI7 — Edge/Level MASK*D’ OR
Interrupt
IRQTRG
Q Arbitration
IRQO —1 Edge/Level
IRQ1 —7 Edge/Level
IRQ4 —1 Edge/Level
Internal

interrupt

Figure 3-1-1 Interrupt Controller Block Diagram

The MN102H55D/55G/F55G contains the watchdog timer and the extended watch-
dog timer. The CPUM register and the WDREG register sets the interval until a
watchdog interrupt occurs, watchdog timer/extended watchdog timer clear, the chip
reset when a watchdog interrupt occurs.

CPUM Register WDREG register Control Chip Reset

Control Control
BOSC —>‘ Watchdog Timer ‘—»‘ Extended Watchdog Timer Watchdog Interrupt
Generate pulse signal of _ GfeneragzwaFCthQ inter;qp_t * In the MN102HF60G/HF60K,
ivi 5 of watchdog timer output divisor ..
SS?;;"YJ;‘;‘,“ 222 of 1, 22, 24? 26, 28, 21% 212 use only the BOSC divisor of 2°.

Figure 3-1-2 Watchdog Timer Block Diagram

m Notices When Using Watchdog Interrupt

The watchdog interrupt is used to detect error operations. Because of this, the CPU
normal operation cannot be guaranteed after the watchdog interrupt service routine.
Therefore, do not return the old program from the watchdog interrupt service routine.
The watchdog interrupt occurs in the following cases.

(1) The program cannot be executed using the normal algorithm due to the infinity
loop or error operations.

(2) The CPU hangs up due to the device errors or system errors. (The CPU hangs up
the response signal without recognizing during the access to the external device.)

Especially, in case of (2), the instruction in progress enters the interrupt service routine
without completing the instruction execution because the CPU terminates the bus
cycles forcibly. In addition, the data may not be transferred correctly during the ATC
operation. Due to this, the normal program operation cannot be guaranteed even
though the program returns from the interrupt service routine.
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Table 3-1-2 Interrupt Vector and Class Assignment

Group Interrupt Vector Class
GROUP_0 | Non mascable
MN102H NMI [GROUP 1| Watchdog CLASS

CPU Core GROUP 2 | Undefined instruction 0
GROUP_3 | Error interrupt
GROUP 4 | Reserved

Level 0 to 6 GROUP 5 | Reserved CLASS
GROUP 6 | Reserved 1
GROUP_7 | Reserved
GROUP 8 | External interrupt O
GROUP 9 | Timer 0 underflow CLASS
GROUP 10 | Timer 8 underflow 2
GROUP 11 | Timer 8 capture A
GROUP 12 | External interrupt 1
GROUP 13 | Timer 1 underflow CLASS
GROUP 14 | Timer 8 capture B 3
GROUP_15 | Timer 9 underflow
GROUP 16 | External interrupt 2
GROUP 17 | Timer 2 underflow CLASS
GROUP_18 | Timer 9 capture A 4
GROUP 19 | Timer 9 capture B
GROUP 20 [ External interrupt 3
GROUP 21 | Timer 3 underflow CLASS
GROUP 22 | Timer 10 underflow 5
GROUP 23 | Timer 10 capture A
GROUP 24 | External interrupt 4
GROUP_ 25 | Timer 4 underflow CLASS
GROUP 26 | Timer 10 capture B 6
GROUP 27 | Timer 11 underflow
GROUP 28 | External key interrupt
GROUP 29 | Timer 5 underflow CLASS
GROUP 30 | Timer 11 capture A 7
GROUP_31 | Timer 11 capture B
GROUP 32 | AD conversion end
GROUP 33 | Timer 6 underflow CLASS
GROUP 34 | Timer 12 underflow 8
GROUP_35 | Timer 12 capture A
GROUP_36 | Timer 7 underflow
GROUP 37 | Timer 12 capture B CLASS
GROUP_38 | Reserved 9
GROUP_39 | Reserved
GROUP_ 40 | Serial 0 transmission end
GROUP 41 | Serial O reception end CLASS
GROUP 42 | Serial 1 transmission end 10
GROUP 43 | Serial 1 reception end
GROUP 44 | Serial 2 transmission end
GROUP 45 | Serial 2 reception end CLASS
GROUP_46 | Serial 3 transmission end 11
GROUP 47 | Serial 3 reception end
GROUP 48 | Serial 4 transmission end
GROUP 49 | Serial 4 reception end CLASS
GROUP 50 | ETCO transfer end 12
GROUP_51 [ ETC1 transfer end
GROUP 52 | ATCO transfer end
GROUP_ 53 | ATC1 transfer end CLASS
GROUP 54 | ATC2 transfer end 13
GROUP_55 | ATC3 transfer end

86 MN102H60G/60K/F60G/F60K

Register
Address

00FCA40[R/W]
00FCA42[R/W]
00FCA44[R/W]
00FCA46[R/W]

00FC50[R/W]
00FC52[R/W]
00FC54[R/W]
00FC56[R/W]

00FC58[R/W]
00FC5A[R/W]
00FC5C[R/W]
00FC5E[R/W]

00FCBO[R/W]
00FCB2[R/W]
00FCB4[R/W]
00FCB6[R/W]

00FCB8[R/W]
00FCBA[R/W]
00FC6C[R/W]
00FCBE[R/W]

00FCT70[R/W]
00FC72[R/W]
00FCT74[R/W]
00FCT76[R/W]

00FCT78[R/W]
00FC7A[R/W]
00FC7C[R/W]
00FC7E[R/W]

00FC8O[R/W]
00FC82[R/W]
00FC84[R/W]
00FC86[R/W]

00FC88[R/W]
00FCBA[R/W]

00FC90[R/W]
00FC92[R/W]
00FC94[R/W]
00FC96[R/W]

00FCO8[R/W]
00FCYA[R/W]
00FCIC[R/W]
00FCOE[R/W]

00FCAO[R/W]
00FCA2[R/W]
00FCA4[R/W]
00FCAB[R/W]

00FCAS[R/W]
00FCAA[R/W]
00FCAC[R/W]
00FCAE[R/W]
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Program
Address 80008
>
Interrupt &&A
<& Handler
KX/ | (preprocessin
\{\@\« G@e (prep g'\)s\’ ® C\]c\eﬁ
max. 6 cycles A

7 machine cycles Release the interrupt request

Interrupt service at the beginning

routine (included in the cycle shown to the left)
l
rt
5 Handler S (5 cycles)
& \(postprocessing)
o .
(6”2 Pop register
Sy

Figure 3-1-3 Interrupt Servicing Time

Table 3-1-3 Handler Preprocessing

Sequence Assembler Byte Cycle
add -8, A3 2 1
Push register mov A0, (A3) 2 2
MOoVX DO, (4, A3) 3 3
Read group number mov (FCOE), DO 3 1
Generate the first mov BASE, A0 3 1
address for interrupt add DO, AO 2 2
service routine mov (A0), AO 2 2
Branch jsr (AO) 2 5
Total 17 15

Table 3-1-4 Handler Postprocessing

Sequence Assembler Byte Cycle
mov (A3), AO 2 2
Pop register movx (4, A3), DO 3 3
add 8, A3 2 1
Total 7 6
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3-1-2

Control Registers

These registers control the interrupt function: the interrupt accept group
register (IAGR), the interrupt condition setup register (IRQTRG), the
external key interrupt condition setup register (KEYTRG), the external
key interrupt enable register (KEYCTR) and the watchdog interrupt
extension control register (WDREG).

CLASS 0 (System Interrupt)
7 6 5 4 3 2 1 0

Interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

CLASS 1~13
7 6 5 4 3 2 1 0
[
LV IE XnICH
[
| f
? o Interrupt enable flag (IE)
Interrupt priority level 0: Disable
LV[2:0] 1: Enable
7 6 5 4 3 2 1 0
IR ID XnICL

Interrupt request flag (IR)
0: No interrupt requested
1: Interrupt requested

Interrupt detect flag (ID)
0: Interrupt undetected
1: Interrupt detected

Nonmaskable interrupt NMICR
Watchdog overflow WDICR
Undefined instruction UNICR

Interrupt arbitriation (error interrupt) EIICR

X 1Q External interrupt
TMor T Timer interrupt
SC Serial interrupt
AT ATC transfer end interrupt
AD AD conversion end interrupt
Kl Key interrupt

* Some registers do not have LV flags. These
bits are read to 0.

The following is an example of setting the interrupt level (LV) and the interrupt enable
(IE) in the interrupt control register (XnICH). Interrupts must be disabled during this

routine.

and Oxf7ff,psw
nop

nop

mov do0, (XnICH)
or 0x0800, psw

88 MN102H60G/60K/F60G/F60K

; Clear IE flag of PSW
Inserted to ensure that XnICH is accessible
after clearing IE flag completely
; Write LV/IE
; Set IE flag of PSW
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The program does not need to clear the IE flag of PSW to disable interrupts during
interrupt servicing, since IE = 0 unless the IE flag is set. The nop instructions can be
any instructions except those which write the IE flag of PSW or LV and IE flags of

XnICH register. Two nop instructions are inserted in the example to keep the mini-
mum number of cycles to change the IE flag. More than two nop instructions can be

inserted.

IAGR: x'00FCOE'

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

GN5 | GN4 [ GN3 | GN2 | GN1 [ GNO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0

}

Group number

IRQTRG: X'00FCBO0’

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

1Q4 | 104 | 103 | 103 | 1Q2 | 1Q2 | 1Q1 | 1Q1 | I1Q0 | 1QO0
TG1|TGO|TG1 | TGO | TG1| TGO | TG1 | TGO | TG1 | TGO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEYTRG: xX'00FCB2'

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

KI7
TG1

K17
TGO

KI6
TG1

K16
TGO

KI5
TG1

KI5
TGO

Kl4
TG1

Kl4
TGO

KI3
TG1

KI3
TGO

KI2
TG1

KI2
TGO

KI1
TG1

KI1
TGO

KI0
TG1

KI0
TGO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0
0 0
IQOTGJ1:0] | Interrupt trigger condition for IRQO pin
IQ1TG[1:0] | Interrupt trigger condition for IRQ1 pin
1Q2TGJ[1:0] | Interrupt trigger condition for IRQ2 pin
IQ3TGJ[1:0] | Interrupt trigger condition for IRQ3 pin
IQ4TGI1:0]| Interrupt trigger condition for IRQ4 pin
00 Low level
01 Both edges
10 Negative edge
11 Positive edge
KIOTG[1:0] | Interrupt trigger condition for KIO pin
KI1TG[1:0] | Interrupt trigger condition for KI1 pin
KI2TG[1:0] | Interrupt trigger condition for KI2 pin
KI3TG[1:0] | Interrupt trigger condition for KI3 pin
KI4TGI[1:0] | Interrupt trigger condition for Kl4 pin
KISTG[1:0] | Interrupt trigger condition for KI5 pin
KI6TG[1:0] | Interrupt trigger condition for K16 pin
KI7TG[1:0] | Interrupt trigger condition for K17 pin
00 Low level
01 Both edges
10 Negative edge
11 Positive edge
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Reset

Reset:

90

KEYCTR: xX'00FCB4'

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
KI7 | KI6 | KI5 | KI4 | KI3 | KI2 | KIZ | KIO
EN|EN[EN | EN|EN|EN | EN | EN
o 0o 0 o0 o0 0 o0 0 O 0 0o 0 0 0 0 O
L KIOEN | OR interrupt trigger condition for KIO pin
KILEN | OR interrupt trigger condition for KI1 pin
KI2EN | OR interrupt trigger condition for KI2 pin
KIBEN | OR interrupt trigger condition for KI3 pin
KI4EN | OR interrupt trigger condition for Kl4 pin
KISEN | OR interrupt trigger condition for KI5 pin
KIBEN | OR interrupt trigger condition for K16 pin
KI7EN | OR interrupt trigger condition for K17 pin
0 Do not set
1 Set
WDREG: x'00FC88'
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WD WD | WD | WD WD
CLR P2 | P1 | PO RST
o o o0 O o O O o O O O O 0 0 0 O
L WDRST Reset the chip
when watchdog interrupt occurs
0 Disable
1 Enable
WDPJ[2:0] | Watchdog Interrupt Interval
000 Interval set in CPUM register x 1
001 Interval set in CPUM register x 22
010 Interval set in CPUM register x 24
011 Interval set in CPUM register x 26
100 Interval setin CPUM register x 2 8
110 Interval set in CPUM register x 210
WDCLR Extended Watchdog Counter Clear
0 Do not clear
1 Clear
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Table 3-1-5 List of Interrupt Control Registers

Chapter 3 Interrupts

Register Address Function
IARG X'00FCOE Interrupt Accepted Group Number Register
NMICR x'00FC40' Nonmaskable Interrupt Control Register
WDICR x'00FC42' Watchdog Interrupt Control Register
UNICR x'00FC44' Undefined Instruction Interrupt Control Register
EIICR x'00FC46' Error Interrupt Control Register
IRQTRG X'00FCBO External Interrupt Condition Setup Register
1QO0ICL x'00FC50 External Interrupt O Control Register
1QOICH X'00FC51 External Interrupt O Control Register
1Q1ICL x'00FC58 External Interrupt 1 Control Register
1Q1ICH x'00FC59 Externa Interrupt 1 Control Register
1Q2ICL x'00FC60 Externa Interrupt 2 Control Register
1Q2ICH x'00FC61 External Interrupt 2 Control Register
1Q3ICL x'00FC68 External Interrupt 3 Control Register
1Q3ICH x'00FC69 Externa Interrupt 3 Control Register
1Q41CL x'00FC70 External Interrupt 4 Control Register
1Q41CH X'00FC71 External Interrupt 4 Control Register
TMOUICL X'00FC52' Timer 0 Underflow Interrupt Control Register
TMOUICH x'00FC53' Timer 0 Underflow Interrupt Control Register
TM1UICL x'00FCBA' Timer 1 Underflow Interrupt Control Register
TM1UICH x'00FC5B' Timer 1 Underflow Interrupt Control Register
TM2UICL x'00FC62' Timer 2 Underflow Interrupt Control Register
TM2UICH X'00FC63' Timer 2 Underflow Interrupt Control Register
TM3UICL X'00FCBA' Timer 3 Underflow Interrupt Control Register
TM3UICH x'00FC6B' Timer 3 Underflow Interrupt Control Register
TM4UICL X'00FC72' Timer 4 Underflow Interrupt Control Register
TM4UICH x'00FC73' Timer 4 Underflow Interrupt Control Register
TM5UICL X'00FC7A" Timer 5 Underflow Interrupt Control Register
TM5UICH x'00FC7B' Timer 5 Underflow Interrupt Control Register
TM6UICL x'00FC82' Timer 6 Underflow Interrupt Control Register
TM6UICH x'00FC83' Timer 6 Underflow Interrupt Control Register
TM7UICL x'00FC88' Timer 7 Underflow Interrupt Control Register
TM7UICH x'00FC89' Timer 7 Underflow Interrupt Control Register
TM8UICL x'00FC54' Timer 8 Underflow Interrupt Control Register
TM8UICH x'00FC55' Timer 8 Underflow Interrupt Control Register
TMB8AICL X'00FC56' Timer 8 Capture A Interrupt Control Register
TM8AICH x'00FC57' Timer 8 Capture A Interrupt Control Register
TM8BICL X'00FC5C' Timer 8 Capture B Interrupt Control Register
TM8BICH X'00FC5D' Timer 8 Capture B Interrupt Control Register
TMOUICL X'00FC5E' Timer 9 Underflow Interrupt Control Register
TMOUICH X'00FC5F' Timer 9 Underflow Interrupt Control Register
TMO9AICL x'00FC64' Timer 9 Capture A Interrupt Control Register
TM9AICH x'00FC65' Timer 9 Capture A Interrupt Control Register
TM9BICL x'00FC66' Timer 9 Capture B Interrupt Control Register
TM9BICH x'00FC67' Timer 9 Capture B Interrupt Control Register
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92

TM10UICL x'00FC6C' R/W | Timer 10 Underflow Interrupt Control Register
TM10UICH x'00FC6D’ R/W | Timer 10 Underflow Interrupt Control Register
TM10AICL x'00FC6E' R/W | Timer 10 Capture A Interrupt Control Register
TM10AICH X'00FC6F' R/W | Timer 10 Capture A Interrupt Control Register
TM10BICL X'00FC74' R/W | Timer 10 Capture B Interrupt Control Register
TM10BICH x'00FC75' R/W | Timer 10 Capture B Interrupt Control Register
TM11UICL x'00FC76' R/W | Timer 11 Underflow Interrupt Control Register
TM11UICH x'00FC77" R/W | Timer 11 Underflow Interrupt Control Register
TM11AICL X'00FC7C' R/W | Timer 11 Capture A Interrupt Control Register
TM11AICH X'00FC7D’ R/W | Timer 11 Capture A Interrupt Control Register
TM11BICL X'00FC7E' R/W | Timer 11 Capture B Interrupt Control Register
TM11BICH X'00FC7F R/W | Timer 11 Capture B Interrupt Control Register
TM12UICL X'00FC84' R/W | Timer 12 Underflow Interrupt Control Register
TM12UICH X'00FC85' R/W | Timer 12 Underflow Interrupt Control Register
TM12AICL X'00FC86' R/W | Timer 12 Capture A Interrupt Control Register
TM12AICH x'00FC87' R/W | Timer 12 Capture A Interrupt Control Register
TM12BICL X'00FC8A' R/W | Timer 12 Capture B Interrupt Control Register
TM12BICH x'00FC8B' R/W | Timer 12 Capture B Interrupt Control Register
SCOTICL x'00FC90" R/W | Serial 0 Transmission End Interrupt Control Register
SCOTICH x'00FC91" R/W | Serial 0 Transmission End Interrupt Control Register
SCORICL x'00FC92' R/W | Serial 0 Reception End Interrupt Control Register
SCORICH x'00FC93' R/W | Serial 0 Reception End Interrupt Control Register
SCITICL X'00FC94' R/W | Serid 1 Transmission End Interrupt Control Register
SCI1TICH X'00FC95' R/W | Serid 1 Transmission End Interrupt Control Register
SC1RICL x'00FC96' R/W | Serial 1 Reception End Interrupt Control Register
SC1RICH x'00FC97" R/W | Serial 1 Reception End Interrupt Control Register
SC2TICL x'00FC98' R/W | Serial 2 Transmission End Interrupt Control Register
SC2TICH X'00FC99* R/W | Seria 2 Transmission End Interrupt Control Register
SC2RICL X'00FCOA" R/W | Serial 2 Reception End Interrupt Control Register
SC2RICH X'00FC9B' R/W | Serial 2 Reception End Interrupt Control Register
SC3TICL X'00FC9OC’ R/W | Seriad 3 Transmission End Interrupt Control Register
SC3TICH X'00FCOD" R/W | Seriad 3 Transmission End Interrupt Control Register
SC3RICL X'00FCOE' R/W | Seria 3 Reception End Interrupt Control Register
SC3RICH X'00FCOF' R/W | Seria 3 Reception End Interrupt Control Register
SCATICL X'00FCAQ' R/W | Seriad 4 Transmission End Interrupt Control Register
SCATICH X'00FCAL' R/W | Serial 4 Transmission End Interrupt Control Register
SC4RICL X'00FCA2' R/W | Seria 4 Reception End Interrupt Control Register
SC4RICH X'00FCA3' R/W | Seria 4 Reception End Interrupt Control Register
ATOICL X'00FCA8 R/W | ATC 0 Transfer End Interrupt Control Register
ATOICH X'00FCAY R/W | ATC 0 Transfer End Interrupt Control Register
ATI1ICL X'00FCAA' R/W |ATC 1 Transfer End Interrupt Control Register
AT1ICH x'00FCAB' R/W | ATC 1 Transfer End Interrupt Control Register
AT2ICL Xx'00FCAC R/W | ATC 2 Transfer End Interrupt Control Register
AT2ICH x'00FCAD' R/W | ATC 2 Transfer End Interrupt Control Register
AT3ICL X'00FCAE R/W | ATC 3 Transfer End Interrupt Control Register
AT3ICH x'00FCAF R/W | ATC 3 Transfer End Interrupt Control Register

MN102H60G/60K/F60G/F60K




Chapter 3 Interrupts

ETCOICL Xx'00FCA4' R/W | ETC 0 Transfer End Interrupt Control Register
ETCOICH X'00FCA5' R/W | ETC 0 Transfer End Interrupt Control Register
ETC1ICL X'00FCA6' R/W | ETC 1 Transfer End Interrupt Control Register
ETC1ICH X'00FCAT7' R/W |ETC 1 Transfer End Interrupt Control Register
ADICL x'00FC80 R/W | AD Conversion End Interrupt Control Register
ADICH x'00FC81' R/W | AD Conversion End Interrupt Control Register
KIICL X'00FC78 R/W | External Key Interrupt Control Register
KIICH x'00FC79 R/W | External Key Interrupt Control Register
KEYTRQ Xx'00FCB2 R/W | External Key Interrupt Condition Setup Register
KEYCTR x'00FCB4 R/W | Externa Key Interrupt Enable Register
WDREG x'00FCB6' R/W | Watchdog Interrupt Extension Control Register

The error interrupt control register does not exist in the hardware. The CPU write 'C'
to the IAGR register to indicate that it detected an error interrupt if the interrupt cannot

be matched.

All registers except IAGR, IRQTRG, KEYTRG, KEYCTR and WDREG allow only
byte-accesses. Use the MOVB instruction to set the data.
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The interrupt level is 5 in this
example.

3-2 Interrupt Setup Examples

3-2-1  External Pin Interrupt Setup Examples

In this example, an interrupt occurs on the negative edge from the exter-
nal interrupt pin IRQO (PAO).

On reset, all bits of the external interrupt condition setup register (IRQTRG) are set to
0 and the IRQOIR flag of the external interrupt O control register (IQOICL) is set to 0.

[Po] | CORE | [ P6 |

[P2] | 8-bit Timers |
ATC

| P3] | 16-bit Timers |

ETC
(PAJ— IRqo pin
| P5 | |Pulse Width Counter|

Figure 3-2-1 External Pin Interrupt Block Diagram

m Interrupt Enable Setting
(1) Set the interrupt conditions for the IRQO (PAO) pin. In this example, set
IQOTG[1:0] of the IRQTRG register to '2' (bit setting: 10).

IRQTRG: x'00FCBO0’
15| 14 | 13| 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

1Q4 | 1Q4 | 103 | 1Q3 | 1Q2 | 1Q2 | 101 | 1Q1 | 1Q0 | 1Q0
TG1|TGO|TG1| TGO | TGL|TGO| TG1| TGO | TG1 | TGO

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

(2) Enable interrupts after clearing all prior interrupt requests. To do this, set the
IQOIR flag of the external interrupt O control register (IQOICL) to O, the
IQOLV[2:0] flags of the external interrupt O control register (IQOICH) to the inter-
rupt level O to 6, the IQOIE flag to '1".

IQOICL: X00FC50' IQOICH: X'00FC51'

71 6] 5] 4] 3] 2] 1] o 7] 6] 5| 4] 3| 2] 1] o
1Q0 1Q0 1Q0 | 1Q0 | 1QO0 1Q0
IR ID LV2|LV1|LVO IE
0 0 1 0 1 1
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(3) Enable interrupts by writing the IE flag of PSW to 1 and the IMn flag to 7 (bit
setting: 111).

Thereafter, an interrupt occurs on the negative edge of the IRQO (PAO) pin. The pro-
gram branches to x'080008' when the interrupt is accepted.

m Interrupt Service Routine

(4) Specify the interrupt group by reading the IAGR register during interrupt prepro-Normally, the program gener-
ates the interrupt start address

cessing.
and then branches to that ad-
dress.
(5) Execute the interrupt service routine.
(6) Clear the IQOIR flag of the IQOICL register. During the interrupt service rou-

tine, disable an interrupt by set-
ting the IM flag of PSW register
to the interrupt level and the IE
routine ends. flag to 0. In addition, other inter-
rupts except nonmaskable inter-
rupts are not accepted unless
PSW register is set.

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

PAO(IRQO) { LI

IRQTRG LO level i Negative Edge |

flr

I O

IRQTRG(W)IQOICH(W) IQOICI:L(W) IQOIéL(W)
Registers [R/W] (1) IQOICL(W) (A (B)6)(7) (@) (B)(6)(7)
(AE)

IQOIE

IQOIR

Interrupt Servicing

Figure 3-2-2 External Pin Interrupt Timing
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3-2-2

Key Input Interrupt Setup Examples

External pins P33 - P30 (KI3 - 0) generates key input interrupts. An
interrupt signal is generated whenever one of P33 - P30 is low level.

After reset is released, the external key interrupt condition setup register (KEYTRG)
is sets low level and the KIIR flag of the external key interrupt control register
(KIICL) becomes 0.

KIO pin
KI1 pin
KI2 pin
KI3 pin

| PO | CORE |

|£, 8-bit Timers
—={ P3 | 16-bit Timers |

| P5 | |Pu|se Width Counter|

ATC
[ e ]

Figure 3-2-3 Key Input Interrupt Block Diagram

o

FEArArars
P e o s
FArArars
P e
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m [nterrupt Enable Setting

(1) Set the port functions to the port 3 mode register L and the port 3 mode register H
(P3LMD and P3HMD). Set P33 - P30 pins to /Kl input, select all P37 - P34 pins
as ports .

P3LMD: x'00FFF4' P3HMD: x'00FFF5'
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

P3| P3| P3| P3| P3| P3| P3| P3 P3 | P3| P3| P3| P3| P3| P3| P3
LMD7LM D6LMD5LMD41LMD3LMD2LMD1LMDO HMD7HMDGHMDSHMD4HMD3HMD2HMD1HMDQ

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

(2) Set the port 3 input/output control register (P3DIR) to the I/O direction. Set P37 -
P34 pins to output. P33 - P30 pins are selected as input regardless of the set value
of P3DIR because these pins are set to /K| input by the port 3 mode register L.

P3DIR: X'00FFE3'
7 6 5 4 3 2 1 0

P3| P3| P3| P3| P3| P3| P3| P3
DIR7|DIR6|DIR5|DIR4|DIR3|DIR2|DIR1{DIRO

1 1 1 1 0 0 0 0

(3) Set P33 - P30 pins to pull-up by the port 3 pull-up control register (P3PUL) not to
generate an interrupt when the key is not pushed. Set P37 - P34 pins to output low
to generate an interrupt when one of any keys is pushed. Generate a key interrupt
signal when any of P33 - P30 pins becomes 0 if one of keys is pushed.

P3PUL: X'00FFB3' P30UT: x'00FFC3'

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
P3| P3| P3| P3| P3| P3| P3| P3 P3| P3| P3| P3| P3| P3| P3| P3
PLU7|PLUG|PLUS|PLU4|PLU3|PLU2|PLU1|PLUO OUT70UTE0OUT50UT40UT30UT20UTOUTO
0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

(4) Set the key input pin to low by the KEYTRG register. Enable P33 - P30 key
interrupts of the KEYCTR register.

KEYTRG: x'00FCB2'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

KI7 | KI7 | KI6 | KI6 | KI5 | KI5 | KI4 | KI4 | KI3 | KI3 | KI2 | KI2 | KI1 | KI1 | KIO | KIO
TG1|TGO|TG1| TGO |TG1| TGO |TG1| TGO | TG1|TGO| TG1|TGO|TG1 | TGO | TG1 | TGO

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KEYCTR: x'00FCB4'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

K17 | KI6 | KI5 | KI4 | KI3 | KI2 | KI1 | KIO

0 0 0 0 1 1 1 1
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When applying to a remote con-
troller, the program moves to the
STOP mode to reduce power
consumption. When an inter-
rupt occurs during the STOP
mode, the program waits for os-
cillation stabilization. The pro-
gram waits for up to 3.855 ms
with a 34-MHz oscillator. After
that, the program branches to
x'080008.

Normally, the program gener-
ates the interrupt start address
and then branches to that ad-
dress.

During the interrupt service rou-
tine, disable an interrupt by set-
ting the IM flag of PSW register
to the interrupt level and the IE
flag to 0. In addition, other inter-
rupts except nonmaskable inter-
rupts are not accepted unless
PSW register is set.

Key determination is performed
by reading the port 3 input regis-
ter (P3IN).

(5) Enable interrupts after clearing all prior interrupt requests. To do this, set the KIIR
flag of the external key interrupt control register (KIICL) to 0, the KILV2-0 flags
of the external key interrupt control register (KIICH) to the interrupt level O to 6,
and the KIIE flag to '1".

(6) Enable interrupts by writing the IE flag of PSW to 1 and the IMn flag to 7 (bit
setting: 111).

Thereafter, an interrupt occurs when one of any keys is pushed.

m Interrupt Service Routine

(7) Specify the interrupt group by reading the IAGR register during interrupt prepro-
cessing.

(8) Execute the key interrupt service routine.

(9) Clear the KIIR flag of the KIICL register.

(10) Execute the key determination routine.

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

m Key Determination Routine
(12) Write X'EQ' to the port 3 output register (P30OUT). (bit setting: 11100000 (set 0 to
only P34)).

(13) The bit corresponding to the port 3 input register (P3IN) becomes 0 if any one of
keys 0, 4, 8, C. Check with the bit test instruction (BTST).

(14) Write x'DO' to the P3OUT register. (bit setting: 11010000, set 0 only to P35)

(15) The bit corresponding to the port 3 input register (P3IN) becomes 0 if any one of
keys 1, 5, 9, D. Check with the bit test instruction (BTST).

(16) Write x'BO' to the P30OUT register. (bit setting: 10110000, set 0 only to P36)

(17) The bit corresponding to the port 3 input register (P3IN) becomes 0 if any one of
keys 2, 6, A, E. Check with the bit test instruction (BTST).
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(18) Write x'70" to the P30OUT register. (bit setting: 01110000, set 0 only in P37)

(19) The bit corresponding to the port 3 input register (P3IN) becomes 0 if any one of
keys 3, 7, B, F. Check with the bit test instruction (BTST).

The following figure shows the timing of the key input interrupt.

STOP mode |
KEYTRG ! LO level ‘
KIIR //
KIIE :

CPUM Norrfj]al mode |STOP mode gtggwi%tllcv,\?ait Normal mode |

Interrupt Servicing | |

Figure 3-2-5 Key Input Interrupt Timing
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If WDM1 and WDMO are 00, a
watchdog interrupt occurs when
the watchdog timer counts 27
BOSC cycles (3.855 ms with a
34-MHz oscillator).
The following is the WDM set-
ting.
00: 2'7 BOSC cycles
01: 2° BOSC cycles
10: 23 BOSC cycles
11: 25 BOSC cycles

Normally, clear the watchdog
timer before an interrupt occurs.

3-2-3  Watchdog Timer Interrupt Setup Examples

An interrupt occurs by using the watchdog timer.

The watchdog timer starts by setting the WDRST flag of the CPU mode control regis-
ter (CPUM) to enable ('0") after reset. When the watchdog timer overflows, a

nonmaskable interrupt occurs. This requires to clear the watchdog timer in the main
program.

|p0| CORE | m -

Interrupt
[P2] [ ebitTimers ] ATC
| P3| | 16-bit Timers | — @,
|P5| [Pulse Width Counter]

Figure 3-2-6 Watchdog Timer Interrupt Block Diagram

m Interrupt Enable Setting
(1) Clear the WDRST flag of the CPUM register. This starts the watchdog timer. In
addition, set the WDM flags to the time for error detection function.

CPUM: x'00FCO00’

15 | 14 | 13 | 12 | 11 | 10 9 8

~
o
(6]
N
w
N
[N
o

WD | WD | WD 0osC
RST| M1 | MO | ~ B B N - - - - D STOPHAL T|OSC1|OSCO

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

m Clearing the Watchdog Timer
(2) Setthe WDRST flag of the CPUM register to 1 and then immediately clear it to O.
The watchdog timer clears to 0 when the WDRST flag is 1.
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m [nterrupt Service Routine Normally, the program gener-
When an interrupt is generated and accepted, the program branches to x'08000g", (€S the interrupt start address

. . . . . . and then branches to that ad-
(3) Specify the interrupt group by reading the IAGR register during interrupt prepro- ...

cessing.

(4) Verify a watchdog interrupt by reading the watchdog interrupt control registerDuring the interrupt service rou-
(WDICR). Check the WDID flag with the bit test instruction (BTST). If the ¢ 05*‘;“ Interrupts &f”e “Otsc'
. . . . cepted because IM of PSW be-
WDID flag is 1, execute the interrupt service routine. P .
comes the highest level.

(5) Clear the WDID flag of the WDICR register.

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

The watchdog timer shares the oscillation stabilization wait counter. The WDID flag

is cleared to 0 when the program moves to the STOP mode, because the watchdog
timer operates as the oscillation stabilization wait counter when the program returns
from the STOP mode. The WDID flag is cleared to 0 again after moving to the normal
mode. ['2-6 Standby Function" in the MN10200 Series Linear Addressing High-
speed Version LSI User Manual]

Overflow

RsTEn | | | |
Watchdog Count ;

NWDEN(CPUM) //4
WDIF(WDICR) T
Interrupt Servicing i i Clear i :I
Registers [R/W] CPOM(W) CPLJM(W) CPLJM(W) CPlJM(W)

@ &) @ (3)(4)(5)(6)

Figure 3-2-7 Watchdog Timer Interrupt Timing
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The following is the WDP[2:0]

setting.

102

000:
001:
010:
011:
100:
101:
110:

1
22
24
26
28
210
212

3-2-4  Watchdog Timer Setup Examples

The MN102H55D/55G/F55G has the extended watchdog timer which
generates a longer watchdog interrupt than the normal watchdog timer
does. In addition, the CPU resets itself instead of generating an inter-
rupt. In this example, if the CPU does not clear the watchdog timer and
the extended watchdog timer for 3.86 s with 34-MHz external oscilla-
tor, the CPU judges error operation and resets.

The CPU operation when the chip resets using the watchdog timer is the same as the
CPU operation when low level is input to /RST pin. Generate a pulse sigrial of 2
BOSC cycles using the CPUM register, and then Setstng the WDREG register.
Since BOSC cycle at 30-MHz external oscillator is approximately 33.3 ns,
33.3nx21%%217=4.47 s and the watchdog timer the extended watchdog timer should be
cleared during this interval.

| PO] Rgl CORE |
[P2| | 8-bit Timer | e
| P3] | 16-bit Timer | —c |p_9,
|P5| |Pu|seWidth Counter|

Figure 3-2-8 Extended Watchdog Timer Block Diagram

m Interrupt Enable Setting

(1) Set WDPJ[2:0] bits of the WDREG register to the time for error detection function.
In this example, set!2 Since the chip is reset as soon as a watchdog interrupt
occurs, set the WDRST flag to 1.

WDREG: x'00FCB6'
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

WD WD | WD | WD WD

CLK [ A =~ = =0 N A I A I I R I =51
0 0 0O 0O O 1 0 1 0 0 0 0 0 0 0 1
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(2) Clear the WDRST flag of the CPUM register. This starts the watchdog timer and
the extended watchdog timer. In addition, set the WDM flags to the time for error

detection function. In this example, sele€t.2 If WDM1 and WDMO are 00, a

watchdog interrupt occurs when
the watchdog timer counts 27
BOSC cycles (3.855 ms with a
34-MHz oscillator).

CPUM: x'00FCO00
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

WD | WD | WD OsC ing i -
WD WD WD ) ) } i} ; _ _ D |STOPHAL T OSCL{0SCO Ihe following is the WDM set
ing.
0 0 0 o©0 0 0 © 0 © 0 0 O 0 0 O 0 00: 27 BOSC cycles

01: 25 BOSC cycles
10: 23 BOSC cycles
When the above steps complete, genertae a watchdog interrupt after 4.47 s and reset  11: 215 BOSC cycles

the chip.

m Clearing the Watchdog Timer

(3) Setthe WDCLK flag of the WDREG register and the WDRST flag of the CPUM
register to 1 and then immediately clear them to 0. This clears the watchdog timer
and the extended watchdog timer. The watchdog timer is continuously cleared
while the WDRST flag is 1 and the extended watchdog timer is continuously
cleared while the WDCLK flag is 1. Normally, clear the watchdog timer and the
extended watchdog timer before a watchdog interrupt occurs.
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Chapter 4 Timers

4-1  Summary of 8-bit Timer Functions

4-1-1 Overview

The MN102H60G/60K/F60G/F60K contains eight 8-bit down counters
that can serve as interval timers, event counters, clock outputs (under-
flow divided by 2), base clocks for serial interface, or start timing for
A/D conversion. The internal clocks (oscillation frequency (BOSC)/2,
low-speed frequency (XI)/4) or the external clocks (less than BOSC/4)
can be selected as clock sources. Interrupts are generated when timers
underflow.

Up to eight 8-bit timers can cascade. For example, cascading timers 4 and 5 forms a
16-bit timer, while cascading timers 0, 1, 2, 3 forms a 32-bit timer. When cascading
timers, the clock source of the lowest cascaded timer should be selected as the clock
source.

Timers 0 and 4 function as prescalars. They can supply to timers 1 to 3 and timers 5 to
7 as clock sources. This allows low-speed frequency generation and synchronization
between timers easily. In addition, they can supply to 16-bit timers as clock sources.

The BOSC frequency is the same as the high-speed oscillation frequency in the normal
mode, while the BOSC frequency is the same as the low-speed oscillation frequency
in the slow mode. The Xl frequency becomes the low-speed oscillation frequency
under any modes.
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To 16-bit Timer

TMOICL Interrupt

16-bit Timer, Serial 2, 3

TMA4ICL Interrupt

TMLICL Interrupt =014

TM2ICL Interrupt
Serial 0, 1

Chapter 4 Timers

TM3ICR Interrupt
AD Converter Activation

TMBSICL Interrupt
Serial 2,3,4

TM6ICL Interrupt

{ | Boscrz
__<:| BOSC

—<:| Xl/4

[ ] ™oiopin

[ ] T™a4i0pin

TM7ICL Interrupt

Underflow :npug
npu
Cascade ™1 Input2
r Input3
Underflow Input0
TM2 Inputl
Cas Input2
° Input3 Underflow Input0
r 0 Inputl
Input2 | o
Underflow Input0 Cascade Input3
T™3 Inputl
Cascad Input2 Timer Output]
© Inputa —?
r - Underflow Inputo
Inputl —
Underflow :zsﬁg Coceie 4 :np tﬁg
n
r S TM5 :npmg 2 | ﬁrime(oulpul
np
InputO
Underflow 5 Inputl
Input2
r Ge=mis Input3
Underflow :Egﬂg
@] UL Input2
© |nput3

f Timer Output

Figure 4-1-1 8-bit Timer Block Diagram

MN102H60G/60K/F60G/F60K

[ ] ™™7105pin
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Table 4-1-1 8-bit Timer Functions

Timer O Timer 1 Timer 2 Timer 3 Timer 4 Timer 5 Timer 6 Timer 7
TMOICL TM1ICL TM2ICL TM3ICL TM4ICL TM5ICL TM6ICL TM7ICL
Interrupt Request
Timer O Timer 1 Timer 2 Timer 3 Timer 4 Timer 5 Timer 6 Timer 7
Interrupt Source
underflow | underflow | underflow | underflow underflow | underflow | underflow underflow
Interval Timer | O 0 0 ] O 0 O
Event Counter u - N N o - - u
Clock Source
- O - - - o - - -
for 16-bit Timer
Timer Output O - - - O - - O
TMOIO pin TM410 pin TM710 pin
Clock Source B 0 0 ) 0 0 ) )
for Serial Interface
A/D Conversion Trigger - - - O - - - R
Clock Sources 0 BOSC/2 BOSC/2 BOSC/2 BOSC/2 BOSC/2 BOSC/2 Xl/4 Xl/4
1 Xl/4 T™MO TMO TMO T™MO TMO TMO T™MO
underflow underflow underflow | underflow | underflow | underflow | underflow
2 BOSC Cascade Cascade Cascade Cascade | Cascade Cascade Cascade
3 TMOIO pin T™M4 T™4 T™4 TM4IO pin BOSC T™M4 TM7IO pin
underflow underflow | underflow underflow
Cascade O O O O m]
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Cascading Cascading  cascading 8-bit counters forms

. | | | | | | | | | | | | | | | | a 16-hit timer, 24-bit timer, 32-bit
8-bitx8 timer, 40-bit timer, 48-bit timer,

56-bit timer, or 64-bit timer.

‘ Configuration Example

16-bit 8-bit 8-bit 8-bit 8-bit 16-bit
| [ e A o A B O |
Timer Ouput Interval Synchronous UART  Event Event
Neeml Timer  Transfer Transfer Counter Counter

Clock Clock
@ (for serial)  (for serial)

Figure 4-1-2 Timer Configuration

TMnBC Value

A

Load Value

Time

TMnIO f T T T T [ [

Input

(n=0, 4, 7)

Figure 4-1-3 8-bit Event Counter Input Timing
TMnBC Value
Load Value|. NN TR T
Time

Interrupts /\/ | /\/l /\/
TMnIO

Output
(n=0, 4, 7)

Figure 4-1-4 8-bit Timer Output and Interval Timer Timing
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4-1-2  8-bit Timer Control Registers

The timer binary counters (TMnBC), the timer base registers (TMnBR)
and the timer mode registers (TMnMD) control timer/counter func-
tions. (n=0to 7)

TMn [ TMn [ TMn | TMn | TMn | TMn | TMn | TMn

BC7 | BC6 [ BC5 | BC4 | BC3 | BC2 | BC1 | BCO TMNBC [R]

Reset 0 0 0 0 0 0 0 0

TMn [ TMn | TMn | TMn [ TMn | TMn | TMn | TMn TMNBR [R/W]
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BRL | BRO

Reset 0 0 0 0 0 0 0 0

TMn | TMn TMn | TMn
eN | LD a2 TMnMD [R/W]
Resst 0 O 0 0
t TMnS[1:0]| Clock Source Selection
00 BOSC divided by 2, XI divided by 4*1
) ) . 01 Timer O underflow, XI divided by 4 *1
*1 Since the settings may differ 10 Cascading, BOSC *1
depending on timers, check 11 Pin input, Timer 4 underflow, BOSC *1
each register explanation in Ap-
pendix Section.

TMnLD | Read TMnBR valueto TMnBC

0 No operation
1 Read TMnBR valueto TMnBC
Reset 2 divisor circuit for timer output

TMnEN | Timer n Counting Operation

0 Counting stop
1 Count operation
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Table 4-1-2 List of 8-bit Timer Control Registers

Chapter 4 Timers

Register Address RW Function
TMOBC X'00FEQQ' R Timer O Binary Counter

Timer 0 | TMOBR X'00FE10' R/W Timer 0 Base Register
TMOMD X'00FE20' R/W Timer 0 Mode Register
TM1BC X'00FEQL' R Timer 1 Binary Counter

Timerl1 |TM1BR X'00FELL' R/W Timer 1 Base Register
TM1MD x'00FE21" RIW Timer 1 Mode Register
TM2BC X'00FEQ2' R Timer 2 Binary Counter

Timer 2 | TM2BR X'00FE12' RIW Timer 2 Base Register
TM2MD X'00FE22' RIW Timer 2 Mode Register
TM3BC x'00FEQ3' R Timer 3 Binary Counter

Timer3 |TM3BR X'00FEL3' R/W Timer 3 Base Register
TM3MD X'00FE23' R/W Timer 3 Mode Register
TM4BC X'00FEO04' R Timer 4 Binary Counter

Timer 4 | TM4BR x'00FE14' RIW Timer 4 Base Register
TM4MD X'00FE24' RIW Timer 4 Mode Register
TM5BC x'00FEQS! R Timer 5 Binary Counter

Timer5 | TM5BR X'00FELS' RIW Timer 5 Base Register
TM5MD X'00FE25' R/W Timer 5 Mode Register
TM6BC X'00FEQ6' R Timer 6 Binary Counter

Timer 6 | TM6BR X'00FE16' RIW Timer 6 Base Register
TM6MD x'00FE26' R/W Timer 6 Mode Register
TM7BC x'00FEQ7" R Timer 7 Binary Counter

Timer7 | TM7BR X'00FEL7' R/W Timer 7 Base Register
TM7MD X'00FE27" R/W Timer 7 Mode Register

MN102H60G/60K/F60G/F60K
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4-1-3 8-bit Timer Block Diagrams

L Data bus 1

AN
8 8
(FE10)

Timer 0 base register

TMOBR
Load | |, Reload
8
| NS (FE00)
g E Timer O binary counter
S E 5 Y » Timer O underflow interrupt
2.6 8 TMOBC Underflow  16-bit timer
T™MOoMD - Count
\ 4
0 A 4
BOSC/2 — > 1/2 |— TMOIO pin (P82)
Xi/a —»| 1 Reset Timer output T
underflow/2
BOSC —»| 2 generator (circuity ~ Set output by PBLMD
TMOIO pin —»| 3
(P82) Multiplex
Figure 4-1-5 Timer 0 Block Diagram
L Data bus 1
/\
8 8
(FE11)
Timer 1 base register
TM1BR
Load _ Reload
| \8/ (FEO1)
212 z Timer 1 binary counter
BB P . H
20 3 TM1BC » Timer 1 underflow interrupt
TM1MD | Count Underflow Serial 0,1,4
A\
BOsC/2 —»| 0
Timer 0 underflow —*{ 1
Timer 0 cascade —™| 2
Timer 4 underflow —»| 3
Multiplex

Figure 4-1-6 Timer 1 Block Diagram
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L Data bus 1

2
8 8
(FE12)
Timer 2 base register
TM2BR
Load _ Reload
\8 7 (FE02)
2 Timer 2 binary counter
N
a TM2BC » Timer 2 underflow interrupt
/ISount Underflow  serigl 0, 1

BOSC/2 —»
Timer 0 underflow —

Timer 1 cascade —

w N B O

Timer 4 underflow —

Multiplex
Figure 4-1-7 Timer 2 Block Diagram

L Data bus 1

AN
8 8
(FE13)
Timer 3 base register
TM3BR
Load _ Reload
(FE23) NI (FE03)
g 212 Timer 3 binary counter
&S ! b . .
2 2.8 TM3BC » Timer 3 underflow interrupt
: Underflow -
— Count A/D activation
\
BOSC/2 —»| 0
Timer 0 underflow —| 1
Timer 2 cascade —»| 2
Timer 4 underflow —»| 3
Mutliplex

Figure 4-1-8 Timer 3 Block Diagram
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L Data bus 1
AN
8 8
(FE14)
Timer 4 base register
TM4BR
Load Reload
| (FE24) N (FE04)
g ' % J% ' % Timer 4 binary counter ) _
o 5 @ ) TM4BC — ‘Igmt;ai{ ttilnL:grderflow interrupt
Underflow 3
- Count Serial 2, 3
\ 4
w10 > , .
»1/2 TM40 pin (P83
v Reset Timer output Pin_ (Pe3)
0 underflow/2 T
BOSC/2 generator (circuit) Set output by PSMMD
Timer 0 underflow —| 1
Timer 3 cascade —| 2
TM4I0 pin—| 3
(P83) -
Multiplex
Figure 4-1-9 Timer 4 Block Diagram
l Data bus 1
AN
8 8
(FE15)
Timer 5 base register
TM5BR
Load Reload
(FE25) \8 / (FEO5)
= —H - ) .
< S Timer 5 binary counter
@ &5 TM5BC » Timer 5 underflow interrupt
P =, 0O » .
 — Underflow Serial 2, 3, 4
Count
v
BOsc/2 —»| 0
Timer 0 underflow —| 1
Timer 4 cascade —®| 2
BOSC —»| 3
Multiplex

Figure 4-1-10 Timer 5 Block Diagram
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Data bus

ZAN
8 8
(FE16)
Timer 6 base register
TM6BR
Load Reload
| \8/ (FEO6)
g : g Timer 6 binary counter ] )
i : c TM6BC . Timer 6 underflow interrupt
Underflow
Count

X4 —»
Timer 0 underflow —™

Timer 5 cascade —]

Timer 4 underflow —

w N B O

Multiplex

Figure 4-1-11 Timer 6 Block Diagram

L Data bus 1
AN
8 8
(FE17)
Timer 7 base register
TM7BR
Load Reload
| \8/ (FEO7)
2 : 2 Timer 7 binary counter
o g TM7BC » Timer 7 underflow interrupt
z Coor Underflow
v
»[1/2] i
»11/2 TM7IO pin (P84
Reset = HMimer output pin (P84)
0 underflow/2
Xl/4 —>» generator (circuit)
Timer 0 underflow —| 1 Set output by PBMMD
Timer 6 cascade —| 2
TM7IO pin input —»| 3
(P84) Multiplex

Figure 4-1-12 Timer 7 Block Diagram
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(1

When the pulse is output by the
event counter, the change tim-
ing is quantized (synchronized
with BOSC).

This verification is unnecessary
after a reset.

4-2  8-bit Timer Setup Examples

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

Timer 0 divides TMOIO pin input by 4 and generates an underflow in-
terrupt.

Event counter operates even while the CPU stops. The event counter samples TMnlO
pin input on BOSC when the CPU operates. On the other hand, the event counter
counts when TMnlIO pin input changes during the CPU stop. The CPU transfers to the
normal mode after oscillation stability wait when an interrupt is generated. At this
point, the event counter counts TMnIO pin input at the change timing until the oscilla-
tion stability wait is completed. The event counter, however, starts counting TMnlO
pin input at the timing the event counter samples on BOSC.

| PO | | CORE | A/D Converter
[ interrupt |
lm Interrupt IWI |ﬂ|

[P2] —| 8-bit Timers [ ATc ||'|P_81 TMOIO pin

16-bit Ti |
(P3| | it Timers_ | T Ec | P9
[p4] " RoM.RAM |
P4 8-bit PWM ROM. RAM PA

| P5 | [Pulse Width Counter| |ﬂ|

Figure 4-2-1 Event Counter Block Diagram

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

(2) Verify that timer O counting is stopped with the timer O mode register (TMOMD).

TMOMD: x'00FE20!
7 6 5 4 3 2 1 0

TMO| TMO TMO| TMO
EN | LD S1 | SO
0
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(3) Enable interrupts after clearing all existing interrupt requests. To do this, set
IQOLV[2:0] of the external interrupt O control register (IQOICH) to interrupt level
0-6, set TMOIR to 0, and set TMOIE to 1. Thereafter, an interrupt will be gener-
ated whenever timer 0 underflows.

IQOICH: x'00FC50'

716 5] 4] 3] 2] 1] o
1Q0 | 1Q0 | 1Q0 1Q0
LV2|LV1|LVO IE
1 0 0 0

TMOICL: X'00FC52'

716 5] 4] 3] 2] 1] o

| |m™mo| | | |T™0

IR ID
0 0

TMOICH: X'00FC53'

716 5] 4] 3] 2] 1] o

S ™o

IE
1

(4) Setthe timer O divisor. Since timer O divides TMOIO pin by 4, set the timer O base
register (TMOBR) to 3. (The valid range for TMOBR is 0 to 255.)

TMOBR: x'00FE10’

7

6

5

T™MO
BR7

T™MO
BR6

T™MO
BR5

T™O
BR4

T™O
BR3

T™O
BR2

T™O
BR1

T™O
BRO

0

(5) Load TMOBR value to the timer 0 binary counter (TMOBC). At the same time,
select TMOIO pin input as the clock source.

0

0

0

TMOMD: x'00FE20'

0

0

1

1

7 6 5 4 3 2 1 0
TMO| TMO TMO| TMO
EN | LD S1 | SO
0 1 1 1

Chapter 4 Timers

(

IQOICH/TMOICL/TMOICH use
only byte access. Use the
MOVB instruction.

IQOICH sets the timer O interrupt
level. [ See "3-1 Interrupt
Group"]

The interrupt level is 4 in this ex-
ample.

(1

Set the value of timer O divisor -1
in the timer O base register
(TMOBR). If 0 is set in the
TMOBR register, the TMOBC
value remains 0, but the cycle of
the timer 0 underflow and the
cycle of the clock source are
same.

Setting TMOEN and TMOLD to O
is required between (5) and (6)
in the bank address version and
the linear address version, but
this setting is not required in the
linear address high-speed ver-
sion.

MN102H60G/60K/F60G/FE0K 117



Chapter 4 Timers

(1

Do not change the clock source
once you have selected it.
Selecting the clock source while
setting the count operation con-
trol will corrupt the value in the
binary counter.

(6) Set TMOLD to 0 and TMOEN to 1. This starts the timer. Counting begins at the

start of the next cycle.

When the binary counter reaches 0 and loads the value 3 from the base register at the
next count, a timer 0 underflow interrupt request will be sent to the CPU.

Interrupt enable |

TMOBR | 00

03 |

‘ 033 \02\01\00‘03

TMOBC | 00
Timer 0 1 | | | | //
underflow interrupt | | 3 ; ; !
mvoopn | LTI LI LTy L
@) 3 ®) (6)
IQOLV(W)  (4) TMOMD(W) TMOMD(W)
TMOBR(W)

Figure 4-2-2 Event Counter Timing (8-bit Timer)
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4-2-2 Clock Output Using 8-bit Timer

Timer 0 and timer 7 output a BOSC/2 divided by 6 (12-cycle) pulse (the
duty is 1:1).

8-bit Timer 8-bit Timer
(Divided by 2) (Divided by 2) (Divided by 3)

Figure 4-2-3 Clock Output Configuration Example (8-bit Timer)

PO CORE

2 = (o camene -

[P2] 8-bit Timer }—“—|r-——>ﬂv|7|0pin
|

| P3| | 16-bit Timer _

| P5 | |Pu|se Wdith Counter| -

Figure 4-2-4 Clock Output Block Diagram (8-bit Timer)

m Port Setting

Chapter 4 Timers

(1) Set TM710 (P84) of the port 8 to timer output. Set PBMMD4-2 flags of the port 8 Setting the port 8 I/0 control reg-
mode control register (P8MMD) to '010' (TM7IO output). With this setting, the 'Ster (P8DIR) is not required.

direction control of P84 switches to output.

P8MMD: X'00FFFD'
716 5] 4] 3[ 2] 1] o

P8 P8 P8 P8 P8 P8 P8 P8
MMD7|MMD6MMD5MMD4MMD3MMD2|MMD1MMDO|

0 0 0 0 1 0 0 0

P8DIR operates only when it is
used as the port input or output.
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This verification is unnecessary
after a reset.

Setting TMOEN and TMOLD to O
is required between (4) and (5)
in the bank address version and
the linear address version, but
this setting is not required in the
linear address high-speed ver-
sion.

(1

Do not change the clock source

once you have selected it.
Selecting the clock source while
setting the count operation con-
trol will corrupt the value in the
binary counter.

This verification is unnecessary
after a reset.

m Timer O Setting
(2) Verify that timer O counting is stopped with the timer O mode register (TMOMD).

TMOMD: x'00FE20'
7 6 5 4 3 2 1 0

TMO|TMO TMO|TMO
EN | LD S1 | SO
0

(3) Set the timer 0 divisor. Since timer 0 divides BOSC/2 by 2, set the timer 0 base
register (TMOBR) to 1. (The valid range for TMOBR is O to 255.)

TMOBR: X'00FE10'
7 6 5 4 3 2 1 0

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

0 0 0 0 0 0 0 1

(4) Load TMOBR value to the timer 0 binary counter (TMOBC). At the same time,
select BOSC/2 as the clock source.

TMOMD: x'00FE20!
7 6 5 4 3 2 1 0

TMO| TMO TMO| TMO
EN | LD S1 | SO
0 1 0 0

(5) Set TMOLD and TMOEN of the TMOMD register to 0 and 1 respectively. This
starts the timer. Counting begins at the start of the next cycle.

When the binary counter reaches 0 and loads the value 1 from the base register at the
next count, a timer 0 underflow interrupt request will be sent to the CPU.

m Timer 7 Setting
(6) Verify that timer 7 counting is stopped with the timer 7 mode register (TM7MD).

TM7MD: x'00FE27"
7 6 5 4 3 2 1 0

TM7|TM7 TM7|TM7
EN | LD Sl | SO
0
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(7) Set the timer 7 divisor. Since timer 7 divides timer 0 output by 3, set the timer 7
base register (TM7BR) to 2. (The valid range for TM7BR is 0 to 255.)

TM7BR: X'00FE17'
7 6 5 4 3 2 1 0

TM7|TM7|TM7 | TM7 | TM7 | TM7 | TM7 | TM7
BR7 | BR6 | BR5 | BR4| BR3 | BR2 | BR1 | BRO

0 0 0 0 0 0 1 0

(8) Load TM7BR value to the timer 7 binary counter (TM7BC). At the same time, setting TMOEN and TMOLD to 0

select the timer 0 underflow as the clock source. is required between (8) and (9)
in the bank address version and

TM7MD: xX'00FE27 the linear address version, but
7 6 5 4 3 2 1 0 this setting is not required in the
™7lTm7 ™7 T™M7 I|‘near address high-speed ver-
EN | LD S1L | SO sion.
0 1 0 1

¢

(9) Set TM7LD to 0 and TM7EN to 1. This starts the timer. Counting begins at they change the clock source

start of the next cycle. once you have selected it.
Selecting the clock source while

When the timer 7 binary counter (TM7BC) reaches 0 and loads the value 1 from th&n9 the count operation con-
trol will corrupt the value in the

timer 7 base register (TM7BR) at the next count, the TM710 output signal is simulta-IDinary counter.
neously inverted. The TM710 signal starts 0, and then transfer to 1 at the start of the
next count cycle. The TM710 output signal backs to 0 at the start of the following
count cycle. By repeating this inversion, the timers generate a 12-cycle (BOSC) clock
output signal.

BOSC/2

TMOBR | 00 | | B 01 |
TMOBC ‘ 00‘ ‘ 01 ‘00‘01‘00‘01‘00101‘00‘01‘00‘01‘00‘01‘00‘01‘00‘01‘00‘01‘
TMO underflow ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ m
TM7BR \ 00 \ 02 \
e [ 0 | o | o | o |02 ] o] o | o |

TM7IO pin output |

WEQE@W & O O
(6)

Figure 4-2-5 Clock Output Timing (8-bit Timer)
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4-2-3 Interval Timer Using 8-bit Timer

Timer 0, timer 4 and timer 5 divide BOSC/2 by 120,000 and generate an

interrupt.
8-bit Timer 16-bit Timer
. - . Timer 5 underflow
BOSC . . imer | imer | Timer 5 |—> interrupt
(Divided by 2) (Divided by 2) (Divided by 60000)

(XEA60")

Figure 4-2-6 Interval Timer Configuration Example (8-bit Timer)

| PO | CORE |

(A0 Converter |
P1 Int t P
o[ ]
P2 8-bit Ti
I_I It rimer ATC
(P3| [ 16-bit Timer | P

ETC

[pe] [ eonew |

| P5 | |Pulse Width Counter|

Y
>

ROM, RAM

=)[2) (3 (3] (3] (3]

Figure 4-2-7 Interval Timer Block Diagram (8-bit Timer)

m Timer O Setting

This verification is unnecessary (1) Verify that timer O counting is stopped with the timer O mode register (TMOMD).
after a reset.

TMOMD: x'00FE20*
7 6 5 4 3 2 1 0

TMO| TMO TMO| TMO
EN | LD S1 | SO
0

(2) Set the timer 0 divisor. Since timer 0 divides BOSC/2 by 2, set the timer 0 base
register (TMOBR) tol. (The valid range for TMOBR is O to 255.)

TMOBR: x'00FE10'
7 6 5 4 3 2 1 0

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

0 0 0 0 0 0 0 1
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(3) Load TMOBR value to the timer 0 binary counter (TMOBC). At the same time, Setting TMOEN and TMOLD to 0

select BOSC/2 as the clock source. Is required between (3) and (4)
in the bank address version and

the linear address version, but
this setting is not required in the
linear address high-speed ver-

TMOMD: x'00FE20'
7 6 5 4 3 2 1 0

TMO|TMO TMO| TMO sion.
EN | LD SL | s0
0 1 0 0

(1

(4) Set TMOLD to 0 and TMOEN to 1. This starts the timer. Counting begins at the, . change the clock source

start of the next cycle. once you have selected it.
Selecting the clock source while

When the timer 0 binary counter (TMOBC) reaches 0 and loads the value 1 from th&n9 the count operation con-
trol will corrupt the value in the

base register at the next count, a timer 0 underflow interrupt request will be sent to th[ﬁnary counter.
CPU.

m Timer 4, Timer 5 Settings
(5) Verify that timer counting is stopped with the timer 4 mode register (TM4MD) This verification is unnecessary
and the timer 5 mode register (TM5MD). after a reset.

TM4MD: x'00FE24'
7 6 5 4 3 2 1 0

TM4| TM4 TM4|TM4
EN | LD S1L | SO
0

TMS5MD: x'00FE25'
7 6 5 4 3 2 1 0

TMS5| TM5 TM5| TM5
EN | LD Sl | SO
0

(6) Enable interrupts after clearing all existing interrupt requests. To do this, sethe timer 5 underflow interrupt
KILV[2:0] of the external key interrupt control register (KIICH) to interrupt level level and the external key inter-
010 6, set TM5IR to 0, TM5IE to 1, TM4IR to 0, and TMA4IE to 0. Thereafter, an "P" leve! should be the same.
] . ) . The interrupt level is 4 in this ex-
interrupt will be generated whenever timer 5 underflows. The timer 4 underflowample_
is not required.

KIICH: x'00FC79'
7 6 5 4 3 2 1 0

Kl | KI | KI Kl
LV2|LV1|LVO IE
1 0 0
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TM4UICL: x'00FC72'
7 6 5 4 3 2 1 0

TM4U T™A4U
IR ID
0

TMA4UICH: x'00FC73'
7 6 5 4 3 2 1 0

TM4U
IE

TM5UICL: X'00FC7A'
7 6 5 4 3 2 1 0

TM5U TM5U
IR 1D
0

TM5UICH: x'00FC7B'
7 6 5 4 3 2 1 0

TM5U
IE

(7) Setthe timer divisor. Since timer divides timer output by 60,000 (X' EA60"), set the
G timer 4 base register (TM4BR) and the timer 5 base register (TM5BR) to x'5F' and
- X'EA' respectively. (The valid range is 0 to 255.)
When cascading timers, set the
lowest timer divisor -1 to the low-
est timer base register. TM4BR: xX'00FE14'
7 6 | 5] 4] 3] 2 1] o

TM4|TM4|TM4| TM4| TM4 | TM4 | TM4 | TM4
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

0 1 0 1 1 1 1 1

TM5BR: X'00FE15'
7 6 5 4 3 2 1 0

TM5|TM5|TM5| TM5| TM5 | TM5 | TM5 | TM5
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

1 1 1 0 1 0 1 0
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(8) Load TM4BR value and TM5BR to the timer 4 binary counter (TM4BC) and the Setting TMOEN and TMOLD to 0
timer 5 binary counter (TM5BC) respectively. At the same time, select the timer's "éduired beween (8) and (9)

. . . in the bank address version and
0 underflow and the timer 4 cascade as the clock source for timer 4 and timer ﬁle linear address version. but

respectively. this setting is not required in the
linear address high-speed ver-
sion.

TM4MD: x'00FE24'
7 6 5 4 3 2 1 0

T™M4| TM4 TM4| TM4
EN | LD SL | SO
0 1 0 1

TM5MD: x'00FE25'
7 6 5 4 3 2 1 0

TM5|TM5 TM5|TM5 <‘

EN | LD SL | SO

0 1 1 0 Do not change the clock source

once you have selected it.
Selecting the clock source while
setting the count operation con-
trol will corrupt the value in the
binary counter.

(9) Set TM5LD to 0, TM5EN to 1, TM4LD to 0 and TM4EN to 1. This starts the
timer. Counting begins at the start of the next cycle.

When both TM4BC value and TM5BC value reach 0 and the values from TM4BR
register and TM5BR register are loaded at the next count, a timer 5 underflow inter-C
rupt request will be sent to the CPU. The timer 4 underflow interrupt request can NQfhen starting the timer, use the

be used. MOV instruction to set TM5MD
and TM4MD and only use 16-bit
write operations. Or set TM5MD
first and then set TM4MD.

BOSC/2 ! \

TMOBR \ 00 \ 01 \\ ‘

‘OO‘01‘00‘01‘00‘01‘00‘01‘00‘ 1‘00‘01‘00‘01‘00‘01‘00‘01‘

T

LT LT

TMOBC | 00 \ 01

TMO underflow

TM548R | 00 //EASF |
TM5,4BC ‘ | 00 EA5F | EASE ‘ EA5D” 0002 ‘ 0001 ‘ 0000 EA60 ‘
Timer 5

underflow(interrupt)

i

|

Interrupt enable

HEE @
(5) ® M@

Figure 4-2-8 Interval Timer Timing (8-bit Timer)
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(1

16-bit timer underflow interrupts
occur only during down count-
ing.

4-3  Summary of 16-bit Timer Functions

4-3-1 Overview

The MN102H60G/60K/F60G/F60K has five 16-bit up/down counters.
Each counter has two compare/capture registers which capture and
compare the up/down counter value, generate PWM and interrupts. The
PWM has a mode that changes cycle and transition at the beginning of
the next cycle. This prevents PWM losses and waveform distortion.

These counters can serve as interval timers, event counters (in clock oscillation mode),
one-phase PWMs, two-phase PWMs, one-phase captures, two-phase encoders (1x and
4x), one-shot pulse generators, and external count direction controllers. They select
internal clocks, external pins, timer 0 underflow or timer 4 underflow as their clock
sources.

TMnIC
Timer 0 underflow —
Timer 4 underflow —
BOSC/2 —» | Up/down Counter CLR
Two-phase encoder Match
TMnIOB —>| 16-bit compare/capture A I T Q TMnIOA
Capture
TMnIOA— LR
s @
—|  16-bit compare/capture B I Match T Q TMnIOB
Capture ‘

Figure 4-3-1 16-bit Timer Block Diagram
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Timer 8 Timer 9 Timer 10 Timer 11 Timer 12
Interruot T8UICL TOUICL T10UICL T11UICL T12UICL
R uesFt)s T8AICL T9AICL T10AICL T11AICL T12AICL
€ T8BICL T9BICL T10BICL T11BICL T12BICL
Interruot | Timer 8 underflow e Timer 9 underflow e Timer 10 underflow e Timer 11 underflow e Timer 12 underflow
Sourcegc e Timer 8 capture A e Timer 9 capture A e Timer 10 capture A e Timer 11 capture A e Timer 12 capture A
e Timer 8 capture B e Timer 9 capture B e Timer 10 capture B e Timer 11 capture B e Timer 12 capture B
e Timer O underflow e Timer O underflow e Timer O underflow e Timer O underflow e Timer O underflow
e Timer 4 underflow e Timer 4 underflow e Timer 4 underflow e Timer 4 underflow e Timer 4 underflow
e TM8IB pin e TM9IOB pin « TM10I0B pin e TM11I0B pin e TM12I0B pin
e 1/2 of BOSC e 1/2 of BOSC e 1/2 of BOSC e 1/2 of BOSC e 1/2 of BOSC
Clock So « Two-phase encoder of [+ Two-phase encoder of |« Two-phase encoder of |¢ Two-phase encoder of | Two-phase encoder of
OCK SOUrCES| 1)1810A, TMSIOB (4x) | TMOIOA, TMIIOB (4x) | TM10IOA, TMI0IOB | TM11I0A, TM11I0B | TM12I0A, TM12I0B
¢ Two-phase encoder of |+ Two-phase encoder of | (4x) (4%) (4%)
TMB8IOA, TM8IOB (1x) | TM9IOA, TM9IOB (1x) | Two-phase encoder of |« Two-phase encoder of |+ Two-phase encoder of
e TMS8IC pin TM10I0A, TM1010B TM11I0A, TM1110B TM12I0A, TM1210B
() () (x)
Qour_n Up/Down Up/Down Up/Down Up/Down Up/Down
Direction
Interval Timer O O 0 | |
Event Counter O O O O O
PWM a O ad ad O
One-shot Pulse|
Output O O O O 0
1-phase
Capture Input . . . . .
2-phase
Capture Input - - - d .
2-phase
Encoder (4x) . . . . .
2-phase
Encoder (1x) . . . . .
External Count
Direction O ad O | O
Control
» Switch edge polarity of [¢ Switch edge polarity of | Switch edge polarity of
TM8IC pin input TMO9IOB pin input TM10IOB pin input
Other  Switch polarity of e Clear BC with TMOIOB | (rising edge, falling edge,

TM8IOA, TM8IOB output

pin input (Pulse phase
difference detection)

or both edges)
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BC Value
CA |
CB [ e e e
Time
TMnIOA
TMnOA
Figure 4-3-2 One-phase PWM Output Timing
BC Value ) Change reflected
Write CB value in next cycle
CA
CB
Time
TMnIOA ‘
TMnOA
Figure 4-3-3 One-phase PWM Output Timing (with Data Rewrite)
BC Value
CA
CB S S S 4 T
3 3 3 3 Time
TMNOA 3 : 3 3
TMnOB

Figure 4-3-4 Two-phase PWM Output Timing
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BC Value
A

AT Rz e

TMnIB ! J . .
TMNOA

Figure 4-3-5 One-shot Pulse Output Timing

BC Value
CA ! ! ! !
, , , , Time
TMnIB
TMnIA
Figure 4-3-6 External Control Timing
BC Value
' Time

we [ LT LU LU L

Figure 4-3-7 Event Counter Input Timing
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BC Value

FFFF

Time

T™ncA [ ! /0033 (Example) |
Tvnce [ ¥ 5A87 (Example) |

Figure 4-3-8 Input Capture 1 Timing

BC Value

FFFF

Time

™ncA D ¥ /0033 (Example) |
TMnce [ ¥ 5A87 (Example) |

Figure 4-3-9 Input Capture 2 Timing
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BC Value

TMnIA Fl 1] 1 ]
TMniB B o f

Figure 4-3-10 Two-phase Encoder (4x) Timing

BC Value

Figure 4-3-11 Two-phase Encoder (1x) Timing

Chapter 4 Timers
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4-3-2  16-bit Timer Control Registers

The timer binary counter (TMnBC), the timer compare/capture register
A (TMnCA), the timer compare/capture register B (TMnCB) and the
timer mode register (TMnMD) control 16-bit timer/counter functions.

TMn|TMn|TMn|{TMn|TMn|TMn | TMn|TMn [ TMn | TMn|TMn|[TMn|TMn|TMn | TMn|TMn
BC15|BC14|BC13|BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1|BCO| TMnBC [R]

TMn|[TMn|[TMn|TMn|TMn|TMn|[TMn|TMn [TMn|TMn|TMn|TMn|[TMn | TMn|TMn|TMn TMnCA IR
CA15|CA14|CA13|CA12|CA11|CA10| CA9| CA8 | CA7|CA6 | CA5|CA4|CA3|CA2|CA1|CAD [RIW]

TMn| TMn | TMn| TMn| TMn| TMn| TMn| TMn| TMn | TMn| TMn| TMn| TMn | TMn|TMn| TMn | TMnCB [R/W]
CB15|CB14({CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

The timer compare/capture register set AX (TMnCAX) and the timer compare/capture
<‘_ register set BX (TMnCBX) are valid only when double buffer mode is selected in the

_ _ compare register. These registers prevent PWM losses. The value cannot be written
Use the MOV instruction to set

TMNCA register and TMnCB directly in these registers by software. TMnCA value and TMnCB value can write to
register and only use 16-bit write TMnCAX and TMnCBX respectively by writing dummy data to TMnCAX and
operations. TMNnCBX. TMnCAX and TMnCBX registers cannot be read.
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TMnMD (n: 8 to 12)

Reset

TMn

TMn
NLD

TMn
ubD1

TMn
(§]n]0]

TMn
TGE

TMn
ONE

TMn
MD1

TMn
MDO

TMn
ECLR]

TMn

TMn
ASEL

TMn

TMn

TMn

0

0

0

0

0

0

0

0

0

0

Chapter 4 Timers

TMnS[2:0]

Clock Source Selection

000 Timer 0 underflow
001 Timer 4 underflow
010 TMnIOB
011 BOSC/2
100 Two-phase encoder (4x)
101 Two-phase encoder (1x)
110 TMS8IC (only timer 8)
Other Reserved
TMnASEL | TMnIOA Pin Output
0 RS.F.F output (One-phase PWM)
1 T.F.F output (Two-phase PWM)
TMnLP | TMnBC Count Range
0 0000 to FFFF
1 0000 to TMnCA value
TMnECLR| TMnBC Clear
0 Don't clear
1 Clear TMnBC when TMnIC=1
(Only timer 8 clear unconditionally)
TMnMD | TMnCA, TMnCB Operating Mode Selection
[1:0]
00 Compare register (single buffer)
01 Compare register (double buffer)
10 Capture register (TMnlOA pin high and low)
11 Capture register
(TMnIOA pin high, TMnIOB pin high)
TMnONE | Counter Operating Mode Selection
0 Repeat (example: in PWM output mode)
1 One-shot counting (counting stops at the next cycle
when TMNnBC=TMnCA)
TMnTGE | Count Start External Trigger Enable
0 Disable
1 Start counting on the falling edge of TMnlOB
TMnUD | Up/Down Operating Mode Selection
[1:0]
00 Up counter
01 Down counter
10 Up when TMnIOA is high;
down when TMnIOA islow
11 Up when TMnIOB is high;
down when TMnIOB islow
TMnNLD | TMnBC, T.F.F, and RS.F.F for Pin Output
0 Clear al (initialization)
1 Enable
TMnEN | TMnBCCount
0 Disable
1 Enable
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Table 4-3-2 List of 16-bit Timer Control Registers

Register Address Function
TM8MD x'00FE80' Timer 8 Mode Register
TM8BC X'00FE82' Timer 8 Binary Counter
TM8CA X'00FE84" Timer 8 Compare/Capture Register A
Timer 8 | TM8CAX X'00FES86' Timer 8 Compare/Capture Register Set AX
TM8CB X'00FE88' Timer 8 Compare/Capture Register B
TM8CBX X'00FE8A' Timer 8 Compare/Capture Register Set BX
TM8MD2 X'00FESE' Timer 8 Mode Register 2
TMOMD x'00FEQQ! Timer 9 Mode Register
TM9BC X'00FE92' Timer 9 Binary Counter
TMOCA X'00FE94 Timer 9 Compare/Capture Register A
Timer 9 | TM9CAX X'00FE96' Timer 9 Compare/Capture Register Set AX
TM9OCB X'00FE98' Timer 9 Compare/Capture Register B
TMOCBX X'00FE9A' Timer 9 Compare/Capture Register Set BX
TMOMD2 X'00FE9E' Timer 9 Mode Register 2
TM10MD x'00FEAQ' Timer 10 Mode Register
TM10BC X'00FEA2' Timer 10 Binary Counter
TM10CA X'00FEA4 Timer 10 Compare/Capture Register A
Timer 10 | TM10CAX X'00FEA6' Timer 10 Compare/Capture Register Set AX
TM10CB X'00FEAS8' Timer 10 Compare/Capture Register B
TM10CBX X'00FEAA' Timer 10 Compare/Capture Register Set BX
TM10MD2 X'00FEAE' Timer 10 Mode Register 2
TM11IMD x'00FEBO' Timer 11 Mode Register
TM11BC X'00FEB2' Timer 11 Binary Counter
Timer 11 TM11CA x'00FEB4' T?mer 11 Compare/Capture Reg?ster A
TM11CAX x'00FEB6' Timer 11 Compare/Capture Register Set AX
TM11CB X'00FEB8' Timer 11 Compare/Capture Register B
TM11CBX x'00FEBA' Timer 11 Compare/Capture Register Set BX
TM12MD x'00FECO' Timer 12 Mode Register
TM12BC x'00FEC2' Timer 12 Binary Counter
Timer 12 TM12CA X'00FEC4 T?mer 12 Compare/Capture Reg?ster A
TM12CAX X'00FEC6' Timer 12 Compare/Capture Register Set AX
TM12CB X'00FEC8' Timer 12 Compare/Capture Register B
TM12CBX X'00FECA" Timer 12 Compare/Capture Register Set BX
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4-3-3

Timer 0 underflow ————— [ |

Timer 4 underflow ——

= [S]

16-bit Timer Block Diagrams

S
TM8IOB pin ————{ 8 T —fr o
BOSCl2 ———— | § R
TMBSIC pin L |
)] LOAD
Set by TM8MD2
Match
Capture TM8CA ¢ R Q
TM8CAX - SR
TM8IOB pin S T ¥ T I
S capure_|[__TM8CB Mateh
TM8IOA pin > TM8CBX ! R
3 f
T
— (MD] (LD]
UGE]—D_’l TM8MD |‘_G: [ONE]
Figure 4-3-12 Timer 8 Block Diagram
TMOIC pin

Timer 0 underflow —*
Timer 4 underflow —*|
TMOIOB pin —*|
BOSC/2 —>

TMOIOB pin WI?“

Set by TMOMD2

TMYIOA pin

Chapter 4 Timers

[ASEL]

-TMB8IOA pin

Set by POLMD, TM8MD2

T Q ‘[—D_O-l}* TMB8IOB pin

Set by P1LMD,TM8MD2

Figure 4-3-13 Timer 9 Block Diagram

< [S]
§ CLR [BC] [ASEL]
5 <-q FECLR] | 9
] Lo T ~l>—> TMYIOA pin
t up h
“capure [ TMOCA e +[7 o} —
- TM9ICAX s SR
B i
3 capure_|[__TMICB Match o> T Q4| >— TMIOB pin
TMICBX ! R
3 ]
T
L [MD] [LD]
UGE]_D_.l TM9MD |4—G: [ONE]

MN102H60G/60K/F60G/F60K

135



Chapter 4 Timers

TM10IC pin
Timer 0 underflow —»[ |« [g]
Timer 4 underflow —| S CLR coLr [ASEL]
TMZ10IOB pin ——| & TM10BC “G&{Lm It o
BOSC2 ——|§ R
I LOAD T TM10IOA pin
_1_ [uD] Match
Capture TM10CA R Q Set by POLMD
TM1010B pin TM10CAX g SR
S+ botn cageny 2 t & 1
b < Match
SetyTMEOMBZ 1 5 capwre [ TM10CB e o7 Q—I}» TM10I0 pin
TM10IOA pin > TM10CBX -~ R
; 3 t Set by POLMD
T
— [MD] [LD]
L
pp— )| TM10MD = ong
Figure 4-3-14 Timer 10 Block Diagram
TM11IC pin
Timer O underflow ——" |«[g]
Timer 4 underflow —*] g CLR [ASEL]
TM11I0B pin —— 9 TM11BC Fef—lT o
BOSC2 —|» R
I TM11I0A
_L [uD] Match
Capture TM11CA R Q Set by P1LMD
SR
TM11I0B pin —| _ TM11CAX 7
r ¥ 1|
8 capture_|[_TM11CB Mate >T Q TM1110B
TM11I0A pin —»| TM11CBX e R
—% R 1 Set by PIHMD
— [MD] [LD]
| TM11MD =g
Figure 4-3-15 Timer 11 Block Diagram
TM12IC pin
Timer 0 underflow —>T<-[S]
Timer 4 underflow —>| 2 CLR oLk [ASEL]
TM12I08B pin —*| 2 TM12BC {LP] —lr o
BOSC/2 —| 0 R
|| el T TM12I0A
t Match
Capture TM12CA = > : Q—* Setby P1HMD
R
TM12I0B pin —>| _ TM12CAX 7
2 R
3 capure, || TM12CB Match T Q TM1210B
TM12I0A pin — TM12CBX o ?
' Set by P1IHMD
— [MD] [LD]
| TM12MD =g

Figure 4-3-16 Timer 12 Block Diagram
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4-4  16-bit Timer Setup Examples

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

In this example, timer 8 counts TM8IOB input (cycles of more than
BOSC/4) and generates an interrupt on the second and fifth cycles.

-
16-bit Timers
:
IPuIseWidth Counterl
Timer 8
BOSC/2
@ Capture A
u/ interrupt
M// T
TMSIOB pin g ‘ s @
5
=N

Capture B
interrupt

Figure 4-4-1 Event Counter Block Diagram
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(1

Use the MOV instruction to set
the data and only use 16-bit
write operations.

The timer 8 binary counter
(TM8BC) is stopped, and
TMB8BC register and RS.F.F. are
initialized (cleared to 0).

(1

If this setting is omitted, the bi-
nary counter may not count the
first cycle. Do not change to any
other operating modes.

m Timer 8 Setting

(1) Set the operating mode in the timer 8 mode register (TM8MD). Set counting stop
and interrupt disable. Select up counting. Then, select TM8IOB pin as the clock
source.

TM8MD: x'00FE80!
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™M8| TM8 TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8
EN |NLD UD1 | UDO | TGE |ONE|MD1|MDO |ECLR| LP [ASHL| & | S1 | O
0 0 0 0 0 0 0 0 0 1 0 0 1 0

(2) Set the timer 8 divisor. Since timer 8 divides TM8IOB pin by 5, set the timer 8
compare/capture register A (TM8CA) to 4. (The valid range is 1 to X'FFFE'".)

TMB8CA: x'00FES84'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™8| T™M8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CA15|CAl14|CA13|CAL2| CA11|CAl0| CA9 | CAB | CA7 | CAG | CA5| CA4 | CA3| CA2 | CALl| CAO

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

(3) Set the phase difference for timer 8. Since the phase difference is 2 cycles of
TMB8IOB, set the timer 8 compare/capture register B (TM8CB) to 1. (The valid
range is & TM8CB < TM8CA.)

TMB8CB: x'00FES88'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

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

(4) Set TM8NLD and TM8EN of TM8MD register to 1 and O respectively. This
enables TM8BC and RS.F.F.

(5) Set TMBNLD and TM8EN to 1. This starts the timer. Counting begins at the start
of the next cycle.
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(6) Enable interrupts after clearing all prior interrupt requests. To do this, set
IQOLV[2:0] of the external interrupt O control register (IQOICH) to the interrupt
level 0 to 6), TM8AIR of the timer 8 capture A interrupt control register
(TM8AICL) to 0, TM8BIR of the timer 8 capture B interrupt control register
(TM8BICL) to 0, TMBAIE of TM8AICH register to 1 and TM8BIE of TM8BICH
register to 1. Thereafter, a timer 8 capture A or B interrupt occurs when TM8BC
counter matches TM8CA register or TM8CB register is generated.

Timer 8 functions as an event counter. Timer 8 does not operate stably when BOSC
stops (in STOP mode). All external inputs are sampled on BOSC (synchronized with

BOSC) when the external clock operates. The event counter frequency should be less
than BOSC/4 (8.5 MHz with a 34-MHz oscillator).

Figure 4-4-2 shows an example of interrupt timing with an up counter.

TM8CA

TM8CB

TM8BC

TM8IOB

Interrupts

0004

0002

0000

0001

0002

0003

0004

0000 | 0001

0002 | 0003 | 0004 |

Figure 4-4-2 Event Counter Timing (16-bit Timer)

B

p

B

A

/
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4-4-2 One-phase PWM Output Using 16-bit Timer

Timer 8 is used to divide BOSC/2 by 5 and outputs a one-phase PWM
on the fifth cycle. The signal duty is 2:3. To do this, set the compare/
capture register A to the divisor of 5 (set value is 4) and the compare/
capture register B to the cycle of 2 (the set value is 1).

CORE |

TMB8IOA pin  =—— ,WI
| P2 | | 8-bit Timers | ATC

[P3] 16-bit Timers | ETC |P_9,

[P5| |Pulse Width Counter]

Timer 8

BOSC/2 TM8BC
U/

TM8BCAX

Control

TM8CB

TM8CBX

Figure 4-4-3 One-phase PWM Output Block Diagram (16-bit Timer)
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m Timer 8 Setting
(1) Set the operating mode in the timer 8 mode register (TM8MD). Set counting stor{‘
and interrupt disable. Select up counting. Select BOSC/2 as the clock source.

. Use the MOV instruction to set
Select the double buffer operating mode. _
the data and only use 16-bit

write operations.

TM8MD: x'00FES80’

1514131211 10] 9| 8] 7] 6] 5] 4] 3] 2] 1] o
T™8| TV8 TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TV8 | TM8 The timer 8 binary counter
EN |[NLD UDL | UDO | TGE | ONE |MD1|MDO|ECLR| LP [ASEL| 2 | SL | 9 (TM8BC) is stopped, and
0 0 0 0 0 0 0 1 0 1 0 0 1 1 TMB8BC register and RS.F.F. are

initialized (cleared to 0).

(2) Set the timer 8 divisor. Since the divisor is BOSC/2 divided by 5, set the timer 8
compare/capture register A (TM8CA) to 4. (The valid range is 1 to X'FFFE'")

TMB8CA: x'00FE84'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™8| T™M8 | TM8 | TM8 | TM8| TM8| TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CA15|CA14|CA13| CAL2| CA11|CAl0| CA9 | CA8 | CA7 | CAG | CA5 | CA4 | CA3| CA2 | CA1| CAO

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

(3) Set the phase difference for timer 8. Since the phase difference is 2/5 cycles of
BOSC/2, set the timer 8 compare/capture register B (TM8CB) to 1. (The valid
range is & TM8CB < TM8CA.)

TMB8CB: x'00FE88'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™M8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

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

(4) Write the dummy data to the timer 8 compare/capture register AX (TM8CAX) to
set the initial value in the TM8CAX register. The value cannot be written directly
in the TM8CAX register by software. In the double buffer mode, read the timer 8
compare/capture register A (TM8CA) to TM8BCAX when TM8CAX=TM8BC.
To read the TM8CA value into TM8CAX, write the dummy data to TM8CAX.
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(1

If this setting is omitted, the bi-
nary counter may not count the
first cycle. Do not change to any
other operating modes.

(5) Write the dummy data to the timer 8 compare/capture register BX (TM8CAX) to
set the initial value in the TM8CBX register. The value cannot be written directly
in the TM8CBX register by software. In the double buffer mode, read the timer 8
compare/capture register B (TM8CB) to TM8CBX when TM8CBX=TM8BC.
To read the TM8CB value into TM8CBX, write the dummy data to TM8CBX.

(6) Set TM8NLD and TM8EN of TM8MD to 1 and O respectively. This enables
TM8BC and RS.F.F.

(7) Set TMBNLD and TM8EN to 1. This starts the timer. Counting begins at the start
of the next cycle.

Timer 8 outputs a one-phase PWM at any duty. Select up counting. Do not use timer
8 when BOSC stops (in STOP mode). All external inputs are sampled on BOSC
(synchronized with BOSC) when the external clock operates.

Set the cycle (0 to X'FFFE') to the TM8CA register, and the duty to the TM8CB regis-
ter. When TM8BC = TM8CB, reset RS.F.F and TM8BC at the start of the next cycle.
The following shows the relationship between the waveforms of PWM output and the
value of TMBCB register.

1) When TM8CA< TMBCB < x'FFFE'": all output waveforms consist of 0.

2) When 0< TM8CB < TM8CA: under the condition that the PWM cycle is
TMBCA+1 of the clock source, output 0 if TM8BC equals to the value between 0
and TM8BC, and output 1 if TM8BC equals to the value between TM8CB+1 and
TMB8CA.

3) When TM8BC=x'FFFF": all output waveforms consist of 1.
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4. A capture

values. (TM8BC and the value cannot be matched.) In Figure 4-4-4, CLRBC8 means

an internal signal which clears TM8BC, S8 means an internal signal which sets
RS.F.F. for TM8IOA pin output. R8 shows an internal signal which resets RS.F.F. for

TMB8CB is set to 0 to TM8CA, and does not occur when TM8CB is set to any other
TMB8IOA pin output.

A interrupt or a capture B interrupt occurs. A capture B interrupt occurs only when

Figure 4-4-4 shows the TM8IOA pin output waveforms when TM8CA
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When outputting the PWM waveform, the timer may change the duty of the PWM
output dynamically and may invert '1' and '0' due to the circuit configuration. This is
caused when the trigger to be changed is lost based on the T.F.F output circuit. The
RS.F.F. configuration in timer 8 prevents this error of inverting '1' and 'O’ at the trig-
ger loss. In addition, the PWM waveform may be corrupted and interrupts are lost
depending on the timing of changing the duty dynamically (in the single buffer mode
on the figure below). In the double buffer mode, the duty can be changed from the
next cycle, and the PWM loss does not occur at any timing of changing TMnCB.
This loss does not occur even when the output waveforms consist of 1s or 0s. Use
double buffer mode normally when the PWM is used. Select single buffer mode
based on applications.

TMS8EN

TM8CB write i i 3 3 3 3 3 u

TMeCe R

mesc  [ofofs]2[s[afo[1]2 a0 s 2o a]o]s]2]s]
s [V R R AR L
cureco LT T

(1) In Double Buffer Mode

TvacE BEEEEDEEEEEEEEEFEEEED

e B EEEENEEEE
- o nn
. EEEEEEEENIREEEEE
JEESERENgRNI
P NEEN

(2) In Single Buffer Moae i Np PWM arhd im%errup:)t dis‘tortioin

wo [ e
: [IEEEEE SN |
e NI I I
TM8IOA IB—j|

i ARRAY

PWM énd ihterrlilpt Ic»:ssesi

i

Figure 4-4-5 One-phase PWM Output Timing (16-bit Timer)
(Dynamical Duty Change)
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4-4-3 Two-phase PWM Output Using 16-bit Timer

Timer 8 is used to divide timer 0 underflow by 5 and outputs a two-
phase PWM on the fifth cycle. The phase difference is two cycles. To
do this, set the timer 8 compare/capture register A to the divisor of 5 (set
value is 4) and the timer 8 compare/capture register B to the cycle of 2
(the set value is 1).

PO CORE
| [ |
pin =—
P2 8-bit Ti
(P2] || 5 it Timers _ | TC
P3 16-bit Ti P9
| P3| it Timers | e [P9]
| -
| P5 | |Pu|se Width Counter|
Timer 8
Timer 0
underflow TMEBC
U/
TQ TM8IOA
]
=
vl
TQ TM8IOB

Figure 4-4-6 Two-phase PWM Output Block Diagram (16-bit Timer)
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This verification is unnecessary
after a reset.

Setting TMOEN and TMOLD to O
is required between (3) and (4)
in the bank address version and
the linear address version, but
this setting is not required in the
linear address high-speed ver-
sion.

(1

Do not change the clock source
once you have selected it.
Selecting the clock source while
setting the count operation con-
trol will corrupt the value in the
binary counter.

m Timer O Setting
(1) Verify that timer O counting is stopped with the timer O mode register (TMOMD).

TMOMD: x'00FE20!
7 6 5 4 3 2 1 0

TMO| TMO TMO| TMO
EN | LD S1 | SO
0

(2) Set the timer 0 divisor. Since timer 0 divides BOSC/2 by 2, set the timer 0 base
register (TMOBR) tol. (The valid range for TMOBR is O to 255.)

TMOBR: X'00FE10'
7 6 5 4 3 2 1 0

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

0 0 0 0 0 0 0 1

(3) Load TMOBR value to the timer 0 binary counter (TMOBC). At the same time,
select BOSC/2 as the clock source.

TMOMD: x'00FE20!
7 6 5 4 3 2 1 0

TMO| TMO TMO| TMO
EN | LD S1 | SO
0 1 0 0

(4) Set TMOLD to 0 and TMOEN to 1. This starts the timer. Counting begins at the
start of the next cycle.

When the timer 0 binary counter reaches 0 and the value 1 from the base register is
loaded at the next count, a timer 0 underflow interrupt request will be sent to the CPU.
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m Timer 8 Setting
(1) Setthe operating mode in the timer 8 mode register (TM8MD). Set counting stop(‘
Select up counting. Select the timer 0 underflow as the clock source. Set T.F.F. as

. . . Use the MOV instructi t t
TMB8IOA pin output. Select the double buffer mode in the compare register. se the mnstruction fo se
the data and only use 16-bit

write operations.

TM8MD: x'00FES80’

151413121210 9| 8] 7] 6] 5 4| 3] 2 1] o The timer 8 binary counter
T™M8| TM8 TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8 (TM8BC) is stopped, and
EN |NLD UD1 | UDO | TGE | ONE |MD1|MDO|ECLR| LP [AFEL| 2 | SL | @ TMB8BC register and RS.F.F. are
0 0 0 0 0 0 0 1 0 1 1 0 0 0 initialized (cleared to 0).

(2) Setthe timer 8 divisor. Since the divisor is the timer 0 underflow divided by 5, set
the timer 8 compare/capture register A (TM8CA) to 4. (The valid range is 1 to
x'FFFE'")

TMB8CA: x'00FE84'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™8| TM8 | TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CA15|CA14|CA13| CAL2| CA11|CAl0| CA9 | CA8 | CA7 | CAG | CA5 | CA4 | CA3| CA2 | CA1| CAO

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

(3) Set the phase difference for timer 8. Since the phase difference is 2 cycles of the
timer O underflow, set the timer 8 compare/capture register B (TM8CB) to 1. (The
valid range is & TM8CB < TM8CA.)

TMB8CB: x'00FE88'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™M8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

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

(4) Write the dummy data to the timer 8 compare/capture register AX (TM8CAX) to
set the initial value in the TM8BCAX register. The value cannot be written in the
TMBCAX by software. In the double buffer mode, read the timer 8 compare/
capture register A (TM8CA) to TM8CAX when TMB8CAX=TM8BC. To read the
TMB8CA value into TM8CAX, write the dummy data to TM8CAX.
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(1

If this setting is omitted, the bi-
nary counter may not count the
first cycle. Do not change to any
other operating modes.

(5) Write the dummy data to the timer 8 compare/capture register BX (TM8CAX) to
set the initial value in the TM8CBX register. The value cannot be written in the
TMB8CBX by software. In the double buffer mode, read the timer 8 compare/
capture register B (TM8CB) to TM8CBX when TM8CBX=TM8BC. To read the
TMB8CB value into TM8CBX, write the dummy data to TM8CBX.

(6) Set TM8NLD and TM8EN of TM8MD to 1 and O respectively. This enables
TM8BC and RS.F.F.

(7) Set TMBNLD and TM8EN to 1. This starts the timer. Counting begins at the start
of the next cycle.

Timer 8 outputs a one-phase PWM at any duty. Select up counting. Do not use timer
8 when BOSC stops (in STOP mode). All external inputs are sampled on BOSC
(synchronized with BOSC) when the external clock operates.

Set the cycle (0 to xX'FFFE'") to the TM8CA register, and the phase difference to the
TMBCB register. When TM8BC = TM8CB, generate a B8 pulse signal and invert
T.F.F. for TM8IOB pin output at the start of the next cycle. When TM8BC = TM8CA,
generate an A8 pulse signal, invert T.F.F. for TM8IOA pin output and reset TM8BC at
the start of the next cycle. (A8 and B8 are internal control signals.)
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Figure 4-4-7 shows the TM8IOA pin and TM8IOB pin output waveforms when

Both interrupts

4. A capture A interrupt and a capture B interrupt occur.
occur at the start of the next cycle when TM8CA and TM8CB match. A capture B

interrupt occurs only when TM8CB is set to 0 to TM8CA, and does not occur when

TMB8CB is set to any other value. (TM8BC and the value cannot be matched.)

TM8CA

TM8MD write

TM8EN

TM8BC

BOSC/2

CLRBCS8

=2

When TM8CB

B8
A8

TMS8IOA
TM8IOB
Interrupts

Figure 4-4-7 Two-phase PWM Output Timing (16-bit Timer)
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When outputting the PWM waveform, the timer may change the duty of the PWM
output dynamically. The PWM waveform may be corrupted and interrupts are lost
depending on the timing of changing the duty dynamically (in the single buffer mode
on the figure below). In the double buffer mode, the duty can be changed from the
next cycle, and the PWM loss does not occur at any timing of changing TM8CB.
This loss does not occur even when the output waveforms consist of 1s or 0s. Use
double buffer mode when the PWM is used. Select single buffer mode depending on
applications.

TM8EN

TMB8CB write e I_I

TM8CB | 3 1 |

mesc (o] o] 1]2]s]afo] 1 2] a0 o] e o1 ]2]5]
wosce |4 WV VA A A R
cLreca BEEEENEIIEEENIIEEENE

(1) In Double Buffer Mode :

TM8CB | 3 1 |

TM8CBX| 3 ! |
- T n
) L

TMB8IOA

TM8IOB oo |

(2) In Single Buffer M(;de NEO PV\E/M a'éjd intlerrur;lt dis.tortioén

TM8CB 3 1

- T

TM8IOA fffff|

7 ____--k&l."/-____ ]

TM8IOB

Interrupts /1/ /!/

PWM énd ihterrljpt Iovssesv

Figure 4-4-8 Two-phase PWM Output Timing (16-bit Timer)
(Dynamical Duty Change)
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4-4-4 One-phase Capture Input Using 16-bit Timer

Timer 8 is used to divide BOSC/2 by 65,536 and measure how long
TMB8IOA input is high. An interrupt occurs on capture B. The width is
calculated by the instruction (TM8CB-TM8CA).

CORE
|
- P7
P2] | | |_8-bitTimers |
|_, it Timers ATC
P3 16-bit Ti P9
| | it Timers ETC |_,
PA
|
|P5| |Pulse Width Counter]
Timer 8
BOSC/2 TM8BC
up
TMBIOA pin T o
o
LA
T Q
L |Capture B I:I
interrupt

Figure 4-4-9 One-phase Capture Input Block Diagram (16-bit Timer)
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(1

Use the MOV instruction to set
the data and only use 16-bit
write operations.

The timer 8 binary counter
(TM8BC) is stopped, and
TMB8BC register and RS.F.F. are
initialized (cleared to 0).

¢

If this setting is omitted, the bi-
nary counter may not count the
first cycle. Do not change to any
other operating modes.

When TM8MDO=0 and
TM8MD1=1 (in capture mode),
TM8CA and TM8CB become
read-only registers. If TM8CB
must be set, TM8MDO and
TM8MD1 must be set to 0.

m Timer 8 Setting

(1) Setthe operating mode in the timer 8 mode register (TM8MD). Set counting stop.
Select up counting. Select BOSC/2 as the clock source. Set the operating mode of
the capture register to capture on both edges of TM8IOA pin.

TM8MD: x'00FE80!
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™8| TM8 T™8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8
EN | NLD UD1 | UDO | TGE |ONE|MD1|MDO |ECLR| LP [ASHL| & | S1 | O
0 0 0 0 0 0 1 0 0 0 lor0O O 1 1

(2) Set TMBNLD and TM8EN of TM8MD to 1 and O respectively. This enables
TM8BC and RS.F.F.

(3) Set TMBNLD and TM8EN to 1. This starts the timer. Counting begins at the start
of the next cycle.

m Interrupt Enable Setting

(4) Enable interrupts after clearing all prior interrupt requests. To do this, set
IQOLV[2:0] of the external interrupt 0 control register (IQOICH) to the interrupt
level 0 to 6), TM8BIR of the timer 8 capture B interrupt control register
(TM8BICL) to 0, and TM8BIE of the timer 8 capture B interrupt control register
(TM8BICH) to 1. Thereafter, a timer 8 capture B interrupt occurs when the cap-
ture to the TM8CB register is generated on the rising edge of TM8IOA pin.

m Interrupt Processing and Signal Width Calculation
(5) Execute the interrupt service routine. The interrupt service routine determines the
interrupt group and factor, and clears TM8BIR flag.

(6) Calculate the signal width. Save the TM8CA value and the TM8CB value to the
data registers (DRO to DR3), and subtract the TM8CA value from the TM8CB
value. The width will be calculated correctly even if the TM8CA value is greater
than the TM8CB value by setting TM8LP to 0. Figure 4-4-10 shows 000A-
0007=0003, or 3 cycles.
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Timer 8 functions as a one-phase capture input. Select up counting. Timer 8 does not
operate stably when BOSC stops (in STOP mode). All external inputs are sampled on
BOSC ( synchronized with BOSC) when the external clock operates. TMBCA is cap-
tured on the rising edge of TM8IOA, and TM8CB is captured on the falling edge of
TMB8IOA. A capture B interrupt is generated on the TM8CB capture, and the TM8CA
and TM8CB values are read during the interrupt service routine. Figure 4-4-10 shows
000A-0007=0003, or 3 cycles. The same result is obtained even if the TM8CA value
is greater than the TM8CB value. For example, 0003-FFFE=0005. The signal width
is calculated by ignoring flags.

TM8EN

T™8BC |o0|{O0Of1|2|3|4|5|6|7|8|9|A|B|C|D|E|F/|10f11]12

TM8CA 0 7
TM8CB 0 A
TMSIOA AT=3

Interrupt

Figure 4-4-10 One-phase Capture Input Timing (16-bit Timer)
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154

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

Timer 8 is used to divide timer O underflow by 65,536 and measures the
width from the rising edge of the TM8IOA input to the rising edge of
TMB8IOB input. An interrupt occurs on capture B. The width is calcu-
lated by the instruction (TM8CB-TM8CA).

PO CORE
_ = | [0 Comerr] 22
in —
TMBioe b —[-f | | L memet
P2 8-bit Ti
| P2 ] it Timers | ATC
P3 16-bit Ti P9
| | it Timers ETC |_|
| oA
| P5| |Pulse Width Counter]
Timer 8
Timer 0 TM8BC
underflow
u/
TMB8IOA pin T Q
°
v oL
TMBSIOB pin T o
L |Capture B I:I
interrupt

Figure 4-4-11 Two-phase Capture Input Block Diagram (16-bit Timer)
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m Timer O Setting

(1) Verify that timer O counting is stopped with the timer 0 mode register (TMOMD). This verification is unnecessary
after a reset.

TMOMD: x'00FE20'
7 6 5 4 3 2 1 0

TMO|TMO TMO|TMO
EN | LD S1 | SO
0

(2) Setthe timer 0 divisor. In this example, since timer 0 divides BOSC/2 by 2, set the
timer O base register (TMOBR) tol. (The valid range for TMOBR is O to 255.)

TMOBR: x'00FE10’
7 6 5 4 3 2 1 0

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

0 0 0 0 0 0 0 1

(3) Load TMOBR value to the timer 0 binary counter (TMOBC). At the same time, Setting TMOEN and TMOLD to O

select BOSC/2 as the clock source. Is required between (3) and (4)
in the bank address version and

the linear address version, but
this setting is not required in the
linear address high-speed ver-
sion.

TMOMD: x'00FE20'
7 6 5 4 3 2 1 0

TMO| TMO TMO| TMO
EN | LD S1 | SO

0 1 0 0
Q

(4) Set TMOLD to 0 and TMOEN to 1. This starts the timer. Counting begins at theP not change the clock source

once you have selected it.
start of the next cycle. . .
Selecting the clock source while

setting the count operation con-
When TMOBC reaches 0 and the value 1 from the TMOBR register is loaded at th@ol will corrupt the value in the

next count, a timer O underflow interrupt request will be sent to the CPU. binary counter.
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(1

Use the MOV instruction to set
the data and only use 16-bit
write operations.

The timer 8 binary counter
(TM8BC) is stopped, and
TMB8BC register and RS.F.F. are
initialized (cleared to 0).

¢

If this setting is omitted, the bi-

nary counter may not count the
first cycle. Do not change to any
other operating modes.

When TM8MDO0=0 and
TM8MD1=1 (in capture mode),
TM8CA and TM8CB become
read-only registers. If TM8CB
must be set, TM8MDO and
TM8MD1 must be set to 0.

m Timer 8 Setting

(1) Setthe operating mode in the timer 8 mode register (TM8MD). Set counting stop.
Select up counting. By setting TM8BNLD of the TM8MD register to 1, select
repeat counting from 0 to xX'FFFF'. Select timer 0 underflow as the clock source.
Set the operating mode of the capture register to the rising edge of TM8IOA pin
and the rising edge of TM8IOB pin.

TM8MD: x'00FE80!
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™M8| TM8 TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8 | TM8 | TM8
EN | NLD UD1 | UDO | TGE [ONE | MD1|MDO|ECLR| LP |[ASEL| & | SIL | D
0 0 0 0 0 0 1 1 0 0 lor0O O 0 0

(2) Set TM8NLD and TM8EN of TM8MD to 1 and O respectively. This enables
TM8BC and RS.F.F.

(3) Set TMBNLD and TM8EN to 1. This starts the timer. Counting begins at the start
of the next cycle.

m Interrupt Enable Setting

(4) Enable interrupts after clearing all prior interrupt requests. To do this, set
IQOLV[2:0] of the external interrupt O control register (IQOICH) to the interrupt
level 0 to 6), TM8BIR of the timer 8 capture B interrupt control register
(TM8BICL) to 0, and TM8BIE of the timer 8 capture B interrupt control register
(TM8BICH) to 1. Thereafter, a timer 8 capture B interrupt occurs when the cap-
ture to TM8CB register is generated on the rising edge of TM8IOB pin.

m Interrupt Processing and Signal Width Calculation
(5) Execute the interrupt service routine. The interrupt service routine determines the
interrupt group and factor, and clears TM8BIR flag.

(6) Calculate the signal width. Save the TM8CA value and the TM8CB value to the
data registers (DRO to DR3), and subtract the TM8CA value from the TM8CB
value. The width will be calculated correctly even if the TM8CA value is greater
than the TM8CB value by setting TM8BLP to 0. Figure 4-4-12 shows 000A-
0007=0003, or 3 cycles.
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Timer 8 functions as a one-phase capture input. Select up counting. Timer 8 does not
operate stably when BOSC stops (in STOP mode). All external inputs are sampled on

BOSC (synchronized with BOSC) when the external clock operates. The TM8CA
register is captured on the rising edge of TM8IOA pin, and the TM8CB register is

captured on the rising edge of TM8IOB pin. A capture B interrupt is generated on the

TMB8CB capture, and the TM8CA and TM8CB values are read during the interrupt

processing routine. Figure 4-4-12 shows 000A-0007=0003, or 3 cycles. The same

result is obtained even if the TM8CA value is greater than the TM8CB value. For

example, 0003-FFFE=0005. The signal width is calculated by ignoring flags.

TM8EN

T™8BC |o0f{O0Of1|2|3|4|5(6|7|8|9|A|B|C|D|E|F]/|10

11

12

Interrupt

TM8CA 0 7

TM8CB 0 A

TM8IOA i i i i i i i ; i
TM8IOB i i i i i i i

A_.7:3

A

Figure 4-4-12 Two-phase Capture Input Timing (16-bit Timer)
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4-4-6 Two-phase Encoder Input (4x) Using 16-bit Timer

Timer 8 receives a two-phase encoder input (4x) and counts up and
down. An interrupt occurs when the TM8BC value reached the
TMB8CA value or the TM8CB value.

TMBIOA pin - — [ Interrupt |
Teosmn
16-bit Timers ETC
[_esitbwm e ]
IPuIseWidth Counterl
Timer 8
up/down
TM8IOA pin —= 4’
I
LA
TM8IOB pin — 4>\
— Capture B
interrupt

Figure 4-4-13 Two-phase Encoder Input (4x) Block Diagram (16-bit Timer)

TM8BC Value

0 x'1000" Xx'1FFF'
Capture B
interrupt

Figure 4-4-14 Two-phase Encoder Input (4x) Configuration Example 1

As Figure 4-4-15 shown, it is
possible to set capture A

interupt and capture B interrupt

in different places separately. l | | I
(Setting TM8LP of the TM8MD 1 \ \ 1
register to O is required.) 0 x'1000 XFFOO XFFFF

Capture A interrupt Capture B interrupt

Figure 4-4-15 Two-phase Encoder Input (4x) Configuration Example 2
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m Timer 8 Setting
(1) Setthe operating mode in the timer 8 mode register (TM8MD). Set counting stop(‘

Count setting is ignored. Since counting is performed by looping on the TM8CA -

value, set TM8LP of the TM8MD register to 1. Select the two-phase encoder (4x)Use the MOV instruction to set

the data and only use 16-bit
as the clock source. write operations.

TM8MD: X'00FE80'
514131211 ]10] 9] 8] 7] 6] 5] 4] 3] 2] 1] o The timer 8 binary counter

(TM8BC) is stopped, and
™8| T™8 ™8| T™M8| T™M8| TM8| T™M8| TM8| TM8| TM8| TMs | TM8| TM8 | TM8 _
EN [NLD UDL | UDO | TGE | ONE | MD1|MDO|ECLR| LP |AsEL| @ | &1 | @ TMB8BC register and RS.F.F. are

initialized (cleared to 0).
0 0 0 0 0 © 0 0 0 1 1lor0 1 0 0

(2) Set the timer 8 looping value to the TM8CA register (the valid range: 1 to
X'FFFF'). The TM8BC counter counts from 0 to X'1FFF' when writing X'1FFF' to
the TM8CA register.

TMB8CA: x'00FE84'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CA15|CAl14|CA13|CA12| CA11|CAl0| CA9 | CA8 | CA7 | CAG | CA5 | CA4 | CA3| CA2 | CA1| CAO

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

(3) Set the timer 8 interrupt value to the TM8CB register (the valid range: 0 to
TMB8CA). In this example, write x'1000'. Whenever the up or down counter
reaches this value, a capture B interrupt occurs at the beginning of the next cycle.

TMB8CB: x'00FE88'
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

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

¢

(4) Set TMBNLD and TM8EN of the TM8MD register to 1 and 0 respectively. This | this setting is omitted, the bi-

enables TM8BC and RS.F.F. nary counter may not count the
first cycle. Do not change to any
other operating modes.

(5) Set TMBNLD and TM8EN of the TM8MD register to 1. This starts the timer.
Counting begins at the start of the next cycle.
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m Interrupt Enable Setting

(6) Enable interrupts after clearing all prior interrupt requests. To do this, set
IQOLV[2:0] of the external interrupt 0 control register (IQOICH) to the interrupt
level 0 to 6), TM8BIR of the timer 8 capture B interrupt control register
(TM8BICL) to 0, and TM8BIE of the timer 8 capture B interrupt control register
(TM8BICH) to 1. Thereafter, a timer 8 capture B interrupt occurs when the
TMB8BC counter matches TM8CB register.

m Interrupt Processing
(7) First, determine the interrupt group and factor, and clear TM8BIR flag during the
interrupt service routine.

(8) Execute the interrupt service routine.

Timer 8 functions as a two-phase encoder input. Timer 8 does not operate stably when
BOSC stops (in STOP mode). All external inputs are sampled on BOSC (synchro-
nized with BOSC) when the external clock operates.

Figure 4-4-16 shows the counting direction. When counting down, the next value
after 0 becomes the TM8CA value. When the TM8BC value matches the TM8CB
value, a capture B interrupt occurs.

TM8CA 1FFF \\

T T T T T T [ [ LY [ T
TM8CB 1000 n

| i [
TM8BC 0000 | 1FFF | 1FFE 1FFD 1FFE | 1FFF | 0000 | 0001 / OFFF | 1000 | 1001
s I s

TM8IOA E ' ' E Y
TMSIOB : : : 5 | 5

E E E E B
Interrupt ! ! ! !

Up Counting Down Counting

TMS8IOA t 1 1+ 0 t 0 ¢ 1

T™8I0B | 0 + 1 + | 1 + 0 |

Figure 4-4-16 Two-phase Encoder Input Timing (4x) (16-bit Timer)
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4-4-7 Two-phase Encoder Input (1x) Using 16-bit Timer

Chapter 4 Timers

Timer 8 receives a two-phase encoder input (4x) and counts up and

down. An interrupt occurs when the preset value is reached.

| CORE |
[_CoRE | b Converter |
TMB8IOA pin —
TMBIOB pin [_Inerupt | [ SerialF |
8-bit Timers  arc |
16-bit Timers —C
8-bit PWM ,ml
|Pulse Width Counter|
Timer 8
TM8BC
up/down
TMB8IOA pin
==
v
TM8IOB pin —{~] \
- Capture B
interrupt

Figure 4-4-17 Two-phase Encoder Input (1x) Block Diagram (16-bit Timer)

TM8BC Value

0 x'1000" Xx'1FFF
Capture B
interrupt

Figure 4-4-18 Two-phase Encoder Input (1x) Configuration Example 1

- ;

| 1
x'1000' X'FFO0' X'FFFF'
Capture A interrupt Capture B interrupt

Figure 4-4-19 Two-phase Encoder Input (1x) Configuration Example 2

As Figure 4-4-19 shown, it is
possible to set capture A inter-
rupt and capture B interrput in
different places separately.
(Setting TM8LP of the TM8MD
register to O is required.)

MN102H60G/60K/F60G/FE0K 161



Chapter 4 Timers

(1

Use the MOV instruction to set
the data and only use 16-bit
write operations.

The timer 8 binary counter
(TM8BC) is stopped, and
TMB8BC register and RS.F.F. are
initialized (cleared to 0).

¢

If this setting is omitted, the bi-
nary counter may not count the
first cycle. Do not change to any
other operating modes.

m Timer 8 Setting

(1) Setthe operating mode in the timer 8 mode register (TM8MD). Set counting stop.
Count setting is ignored. Since counting is performed by looping on the TM8CA
value, set TM8LP of the TM8MD register to 1. Select the two-phase encoder (1x)
as the clock source.

TM8MD: x'00FE80!
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™M8| T™M8 TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8
EN |NLD UD1 | UDO | TGE |ONE|MD1|MDO |ECLR| LP [ASHL| & | S1 | O
0 0 0 0 0 0 0 0 0 1 1lor0 1 0 1

(2) Set the timer 8 looping value to the TM8CA register (the valid range: 1 to
X'FFFF'). The TM8BC register counts from 0 to X'1FFF' when writing X'1FFF' to
the TM8CA register.

TMB8CA: x'00FE84'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8 | TM8
CA15|CAl14|CA13|CA12|CA11|CAl0| CA9 | CAB | CA7 | CAG | CA5| CA4 | CA3| CA2 | CAL| CAO

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

(3) Set the timer 8 interrupt value to the TM8CB register (the valid range: 0 to
TMB8CA). Whenever the up or down counter reaches this value, a capture B inter-
rupt occurs at the beginning of the next cycle.

TM8CB: x'00FES88'
15|14 | 13| 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

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

(4) Set TMBNLD and TM8EN of the TM8MD register to 1 and 0 respectively. This
enables TM8BC and RS.F.F.

(5) Set TMBNLD and TM8EN of the TM8MD register to 1. This starts the timer.
Counting begins at the start of the next cycle.
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m [nterrupt Enable Setting

(6) Enable interrupts after clearing all prior interrupt requests. To do this, set
IQOLV[2:0] of the external interrupt O control register (IQOICH) to the interrupt
level 0 to 6), TM8BIR of the timer 8 capture B interrupt control register
(TM8BICL) to 0, and TM8BIE of the timer 8 capture B interrupt control register
(TM8BICH) to 1. Thereafter, a timer 8 capture B interrupt occurs when the
TM8BC counter matches the TM8CB register.

m Interrupt Processing
(7) First, determine the interrupt group and factor, and clear TM8BIR flag during the
interrupt service routine.

(8) Execute the interrupt service routine.

Timer 8 functions as a two-phase encoder input. Timer 8 does not operate when
BOSC stops (in STOP mode). All external inputs are sampled on BOSC (synchro-
nized with BOSC) when the external clock operates.

Figure 4-4-20 shows the counting direction. When counting down, the next value

after 0 becomes the TM8CA value. When the TM8BC value matches the TM8CB

value, a capture B interrupt occurs.

1 1 1 1 1 1 1 1 1 \\l 1 1 1

TM8CA 1FFF \\
T T T T T T [ [ A\ [ T
TM8CB 1000 H
. 7]

TMSBC 0000 | 1FFF | 1FFE 1FFD 1FFE | 1FFF | 0000 | 0001 //OFFF 1000 | 1001
TM8IOA
TM8IOB : :|_|5|_|: : :I_I:

. : 1A : : : :
Interrupts . . /,/ . . . .

Up Counting Down Counting

TMS8IOA ! 1

TM8IOB 1 1

Figure 4-4-20 Two-phase Encoder Input Timing (1x) (16-bit Timer)
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4-4-8 One-shot Pulse Using 16-bit Timer

Timer 8 is used to generate a one-shot pulse. The pulse width is 2 cycles

of BOSC/2.
PO CORE
|
N —
Tiigos pn ~—mioay ] [_meme ]
P2 8-bit Ti
[P2|[ | | 8-bitTimers | e
P3 16-bit Ti P9
[pa L to 0 Tiners —
'
|P5| |Pulse Width Counter]
Timer 8
BOSC/2 TM8BC
up/W
T Q
(e |\
g R i
TM8IOB pin g + s 2 TMBIOA pin
O
s ],
T Q

Figure 4-4-21 One-shot Pulse Output Block Diagram (16-bit Timer)
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m Timer 8 Setting
(1) Setthe operating mode in the timer 8 mode register (TM8MD). Set counting stop(‘

Select up counting. Select BOSC/2 as the clock source. Set the TM8BC count

. . Use the MOV instruction to set
range to 0 to TM8CA. Select one-shot operation as the counter operating mode. _
the data and only use 16-bit

Set the count start external trigger to start counting on the falling edge of TM8IOB, it operations.
pin.

The timer 8 binary counter
(TM8BC) is stopped, and
TMB8BC register and RS.F.F. are

TM8MD: x'00FES80’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

™8| T™M8 V8| T™8| Tvs| T™8| Tms| Tvs| TmMs| TMs| TMs | TMs| TM8 | TMs .
EN |NLD UD1 | UDO | TGE | ONE | MD1|MDO|EQLR| LP |AsEL| @ | st | initialized (cleared to 0).
0 0 0 0 1 1 0 0 0 1 o0 0 1 1

(2) Set the pulse width. Since the width is 2 cycles of BOSC/2, set the timer 8 com-
pare/capture register A (TMBCA) to 3 (the valid range is 1 to X'FFFE'). TM8BC
counts from 0 to 3, and TM8IOA pin outputs 'H' while TM8BC counts from 2 to 3
by setting TM8CB in the next procedure (3). The operation is the same as that of
the two-phase PWM output.

TMB8CA: x'00FE84'
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM8| TM8 | TM8| TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CA15|CA14|CA13|CA12| CA11|CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3| CA2| CAL| CAO

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

(3) Write 1 to the timer 8 compare/capture register B (TM8CB). When TM8BC
reaches TM8CB (TM8BC = 2), TM8IOA pin outputs 'H' at the start of the next
cycle.

TMB8CB: x'00FE88'
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CB15|CB14|CB13|CB12|CB11|{CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 <‘

) ) _If this setting is omitted, the bi-
(4) Set TMBNLD and TMBEN of the TM8MD register to 1 and 0 respectively. This ., counter may not count the

enables TM8BC and RS.F.F. first cycle. Do not change to any
other operating modes.

During the count operation, '1' is written automatically to TM8EN of the TM8MD
register on the falling edge of TM8IOB pin. Therefore, counting starts at the begin-
ning of the next cycle after TM8IOB pin falls. TM8EN of the TM8MD register can
replace as the busy flag for one-shot operation.
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166

TM8CA

TM8CB

TM8BC

BOSC/2

TM8EN

TM8IOB

S8

R8

TMS8IOA

Timer 8 generates a one-shot pulse. Timer 8 does not operate when BOSC stops (in
STOP mode). All external inputs are sampled on BOSC ( synchronized with BOSC)
when the external clock operates.

Figure 4-4-22 shows the timing chart. Set TM8EN of the TM8MD register on the
falling edge of TM8IOB pin, and counting starts at the beginning of the next cycle.
Before counting starts, TM8BC is 0, the initial value of TM8IOA pin is 0, and R8
(reset) signal or S8 (set) signal cannot be output. (R8 and S8 are internal control
signals.) When counting starts, the count changes from 0 to 1 and the S8 signal is
output. This sets TM8IOA pin to 1 and outputs the one-shot pulse. When the count
reaches 3, TM8BC resets from 3 to 0, and the R8 signal is output simultaneously.
TMB8IOA pin outputs 0. Since TM8ONE of the TM8MD register is setto 1, TM8EN

of the TM8MD register is resets and then counting stops. The state is the same state
before the falling edge of TM8IOB pin. When the falling edge of TM8IOB pin occurs
again, set TM8EN of the TM8MD register, repeat the same operations and then results
in the one-shot pulse output.

Figure 4-4-22 One-shot Pulse Output Timing (16-bit Timer)
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4-4-9 External Count Direction Control Using 16-bit Timer

Timer 8 counts BOSC/2 and TM8IOA pin controls the count direction
(up or down). An interrupt occurs when the counter reaches the value
set in TM8CB register.

PO CORE
7o) |
TM8IOA pin  —= P1 Interrupt P7
il | ST,
P2 8-bit Ti
[P2] | it Timers | ATC
P3 16-bit Ti P9
[P3] | it Timers —c [ P9
| oA
|P5| [Pulse Width Counter|
Timer 8
BOSC/2 TM8BC
UW
TMSIOA pin T Q
=
LN
—
— Capture B
interrupt

Figure 4-4-23 External Count Direction Control Block Diagram (16-bit Timer)

TM8BC Value

0 x'1000" Xx'1FFF
Capture B
interrupt

Figure 4-4-24 External Count Direction Control Configuration Example
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(1

Use the MOV instruction to set
the data and only use 16-bit
write operations.

The timer 8 binary counter
(TM8BC) is stopped, and
TMB8BC register and RS.F.F. are
initialized (cleared to 0).

¢

If this setting is omitted, the bi-
nary counter may not count the
first cycle. Do not change to any
other operating modes.

m Timer 8 Setting

(1) Setthe operating mode in the timer 8 mode register (TM8MD). Set counting stop.
The count direction is up when TM8IOA is 1, while the direction is down when
TMB8IOA is 0. Select BOSC/2 as the clock source. Set the TM8BC count range to
0 to TM8CA.

TM8MD: x'00FE80!
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™M8| T™M8 TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8
EN |NLD UD1 | UDO | TGE |ONE|MD1|MDO |ECLR| LP [ASHL| & | S1 | O
0 0 1 0 0 0 0 0 0 1 1or0 O 1 1

(2) Set the timer 8 looping value to the TM8CA register (the valid range: 1 to
X'FFFE"). The TM8BC counter counts from 0 to xX'1FFF' when writing xX'1FFF' to
the TM8CA register.

TMB8CA: x'00FE84'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8 | TM8
CA15|CAl14|CA13|CA12|CA11|CAl0| CA9 | CAB | CA7 | CAG | CA5| CA4 | CA3| CA2 | CAL| CAO

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

(3) Set the timer 8 interrupt value to the TM8CB register (the valid range: 0 to
TMB8CA). In this example, write x'1000'. Whenever the up or down counter
reaches this value, a capture B interrupt occurs at the beginning of the next cycle.

TMB8CB: x'00FES88'
15| 14 | 13| 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO

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

(4) Set TMBNLD and TM8EN of the TM8MD register to 1 and 0 respectively. This
enables TM8BC and RS.F.F.

(5) Set TMBNLD and TM8EN of the TM8MD register to 1. This starts the timer.
Counting begins at the start of the next cycle.
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m [nterrupt Enable Setting

(6) Enable interrupts after clearing all prior interrupt requests. To do this, set
IQOLV[2:0] of the external interrupt O control register (IQOICH) to the interrupt
level 0 to 6), TM8BIR of the timer 8 capture B interrupt control register
(TM8BICL) to 0, and TM8BIE of the timer 8 capture B interrupt control register
(TM8BICH) to 1. Thereafter, a timer 8 capture B interrupt occurs when the
TM8BC counter matches the TM8CB register.

m Interrupt Processing
(7) First, determine the interrupt group and factor, and clear TM8BIR flag during the
interrupt service routine.

(8) Execute the interrupt service routine.

TMB8IOA pin can control the timer 8 count direction. The count direction is controlled
on the rising edge of the clock source (BOSC/2).

Timer 8 does not operate when BOSC stops (in STOP mode). All external inputs are
sampled on BOSC (synchronized with BOSC) when the external clock operates.

Figure 4-4-25 shows the timing chart. In the example, an interrupt occurs when timer
8 changes from down counting to up counting.

1 1 1 1 1 1 1 1 \\I 1 1

TM8CA 1FFF \\
T T T T T T T T \ T T
TM8CB 1000 “
iy
TM8BC 0000 | 1FFF | 1FFE | 1FFD | 1FFE | 1FFF | 0000 | 0001 | 0002 //OFFF 1000 | 1001

BOSC/2

TM8IOA E E E : : : : : ' 5 5
Z Z Z Z Z Z Z Z Z B

Interrupt : : ! ! ! ! ! ! ! ! /1/

Figure 4-4-25 External Count Direction Control Timing (16-bit Timer)
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4-4-10 External Reset Control Using 16-bit Timer

Timer 8 is reset by an external signal while counting up.

TM8IC pin — =] P1 | In.ter.rupt |
[P2] | 8-be Tlfners | ATC
(P3| L+ 16-b|-t Timers | — | P9
| P5| |Pulse Width Counter|

Timer 8

BOSC/2 TM8BC

—
I —
I
TMB8IC pin
T Q
]

Figure 4-4-26 External Reset Control Block Diagram (16-bit Timer)
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m Timer 8 Setting
(1) Setthe operating mode in the timer 8 mode register (TM8MD). Set counting stop(‘
Select up counting. Select BOSC/2 as the clock source. Set the TM8BC clear

condition to clear when TM8IC pin is high. Set the TM8BC count range to 0 to Use the MOV instruction to Se.'t
TM8CA the data and only use 16-bit

write operations.

TM8MD: X'00FE80'
1514|1312 |11] 10| 9 8 7 6 5 4 3 2 1 0 The timer 8 binary counter
(TM8BC) is stopped, and

TM8| TM8 TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8 _
EN |NLD UD1 | UDO | TGE |ONE |MD1 |MDO |[ECLR| LP |[ASEL| & | SL | TMB8BC register and RS.F.F. are
0 0 0 0 0 0 0 0 1 1 100 0 1 1 initialized (cleared to 0).

(2) Set the timer 8 looping value to the TM8CA register (the valid range: 1 to
X'FFFE"). The TM8BC register counts from 0 to X'1FFF' when writing X'1FFF' to
the TM8CA register.

TMB8CA: x'00FE84'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™8| TM8 | TM8 | TM8 | TM8| TM8| TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CA15|CAl14|CA13| CAL2| CA11|CAl0| CA9 | CA8 | CA7 | CAG | CA5 | CA4 | CA3| CA2 | CA1| CAO

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

(3) Set TMBNLD and TM8EN of the TM8MD register to 1 and 0 respectively. This
enables TM8BC and RS.F.F.

(4) Set TMBNLD and TM8EN of the TM8MD register to 1. This starts the timer. ‘
Counting starts at the beginning of the next cycle. H

If this setting is omitted, the bi-
nary counter may not count the
first cycle. Do not change to any
other operating modes.
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Timer 8 is reset asynchronously while high is input from TM8IC pin. This allows to
synchronize externally. It can be used to adjust the motor speed or to initialize the
timer by the hardware.

Timer 8 does not operate when BOSC stops (in STOP mode). All external inputs are
sampled on BOSC (synchronized with BOSC) when the external clock operates.

Figure 4-4-27 shows the timing chart.

TM8BC | 0000 | 0001 | 0002 | 0003 |0004 0000 0001 | 0002 | 0003
BOSC/2 I I I I I
TM8IC 5 5 5 5 | 5 : : : | : : :

Figure 4-4-27 External Reset Control Timing (16-bit Timer)
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4-5  Summary of 8-bit PWM Functions

4-5-1 Overview

The MN102H60G/60K/F60G/F60K has two 8-bit PWM waveform
counters (timer 13 and timer 14). A timer can output two waveforms
using two output pins. Timers 13 and 14 can be cascaded for use as a
16-bit PWM waveform counter.

BOSC/2 or timer 0 underflow is selected as the clock source. Each counter sets the
PWM cycle. Each counter can output two PWM waveforms with the different duties
since each counter has two output compare registers. The PWM counters can not
generate interrupts.

8-bit Base Register

I Reload Port output
. s o TMnOA
BOSC/2 —| & o I
Timer 0 underflow —| & | 8-bit Binary Counter | overflow R Selector
&
Port output
| Output Compare Register A I— U TMnOB
)
—R Selector

| Output Compare Register B I—

Figure 4-5-1 8-bit PWM Function

In addition to normal PWM waveforms, timer 13 can also output a three-value wave-
form including the Hi-Z state.

MN102H60G/60K/F60G/F60K
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) PWM cycle set
Binary Counter in the base register

Output |
compare A
Output | "
compare B | | |
1 o 1 s Time
TMnOA pin ! f
Normal PWM 1 1
TMnOB pin 1 ! |
TMnOA pin N L ]
TMnOBpin | Hi-Z; i Hi-Z:
Three-value PWM [ ,_
Hi-z ' Hi-z

Figure 4-5-2 PWM Output Waveform

When the value in the output compare register matches the value in the binary counter,
high level is output. When the binary counter underflows, low level is output. Count-
ing starts when the value in the base register is read into the binary counter again.
When used for three-value PWM, the output waveform depends on the value set in the
output compare register. When x'00' is set in the output compare register, the PWM
output becomes Hi-Z constantly. When x'01'to x'7F' is set in the output compare
register, normally low output becomes Hi-Z. When x'80' to X'FF' is set in the output
compare register, normally high output becomes Hi-Z. High and low signals are out-
put by switching TMnOA pin or TMnOB pin to a general purpose port without using
the PWM function. Figure 4-5-2 shows the waveforms which the PWM outputs. The
PWM cycle is fixed and two waveforms with the different duties can be output. The
binary counter is down counting.

Table 4-5-1 8-bit PWM Functions

Timer 13 Timer 14

0: BOSC/2 0: BOSC/2
Clock Source 1: Timer O underflow | 1: Timer O underflow
Output Compare Register TM13CA TM14CA

TM13CB TM14CB
Output Pin TM130A TM140A

TM130B TM140B
Cascading _ J
Three-value PWM N —

Table 4-5-2 8-bit PWM Functions

Output Compare Register
Set Value PWM Output
x'00' Hi-Z
Xx'01 - X'7F' Hi-Z+H
x'80" - X'FF' L+Hi-Z
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4-5-2

Control Registers

TMnMD
7 6 5 4 3 2 1 0
TMn | TMn TMn | TMn | TMn | TMn | TMn
EN LD CAS| TR | OB | OA S

Mode Register

TMnS Clock Source Selection
0 BOSC/2
1 Timer 0 underflow
TMNnOA | TMnOA Output Edge Selection
0 Positive logic
1 Negative logic
TMnOB | TMnOB Output Edge Selection
0 Positive logic
1 Negative logic
TMnTR TMn PWM Waveform Selection*
0 Normal
1 Three-value
TMnCAS | TMn Cascading (TM14 only)
0 No cascading
1 Cascading (TMnS invalid)
TMnLD Read TMnBR value to TMnBC
0 No operation
1 TMnBR value is read into
TMnBC RS.F.F output is reset
TMnEN TMnBC Counting Operation
0 Count stop
1 Count operation
* Only TM13

TM14 should be set to "0".

Chapter 4 Timers
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TMnBC
7 6 5 4 3 2 1 0
TMn|TMn|TMn|TMn| TMn | TMn | TMn | TMn Binary Counter
BC7 | BC6 | BC5|BC4 | BC3 | BC2 | BC1| BCO
TMnBR
7 6 5 4 3 2 1 0
TMn|TMn|TMn|TMn| TMn | TMn | TMn | TMn Base Register
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
TMnCA
7 6 5 4 3 2 1 0
TMn|[TMn|TMn|TMn| TMn | TMn | TMn | TMn Output Compare Register A
CAT7|CA6 | CA5|CA4| CA3| CA2| CAL| CAOD
TMnCB
7 6 5 4 3 2 1 0
TMn|[TMn|TMn|TMn| TMn | TMn | TMn | TMn Output Compare Register B
CB7|CB6|CB5|CB4| CB3|CB2|CB1|CBO
Table 4-5-2 List of 8-bit PWM Registers
Register Address Function
TM13BC X'00FEO8' Timer 13 Binary Counter
TM13CA X'00FEOQA' Timer 13 Output Compare Register A
TM13BR Xx'00FE18' Timer 13 Base Register
TM13CB X'00FE1A' Timer 13 Output Compare Register B
TM13MD X'00FE28' Timer 13 Mode Register
TM14BC X'00FEQY' Timer 14 Binary Counter
TM14CA X'00FEOB’ Timer 14 Output Compare Register A
TM14BR X'00FE19' Timer 14 Base Register
TM14CB x'00FE1B' Timer 14 Output Compare Register B
TM14MD X'00FE29' Timer 14 Mode Register
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4-6

4-6-1  8-bit PWM Output

8-bit PWM Setup Examples

Chapter 4 Timers

Timer 13 is used to output PWM from TM130A pin and TM130B pin.
The PWM cycle is timer 0 underflow/9. The TM130A pin duty is 1:2,
and the TM130B pin duty is 2:1. The PWM output starts low. Set
timer O to underflow at BOSC/2 divided by 2.

[Po] —[ CORE |
= WI
[P2] = B-blt.TITnerS | =
= - PA
TM1306 bin S—F1Ps Werl

Figure 4-6-1 8-bit PWM Block Diagram

(1) Set the timer O divisor. Since timer O divides BOSC/2 by 2, set the timer 0 base
register (TMOBR) to 1. (The valid range for TMOBR is 0 to 255, and the actual
setting is the divisor to be set-1.)

TMOBR: x'00FE10’
7 6 5 4 3 2 1 0

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

0 0 0 0 0 0 0 1

(2) Load TMOBR value to the timer 0 binary counter (TMOBC). At the same time,
select BOSC/2 as the clock source.

TMOMD: x'00FE20'
7 6 5 4 3 2 1 0

TMO|TMO TMO|TMO
EN | LD S1 | SO
0 1 0 0
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(3) Set TMOLD and TMOEN of the TMOMD register to 0 and 1 respectively. This
starts the timer. Counting begins at the start of the next cycle. When the timer 0
binary counter reaches 0, the value 1 of the timer 0 base register is loaded auto-
matically to the TM8BC counter at the next count.

TMOBR | 00 01 ]

T™MOBC | ojo | 031 | 01 o | |

BOSC/2 T |

eosc | L[ LI LI LTI L] LT
1) 3

TMOBR(W) TMOMD(W)
(2)

TMOMD(W)
Figure 4-6-2 Timer 0 Timing

(4) Setthe PWM cycle to the timer 13 base register. Since the PWM cycle is timer 0
underflow/9, set '8' to the TM13BR register.

TM13BR: x'00FE18'
7 6 5 4 3 2 1 0

TM13TM13TM13TM13TM13TM13|TM13|TM13
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

0 0 0 0 1 0 0 0
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(5) Set the duty to the timer 13 output compare register. When the TM13BC counter
matches the TM13CA register, the PWM output of the TM130A pin changes to
low. When the TM13BC counter underflows, the PWM output of the TM130A
pin changes to high. When the TM13BC counter matches the TM13CB register,
the PWM output of the TM130B pin changes to low. When the TM13BC counter
underflows, the PWM output of the TM130B pin changes to high. The PWM
output starts low at first. The TM13O0A pin duty is 1:2, while the TM130B pin
duty is 2:1. Since the TM13BC counter is down counting, set the TM13CA regis-
ter and the TM13CB register to 5 and 2 respectively.

TM13CA: X'00FEOA'
7 6 5 4 3 2 1 0

TM13TM13TM13TM13TM13[TM13 TM13|TM13
CA7|CAG6| CA5| CA4| CA3| CA2 | CAL1| CAO

0 0 0 0 0 1 0 1

TM13CB: x'00FE1A'
7 6 5 4 3 2 1 0

TM13TM13TM13TM13TM13[TM13 TM13|TM13
CB7|CB6|CB5|CB4| CB3| CB2|CB1| CBO

0 0 0 0 0 0 1 0

(6) Load TMOBR value to the timer 13 binary counter (TM13BC). At the same time,
select timer 0 underflow as the clock source. Set the PWM waveform polarity,
which is output from TM130A pin and TM130B pin, to the positive logic. (When
setting the polarity to the negative logic, an error of inverting high and low oc-
curs.) To clear TM13BC counter or RS.F.F. for TM130A pin output and
TM130B pin output, set the TM13CLR flag to 1.

TM13MD: x'00FE28'
7 6 5 4 3 2 1 0

TM13TM13 TM13TM13TM13TM1
EN | LD TR|OB| OA| S
0 1 0 0 1

(7) Set TM130A pin and TM130B pin. Since TM130A pin and TM130B pin func-
tion as P50 and P51 respectively, set the port 5 mode register L (P5LMD) to PWM
output. Setting the port 5 direction control register (P5DIR) is not required. The
PWM is output regardless of the P5DIR register value.

P5LMD: X'00FFF8'
716 5] 4] 3] 2] 1] o

P5 | PS5 | PS5 | PS5 | P5| P5| P5 | P5
LMD7LMD6LMDS5LMD4LMD3LMD2LMDI1LMDO

0 0 0 0 1 0 1 0

Chapter 4 Timers
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(8) Set TM13LD, TM13EN and TM13CLR of the TM13MD register to 0, 1 and 0
respectively. This starts the timer. When the timer 0 binary counter reaches 0, the
value 1 of the timer O base register is loaded automatically to the TM8BC counter
at the next count.

TM13MD: x'00FE28'
7 6 5 4 3 2 1 0

TM13TM13 TM13TM13TM13TM13

1 0 0 0 1

TM13BR 100 08
TM13BC ' ioo| @ |os|os|08|07|06|05]|04]03]02]01]00|08]|07|06]05]04
TM13CA | boi00 05 |
TM13CB | Loioo! ! 02 |
TM130Apin & & & v i v b I P 5
T T o e e e s e A S A S
TMI30Bpin | L i Lo bbb o oo
e e e et
oo . S S Lo Lo R
underflow

(4) (5) (8)
TM13BR TM13CB TM13MD
(W) . (W) 5 (W)

TM13CA TM13MD
W) W)

Figure 4-6-3 8-bit PWM Timing
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4-7 16-bit Pulse Width Measure Functions

4-7-1 Overview

The MN102H60G/60K/F60G/F60K has one 16-bit pulse width mea-
sure counter.

The 16-bit binary counter value is read into the 16-bit capture register on the rising
edge of the pulse waveform which inputs to TM15IA pin. Timer 0 underflow,
TM15IB pin, BOSC/2 or BOSC is selected as the clock source.

Timer 0 underflow —

) <]
TM15IB pin —= ' |— 16-bit Binary Counter
BOSC/2 —| o CLK Clear
Bosc —|? Delay of BOSC 1 clock
(ggﬂirlﬁgr:) I B 16-bit Capture Register
P Capture

Figure 4-7-1 16-bit Pulse Width Measure Counter
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TM15IA m

Binary
Counter
Time
Capture 417 (Example) 418 (Example)
Register

Figure 4-7-2 16-bit Pulse Width Measure Counter Operation Example

The binary counter is up counting. The contents of the binary counter are loaded into
the capture register on the rising edge of TM15IA pin. The binary counter is cleared
after BOSC 1 clock. The pulse width is always stored in the capture register.
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4-7-2  Control Registers

TM15MD: x'00FEDO’

T™M15 TM15|TM15 :
EN cLkilcLio Mode Register
} —

t

Clock Source Selection
00: Timer 0 underflow
01: TM15IB
10: BOSC/2
11: BOSC

Timer 15 Count Control
0: Count stop
1: Counting

TM15BC: x'00FED2'
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM15{TM15| TM15|TM15| TM15| TM15|{ TM15|TM15| TM15| TM15|{ TM15| TM15| TM15| TM15| TM15{ TM15 Binary Counter
BC15|BCl14 | BC13| BCI12|BC11|BCI10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO

TM15CA: x'00FED4'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

TM15| TM15| TM15|TM15| TM15| TM15{ TM15| TM15| TM15| TM15| TM15| TM15| TM15| TM15| TM15{ TM15 Capture Register
CA15|CA14|CA13|CAL2| CA11|CAl0| CA9 | CA8 | CA7 | CAG | CA5 | CA4 | CA3 | CA2 | CAL1 | CAOD

Table 4-7-1 List of 16-bit Pulse Width Measure Registers

Register Address Function
TM15MD X'00FEDO' Timer 15 Mode Register
TM15BC X'00FED2' Timer 15 Binary Counter
TM15CA x'00FED4' Timer 15 Capture Register A
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4-8  16-bit Pulse Width Counter Setup

4-8-1 16-bit Pulse Width Measure Counter

Timer 15 is used to measure the pulse width which is input from

TM15IA pin. The pulse width is stored in the TM15CA register. Select

TM15IB input as the clock source. Set the pulse width input from

TM15IA pin to more than the width of the selected clock source. Set the
pulse width input from TM15IB pin to more than BOSC/2.

|
e |
z oA — Twise i
e Lo [PAJ=1— Thasie pin
TM15IA pin —— Pulse Width Counterl

Figure 4-8-1 16-bit Pulse Width Measure Counter Block Diagram

(1) Setthe timer 15 mode register (TM15MD). Select TM15IB pin input as the clock
source. Set counting stop.

TM15MD: x'00FEDO’
15 | 14 | 13 | 12 | 11

S
©
oo
~
o
(6]
N
w
N
[N
o

T™15 TM15{TM15
EN CLK1|{CLKO
0 0 1

(2) Set TM15IA pin and TM15IB pin. By writing x'100' to PSHMD[4:2] flags of the
port 5 mode register H (P5HMD), set P56 pin to TM15IA pin input. The P56
direction control becomes input automatically. Setting the port 5 direction control
register (P5DIR) is invalid.

P5HMD: x'00FFF9'

7 6 5 4 3 2 1 0
P5 | P5 | P5 | PS5 | PS5
HMD4HMD3HMDZHMD1HMDO
1 0 0
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Set PA4 pin to TM15IB pin input by writing '1' to bit 4 of the port A mode register
(PAMD). The PA4 pin direction control becomes input automatically. Setting
the port A direction control register (PADIR) is invalid.

PAMD: x'00FFDC'
7 6 5 4 3 2 1 0

PA | PA | PA | PA | PA
MD4|MD3|MD2|MD1|{MDO

(3) Set TM15EN flag of the TM15MD register to 1. This starts the timer.

TM15MD: x'00FEDO’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

™15 TM15|TM15
EN CLK1|CLKO
1 0 1

Thereafter, the TM15BC counter starts counting up on the rising edge of TM15IB pin
input. The TM15BC counter value is loaded to the timer 15 capture register
(TM15CA) on the rising edge of TM15IA pin. When TM15IA pin rises, clear
TM15BC counter after BOSC 1 clock. This operation allows to store the pulse width,
which is input from TM15IA pin, to the TM15CA register.
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00|[00(00}|101f02}{03{04{05{06|07{00| 01|02} 03{04|05{06|00]{01

TM15BC

TM15CA

TM15IA

TM15IB

Figure 4-8-2 16-bit Pulse Width Measure Counter Timing
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Chapter 5 Serial Interface

5-1 Serial Interface

5-1-1 Overview

The MN102H60G/60K/F60G/F60K contains two serial interfaces with
asynchronous mode, clock synchronous modeZ@hohbde. It also has
three serial interface reserved for clock synchronous mode. The maxi-
mum baud rate in clock synchronous mode is 8.5 Mbps. The maximum
baud rate in asynchronous mode is 28800 bps with a 34-MHz oscillator.
(1228800 bps is possible by setting the oscillation frequency to 19.6608

MHz.)
(Signal from 8-bit Timer) (Signal from 8-bit Timer) (Signal from 8-bit Timer)
Timer 1 underflow Timer 2 underflow Timer 4 underflow Timer 5 underflow  Timer 1 underflow Timer 5 underflow
» > . » SBO4
Transmitter 1 <D SBOO Transmitter 1 <0 SBO2 Transmitter XD
(SDA4)
TXC > TXC || TXC >
SBTO SBT2 (SsBcT&)
RXC [+—] RXC | . RXC [+
Receiver Receiver Receiver
RXD SBIO RXD SBI2 RXD SBI4
Transmitter XD > SBOL Transmitter XD (SSBDOAS:;)
TXC [ TXC [+
SBT1 SBT3
Recei RXC [+—] Rece RXC |+— (SCL3)
eceiver eceiver
RXD [+—— sBI1 RXD |«——SBI3

Figure 5-1-1 Serial Interface Configuration
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Table 5-1-1 Serial Interface Functions

Chapter 5 Serial Interface

Clock Synchronous Mode

Asynchronous Mode

2C Mode

Parity

None, 0, 1, Even, Odd

Character Length

7-bit, 8-bit

Bit Order

LSB first or MSB first(8-bit only,

Clock Source

1/2, 1/8 of timers 1, 2, 4, 5
underflow
External clock

1/8 of timers 1, 2, 4,5
underflow

Maximum Baud Rate

8.5 Mbps
(with a 34-MHz oscillator)

28800 bps
(1228800 bps) *

Error Detection

Parity error
Overrun error

Parity error
Overrun error
Framing error

Master transmissior
and reception arg
possible. ( No star
sequence detectio
function)

Buffers Independent transmit/receive buffers
(single tranmit buffer, double receive buffer)
Interrupts Transmission or reception end interrupt

Serial interface 0

v

Serial interface 1

Serial interface 2

Serial interface 3

Serial interface 4

U B G B NG

* When the oscillation frequency of 19.6608 MHz is selected.

MN102H60G/60K/F60G/F60K
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5-1-2  Control Registers

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

7 6 5 4 3 2 1 0

SCn|SCn|SCn|SCn|SCn|SCn|SCn| SCn
TRB7|TRB6/TRB5 TRB4{TRB3 TRB2|TRB1/ TRBO)|

Reset 0 0 0 0 0 0 0 0

SCnTRB

Transmission starts when the data is written to the SCnTRB register. The CPU reads
the received data by reading the SCnTRB register. During 7-bit data transfer, the
MSB (bit 7) is set to 0. When an interrupt occurs, or the SCnRXA flag of the SCnSTR
register is 1, the CPU can read the SCnSTR register.
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Reset

SCnSTR
7 6 5 4 3 2 1 0
SCn | SCn [ SCn|SCn|SCn|SCn|SCn|SCn
TBY [RBY | ISP |RXA|IST | FE | PE | OE
0 0 0 0 0 0 0 0

Chapter 5 Serial Interface

SCnOE Overrun Error *1

0 No error
1 Error
SCnPE Parity Error *2
0 No error
1 Error
SCnFE Framing Error *3
0 No error
1 Error
SCnIST I2C Start Sequence Detect

(cleared by read or write operation of SCnTRB)

For Serial 0, 1, 2 For Serial 3, 4
0 Reserved (setto 0) | No start sequence detected
1 Start sequence detected
SCnRXA Received Data
0 No received data
1 Received data
SCnISP 12C Stop Sequence Detect
(cleared by read or write operation of SCnTRB)
For Serial 0, 1, 2 For Serial 3, 4
0 Reserved (setto 0) | No stop sequence detected
1 Stop sequence detected

SCnRBY Reception Busy Flag *4

0 Ready to receive

1 Reception in progress

SCnTBY Transmission Busy Flag

0 Ready to transmit

1 Transmission in progress

*1 An overrun error occurs when the next data is received completely before the
CPU reads the received data (SCnTRB). Overrun error data is updated whenever
the last data bit (seventh or eighth bit) is received.

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

*3 A framing error occurs when the stop bit is 0. Framing error data is updated
whenever the stop bit is received.

*4 Do not use the SCnRBY flag to set polling for the received data wait in clock
synchronous mode. Use the interrupt service routine, the serial interrupt flag or the
SCnRXA flag.

MN102H60G/60K/F60G/F60K
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SCnCTR

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

SCn | SCn | SCn | SCn|SCn SCn | SCn | SCn [SCn|SCn|SCn|SCn SCn | SCn

TEN |REN|BRE| IIC | PTL OD | ICM | LN |PTY2|PTY1|PTYO| SB S1| S0
Rest 0 0 0 O O O0 O O 0 O O O O O 0 ©

SCnS[1:0] | Clock Source Selection *
For Serial 0, 1 For Serial 2, 3 For Serial 4
00 SBTn pin SBTn pin SBTn pin
01 Timer 1 underflow (1/8)| Timer 4 underflow (1/8) | Timer 1 underflow (1/8)
10 Timer 2 underflow (1/2)| Timer 5 underflow (1/2) | Timer 5 underflow (1/2)
11 Timer 2 underflow (1/8)| Timer 5 underflow (1/8) | Timer 5 underflow (1/8)

* Some selections cannot be made in each mode (asynchronous/synchronous/I C).
Please refer to list of special registers in appendix for setting. Always select 1/8 of clock
in asynchronous mode.
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SCnSB Stop Bit Selection SBO Output Hold Time
(asynchronous mode) (clock synchronous mode by SBTn pin or
Timer underflow (1/2))
0 1-hit More than BOSC cycles
1 2-hit More than Timer 1 or 4 underflow cycles : SBTn pin
Timer 2 or 5 underflow cycle : Timer underflow (1/2)

SCnPTY[2:0]| Parity Bit Selection

000 None

100 0 (output low)

101 1 (output high)

110 Even (1s are even)

111 Odd (s are odd)

Others Reserved
SCnLN Character Length

0 7-bit

1 8-hit
SCniCM 12C Mode Selection

For Serial 0, 1, 2 For Serial 3, 4

0 Reserved (set to 0) 12C mode off

1 12C mode on
SCnOD Bit Order Selection

0 LSB first

1 MSB first (select only when the character length is 8-bit.)
SCnPTL Protocol Selection

0 Asynchronous mode

1 Clock synchronous mode, 12C mode
SCnllC 12C Start or Stop Sequence Output

For Serial 0, 1, 2 For Serial 3, 4

0 Reserved (set to 0) Stop sequence output when changing from 1 to 0

1 Start sequence output when changing from 0 to 1
SCnBRE Break Transmission

0 Don't break

1 Break
SCnREN Receive Enable

0 Disable

1 Enable
SCnTEN Transmit Enable

0 Disable

1 Enable




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

Chapter 5 Serial Interface

Register Address Function
SCOCTR x'00FD80' Serial 0 Control Register
Serial 0 | SCOTRB x'00FD82' Serial O Transmit/Receive Buffer
SCOSTR X'00FD83' Serial 0 Status Register
SCICTR x'00FD88 Serial 1 Control Register
Seriad 1 | SCITRB X'00FD8A' Serial 1 Transmit/Receive Buffer
SCISTR x'00FD8B' Serial 1 Status Register
SC2CTR x'00FD90' Serial 2 Control Register
Serial 2 | SC2TRB x'00FD92' Serial 2 Transmit/Receive Buffer
SC2STR X'00FD93' Serial 2 Status Register
SC3CTR x'00FD98 Serial 3 Control Register
Serial 3 | SC3TRB X'00FDYA' Serial 3 Transmit/Receive Buffer
SC3STR x'00FD9B’ Serial 3 Status Register
SCACTR X'00FDAOQ' Serial 4 Control Register
Serial 4 | SCATRB x'00FDA2' Serial 4 Transmit/Receive Buffer
SC4STR x'00FDA3' Serial 4 Status Register

MN102H60G/60K/F60G/F60K
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G 5-1-3 Serial Interface Connection

In half-duplex connection mode,
the SBT pin requires a pullup re- [ Clock Synchronous Mode ]

sistor externally or an internal The serial interface can connect using either simplex or duplex synchronous transfer.
pullup resistor.

SBO SBO SBO SBO SBO SBO
\ 3 X ol |2 X 3
‘© ‘© ‘o ‘©
SBI SBI 8 SBI SBI 3 8 SBI SBI 2
o 4 o x
SBT » SBT g SBT » SBT g g SBT < » SBT %
| 5 5| | & 5
Transmit Receive = = E g
Simplex Connection Full-Duplex Connection Half-Duplex Connection

Figure 5-1-2 Synchronous Mode Connections

[ Asynchronous Mode ]
The serial interface can connect using either simplex or duplex asynchronous transfer.

SBO SBO SBO SBO
[3) [
\ g >< <
3] [}
SBI SBI 2 SBI SBI ]
o o
= =
g &
S 5
. I <
Transmit Receive = =
Simplex Connection Full-Duplex Connection

Figure 5-1-3 Asynchronous Mode Connections

[ 12C Mode |

. ial i itters or slave receivers.
The SDA and SCL pins connect The serial interface can connect to slave transmitters or slave receivers

a pullup resistor externally or an
internal pullup resistor by setting %
the register. SDA > 'y 'y
SCL E
Master v v v v
Transmﬂ/ Slave Slave
Receive Transmit/ Transmit/
Receive Receive

Figure 5-1-4 12C Mode Connection
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Table 5-1-3 Baud Rate Setting Example in Asynchronous Mode

When BOSC = 15 MHz

Baud Rate Timer 5 Divisor Timer 4 Divisor Timer 1 Diviso
19200 49 Unused Unused
9600 98 Unused Unused
4800 98 Unused 2
2400 98 Unused 4
1200 781 Unused

600 1562 Unused
300 3125 Unused
Baud Rate = BOSC

16x(Timer Divisor)

Asynchronous Serial Timing Charts
8-bit charater length, no parity, two stop bits

Transmission

SBO |sT[bo[b1[b2][b3[b4|b5[b6[b7]|SP!SP:!

Data write H

TXBUSY L
Transmission | H_

interrupt

Figure 5-1-5 Asynchronous Serial Timing (Transmission)

SBI |sTIbo|b1[b2[b3]b4|b5|b6]|b7]SPiSP!
RXBUSY i

Reception interrupt

RXA

(High when data is received)

Data read

e

Figure 5-1-6 Asynchronous Serial Timing (Reception)
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Synchronous Serial Timing Charts
8-bit charater length, parity

Transmission

TXBUSY I.
]

SBO [b0 [ b1|b2[b3]b4]bs]b6]b7[PTY|
SBT T
Data write I

Transmission
interrupt

Figure 5-1-7 Synchronous Serial Timing (Transmission)

SBI [00[b1[b2[b3[ba]b5][b6[b7[PTY]
st JUuUuUuUuUUuUy
Reception interrupt ﬂ
RXA ‘ ’
(High when data is received) \ h
Data read ﬂ_

Figure 5-1-8 Synchronous Serial Timing (Reception)
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5-2  Serial Interface Setup Examples

5-2-1  Serial Transmission in Asynchronous Mode

This section describes the example of serial interface 3 transmission
asynchronous mode with the following settings:
e Baud rate = 19200 bps ( set transmit clock by timer 5)

[

Use a 8-bit timer to set the trans-

e 8-bit data transmission mit clock.
e two stop bits

. See "5-2-3 Serial Clock Opera-
e 0dd parity tion Example”.

The next data is transmitted when a transmission end interrupt occurs.

PO CORE

=i | [ converer ] 22

Im Interrupt -
Serlal I/F

IEI 8-bit Timer |—>|—|——-——> SBO3 pin

(P3| | 16-bit Timer | |_|

Z

| P5 | |Pu|se Width Counter| -

Figure 5-2-1 Asynchronous Transmission Block Diagram

Data transmission starts when the data is written to the serial 3 transmit/receive buffer
(SC3TRB). The transmission starts synchronizing with timer 5 underflow. When an
interrupt occurs, the SC3TRB register is cleared and then the next data is written to the
SC3TRB register. If polling, the data must be written to the SC3TRB register after
verifying that the SC3TBY flag of the serial 3 status register (SC3STR) is 0.
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Setting the PBMMD to SBO3
output slects the P84 direction to
output. Setting the port 8 1/0
control register (P8DIR) is not
required. P8DIR operates only
when it is used as the port input
or output.

m Port Setting
(1) Set PBMMD[4:2] flags of the port 8 mode control register (PBMMD) to '011". This
setting allows to output SBOO of serial interface.

P8MMD: X'00FFFD'
716 5] 4] 3] 2] 1] o

P8 P8 P8 P8 P8 P8 P8 P8
MMD7|MMD6MMD5MMD4MMD3MMD2|MMD1MMDO

0 0 0 0 1 1 0 0

m Serial Interface Setting

(1) Selecttimer 5 underflow (1/8) as the serial 3 clock source because the transfer base
clock is 1/8 of timer 5. Select asynchronous mode, odd parity, two stop bits, 8-bit
transmission and LSB first bit order. Set the SC3REN and SC3TEN flags of the
serial 3 control register (SC3CTR) to disable and the reserved flags to 0.

SC3CTR: x'00FD98'

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

SC3|SC3|SC3|SC3|SC3| _ |SC3|SC3|SC3|SC3|SC3|SC3|SC3| _ |SC3|SC3
TEN |REN |BRE| IIC | PTL OD |ICM | LN |PTY2IPTY1|PTYO| SB S1 | SO
0 0 0 0 0 0 0 1 1 1 1 1 1 1

(2) Enable serial transmission. To do this, set the SC3TEN flag of the serial 3 control
register (SC3CTR) to 1.

SC3CTR: x'00FD98'

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

SC3|SC3|SC3|SC3|SC3| ~ | SC3|SC3|SC3|SC3|SC3|SC3|SC3| _ |SC3|SC3
TEN |REN |BRE| IIC | PTL OD [ICM | LN [PTY2|PTY1|PTYO| SB S1 | SO
1 0 0 0 0 0 0 1 1 1 1 1 1 1

(3) Enable interrupts after clearing all existing interrupt requests. At the same time,
set the interrupt level. Thereafter, a serial transmission end interrupt occurs when
the data transfer ends.

SC3TICL: x'00FC9C'

7 6 5 4 3 2 1 0

} ) _o[sc3T| ) _|SC3T
IR ID
0 0
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SC2TICH: x'00FC98'

SC3TICH: x'00FC9D'

Chapter 5 Serial Interface

The interrupt level is 5 in this ex-

7 6] 5] 4 3 0 71 6] 5] a] 3] 2] 1] o ample.
SC2T|Sc2T|scaT scaT scaT
LV2|LV1|LVO IE IE
1 0 1 0 0 o 0 o0 o0 o0 o0 1

(4) Load the first transfer data to the serial 3 transmit/receive register (SC3TRB).

Once the data is loaded to the SC3TRB register, transmission starts synchronizing
with timer 5.

(5) Execute the interrupt service routine when a serial transmission end interrupt oc-

curs. The interrupt service routine determines the interrupt group and vector and
clears the SC3TIR flag.

(6) Write the next data. After the data is written, transfer starts in 1 - 2 cycles of the

transfer base clock (timer 5 underflow).

Figure 5-2-2 illustrates the timing of asynchronous transmission.

Timer 5 underflow

scatRBwie [\
seos s /oErlezlmalmal B elErlprisPse | |stibolariozloslor
merptreuest | b b
memuptrouine | |1 L B
S T T B L S

Figure 5-2-2 Serial 3 Asynchronous Transmission Timing
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Chapter 5 Serial Interface

5-2-2  Serial Reception in Synchronous Mode

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

e LSB first bit order

e 8-bit data transfer

e 0dd parity

The data is received when a serial reception end interrupt occurs.

PO CORE
— | [0 Coverer -

«——— SBIO pi
L R | L
[P2] 8-bit Timer  Arc |*-
| P3| | 16-bit Timer | _ |_|
| P5 | h:’ulse Width Counter| -

Figure 5-2-3 Synchronous Reception Block Diagram
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Chapter 5 Serial Interface

In synchronous mode, the data input from the SBIn pin is received synchronizing with
the SBTn pin and the received data is stored into the serial n transmit/receive buffer
(SCnTRB). The SBTn clock is generated in transmitter or receiver. When the SBTn
clock is generated in transmitter, the clock is transferred to the receiver through the
SBTn pin as soon as the transmitted data is written to the SCnTRB register. On the
other hand, when the SBTn clock is generated in receiver, the dummy data must be
written to the SCnTRB register in the receiver after writing the transmitted data into
the SCnTRB register in the transmitter. The reason for the dummy data requirement is
because the clock is generated as soon as the data is written to the SCnTRB register.

(1) Generate SBTn Clock in Transmitter

Write transmitted data

SCnTRB

Read received data

Write transmitted data

SCnTRB

> »| SCnTRB
SBOn SBIn
Clock Generationr SBTn SBTrT
Transmitter Receiver
(2) Generate SBTn Clock in Receiver
Read received data after
writing dummy data
- > » SCnTRB
SBOnN SBIn
'SBTn SBTn | Clock Generation

Transmitter

Receiver

Figure 5-2-4 Clock Generation in Synchronous Reception

MN102H60G/60K/F60G/F60K
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m Port 7 Setting

(1) Set P7LMDI[2:0] flags and P7LMDI[4:3] flags of the port 7 mode register
(P7LMD) to '001' and '01' respectively. This setting allows to input SBTO and
SBIO of serial interface.

P7LMD: x'00FFFA’

7 6 5 4 3 2 1 0

Ppr|Pr|Pr|PT|PT|PT|PT|PT
LMD7LMD6LMD5LMDALMD3LMD2LMDILMDO

0 0 0 0 1 0 0 1

m Serial Interface 0 Setting

(1) Set the operating conditions in the serial 0 control register (SCOCTR). Select
SBTO pin as the clock source, 8-bit data transfer, odd parity, and reception enable.
Set the reserved flags of the serial O control register (SCOCTR) to O.

SCOCTR: x'00FD80'

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

SCO | SCO | SCO |reser|reser| | SCO |reser | SCO|SCO|SCO|SCO|SCO| _ |SCO|SCO
TEN |REN | BRE | ved | ved OD | ved | LN |PTY2|PTY1|PTYO| SB Sl | SO
0 1 0 0 0 - 0 0 1 1 1 1 0 - 0 0

(2) Enable interrupts after clearing all existing interrupt requests. At the same time,
set the interrupt level. Thereafter, a serial reception end interrupt occurs when the
data transfer ends.

SCORICL: x'00FC92'

7 6 5 4 3 2 1 0

) scor| | | _ [|scor
IR ID
0 0

SCORICH: x'00FC93'

7 6 5 4 3 2 1 0

Thereafter, an interrupt occurs when the serial data is received.
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5-2-3  Serial Clock Operation Example

This section describes how to set 19200 bps transfer clock for asynchro-
nous serial interface by using timer 0 and timer 5 to divide BOSC/2 by
98. In this example, select 1/8 as the serial clock source and 8 times of
baud rate as the transfer clock.

The serial Interface determines the baud rate with the 8-bit timer underflow. Select the
transfer clock to make the timer 5 underflow twice or eight times of the baud rate. The
serial interface divides the timer underflow by 2 or 8. (Always select 1/8 in asynchro-
nous mode.) For a baud rate of 19200 bps, since BOSC/2 = 15 MHz with a 30-MHz
oscillator,

15 MHz/98/8 = 19132.65 bps

This means the timer 5 underflow is divided by 98.
In this example, timer 0 is divided by 49 and timer 5 by 2.

PO CORE

(=0 |
P1 | Interrupt | P7
73] [ e
|E| 8-bit Timer ATC
P3 16-bit Ti P9
73] [ Lo Tmer ] =
'
|P5| [Pulse width Counter]

Figure 5-2-5 Serial Clock Block Diagram

Table 5-2-1 Transfer Clock Setup Example

Transfer Clock o - .
Satting Examples Divisor at 30 MHz Divisor Setting Method

38400 bps 49 Set divisor of 49 using timer 5.
Set divisor of 98 using timer 5.

19200 bps 98 Set divisor of 49 using timer 0 and divisor
of 2 using timer 5.
Set divisor of 196 using timers 4 and 5.

9600 bps 196 Set divisor of 49 using timer O and divisor
of 4 using timer 5.

MN102H60G/60K/F60G/F60K
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Chapter 5 Serial Interface

This setting is unnecessary after
areset.

Setting TMOEN and TMOLD to O
is required between (3) and (4)
in the bank address version and
the linear address version, but
this setting is not required in the
linear address high-speed ver-
sion.

(

Do not change the clock source
once you have selected it.
Selecting the clock source while
setting the count operation con-
trol will corrupt the value in the
binary counter.

m Timer O Setting
(1) Settimer O counting stop with the timer 0 mode register (TMOMD).

TMOMD: x'00FE20'

7 6 5 4 3 2 1 0

TMO|TMO TMO|TMO
EN | LD Sl | SO
0

(2) Setthe timer O divisor. Since timer 0 divides BOSC/2 by 49, set the timer O base
register (TMOBR) to 48 (x'30"). (The valid range for TMOBR is O to 255.)

TMOBR: x'00FE10'
7 6 5 4 3 2 1 0

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

0 0 1 1 0 0 0 0

(3) Load TMOBR value to the timer O binary counter (TMOBC). At the same time,
select BOSC/2 as the clock source.

TMOMD: x'00FE20'
7 6 5 4 3 2 1 0

TMO|TMO TMO|TMO
EN | LD Sl | SO
0 1 0 0

(4) Set TMOLD and TMOEN of the TMOMD register to 0 and 1 respectively. This
starts the timer. Counting begins at the start of the next cycle.

When the timer O binary counter reaches 0 and loads the value 1 from the timer O base
register at the next count, a timer 0 underflow interrupt request will be sent to the CPU.
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m Timer 5 Setting

(5) Settimer 5 counting stop with the timer 5 mode register (TM5MD).

TMS5MD: x'00FE25'

7 6 5 4 3 2 1 0
TM5|TM5 TM5| TM5
EN | LD S1 | SO
0

Chapter 5 Serial Interface

This setting is unnecessary after
areset.

(6) Set the timer 5 divisor. Since timer 5 divides BOSC/2 by 2, set the timer 5 base

register (TM5BR) to 1. (The valid range for TM5BR is O to 255.)

TMS5BR: x'00FE15'

7

6

5

TM5
BR7

TM5
BR6

TM5
BR5

TMS
BR4

TMS
BR3

T™MS5
BR2

T™M5
BR1

T™M5
BRO

0

0

0

0

0

0

0

1

(7) Load TM5BR value to the timer 5 binary counter (TM5BC). At the same time, Setting TM5EN and TM5LD to 0

select the timer 0 underflow as the clock source.

TM5MD: x'00FE25'

7 6 5 4 3 2 1 0
TM5|TM5 TM5| TM5
EN | LD S1 | SO
0 1 0 1

is required between (7) and (8)
in the bank address version and
the linear address version, but
this setting is not required in the
linear address high-speed ver-
sion.

«

(8) Set TM5LD and TM5EN of the TM5MD register to 0 and 1 respectively. This

starts the timer. Counting begins at the start of the next cycle.

Do not change the clock source
once you have selected it.
Selecting the clock source while

When the timer 5 binary counter reaches 0 and loads the value 1 from the timer 5 ba&iting the count operation con-
register at the next count, a timer 5 underflow interrupt request will be sent to the CPUTOI will corrupt the value in the

binary counter.

The serial interface operates synchronizing with the timer 5 underflow output.
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soscz LIy yyyyyyy

TMOBR [ 00 [40; 5 L : |

\ 1\ i A\ i A\ A\ A\ A\ A\ A\ A\
T™MoBC | 00 : | 40 j00]40//00]40/00]40/00]40//00]40//00]40//00]40//00]40//00]40//00]40]
T . \ \ L\ YR\ \U \U \U \C \U \C
TMO output L e T fF fF f f1 fLfL fL
TM5BR [ 00 | 01 |
TM5BC | 00 | o1 | oo [ o1 [ oo | o1 | oo [ o1 | 00 |
N | N | \ v v v
Timer 5 underflow 1 £ 1 F1

(to serial I/F) N : N :

22 means the omission.

Figure 5-2-6 Serial Clock Timing
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Chapter 5 Serial Interface

5-2-4 [2C Transmission

This section describes thi€ltransmission using the serial interface 3.
Master transmission is operated using SDA3 and SCL3 pins.

m [nitial Setting
(1) Setthe SDA and SCL pins to open drain with the port 8 mode control registers
(PB8MMD, P8LMD).

P8MMD: x'00FFFD' P8LMD: x'00FFFC'

7] 6] 5] 4] 3] 2] 1] o 7] 6] 5] 4] 3] 2] 1] o
P8 | P8 | P8 | P8 | P8 | P8 | P3| P8 | | | Pe| || P rs
MMD7|MMD6{MMD5MMD4|MMD3MMD2MMD1{MMDQ LMD4|LMD3|LMD2(LMD1|LMDO
0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0

(2) Set the serial 3 control register (SC3CTR). Select 8-bit character |led@th, | ACK s setby the parity bits. To

. o L output '1' to ACK, select 1 by the
protocol, FC mode on. The parity bit is set to 1 to enable both transmission and put - Y
parity bits. To output '0' to ACK,

reception enable flags, disable the break and set the ACK output to 1. select 0 by the parity bits. To
output none to ACK, select none
SC3CTR: x'00FD98' by the parity bits.
5|14 [13|12|12[10] 9| 8] 7] 6| 5| 4] 3| 2| 1] 0
SC3|SC3|SC3|SC3(SC3| _ |SC3|SC3|SC3|SC3|SC3|SC3(SC3| | SC3|SC3
TEN |REN|BRE| IIC | PTL OD [ICM | LN |PTY2|PTY1/PTYO| SB Sl | so
1 1 0 0 1 1 1 1 1 0 1 o0 0o 1

m Start Sequence Transmission
(3) Write 1 to theaC sequence output flag (SC3IIC) of the SC3CTR register. This Enabling transmission detects
sets the SDA3 pin output to low. When the start sequence occurs correctly, thte?e start sequence.
I2C detection flag (SC3IST) of the serial 3 status register (SC3STR) becomes 1.
The arbitration lost detection cannot be performed even though the start sequence
exists.

m Data Transmission 1

(4) Load the data to the serial 3 transmit/receive buffer (SC3TRB). This allows the
data to output. The SDA3 pin output changes with a 1/8 cycle delay of the falling
edge of the SCL3 pin output.

(5) After transmission ends, SDA3 pin output and SCL3 pin output stay low.
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m Data Transmission 2
(6) Load the data to the serial 3 transmit/receive buffer (SC3TRB) if the next data is
transmitted continuously.

m Stop Sequence
(7) Write 0 to the SC3IIC flag of the SC3CTR register to end the data transmission.
Do not write during transmission.

(8) Setthe SCL3 pin output to high as soon as the SC3IIC flag is written. One cycle
later, set the SDA3 pin output to high to start the stop sequence transmission. The
SC3ISP flag of the SC3STR register becomes 1. (Reception must be enabled to
detect the stop sequence.) Clear the SC3IST and SC3ISP flags of the SC3STR
register by writing to or reading from the SC3TRB register.

12C sequence
output bit L
Write to SC3TRB [ ¢ [ ¢
SDA3 pin output | '[07[b6[b5[b4[b3]b2[b1[b0]ACK| §|b7|be|b5|b4|b3|b2|b1|bo|ACK|_ -
' Transmission H Transmission
interrupt request i interrupt reques
SCL3 pin output

START detection bit =1 | . STOP detection bit =1

Start sequence transmission  Data Transmisssion 1 Data Transmission 2 Stop bit output

Figure 5-2-7 Master Transmission Timing (With ACK)
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5-2-5  12C Reception

This section describes th&lreception using the serial interface 3.
Master reception is operated using SDA3 and SCL3 pins.

To enter the master reception mode, the first 1 byte must be transmitted during master
transmission. Therefore, master reception is performed during the interrupt service
routine which runs after the data has been transferred. Please refer to '"%2-4 |
Transmission" for master transmission.

m [nitial Setting

Chapter 5 Serial Interface

(1) Enable the reception enable flag (SC3REN) of the serial 3 control registeiThis step is not required when

(SC3CTR) during the serial transmission end interrupt service routine.

reception is enabled by the initial

setting.

SC3CTR: x'00FD98'
15|14 13|12 | 11| 10| 9 8 7 6 5 4 3 2 1 0

This step can be omitted if it is
the same setting in transmis-

SC3|SC3|SC3|SC3|SC3| _ |SC3|SC3|SC3|SC3|SC3|SC3|SC3| _ |SC3|SC3 sion.
TEN |REN |BRE | IIC | PTL OD |ICM | LN |PTY2[PTY1PTYO| SB S1 | SO
0 1 0 0 1 1 1 1 1 0 1 0 0 1 ACK is set by the parity bits. To

output '1' to ACK, select 1 by the
parity bits. To output '0' to ACK,
select O by the parity bits. To
m Data Reception output none to ACK, select none

(2) Load the dummy data x'FF' to the serial 3 transmit/receive buffer (SC3TRB). Thidy the parity bits.

starts master reception by setting SDA3 pin output to high.

(3) Retrieve the data by reading the SC3TRB register during the serial reception inter-
rupt service routine. (A serial transmission end interrupt can be served as a serial
reception end interrupt.)

(4) Load the dummy data x'FF' to the SC3TRB register if the next data is received
continuously.
m Stop Sequence

(5) Write 0 to the SC3IIC flag of the SC3CTR register to start the stop sequence.

(6) The stop sequence output makes the data reception in progress. After the stop
sequence is output, disable the reception enable flag and initialize the reception.
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210

I°C sequence
output bit

Write to SC3TRB

[ 9

SDA3 pin output |

{[67]b6]b5[b4[b3]b2]b1[bOJACK]

Dummay data transmission for reception

[b7]b6]b5[ba[b3][b2]b1[b0]ACK] |

SCL3 pin output

START detection bit =1

MN102H60G/60K/F60G/F60K

Transmission
interrupt request

Transmission
interrupt request

| L | STOP detection bit =1

Data Transmission ~Reception Setting Data Reception Stop sequence

Figure 5-2-8 Master Reception Timing
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6-1  Summary of A/D Converter

6-1-1 Overview

The MN102H60G/60K/F60G/FE60K contains a 10-bit charge redistribu-
tion A/D converter which processes up to 8 channels. Using the clock
selection bits, the clock source for A/D converter is selected to BOSC/2,
BOSC/4, BOSC/8 or BOSC/16. When BOSC is 34 MHz, the clock
source must be set to BOSC/8 (conversion time =3s29r higher.

The voltage between Vref+ and Vref- must be input to each analog input pin. Set the
voltages of Vref+ pin and Vref- pin as follows:
Vss< Vref- < Vref+< Vop

Vref+ l
ANO — ™ ! ANOBUF
ANl —— M 3 AN1BUF
AN2 —————™ 110-bit AN2BUF
AN3 ™ U | g/ isuccessive- AN3BUF
AN4 1approximation AN4BUF
ANs ——| X 'ADC AN5BUF
AN ——— 3 AN6BUF
AN7 ————*> . AN7BUF
Vref- T

Figure 6-1-1 Analog Interface Configuration

m Notices When Using A/D Converter

(1) Set the impedance of the analog signal for A/D conversion @@ less.

(2) If the impedance of the analog signal cannot be set@a less, 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.

(3) To prevent the power potential fluctuation, do not change the chip output level
from high level to low level or vice verse, or do not switch the peripheral load
circuit on/off during A/D conversion.

Equivalent Circuit Block
Outputs Analog Signal

_____________________________

—V\V\ : I ! AD Input Pin

e (AVss) GO T L EE R
R < 8 kQ Or C = 2000 pF

MN102H60G/60K/F60G/F60K

Connect to Vss in the chip model
which has no AVss.
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Table 6-1-1 A/D Converter Functions

Feature Description

Sample and Hold Built-in

Conversion Resolution 10-bit
The A/D converter converts the voltage between Vref+ and Vref- divided into 1024,

and this converted result is stored in ANNBUF.

Conversion Time 2.8us or more per channel, 3.A8 per channel with a 34-MHz external oscillator
Clock Source Internal Clock BOSC divided by 2, 4, 8, 16
Operating Mode 30 operating modes:

Single conversion of channel 0 to n (n=1to 7)
Single conversion of channel m (m=0 to 7)
Continous conversion of channel 0 to n (n=1to 7)
Continous conversion of channel m (m=0 to 7)

Converstion Start Timer 3 underflow or register setting

Interrupts An interrupt occurs each time the conversion sequence ends

m Selecting the A/D Converter Clock Source
The A/D converter clock source is selected to BOSC/2, BOSC/4, BOSC/8 or BOSC/
16 as the A/D conversion time is 218 or more at 10-bit resolution and p<glor more
at 8-bit resolution.
Calculate the A/D conversion time as follows:
Conversion time (s) (10-bit resolution) = [¥BOSC cycle/Clock Source]/ch
Conversion time (s) (8-bit resolution) = [¥ZBOSC cycle/Clock Source]/ch
For example, when the A/D converter clock source is selected to BOSC/8, the conver-
sion time is BOS&112 cycles (10-bit resolution). Figure 6-1-2 shows the A/D Con-
verter timing.

Generate an interrupt
Write to register

ol
Transfet

State —D SIH [] bp9 | bps | bp7 | bp6 | bp5 | bp4 | bp3 [ bp2 | bp1 [bpo
! : In continous conversion mode

; ; [T s Lo
A/D Converter ‘ ‘ ‘
meecon| L U U U U U UL

14 Cycles

Figure 6-1-2 A/D Converter Timing

Therefore, select the A/D converter clock source as follows:

[Clock Source< 5 MHz/BOSC frequency]
For example, select BOSC/8 or BOSC/16 with a 30-MHz external oscillator since
Clock Sources 5 MHz/30 MHz.
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m Single Channel/Single Conversion Timing

When the operating mode selection bits (ANMD[1:0]) are set to single channel/single
conversion, the A/D converter converts one AN input signal once. An interrupt occurs
when the conversion ends. The number of channel to be converted is set to the channel
selection hits (AN1CHJ[2:0]). (ANNCH][2:0] are ignored.)

When the software starts the conversion, write 0 and 1 to the timer conversion start
flag (ANTC) and the conversion start/execution flag (ANEN) of the A/D converter
control register (ANCTR) respectively. When ANTC=1, the ANEN flag becomes 1 at
timer 3 underflow. The ANEN flag remains 1 during the conversion and clears 0 when
the conversion ends.

Interrupt request |_|

Nch
State conversion
ANEN

Figure 6-1-3 Single Channel/Single Conversion Timing
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m Multiple Channels/Single Conversion Timing

When the operating mode selection bits (ANMD[1:0]) are set to multiple channels/
single conversion, the A/D converter converts consecutive AN input signals once. An
interrupt occurs when the conversion sequence ends. The channel selection bits
(AN1CH]J[2:0]) are set to channel 0 and the number of the final channel to be converted
is set to ANNCHJ[2:0]. The conversion always starts with channel 0.

When the software starts the conversion, write 0 and 1 to the timer conversion start
flag (ANTC) and the conversion start/execution flag (ANEN) of the A/D converter
control register (ANCTR) respectively. When ANTC=1, the ANEN flag becomes 1 at
timer 3 underflow. The ANEN flag remains 1 during the conversion and clears 0 when
the conversion ends. AN1CHJ[2:0] show the number of channel being converted and
they clear to 0 when the conversion sequence ends.

Start

Stop

Interrupt request |_|

och 1ch 2ch |
State onverSionLonversionLonversion|

Figure 6-1-4 Multiple Channels/Single Conversion Timing
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m Single Channel/Continuous Conversion Timing

When the operating mode selection bits (ANMDJ[1:0]) are set to single channel/con-
tinuous conversion, the A/D converter converts one AN input signal continuously. An
interrupt occurs when the conversion ends. The number of channel to be converted is
set to the channel selection bits (AN1CH[2:0]). (ANNCH][2:0] are ignored.)

When the software starts the conversion, write 0 and 1 to the timer conversion start
flag (ANTC) and the conversion start/execution flag (ANEN) of the A/D converter
control register (ANCTR) respectively. When ANTC=1, the ANEN flag becomes 1 at
timer 3 underflow. The ANEN flag remains 1 during the conversion. To end the
conversion, write 0 to the ANEN flag.

Interrupt request |_| |_| |_| |_|
State 4| Neh
conversion

Nch |
conversion

Nch
conversion

Nch
conversion

Nch
conversion

Figure 6-1-5 Single Channel/Continous Conversion Timing
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m Multiple Channels/Continuous Conversion Timing

When the operating mode selection bits (ANMD[1:0]) are set to multiple channels/
continuous conversion, the A/D converter converts multiple, consecutive AN input
signals continuously. An interrupt occurs when the conversion sequence ends. The
channel selection bits (AN1CH[2:0]) are set to channel 0 and the number of the final
channel to be converted is set to ANNCH[2:0]. The conversion always starts with
channel 0.

When the software starts the conversion, write 0 and 1 to the timer conversion start
flag (ANTC) and the conversion start/execution flag (ANEN) of the A/D converter
control register (ANCTR) respectively. When ANTC=1, the ANEN flag becomes 1 at
timer 3 underflow. The ANEN flag remains 1 during the conversion. To end the
conversion, write 0 ti the ANEN flag. AN1CHJ[2:0] show the number of channel being
converted and they clear to O when the conversion sequence ends.

Start J
Stop |_|

Interrupt request |_| |_|
Och Och
State 4| conversion conversion
ANEN

Figure 6-1-6 Multiple Channels/Continous Conversion Timing

1ch
conversion

2ch
conversion

Och
conversion

1ch
conversion

2ch
conversion
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AN4
AN5
ANG
AN7

BOSC

xXcZ

—O/O—

L
:I 512|256 (12864 |32 |16 [8 |4 |2 |1

=

I
FAA b g

A4

Vref+

Vref-

Shift register for state information

Divider

ANCTR

[T 1 [T 1 I I
ANNCH ANLICH [AN|ANIAN ANCK | ANMD
L 1| L1 | |ENJTepFe | |

T T T T

| J J ANNBUF
| Comp | | INC | | Interrupt | Data registers
Eight 10-bit registers

MN102H60G/60K/F60G/F60K

A/D interrupt request

Figure 6-1-7 A/D Converter Block Diagram
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6-1-2  Control Registers

The A/D converter contains the A/D converter control register
(ANCTR) and the A/D conversion data buffers (ANNnBUF) corre-
sponded to AN7 pin to ANO pin.

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

ANn | ANn | ANn | ANn | ANn | ANn | ANn | ANn | ANn | ANn ANNBUE
BUF | BURS | BUF7 | BUF6 | BUFS | BUM | BUF3 | BUR2 | BUFL | BUFO

Rest: 0 0 0 0 0 0 Unddfine tUndefinedUndefinedUndfinedlUndfinedUndfinedUndefinedUndfinedUndfinedUndefined

At 8-bit resolution, the ANnNBUF[7:0] bits hold the data and the ANnBUF[9:8] bits
become 0. At 10-hit resolution, the ANnBUF[9:0] bits hold the data. At reset the data
is undefined.
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ANCTR: x'00FF00’

Reset:

220

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AN [ AN | AN AN | AN [ AN [ AN | AN | AN AN [ AN | AN | AN
NCH2INCH1NCHO 1CH2|1CH1|1CHO| EN | TC |DEC CK1 [ CKO (MD1 | MDO

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MN102H60G/60K/F60G/F60K

ANMD Operating Mode Selection
[1:0]
00 Single channel, single conversion
01 Multiple channels, single conversion
10 Single channel, continuous conversion
11 Multiple channels, continous conversion
ANCK Clock Source Selection
[1:0]
00 BOSC/2
01 BOSC/4
10 BOSC/8
11 BOSC/16
ANDEC |A/D Converter Resolution
0 8-bit
1 10-bit
ANTC Conversion Start at Timer 3 Underflow
0 Disable
1 Enable
ANEN Conversion Start/Execution Flag
0 No conversion
1 Conversion in progress
AN1CH | Channel Selection
[2:0] for Single Channel Conversion
000 Convert ANO
001 Convert AN1
010 Convert AN2
011 Convert AN3
100 Convert AN4
101 Convert AN5
110 Convert AN6
111 Convert AN7
ANNCH | Channel Selection
[2:0] for Multiple Channel Conversion
000 Convert ANO
001 Convert from ANO to AN1
010 Convert from ANO to AN2
011 Convert from ANO to AN3
100 Convert from ANO to AN4
101 Convert from ANO to AN5
110 Convert from ANO to AN6
111 Convert from ANO to AN7




Table 6-1-2 List of A/D Converter Control Registers

Regser Address RW Function
ANCTR X'00FF00' R/W A/D Converter Control Register
ANOBUF x'00FF08' R A/D 0 Conversion Data Buffer
ANI1BUF x'00FFOA' R A/D 1 Conversion Data Buffer
AN2BUF X'00FFOC' R A/D 2 Conversion Data Buffer
AN3BUF x'00FFOE' R A/D 3 Conversion Data Buffer
AN4BUF X'00FF10' R A/D 4 Conversion Data Buffer
AN5BUF X'00FF12' R A/D 5 Conversion Data Buffer
ANGBUF x'00FF14' R A/D 6 Conversion Data Buffer
AN7BUF X'00FF16' R A/D 7 Conversion Data Buffer

Chapter 6 Analog Interface
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The P46 direction is always set
to input regardless of the PADIR
value.

6-2  A/D Converter Setup Examples

6-2-1  Single Channel A/D Conversion

The ANG pin inputs an analog voltage (Vref- to Vref+) and obtains the
10-bit A/D conversion results.

MN102H60G/60K/F60G/FE0K

Vref+ ----mmmmmmmmm e
— | Pas
Vref--mmmmmmmm e e
Figure 6-2-1 Analog Voltage Input Example
CORE
vt
N =] Ve
ANG6 (P46) —= 8-bit PWM PA
ROM, RAM
|Pu|se Width Counter|

Figure 6-2-2 Single Channel A/D Conversion Block Diagram

m Port Input and A/D Converter Setup
(1) Set ANG6 pin (P46) of the port 4 to ANG6 input using the PAHMD register.

(2) Set the operating conditions in the A/D converter control register (ANCTR). Se-
lect single channel/single conversion mode by setting ANMD[1:0] to 00, BOSC/8
as the clock source by setting ANCK][1:0] to 10, and 10-bit conversion resolution
by setting ANDEC to 1. Set the conversion start/execute flag (ANEN) to 0 and
AN1CHI[2:0] bits to the number of channel to be converted.

ANCTR: x'00FF00'

15|14 | 13| 12 | 11

o
©
®
~
o
o
IN
w
N
[
o

| AN | AN | AN _ | AN | AN | AN | AN [ AN | AN | | AN | AN | AN | AN
NCH2INCH1|NCHO 1CH2|1CH1|1CHO| EN | TC |DEC CK1|CKO|MD1{MDO

0 0 0 0 0 1 0 0 0 1

=
o

1 0 0 0
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(3) Setthe ANEN flag to 1 to start conversion. Conversion begins on the first rising
edge of the A/D converter clock after the ANEN flag is set. The conversion time
is 14 cycles of the A/D converter clock (378 3.73us to 4.0us after the ANEN
flag is set).

(4) Wait for conversion to end. The ANEN flag is 1 during the conversion and is
cleared to O when the conversion is completed. The program waits until the
ANEN flag becomes 0.

(5) Read the ANG6 conversion data buffer (AN6BUF). The converter divides the volt-The CPU can read the result
age between Vref- and Vref+ into 1024, and the conversion result is a value fronyalue by generating an interrupt.
0to 1023. In this case, the program does

not need to wait until the ANEN

flag is O because an interrupt
occurs after the result data is
stored in the AN6BUF register.

ANG6BUF: x'00FF14'
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

ANG | AN6 | AN6 | ANG | ANG | AN6 | ANG | AN6 | ANG | AN6
BUF9|BUF8|BUF7|BUGF|BUF5|BUF4(|BUF3|BUF2|BUF1|BUFO

ANCTR Setup _L

ANEN
State ANG6 Conversion in Progress —
Conversion Clock
1:2:13:4:5:6 12 113 | 14 i
ANG6BUF VA!_ID

Interrupt /Vl

Figure 6-2-3 Single Channel A/D Conversion Timing
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6-2-2 Three Channel A/D Conversion

The ANO, AN1 and AN2 pins input analog voltages (Vref+ to Vref-)
and the A/D converter converts 8-bit data. The conversion occurs peri-
odically (when timer 3 underflows).

Slider 1 Slider 2 Slider 3
10 10 10
5 5 5
0 0 0
A4 \ 4 \ 4
cho chl ch2

o

AID C ion Data Buff
: onversion Data butrers MN10200

Underflow CPU Core

Timer 3

Figure 6-2-4 3-channel A/D Conversion Configuration

ETC

ROM, RAM
| P5 | |Pu|se Width Counter|

PO CORE

| | | | AID Converter [= Vref+
Vref-

P2 8-bit Ti AN2 (P96)
| | | — | ATC AN1 (P95)
(P3| [ 16-bit Timer | [P |~ ANO (P94)

Figure 6-2-5 3-channel A/D Conversion Block Diagram
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m Port Input and A/D Converter Setup
(1) Set ANO, AN1 and AN2 pins (P94, P95 and P96) of the port 8 to input using the
POHMD register.

POHMD: x'00FFED'
7 6 5 4 3 2 1 0

PO | PO | PO | PO | PO | PO | PO | PO
MD7|MD6|MD5|MD4|MD3|MD2|MD1|{MDO

0 0 0 1 1 1 0 0

(2) Set the operating conditions in the A/D converter control register (ANCTR). Se-
lect multiple channel/single conversion mode, BOSC/8 as the clock source, and 8-
bit conversion resolution. Set the conversion start/execute flag (ANEN) and the
ANTC flag to 0 and 1 respectively. Set the AN1CH[2:0] flags to channel O and
the ANNCH]J[2:0] flags to the number of the final channel to be converted (2 in this
example).

ANCTR: x'00FF00'
15|14 | 13| 12| 11 | 10 9 8 7 6 5 4 3 2 1 0

AN | AN | AN _ | AN | AN [AN | AN | AN |AN| | AN | AN | AN | AN
NCH2INCH1|NCHO 1CH2[1CH1|1CHO| EN | TC |DEC CK1|CKO|MD1|MDO

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

m A/D Conversion Interval Setup
(3) Set the divisor for timer 3. To divide BOSC/2 by 256, write 255 to the timer 3 base
register (TM3BR). (The valid range is 0 to 255.)

TM3BR: x'00FE13'
7 6 5 4 3 2 1 0

TM3|TM3|TM3| TM3| TM3|TM3 | TM3| TM3
BR7 | BR6 | BR5 | BR4| BR3 | BR2 | BR1 | BRO

1 1 1 1 1 1 1 1

(1

(4) Load the value of the TM3BR register to the timer 3 binary counter (TM3BC).

Do not change the clock source.
Selecting the clock source while

TM3BR: x'00FE13'
7 6 5 4 3 2 1 0

controlling the count operation
will corrupt the value in the bi-

TM3|TM3| ) ) | TM3|TM3 nary counter.
EN | LD S1 | SO
0 1 0 0

MN102H60G/60K/F60G/F60K
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(5) Set TM3LD and TM3EN of the TM3MD register to 0 and 1 respectively. This
starts the timer. Counting begins at the start of the next cycle.

When the timer 3 binary counter reaches 0 and loads the value 255 from the timer 3
base register at the next count, a timer 3 underflow interrupt request will be sent to the
CPU. The A/D converter converts each ANO to AN2 a single time at timer 3
underflow.

Timer 3 H H
underflow
Conversion 4{ cho | chl | ch2 }—{ ch0 | chi | ch2 }7
Interrupts /V‘ //4

Figure 6-2-6 3-channel A/D Conversion Timing
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7-1  Summary of ATC

7-1-1 Overview

The MN102H60G/60K/F60G/F60K contains an automatic transfer
control (ATC). The ATC has four channels to transfer the data between
the memory spaces. The time required from the data transfer request
until the data transfer end is the total of the bus acquisition and the data
transfer time.

However, the transfer source and the data transfer destination cannot be
used as DRAM set external memory space.

The data transfer time changes depending on the number of waits in the transfer source
and the transfer destination. The time required for bus acquisition is a minimum of
1.75x internal operating cycle(s) after the ATC receives a data transfer request. For

example, if the internal operating cycle is 58.8 ns (with a 34-MHz external oscillator),
the time for bus acquisition is 102.9 ns.

Internal Ogerating Cycle

P

Data Transfer Request J

Bus Acquisition

Bus Acquisitipn

Figure 7-1-1 ATC Bus Acquisition Timing

After bus is acquired, the time required for the data transfer is calculated as follows:
(4+Ws+Wd)x m x internal operating cycle(s)
where m: the number of data transfer words
Ws: the number of waits in the source
Wd: the number of waits in the destination

After the transfer ends, an ATC transfer end interrupt occurs. ATC does not accept an
interrupt except NMI during transfer, but ATC accepts an interrupt after the transfer
ends. When NMI occurs during transfer, ATC stops the transfer and executes the
interrupt service routine.

The bus acquisition priority is as follows:

ATCO > ATC1 > ATC2 > ATC3 > CPU
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Table 7-1-1 ATC Functions
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Mode Operation Memory Operation by ATC Transfer
Main ATC Interrupt
Program Transfer Program
o
c g \/\
= g Interrupt
=3 [
g | = [ ] —}
1o} o
% s |\ Interrupt program
= S is activated only
N ﬁ when the last transfer
c ends. N
O
Main ATC Interrupt
B Program Transfer Program
>
@
= ~"" ) ~"" )
(o))
£
3 2
- =]
o @ #
@ Interrupt
E Interrupt program
< is activated only I~ I~
g when the transfer
ends.
Main ATC Interrupt
Program Transfer Program
3
] ~"" )
[
Q o
E =
el
e | 5 Mo —) [ ]
5 s
k7 g
s | &
= © I~
« c
= o
a)

Interrupt program activation can be set optionally.

shows one instruction.
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7-1-2  Control Registers

The ATC contains the ATC control registers (ATnCTR) and the ATC
transfer word count registers (ATNCNT), the source address pointers
(ATnSRC) and the destination address pointers (ATnDST).

ATnCTR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ATn [ ATn | ATn | ATn [ ATn | ATn | ATn | ATn ATn [ ATn [ ATn | ATn
EN |MD1|(MDO| BW |DB8| DI |SB8| SI 1Q3 [ 1Q2 | IQ1 | IQ0

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ATnIQ ATC Activation Factor Settings

[3:0]
0000 Software initialization
0001 /DMAREQO pin input
0010 External interrupt O
0011 External interrupt 1
0100 External interrupt 4
0101 Timer 3 underflow interrupt
0110 Timer 7 underflow interrupt
0111 Timer 9 underflow interrupt
1000 Timer 10 capture A interrupt
1001 Timer 11 capture A interrupt
1010 Serial 0 transmission end interrupt
1011 Serial 0 reception end interrupt
1100 Serial 3 transmission end interrupt
1101 Serial 3 reception end interrupt
1110 AJ/D conversion end interrupt
1111 Key interrupt

Note: This example is ATCO. Please refer to
List of Registers for ATC1-3 settings.

ATnSI Increment Control Flag
for Source Address Pointer
0 Fixed
1 Increment by 1 in the byte transfer,

by 2 in the word transfer

ATnSB8 | Source Bus Width

0 16-bit

1 8-bit (only when 8-bit bus width
for external memory is selected)

ATnDI Increment Control Flag
for Destination Address Pointer
Fixed
1 Increment by 1 in the byte transfer,

by 2 in the word transfer

ATnDB8 | Destination Bus Width

0 16-bit

1 8-bit (only when 8-bit bus width
for external memory is selected)

ATnBW | Transfer Unit

0 Word (disable when 8-bit bus width
for external memory is selected)
1 Byte

ATnMD | Transfer Mode

[1:0]
00 One byte/word transfer
01 Burst Transfer
10 Two bytes/words transfer
(available in the byte transfer)*1
11 Reserved

*1 The LSB of address forcibly becomes 0 in the
first byte data transfer, and the LSB of address
forcibly becomes 1 in the second byte data transfer.

ATnEN Transfer Start/Busy Flag

0 Disable
1 Transfer start/Transfer in progress
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Reset:
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

B _ R B ATn | ATn | ATn | ATn | ATn | ATn [ ATn | ATn | ATn | ATn | ATn | ATn ATNCNT
CNT11|CNT10| CNT9 | CNT8 | CNT7 | CNT6 | CNT5 | CNT4 | CNT3 | CNT2 | CNT1 | CNTO

0 undefined unddfined undefired  undefined

undefined undefined undefined undefined undefined undefined undefined  undefined

¢

The ATnCNT register writes
only 16-bit data. Use the MOV
instruction to set the data.

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

ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn
SRCI5 | SRC14 | SRC13 | SRC12 | SRC1L | SRC10| SRCY | SRC8 | SRC7 | SRC6

ATn | ATn | ATn | ATn | ATn
SRC5 | SRC4 | SRC3 | SRC2 | SRCL | SRCO ATNSRC

undefined  undefined undefined undefined  undefined  undefined  undefined  undefined  undefined  undefined  undefined  undefined  unddfined  unddfined  unddfined  undfined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
a R ) : R ) R R ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn
SRC23 | SRC22 | SRC21 | SRC20 | SRC19 | SRC18 | SRC17 | SRC16
Reset 0 0 0 0 0 0 0

0 uddined unddfined unoefined undefined unddfined  undefined  undefined  undfined

(1

The ATnSRC register and the
ATnDST register write only 24-
bit data or 16-bit data. Use the
MOV instruction or the MOVX

instruction to set the data.
4 3 2 1 0

15 14 13 12 11 10 9 8 7 6 5

ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn

ATn | ATn | ATn | ATn | ATn | ATn
DST15 | DST14 | DST13 | DST12 | DST11 | DST10| DST9 | DST8 | DST7

DST6 | DST5 | DST4 | DST3 | DST2 | DST1 | DSTO ATNnDST

undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined  undefined  undefined  undefined  undefined

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

R _ B R _ R _ _ ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn
DST23 | DST22 | DST21 | DST20 | DST19 | DST18 | DST17 | DST16

0 uddined unddfined unddfined undefined  undefined  undefined  undefined - undefined

MN102H60G/60K/F60G/FE0K 231



Chapter 7 ATC, ETC
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Table 7-1-2 List of ATC Control Registers
Register Address Function

ATOCTR x'00FDO0' ATC 0 Control Register

ATCO ATOCNT x'00FD02' ATC 0 Transfer Word Count Register
ATOSRC x'00FD04' ATC 0 Source Address Pointer
ATODST Xx'00FD0O8' ATC 0 Destination Address Pointer
ATICTR x'00FD10' ATC 1 Control Register

ATCL ATICNT x'00FD12' ATC 1 Transfer Word Count Register
AT1SRC x'00FD14' ATC 1 Source Address Pointer
ATIDST x'00FD18' ATC 1 Destination Address Pointer
AT2CTR X'00FD20' ATC 2 Control Register

ATC2 AT2CNT x'00FD22' ATC 2 Transfer Word Count Register
AT2SRC x'00FD24' ATC 2 Source Address Pointer
AT2DST X'00FD28' ATC 2 Destination Address Pointer
AT3CTR x'00FD30' ATC 3 Control Register

ATC3 AT3CNT x'00FD32' ATC 3 Transfer Word Count Register
AT3SRC X'00FD34' ATC 3 Source Address Pointer
AT3DST x'00FD38' ATC 3 Destination Address Pointer

MN102H60G/60K/F60G/F60K




7-2  ATC Setup Examples

7-2-1  Serial Reception

The serial interface 0 receives the 5-byte data. After the serial reception

is completed, ATC reads the data using the serial reception buffer and

writes the data on the memory. After that, ATC generates an interrupt

and starts software processing.

o
iy

e
~

p2] [ oorTimers |
3] [2obiTimers |

P5 IPuIse Width Counterl

SBIO (P71)
ETC

Figure 7-2-1 ATC Serial Reception Block Diagram

Interrupt
Service

Routine

Interrupt
Service

Routine

% a
—| dataA |—| dataB |—| dataC |—| dataD |—| datakE |—| dataF HdataG |—| dataH |—| datal |—| dataJ l—

Receive the 5-byte data 0x'8000°
and store each byte data 0x'8001'
on the memory. 0X'8002"
0x'8003'
0x'8004'

/\_/

dataA

dataB

dataC

dataD

dataE

/_\_/

Receive the next 5-byte

data and stores each 0x'8001'
byte data on the memory. gy'ggo2"

0x'8003'
0x'8004'

Figure 7-2-2 Serial Reception Sequence

/\_/

0x'8000'

dataF

dataG

dataH

datal

dataJ

Chapter 7 ATC, ETC
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The space for 5 bytes is from
X'008000' to x'008004".

m ATC Setup
(1) Set the address x'00FD82' of the serial O reception buffer to the ATCO source

address pointer (ATOSRC).

ATOSRC: x'00FD04'
15| 14 | 13 | 12 | 11 | 10 9 7 6 5 4 3 2 1 0

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
RCI2/RC1RCIOSRCI|SRCE|SRC7|SRCE|SRCS

ATO | ATO | ATO | ATO | ATO | ATO | ATO
SRC4|SRC3|SRC2|SRC1|SRCO

ATO
SRCI5RCI4|RCI3

1 1 1 1

15|14 | 13| 12 | 11

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO

0 0 0 0 0 0 0 0

(2) Secure the space for the 5-byte serial O reception data. Set the first address of the
secured space to the ATCO destination address pointer (ATODST).

ATODST: x'00FDO08'
15|14 | 13| 12| 11 | 10

ATO | ATO | ATO | ATO | ATO | ATO | ATO
DSI'15DSI'14|DST13DST12DST]_'LDST10 DST9|DST8|DST7

1 0 0 0 0 0 0 0 0 0

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
DST6|DST5|DST4|DST3|DST2|DST1|DSTO

5] 14]183[12[11]10] 9] 8| 7] 6
L | | .| .| _ |AT0o|ATO|ATO|ATO|ATO|ATO |ATO | ATO
DST23DST22{DST21{DST20DST19/DST18/DST17|DST16

0 0 0 0 0 0 0 0

(3) Setthe bytes to be transferred automatically. In this example, 5-byte data is trans-
ferred so that the value '4' subtracting 5 by 1 is set to the ATCO transfer word count

register (ATOCNT).

ATOCNT: x'00FD02'
15|14 | 13| 12 | 11 | 10 9

ATO | ATO | ATO | ATO
CNT11{CNT10| CNT9 | CNT8| CNT7 | CNT6 | CNT5

0 0 0 0 0 0 0 0

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
CNT4 |CNT3 | CNT2| CNT1 | CNTO

0 0 1 0 0
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(4) Setthe ATCO control register (ATOCTR). Select a serial 0 reception end interrupt.
Set the source pointer to be fixed and the destination pointer to increment by 1.
Select one byte unit and one byte/word transfer as the transfer mode. Set the

transfer start/busy flag to disable. Select 16-bit as both source bus width andgject 16-bit source bus width

destination bus width. and 16-bit destination bus width.
Select 8-bit source bus width -bit
ATOCTR: X00EDOQ" source bus width and 8-bit desti-

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

ATO| ATO| ATO | ATO | ATO| ATO| ATO|ATO| | | _ | _ |ATO|ATO|ATO|ATO
EN |[MD1|MDO| BW |DB8| DI |SB8| Sl 1Q3 | 1Q2 | 1Q1 | 1Q0

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

(5) Enable an ATCO transfer end interrupt.

ample.
ATOICH: X'00FCA9'

7 6 5 4 3 2 1 0

_ |ATO|ATO|ATO| | | _ |ATO
LV2 [LV1|LVO IE
1 0 1 1

In this example, an error cannot be detected during the transfer. When an error is
needed to be detected, set the ATOBW flag of the ATOCTR register to 1 to enable the
word transfer. This allows to transfer the data between the SCOTRB register and the
SCOSTR register. The 5-word (10-byte) memory space is required. Checking the
contents of the SCOSTR register transferred to the memory during the interrupt service
routine indicates each reception status.

m Serial Setup
(6) Disable a serial 0 reception end interrupt. (If an interrupt is enabled, the serial 0
reception end interrupt is processed after ATC one-byte transfer ends.)

SCORICH: x'00FC92'
7 6 5 4 3 2 1 0

IE

(7) Select serial reception mode. Refer to "Serial Interface Setup Examples" for de-
tails.

MN102H60G/60K/F60G/F60K

nation bus width only when 8-bit
bus width for the external
memory space is selected.

The interrupt level is 5 in this ex-
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(1

If this setting is omitted, the
4096-byte data is transferred
because the ATOCNT value is
X'OFFF".

m ATC Reset
(8) Process the 5-byte serial 0 reception data. Each ATC register value is set as
follows:

ATOCTR: x'00FDO0
15|14 | 13| 12| 11 | 10 9 8 7 6 5 4 3 2 1 0

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO ) ) } } ATO | ATO | ATO | ATO
EN [MD1|{MDO| BW |DB8| DI | SB8| Sl 1Q3|1Q2 | 1Q1 | 1Q0
0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0
Buyyflg Hold Hold Hold Hold Hold Hold Hold Reset after 5-byte data
indication transfer

ATOCNT: X'OFFF' (This value is always set regardless of the bytes to be transferred.)
ATOSRC: x'00FD82' (The last value is stored.)

ATODST: x'008005' (The result incremented by 1 is set after the last transfer is com-
pleted.)

(9) Secure the space for the 5-byte serial O reception data. Reset the first address of
the secured space to the ATCO destination address pointer (ATODST).

(10) Set the bytes to be transferred automatically. In this example, 5-byte data is
transferred so that the value '4' subtracting 5 by 1 is set to the ATCO transfer word
count register (ATOCNT).

ATOCNT: x'00FD0O2'
15|14 | 13| 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
CONT: ZL’I.|O\IT 10CNTYICNT8|CNT7|CNTE|CNTS/CNT4ACNT3|CNT2[CNTL|CNTO

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

(11) Set the ATCO control register (ATOCTR). Reselect a serial 0 reception end
interrupt. Select the conditions as set in procedure (4).

(12) Verify that a serial O reception end interrupt does not occur. If the serial O recep-
tion end interrupt occurs, avoid the interrupt by setting the ATOEN flag of the
ATOCTR register to 1 (start the first byte data transfer by software). The data after
the second byte is transferred automatically with the serial reception end interrupt.
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7-3  Summary of ETC

7-3-1 Overview

The MN102H60G/60K/F60G/F60K contains an external transfer con-
trol (ETC). The ETC has two channels to transfer the data between the
external memory and the external device. The data transfer request
occurs when /DMAREQ[1:0] become low. /DMAACK]1:0] become
low when the ETC accepts the data transfer request. The time required
from the data transfer request until the data transfer end is the total of the
bus acquisition and the data transfer time.

The data transfer time changes depending on the number of waits in the transfer source
and the transfer destination. The time required for bus acquisition is a minimum of
1.75x% internal operating cycle(s) after the ETC receives a data transfer request. For
example, if the internal operating cycle is 58.8 ns (with a 34-MHz external oscillator),
the time for bus acquisition is 102.9 ns.

Internal Operating Cycle

Data Transfer Request _| T

Bus Acquisition f \

Figure 7-3-1 ETC Bus Acquisition Timing

'
—

Bus Acquisitipn

After bus is acquired, the time required for the data transfer is calculated as follows:
(4+Ws+Wd)x m x internal operating cycle(s)
where m: the number of data transfer words
Ws: the number of waits in the source
Wd: the number of waits in the destination

After the transfer ends, an ETC transfer end interrupt occurs. ETC does not accept an
interrupt except NMI during transfer, but the ETC accepts an interrupt after the trans-
fer ends. When NMI occurs during transfer, the ETC stops the transfer and executes
the interrupt service routine.

The bus acquisition priority is ETCO > ETC1 > CPU

Chapter 7 ATC, ETC
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Table 7-3-1 ETC Connection Examples

Bus Master External Memory P External Device
A23-0 D15-0 /RE ICS D15-0 /WE
Y
/DMAREQn A23-0 D15-0 /RE /CS /DMAACKnN
MN102H60G/60K/F60G/F60K
Bus Master External Memory External Device
A23-0 D15-0 /WE /CS D15-0 /RE
Y
/DMAREQn A23-0 D15-0 /WE /CS /DMAACKnN
MN102H60G/60K/F60G/F60K

MN102H60G/60K/F60G/F60K




ETC stops executing the CPU's program and transfers the data automatically between
the external memory and the external device when low level is input to /DMAREQnN
pin from bus master. /DMAACKnN becomes /RE or /WE signal for the external device.
After the transfer ends, ETC restarts executing the program.

External memory is a device (such as SRAM) that has address input pins, data input/
output pins, the /RE control pin and the /WE control pin. The external memory is
connected to the chip in processor mode or address expansion mode with either ad-
dress/data separate mode or address/data shared mode. The external memory has a
register to set the number of walits.

External device is a device (such as ASIC) that has data input/output pins, the /RE
control pin and the /WE control pin without using address input pins. The external
device needs to output the data when a signal is input to /RE and read the data when a
signal is input to /WE. When waits are required for accesses, the number of waits is
set using the register in the external memory.

Chapter 7 ATC, ETC
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7-3-2  Control Registers

The ETC contains the ETC control registers (ETnCTR) and the ETC
transfer word count registers (ETnCNT), the source address pointers
(ETnSRC) and the destination address pointers (ETnDST).

ETnCTR

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ETn ETn [ETn | ETn | ETn [ ETn [ ETn ETn | ETn
FLG MDO| BW |DB8| DI |SB8| SI DIR [ EN

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

L ETnEN ETC Transfer Enable

0 Disable
1 Enable

ETnDIR |Transfer Direction between External
Device and External Memory

0 From External Device
to External Memory
1 From External Memory

to External Device

ETnSI Increment Control Flag
for Source Address Pointer
0 Fixed
1 Increment by 1 in the byte transfer,

by 2 in the word transfer

ETnSB8 | Source Bus Width

0 16-bit

1 8-bit (only when 8-bit bus width
for external memory is selected)

ETnDI Increment Control Flag
for Destination Address Pointer
0 Fixed
1 Increment by 1 in the byte transfer,

by 2 in the word transfer

ETnDB8 | Destination Bus Width

0 16-bit

1 8-bit (only when 8-bit bus width
for external memory is selected)

ETnBW | Transfer Unit

0 Word
1 Byte

ETnMDO | Transfer Mode

0 One byte/word transfer
1 Burst transfer

ETnFLG | Transfer Start/Busy Flag

0 Disable
1 Transfer start/Transfer in progress
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Reset: 0 0 0 0 undefined unddfined undefired  undefined

Reset:

Chapter 7 ATC, ETC

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

_ R R ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETnCNT
CNT11|CNT10| CNT9 | CNT8 | CNT7 | CNT6 | CNT5 | CNT4 | CNT3 | CNT2 | CNT1 | CNTO

undefined undefined undefined undefined undefined undefined undefined  undefined

¢

The ETnCNT register writes
only 16-bit data. Use the MOV
instruction to set the data.

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

ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn

ETn ETn ETn
SRC15 | SRC14 | SRC13 [ SRC12 | SRC11 [ SRC10| SRCI | SRCB | SRC7 | SRC6 | SRC5 | SRC4 | SRC3

SRC2 | SRC1 | SRCO ETnSRC

undefined  undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined  undefined  undefined  undefined

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

: R ) R ETn ETn ETn ETn ETn ETn ETn ETn
SRC23 | SRC22 | SRC21 | SRC20 | SRC19 | SRC18 | SRC17 | SRC16

0 uddined unddfined unoefined undefined unddfined  undefined  undefined  undfined

(1

The ETnSRC register and the
ETnDST register write only 24-
bit data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.

2 1 0

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

ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn ETn

ETn ETn ETn
DST15 | DST14 | DST13 | DST12 | DST11 | DST10| DST9 | DST8 | DST7 | DST6 | DST5 | DST4

psts | pst2 | psti | psto | ETNDST

undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined undefined  undefined  undefined  undefined  undefined

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

R _ B R _ R _ ETn ETn ETn ETn ETn ETn ETn ETn
DST23 | DST22 | DST21 | DST20 | DST19 | DST18 | DST17 | DST16

0 uddined unddfined unddfined undefined  undefined  undefined  undefined - undefined
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Table 7-3-2 List of ETC Control Registers

Register Address Function

ETOCTR X'00FD40' ETC 0 Control Register

ETCO ETOCNT x'00FD42' ETC 0 Transfer Word Count Register
ETOSRC X'00FD44' ETC 0 Source Address Pointer
ETODST X'00FD48' ETC 0 Destination Address Pointer
ET1CTR X'00FD50' ETC 1 Control Register

ETCL ETICNT x'00FD52' ETC 1 Transfer Word Count Register
ET1SRC X'00FD54' ETC 1 Source Address Pointer
ET1DST x'00FD58' ETC 1 Destination Address Pointer
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7-4  ETC Setup Examples

7-4-1  Transfer from External Memory to External Device

/IDMAREQO input from bus master is an activation factor. Each byte-
data is transferred from the external memory to the external device.

[Po] CORE
E Interrupt

1
Address 0-7 =——| P2 8-bit Timers
(P2} e

i bit Ti /DMAREQO (P92)
Address 8-15 «—— P3 16-bit Timers = IDMAACKO (PO3)
Address 16-23 =—— P4 8-bit PWM P

ROM, RAM
/CS0 (P50) ~— lPuIse Width Counterl

Figure 7-4-1 ETC External Memory - External Device Transfer Block Diagram

P6 —— /RE (P61)
A/D Converter

P7
Serial I/F

b
i
BlEJE

3

:

B
|
g

Y

External Memory External Device

Data

(8-bit)
External Memory External Device
/‘\/ Address | /RE ICS /DMAACKO(/WE)
X'100000' dataA S~
X'100001' dataB —»I:l
MN2102H60G/60K/F60G/F60K ~—— | Bus Master
/DMAREQO

N

Each one-byte data Because each one-byte data is transferred,

the 8-bit bus width mode is selected to connect
the external memory and the CPU.

In addition, 8-bit bus width is selected to connect
the external memory and external device.

on external memory is transferred
to external device.

Figure 7-4-2 ETC External Memory - External Device Transfer Connection
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m ETC Setup
(1) Set the source address x'100000' of the external memory to the ETCO source ad-
dress pointer (ETOSRC).

ETOSRC: x'00FD44'
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO
SRC15|RC14 RC13RCI2|RCILSRCI0 SRCI|SRCE|SRC7|SRCH| SRC5| SRC4|SRC3(SRC2[SRC1{SRCO

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO

0 0 0 1 0 0 0 0

(2) Setthe bytes to be transferred automatically. In this example, 2-byte data is trans-
ferred so that the value '1' subtracting 2 by 1 is set to the ETCO transfer word count
register (ETOCNT).

ETOCNT: x'00FD42'
15|14 | 13| 12| 11 | 10 9 8 7 6 5 4 3 2 1 0

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO
CNT11{CNT10| CNT9O | CNT8 | CNT7 | CNT6 | CNT5| CNT4 | CNT3 | CNT2 | CNT1 | CNTO

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

(3) Set the ETCO control register (ETOCTR). Select burst transfer mode. Select one
byte unit and the source pointer to increment by 1. Select the transfer direction is
from external memory to external device. Set the transfer start/busy flag to dis-
able.

ETOCTR: x'00FD40’

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

ETO ETO | ETO | ETO | ETO | ETO | ETO ETO | ETO
FLG MDO| BW |DB8| DI | SB8| S DIR| EN

0 0 1 1 0 0 1 1 0 0 0 0 0 0 1 1
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m Interrupt Setup
(4) Enable an ETCO transfer end interrupt

ETOICL: X'00FDA5'
7 6 5 4 3 2 1 0

The interrupt level is set in
SCA4TLV[2:0] of the SCATICH
ETO register.

0 0 0 0 0 0 0 1

Under this state, ETCO starts transferring when /IDMAREQO becomes low by bus
master. After the ETCO transfer ends, an ETCO transfer end interrupt occurs. Each
ETCO register value is set as follows:

ETOCNT: xX'OFFF' (This value is always set regardless the bytes to be transferred.)

ETOSRC: x'100002' (The result incremented by 1 is set after the last transfer is
completed.)
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ETC Internal

ETC Internal

ETC Internal  ETC Internal

1 Wait Access

1 Wait Access
|

Chip Operation

. Process | ) ) i . Progess ‘ChipO‘peraﬁon

Process Process
| ' | h ' i

BOSC

BIBT2

BIBT1

ETC bus acquisition interval

/RE output
/CS output

Address output

External memory data output

/DMAACKnN output
(External device /WE)

=2

Note: the number of external memory waits = 1, the number of data transfer bytes

- External Device Burst Transfer Timing

Figure 7-4-3 ETC External Memory

MN102H60G/60K/F60G/F60K
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7-4-2  Transfer from External Device to External Memory
(Burst Transfer)

/DMAREQO input from bus master is an activation factor. Each 16 bits
of 4-byte data are transferred from the external device to the external
memory.

— /WEL (P62
P6LT . /\NEH((PG

[Po] CORE
E Interrupt

Address 0-7 k—E—l 8-bit Timers

A/D Conversion

7
Serial I/F

ATC

16-bit Timers
ETC_ I

/DMAREQO (P92)

Address 8-15 «—— P3 ™ IDMAACKO (P93)

T T
HEEEEE

Bl

Address 16-23 -—1— P4 8-bit PWM

ROM, RAM

/CS0 (P50) ~=—f IPuIseWidth Counterl

Figure 7-4-4 ETC External Device - External Memory (Burst)Transfer Block Diagram

External Memory [+ External Device

External Memory External Device

/—\/ Address IWE /

X'100000" dataA
x'100002' dataB

/DMAACKO(/RE)

(9}
n

/

MN102H60G/60K/F60G/F60K ~ Bus Master
/DMAREQO
Each 16 bits of the data is transferred The 16-bit bus width mode is selected to connect external memory and the CPU.
from external device to external memory. In addition, 16-bit bus width is selected to connect the external memory and

external device.

Figure 7-4-5 ETC External Device - External Memory (Burst) Transfer Connection
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m ETC Setup
(1) Set the destination address x'100000' of the external memory to the ETCO destina-
tion address pointer (ETOSRC).

ETODST: x'00FD48'
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO

ETO | ETO | ETO
DST15|DST: 141 DST13|DST12|DST11|DST10, DST9 | DST8 | DST7 | DST6 | DSTS | DST4

DST3|DST2| DST1 | DSTO
0 0 0 0 0 0 0 0 0 0 0 0 0 0

15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5

DST23 DST22|DST21| DST20|DST19|DST 18{DST 17|DST16

0 0 0 1 0 0 0 0

(2) Set the words to be transferred automatically. In this example, 2-word data is

transferred so that the value '1' subtracting 2 by 1 is set to the ETCO transfer word
count register (ETOCNT).

ETOCNT: x'00FD42'

15| 14 | 13 | 12 | 11 | 10 9 8 7 6

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO

ETO
CNTI11{CNT10[ CNT9| CNT8 | CNT7 | CNT6 | CNT5 | CNT4 | CNT3 | CNT2 | CNT1| CNTO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

(3) Setthe ETCO control register (ETOCTR). Select burst transfer mode. Select one
byte unit and the destination pointer to increment by 1. Select the transfer direc-

tion is from external device to external memory. Set the transfer start/busy flag to
disable.

ETOCTR: x'00FD40’

15[1413]12]12[10] o 8] 7] 6 5] 4| 3] 2] 1] o
ETO| _ |ETO|ETO|ETO|ETO|ETO|ETO| | | | _ | _ | _ |ETO|ETO
FLG MDO| BW [DB8| DI | SB8| Sl DIR | EN
o o 1 0o o0 1 0 0 0 0O 0 O0 0 O0 o0 1
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m Interrupt Setup
(4) Enable an ETCO transfer end interrupt

ETOICL: XO0FDAS5' The interrupt level is set in

7 6 5 4 3 2 1 0 SC4TLV[2:0] of the SCATICH
) ) ETO register.
EN

0 0 0 0 0 0 0 1

Under this state, ETCO starts transferring when /[DMAREQO becomes low by bus
master. After the ETCO transfer ends, an ETCO transfer end interrupt occurs. Each
ETCO register value is set as follows:

ETOCNT: xX'OFFF' (This value is always set regardless of the bytes to be transferred.)

ETODST: x'100004' (The result incremented by 1 is set after the last transfer is
completed.)
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ETC Internal . .
| | . Progess | Chip Operation
! ! I 1 i T 1
i ! 1 1 Il | h

1 Wait Access

ETC Internal
Process

1 Wait Access
i |
T i
| |

Progess
I
1

Progess
T
|

ETC Internal  ETC Internal
|
i
|

Chip Operation
|

|

|

]

o\

‘11 T
c
S
“““ = | |
“““ TR 20 S I N S S R
[$)
T
w
+— —_— +— +— — — =~
S [ =] =] =] =] =
Q 2 g &£ &£ & Erx
£ Q =] =] =] =] S =
c = o o o o S a
= %) Q
o4 c 0 L € g < >
L o ) M O © [
x = st =~ © Q o
— d A
< (2] o [ —
> 3 < e ¢
) o S = =
= 5] (] N9
@ - 2%
0 = [
> ~—
2 =
®) 2
5 i
(1]

=2

1, the number of data transfer bytes

Note: the number of external memory waits

- External Memory Burst Transfer Timing

Figure 7-4-6 ETC External Device
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7-4-3  Transfer from External Device to External Memory
(One Byte Transfer)

/DMAREQO input from bus master is an activation factor. The two-
byte data is transferred from the external device to the external memory.

N |-

Address 0-7 <

CORE

Interrupt

— 8-bit Timers

A/D Converter

Serial I/F

ATC

Address 8-15 k—« 16-bit Timers
Address 16-23 =—t—| P4 |+ 8-bit PWM

ETC

ROM, RAM

/CS0 (P50) ~=—f IPuIseWidth Counterl

i

A

AR EEEE
~N| O

— /WEL (P62
—— /WEH (P6

/DMAREQO (P92)
™ /DMAACKO (P93)

Figure 7-4-7 ETC External Device

External Memory External Device

x'100000' | dataA ‘—‘—‘

N

Each 16 bits of the data is transferred

External Memory

- External Memory (One Byte) Transfer Block Diagram

External Device

Address IWE /

0O

Data
(16-bit)

/DMAACKO(/RE)

MN102H60G/60K/F60G/F60K - Bus Master

/DMAREQO

from external device to external memory.

Figure 7-4-8 ETC External Device

The 16-bit bus width mode is selected to connect external memory and the CPU.
In addition, 16-bit bus width is selected to connect the external memory and

external device.

- External Memory (One Byte) Transfer Connection
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m ETC Setup
(1) Set the destination address x'100000' of the external memory to the ETCO destina-
tion address pointer (ETOSRC).

ETODST: x'00FD48'
15| 14 | 13 | 12 | 11 | 10 9 8 7 6

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO

ETO | ETO | ETO
DST15|DST: 141 DST13|DST12|DST11|DST10, DST9 | DST8 | DST7 | DST6 | DSTS | DST4

DST3|DST2| DST1 | DSTO
0 0 0 0 0 0 0 0 0 0 0 0 0

15| 14 | 13 | 12 | 11 | 10 9 8 7 6

DST23 DST22|DST21| DST20|DST19|DST 18{DST 17|DST16

0 0 0 1 0 0 0 0

(2) Set the words to be transferred automatically. In this example, 1-word data is

transferred so that the value '0' subtracting 1 by 1 is set to the ETCO transfer word
count register (ETOCNT).

ETOCNT: x'00FD42'

15| 14 | 13 | 12 | 11 | 10 9 8 7 6

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO

ETO
CNTI11{CNT10[ CNT9| CNT8 | CNT7 | CNT6 | CNT5 | CNT4 | CNT3 | CNT2 | CNT1| CNTO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(3) Setthe ETCO control register (ETOCTR). Select burst transfer mode. Select one
word unit and the destination pointer to be fixed. Select the transfer direction is

from external device to external memory. Set the transfer start/busy flag to en-
able.

ETOCTR: x'00FD40’

514|183 12]11[1w0] 9] 8] 7] 6] 5] 4] 3] 2] 1] o
ETo|  |ETo|ETO|ETO|ETO|ETO|ETO| | | | | | _ |ETO|ETO
FLG MDO| BW |DB8| DI |SB8| S DIR| EN
0o o o0 o 0 O 0o 0 O O 0o ©0 0 o0 o0 1

MN102H60G/60K/F60G/F60K



Chapter 7 ATC, ETC

m Interrupt Setup
(4) Enable an ETCO transfer end interrupt

ETOICL: XO0FDAS5' The interrupt level is set in

7 6 5 4 3 2 1 0 SC4TLV[2:0] of the SCATICH
) ) ETO register.
EN

0 0 0 0 0 0 0 1

Under this state, ETCO starts transferring when /[DMAREQO becomes low by bus
master. After the ETCO transfer ends, an ETCO transfer end interrupt occurs. Each
ETCO register value is set as follows:

ETOCNT: x'OFFF' (This value is always set regardless of the bytes to be transferred.)

ETODST: x'100000' (The result incremented by 1 is set after the last transfer is
completed.)
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Chip Operation

ETC Internal
Process

ETC Internal Transf
Process ranster

Chip Operation

BOSC

BIBT2

BIBT1

/DMAREQn input

ETC bus acquisition interval

Address output

/WE output

/CS output

External device data output

/DMAACKnN output
(External device /RE)

:O’
=1

Note: the number of external memory waits
the number of data transfer bytes

- External Memory (One Byte) Transfer Timing

Figure 7-4-9 ETC External Device
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Chapter 8 Ports

Peripheral Function
Output

Peripheral Function
Input

Peripheral Function
Direction Control

8-1  Summary of Ports

8-1-1 Overview

The MN102H60G/60K/F60G/F60K contains twelve I/O ports. Func-
tions can be switched depending on the selected mode pins. Please refer
to "11-2-3 Pin Functions" for details.

Internal Data Bus

PnPLU[W] Programmable pull-up
—==pp—{ PnPLU C{

PNnPLUIR] g

PnOUT[W]
I ——p{ PnouT

% Pin

PNOUT[R] >—D

e '7 0 »@_{
MUX
- ) 1
/Y
PnMD[W]
PnMD
PNMDI[R]
—
PRIN[R] ; |
Input Level
v Schumitt Input
PnDIR[W] (LVTTL level at 3.3 V of voltage)
PnDIR 0
MUX
PNDIR[R] J !
L] »

Figure 8-1-1 1/0O Port Configuration
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8-1-2  Control Registers

The MN102H60G/60K/F60G/F60K contains the port output register
(PnOUT), the port input registers (PnIN), the port mode registers
(PnMD), the port input/output control registers (PnDIR) and the port
pull-up control registers (PnPLU). Refer to "11-2-3 List of Pin Func-
tions" for details because some bits are not carried depending on ports.
The port input/output control register is valid only when each port is
used as its port input/output function. The direction is determined by
setting each mode register when each port is used as an input/output pin
of peripheral function.

7 6 5 4 3 2 1 0

P Pn| P | Pn| Pn| Pn| Pn| Pn PhOUT
OUT7|0OUT6|OUTS|OUT4|OUT3|0UT2|0UT1|OUTO

Reset: 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

Pn | Pn{Pn|Pn|Pn|Pn| Pn| Pn PnIN
IN7 [ IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO

Reset: Port Port Port Port Port Port Port Port

7 6 5 4 3 2 1 0

PnLMD
Ph|Pn| PP | Pn| Pn| Pn| Pn
MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO PoMD  PnMMD
PnHMD
Reset:
7 6 5 4 3 2 1 0
Ph| Pn|Pn|Pn| Pn|Pn|Pn|Pn PnDIR 0: Input
DIR7|DIR6|DIR5|DIR4|DIR3|DIR2|DIR1|DIRO 1: Output
Reset: 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Pn|Pn|Pn|Pn|Pn|Pn|Pn|Pn PhPLU 0: Pull-up off
PLU7|PLU6|PLUS5|PLU4|PLU3|PLU2|PLU1|PLUO 1: Pull-up on
Reset: 0 0 0 0 0 0 0 0
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Table 8-1-1 List of Port Control Registers

Register Address RW Function
POPLU x'00FFBO’ R/W | Port O Pull-up Control Register
POOUT X'00FFCO’ R/W | Port O Output Register
POIN X'00FFDO’ R/W | Port O Input Register
PODIR x'00FFEQ" R/W | Port O Input/Output Control Register
POMD X'00FFFQ" R/W | Port 0 Mode Register
P1PLU X'00FFB1' R/W | Port 1 Pull-up Control Register
P1OUT X'00FFC1' R/W | Port 1 Output Register
P1IN X'00FFD1’ R/W | Port 1 Input Register
P1DIR X'00FFEL" R/W | Port 1 Input/Output Control Register
P1LMD X'00FFF2' R/W | Port 1 Mode Register L
P1IHMD X'00FFF3’ R/W | Port 1 Mode Register H
P2PLU x'00FFB2' R/W | Port 2 Pull-up Control Register
P20OUT X'00FFC2' R/W | Port 2 Output Register
P2IN X'00FFD2" R/W | Port 2 Input Register
P2DIR x'00FFE2' R/W | Port 2 Input/Output Control Register
P2MD X'00FFF1' R/W | Port 2 Mode Register
P3PLU x'00FFB3' R/W | Port 3 Pull-up Control Register
P30OUT X'00FFC3' R/W | Port 3 Output Register
P3IN X'00FFD3' R/W | Port 3 Input Register
P3DIR X'00FFE3’ R/W | Port 3 Input/Output Control Register
P3LMD X'00FFF4" R/W | Port 3 Mode Register L
P3HMD X'00FFF5' R/W | Port 3 Mode Register H
PAPLU X'00FFB4' R/W | Port 4 Pull-up Control Register
PAOUT X'00FFC4' R/W | Port 4 Output Register
PAIN X'00FFD4' R/W | Port 4 Input Register
PADIR X'00FFE4' R/W | Port 4 Input/Output Control Register
PALMD X'00FFF6' R/W | Port 4 Mode Register L
PAHMD X'00FFF7" R/W | Port 4 Mode Register H
P5PLU x'00FFB5' R/W | Port 5 Pull-up Control Register
P50OUT X'00FFC5' R/W | Port 5 Output Register
P5IN X'00FFD5' R/W | Port 5 Input Register
P5DIR X'00FFES5' R/W | Port 5 Input/Output Control Register
P5LMD X'00FFF8" R/W | Port 5 Mode Register L
P5HMD X'00FFF9’ R/W | Port 5 Mode Register H
P6PLU X'00FFB6' R/W | Port 6 Pull-up Control Register
P6OUT X'00FFC6' R/W | Port 6 Output Register
P6IN X'00FFD6' R/W | Port 6 Input Register
PEDIR x'00FFE6' R/W | Port 6 Input/Output Control Register
PEMD X'00FFFF" R/W | Port 6 Mode Register
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P7PLU x'00FFB7' Port 7 Pull-up Control Register
P7OUT X'00FFC7" Port 7 Output Register

P7IN X'00FFD7' Port 7 Input Register

P7DIR X'00FFE7" Port 7 Input/Output Control Register
P7LMD X'00FFFA" Port 7 Mode Register L

P7THMD X'00FFFB' Port 7 Mode Register H

P8PLU X'00FFB8' Port 8 Pull-up Control Register
P8OUT X'00FFC8' Port 8 Output Register

P8IN x'00FFD8' Port 8 Input Register

P8DIR X'00FFE8' Port 8 Input/Output Control Register
P8LMD X'00FFFC' Port 8 Mode Register L

P8MMD X'00FFFD' Port 8 Mode Register M

P8HMD X'00FFFE’ Port 8 Mode Register H

POPLU x'00FFB9’ Port 9 Pull-up Control Register
POOUT X'00FFC9’ Port 9 Output Register

PIIN x'00FFD9" Port 9 Input Register

PODIR X'00FFE9" Port 9 Input/Output Control Register
POLMD X'00FFEC’ Port 9 Mode Register L

POHMD X'00FFED" Port 9 Mode Register H

PAPLU X'00FFBA" Port A Pull-up Control Register
PAOUT X'00FFCA" Port A Output Register

PAIN X'00FFDA’ Port A Input Register

PADIR X'00FFEA" Port A Input/Output Control Register
PAMD x'00FFDC' Port A Mode Register

PBPLU x'00FFBB' Port B Pull-up Control Register
PBOUT X'00FFCB' Port B Output Register

PBIN X'00FFDB' Port B Input Register

PBDIR x'00FFEB' Port B Input/Output Control Register
PBMD X'00FFDD' Port B Mode Register
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8-1-3  Port Block Diagram

The MN102H60G/60K/F60G/F60K contains twelve 1/O ports of PO to
PB. A set consists of two ports to eight ports. Each pin serves as a
general-purpose port function or an input/output function for each pe-
ripheral function. The function can be switched by each port mode reg-
ister. When the input/output pin of the peripheral function is selected,
setting each port mode register determines the input/output direction
automatically. When the general-purpose input/output port is selected,
each port direction control register controls the input/output direction.
Each port has a pull-up resistor which is controlled by software and
switches ON/OFF regardless of each port mode register and the direc-
tion control register setup.

Table 8-1-2 Port Block Diagram (1/12)

Port Pin Name Block Diagram
Port0 | P07 to POO

D07 to D0OO

A07 to AOO

POPLU7 -0 <—— | Register >
POOUT7 -0 <-——> i >
Selector

Address/Data Output
(AO7 - AOO)
(D07 - DOD)
o—{ | Po7-00

PODIRT -0 o
Address/Data

Input/Output Control

O/

POIN7 -0 ‘ Py
(Port Input)

Data Input ¢
(D07 - DOO)

Note: The set value of the PODIR register is valid only when the port function
is selected by the POMD register.
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Table 8-1-2 Port Block Diagram (2/12)

Chapter 8 Ports

Port Pin Name Block Diagram
Port1l | P17 to P10
D15 to D08
Al15 to AO8 P1PLU7-0 —<———| Register ~x)
TM8IOB
TM11I0A P1OUT7 -0 <~ Register ’—’
TM1110B Address/l?:;zc_)fg;; ~ (
TM11IC (D15 - D08)
Selector
TM12I0A TMSIOB Output (P10)
TM11I0A Output (P12)
T™M12I10B TM11I0B Output (P13) -
TM12I0A Output (P15)
T™M12IC TM12I0B Output (P16)

P1LMD6 - 0
P1HMD7 -0

P1DIR7 -0

Address/Data
Input/Output Control

TMB8IOB Input/Output Control (P10)
TM11IOA Input/Output Control (P12)
TM11I0B Input/Output Control (P13)

TM11IC Input Control (P14)
TM12IO0A Input/Output Control (P15)
TM12I0B Input/Output Control (P16)

TM12IC Input Control (P17)

P1IN7 -0
(Port Input)

TMSIOB Input (P10)
TM11I0A Input (P12)
TM11I0B Input (P13)

TM11IC Input (P14)
TM12I0A Input (P15)
TM12I0B Input (P16)

TM12IC Input (P17)

Data Input
(D15 - 08)

Note : The set value of the P1DIR register is valid only when the port function

]y

A

R e

Selector

is selected by the P1LMD register or PLHMD register.
The input or output direction of TMnIOA, TMnIOB and TMnIC is
determined by setting the P1LMD register or PLHMD register.

o—{ | P17-10
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Table 8-1-2 Port Block Diagram (3/12)

Address Output
(AQ7 - AOO)

SBT2 Output (P20)
SBO2 Output (P22)

P2MD7,5-2,0

P2DIR7 -0

Address Output Control

SBT2 Input/Output Control (P20)
SBI2 Input Control (P21)

SBO2 Output Control (P22)
TM15IA Input Control (P24)

P2IN7 -0
(Port Input)

(P20)

SBT2 Input (P60)

(P21)

SBI2 Input (P82)

(P24)

TM15IA Input (P56)

| Selector

Y

Selector

Port Pin Name Block Diagram
Port2 | P27 to P20
AQ07 to AOO
SBT2 P2PLU7 -0 <——» Register x)
SBO2
SBI2 P20UT7 -0 <—> ]
TM15IA 4

Lo

;

O% P6MD2 - 0

i P60 Pin

<’—4I
<‘—0

o—{ |P27-20

0?7 P8LMD4 - 2

= g '
P82 Pin

0?7 P5HMD4 - 2 A

b ~J
P56 Pin

Note : The set value of the P2DIR register is valid only when the port function
is selected by the P2MD register.
The input or output direction of SBT2, SBI2, SBO2 and TM15IA is

determined by setting the P2MD register.
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Table 8-1-2 Port Block Diagram (4/12)

Chapter 8 Ports

Port Pin Name Block Diagram
Port3 | P37to P30

A15 to AO8

/K17 to /KIO

P30UT7 -0 <—>-—>
Selector —— >

Address Output

(A15 - AD8)
PALMD7-0 L oo
P3HMD7 - 0 9

P3DIR7 - 0 Selector

P3IN7-0 ‘

Address Output Control

\/
O/

o—{ |Par-30

(Port Input)

KI7-0 == }

Note : The set value of the P3DIR register is valid only when the port function

is selected by the P3LMD register or the P3HMD register.

The input or output direction of /KI7 to /KIO is determined automatically

by setting the P3LMD register or the PS3HMD register.
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Table 8-1-2 Port Block Diagram (5/12)

Port

Pin Name

Block Diagram

Port 4

P47 to P40
A23 to A16
STOP
WDOUT
AN7 to AN4

P4PLU7 -0 <— | Register

P40OUT7 -0 <—>

Address Output
(A23 - Al16)

STOP Output (P46)

WDOUT Output (P47)

P4LMD7 - 0
P4HMD3 - 0

P4DIR7 - 0

Address Output Control

STOP Output Control (P46)
WDOUT Output Control (P47)
P4IN7 -0

(Port Input)

AN7 - 4
(A/D Input)

O/

Selector

{

Selector

o | Pa7-40

Note : The set value of the P4DIR register is valid only when the port function

is selected by the PALMD register or the PAHMD register.

The input or output direction of STOP and WDOUT is determined
automatically by setting the PALMD register or the P4AHMD register.
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Table 8-1-2 Port Block Diagram (6/12)

Chapter 8 Ports

Port Pin Name Block Diagram
Port5 | P57 to P50
TM130A
TM130B
TM14OA P5PLU7 -0 <—’@ =%
TM140B
TM151A PSOUT7 -0 +————> Regier | — >
/CS3to/CSO TM130A Output (P50) > 1
/CS0 Output (P50) -
/BREQ TM130B Output (P51) >
/BRACK /CS1 Output (P51) -
TM140A Output (P52) »| Selector
/BSTRE /CS2 Output (P52) -
ALE TM140B Output (P53) >
/CS3 Output (P53) >
IALE /BRACK Output (P55) >

/BSTRE Output (P56)
ALE,/ALE Output (P56)

o—{ |p57-50

P5LMD7 - 0
P5HMD4 - 0

{

P5SDIR7 - 0 <—>

/CS3 ~ 0 Input/Output Control >
(P53 - 50)

TM130A,130B,140A,140B Input/Output Control —————
(P53 - 50)
ALE, /ALE, /BSTRE Output Control (P56) ————

/BRACK, /BREQ Input/Output Control -
(P55,54)

TM15IA Input Control (P56) -

Selector

P5IN7-0

(Port Input)

/BREQ Input (P54)

TM15IA Input (P56)

(To Port 2 Block)

Note : The set value of the P5DIR register is valid only when the port function
is selected by the P5LMD register or the PSHMD register.
The input or output direction of /CS3 to /CS0, ALE, /ALE, /BREQ, /BRACK
and timer output is determined automatically by setting the PSLMD register

or the PSHMD register.
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Table 8-1-2 Port Block Diagram (7/12)

Port

Pin Name

Block Diagram

Port 6

P63 to P60
SBT2

/RE

/WEL
/WEH
WAIT

P6PLU3 -0 <+— > Register

P60OUT3-0 <——— Register >

SBT2 Output (P60) >

IRE Output (P61) _ | Selector
IWEL Output (P62)
/WEH Output (p63) >

P6MD5-0 <+ Register

P6DIR3-0 -«———» Register >

SBT2 Input/Output Control (P60) >
/RE,/WEL,/WEH Output Control >

(P61 - P63)

Selector

\

O/

o—{ | Pe7-60

P6IN7-0
(Port Input)

WAIT Input (P60)

(Handshake Input)

SBT2 Input (P60)

A

(To Port 2 Block)

Note : The set value of the P6DIR register is valid only when the port function

is selected by the P6MD register.

The input or output direction of SBT2, /RE, /WEL, /WEH and WAIT

is determined automatically by setting the P6MD register.
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Table 8-1-2 Port Block Diagram (8/12)

Port Pin Name Block Diagram
Port7 | P75to P70
SBTO
SBIO
SBOO P7PLUS -0 ~—————— Register > \O
SBT1
P70UT5-0 <——— Regi
SBI1 Register ‘
SBO1
RAS SBTO Output (P70)
RAS Output (P70)
LCAS LCAS Output (P71)
CAS Output (P71) Selector
CAS SBOO Output (P72) >~
UCAS Output (P72)
UCAS SBT1 Output (P73)
/DMUX Output (P73)
IDMUX SBO1 Output (P74)
NMI (P76) o] pr5-10

NMI (P76)

P7LMD6 - 0 )
P7HMD6 - 0 Register —@
A

SBTO Input/Output Control (P70)
RAS Output Control (P70)
LCAS Output Control (P71)
CASOutput Control (P71)

SBIO Input Control (P71) >
SBOO0 Output Control(P72)
UCAS Output Control(P72)
SBT1 Input/Output Control (P73)
/DMUX Output Control (P73)
SBI1 Input Control (P74)
SBO1 Output Control(P75)

Selector

P7IN5 - 0
(Port Input)

NMI (P76)
(Port Input)

SBTO Input (P70)
SBIO Input (P71)
SBT1 Input (P73)
SBI1 Input (P74)

Note : The set value of the P7DIR register is valid only when the port function
is selected by the P7LMD register or the P7THMD register.
The input or output direction of serial and DRAM I/F is determined
automatically by setting the P7LMD register or P7THMD register.
The input to the NMI pin can be read as the P76 input value.
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Table 8-1-2 Port Block Diagram (9/12)

Port Pin Name Block Diagram

Port8 | P87 to P80

TMOIO
TM410
P8PLU7 - 0 <+—— | Register >
TM710 \o
TM9IOA
P8OUT7 - 0 <—>
TM9IOB 1
TM140A Output (P80)
TMOIC TM140B Output (P81)
TMOIO Output (P82)
TM140A SBT3 Output (P82)
SCL3 Output (P82)
T™M140B TM4IO Output (P83)
TM7I0 Output (P84) Selector
SBI2 SBO3 Output (P84) >
SDA3 Output (P84)
SBO2 TMOIOA Output (P85)
SBT4 Output (P85)
SBT3 SBL4 Output (P85)
SCL3 SBO2 Output (P85) o |Ps7-80
TM9IOB Output (P86)
SBI3 SBO4 Output (P87)
SDA4 Output (P87)
SBO3 ‘
P8LMD4 - 0
SDA3 P8MMD?7 - 0 ‘—’—0
SBT4 P8HMD3 - 0
SCL4
P8DIR7 - 0 Register
SBl4
SBO4 TMO0I0,410,710,910A,910B,9IC Input/Output Control ————»
(P82 - 87)
SDA4 Selector ——
SBI2,3,4 SBO2,3,4 SBT2,3,4
SCL3,4 SDA3,4 Input/Output Control  —————_ ™|
(P82 - 87)
TM140A, 140B Output Control (P80, P81) ——————|
P8IN7-0
(Port Input)
TMO0IO,410,710,910A, -
910B,9IC Input (P82 - 87)
SBI2,3,4, SBT2,3,4 _

SCL3,4 SDA3,4 Input
(P82,P84 - 87)

Note : The set value of the P8DIR register is valid only when the port function
is selected by the PSLMD register, the PBHMD register.
The input or output direction of timer function and serial function is determined
automatically by setting the P8LMD register or the PBHMD register.
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Table 8-1-2 Port Block Diagram (10/12)

Chapter 8 Ports

Port Pin Name Block Diagram
Port9 | P97 to P90
TMS8IOA
TM10I0A :
TM10I0B POPLUT-0 = Regisr \
T™M10IC PYOUT7 - 0 <—M—> N
BIBT1 1
BIBT2
TMSIOA Output (P90)
/IDMAREQ1 BIBT1 Output (P90)
/DMAR EQO TM10IOA Output (P91) Selector
BIBT2 Output (P91) -
/DMAACK1 JDMAACKL Output (P91)
IDMAACKO TM10I0B Output (P92)
/DMAACKO Output (P93)
AN3 to ANO

POLMD7-3,1-0
POHMDS - 0

PIDIR7 - 0

TMB8IOA,1010A,10I0B,10IC Input/Output Control

BIBT1,2 Output Control (P90,P91)

/DMAREQO,1, /DMAACKO,1 Input/Output Control
(P90 - 93)

AN3 - 0 Input Control (P97 - 94) >

AN3 - 0 Input
(P97 - 94)

TMSIOA, 1010A, 10108, 10IC Input
(P90 - 93)

/DMAREQ1,0 Input
(P90,P92)

POIN7 - 0 Input
(Port Input)

P9HMD?7,6
P90OUT4,3
P9DIR4,3

i}

Y

—_—
(P90 - 93)
Selector
—_—

_ >

IH P97 - 90

——h

Note : The set value of the PODIR register is valid only when the port function
is selected by the POLMD register or the POHMD register.
The input or output direction of timer, BIBT1, BIBT2, ETC and A/D is
determined automatically by setting the POLMD register or POHMD register.
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Table 8-1-2 Port Block Diagram (11/12)

Port

Pin Name

Block Diagram

Port A

PAS to PAO
/IRQ4 to /IRQO
TM15IB
ADSEP

PAPLUO - 5

PAOUTO - 5

PAMD4 - 0

PADIRS - 0

PAINS - 0
(Port Input)

/IRQ4 - 0 Input
(PA4 - PAD)

TM15IB Input
(PA4)

ADSEP Input
(PA5)

Register

Register

O/

Register

Register

o |Prs-0

Note : The set value of the PADIR register is valid only when the port function

is selected by the PAMD register.

The input or output direction of interrupt and timer function is

determined automatically by setting the PAMD register.
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Table 8-1-2 Port Block Diagram (12/12)

Chapter 8 Ports

Port Pin Name Block Diagram
Port B | PB1to PBO
BIBT1
BIBT2
BOSC PBPLUl1 -0 <— | Register > x}
Xl

BIBT1 Output (PBO)
BIBT2 Output (PBO)
BOSC Output (PBO)

PBMD2 - 0

PBDIR1 -0

BIBT1,BIBT2,BOSC Output Control
(PBO)

Xl Input Control (PB1)

PBIN1-0
(Port Input)

XI Input
(Low-speed Oscillation Input)

STOP Control

Note : The set value of the PBDIR register is valid only when the port function

_ | Selector

A

e

Y

»| Selector

is selected by the PBMD register.

The input or output direction of BIBT1, BIBT2, BOSC and Xl is determined
automatically by setting the PBMD register.

If the XI pin is not used as the low-speed oscillation pin, it can be used as
port PBI.

o |rBi-0

X0
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8-2  Port Setup Examples

8-2-1  General-purpose Port Setup

This section describes a light-emitting diode (LED) on/off based on
switch input status. P71 is connected to the switch and P70 is connected
to the LED. In this configuration, the LED is on when the switch is on
while the LED is off when the switch is off.

470 Q<< 10 kQ%

MN102HF60G
P70
P71
@]
b sw
Ve

Figure 8-2-1 General-purpose Port Setup Example

(1) Both P71 pin and P70 pin are set to input by the initial values after reset release.
Under this condition, the LED is off. Next, set the P70 pin to the general-purpose
port output.

P7DIR: X'00FFE7' P7LMD: x'00FFFA’
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

P7|P7r|P7|PT|PT|PT|PT|PT P7 | P7 | PT | PT | P7T|PT|P7T|PT
DIR?| DIR6| DIR5|DIR4| DIR3| DIR2|DIR1|DIRO| [LMD7lLMD6LMDSLMD4LMD3LMDL MDLMDO

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

(2) Read the P71 pin status (P7IN) with the MOVB instruction. If bit 1 is '0', set
POOUT to x'00".

P70UT: X00FFC7" P7IN: X0OFFD7'
7]6] 5] 4] 3] 2] 1] 0 716 5] 4] 3] 2] 1] o
P7 | P7 | P7 | P7T|PT|PT|P7|PT P7 | P7 | P7 | P7T|P7T|PT|PT|PT
OUT70UTE0UTEOUT40UT30UT20UTLOUTO IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO

0 0 0 0 0 0 0 0
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On the contrary, if bit 1 is '1', set P7OUT to x'01".

P70UT: X'00FFC7'

7

6 5 4 3 2 1 0

P7

P7 | P7T | PT | PT | P7T | P7T | P7
OUTEOUT50UT40UT30UT20OUTLOUTO

OUTY7

0

0 0 0 0 0 0 1

Under this condition, the low level is output to P70 pin if the switch is on while the
high level is output to P70 pin if the switch is off resulting that the light-emitting diode
is on or off. Thereafter, reading the P71 pin status is repeated.

Figure 8-2-2 and Figure 8-2-3 show the flowcharts of general-purpose port operations.
When the port is input, set the PnMDm flag and PnDIRm flag to '0' and read the
PnINm flag. When the port is output, set PnDIRm flag to '1' and write the data output
to the PNOUTm flag. Regardless of input or output direction, set the PnPLUm flag to
"1' for the pull-up setting. (n means the port number, m means bit position.)

Reset Release

| PnPLUm=0or1 |

| PnDIRm=0 |

| Read PnINm |

Figure 8-2-2 Basic Flowchart of
General-purpose Port Input

Reset Release

| PnMDm=0 |

!

| PnPLUM=0or 1 |

| PnOUTm= Initial Value—|

| PnDIRm=1 |

| PnOUTm= Set Value|

Figure 8-2-3 Basic Flowchart of
General-purpose Port Output

MN102H60G/60K/F60G/F60K

273



Chapter 8 Ports

When P94 and P93 are selected as the LED drive ports, the following
software solutions are required.

High level is output from P93

1. Set the LED drive select flag (POHMD®6) of the port 9 mode register
H (X'00FFED") to 0.

2. Set POOUT®6 of the port 9 output register (x'0O0FC9') to 1.

3. Set PIDIR of the port 9 input/output control register (xX'O0FFE9") to 1.

Low level is output from P93 when P93 is selected as the LED drive
port.

1. Set POOUT®6 of the port 9 output register (x'00FC9') to O.

2. Set the LED drive select flag (P9HMDG6) of the port 9 mode register
H (X'00FFE9") to 1.

3. Set PIDIR of the port 9 input/output control register (xX'O0FFE9") to 1.

In the above step 2 setting, the LED is on no matter how the P9DIR flag
is set. However, the LED becomes weak when P9DIR remains 0.
Therefore, the step 3 must be set.

The solutions for P94 are the same as ones for P93.

POPLU3

Output I

1/0 Control 41/( P93

Input <‘|

PO9HMD6 |
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8-3  Summary of Byte-swapped Registers

8-3-1  Overview
The MN102H60G/60K/F60G/F60K contains byte-swapped registers

for pointers and long-word data. Each written data is swapped and read
as follows.

Point byte swap registers
PBSWPH(x'00FFBE) PBSWPL(x'00FFBC’) (Initial values are all 0.)

bp23 16 15 87 0

A B C WRITE
P

C B A READ

Long word byte swap registers

LBSWPH(x'00FFCE') LBSWPL(x'00FFCC") (Initial values are all 0.)

bp31 24 23 16 15 8 7 0
A B C D WRITE
D C B A READ

Figure 8-3-1 Byte-swapped Register

The MN102H60G/60K/F60G/F60K has no byte-swapped registers for the word data.
When the word data needs to be swapped, use the byte-swapped register for long-word
data. Write the word data to LBSWPH (x'O0FFCE') and read the data from LBSWPL
(X'00FFCC") or vice versa.

MN102H60G/60K/F60G/F60K

275



Chapter 8 Ports

276 MN102H60G/60K/F60G/FE0K



Chapter 9 System Control E



Chapter 9 System Control

(1

In the MN102HF60G/HF60K or
ICE, the address break 0 and 1
generation flags of the address
break control register cannot be
used. Instead, the function of
these flags are substituted by
verifying whether the PC values
(upper or lower bits) on the stack
pointer match the address break
0/1 address pointer during NMI
interrupt routine service. Please
refer to the technical report
when using the function.

(

Set the first address of the in-
struction code to be suspended
to the address break address
pointer.

(1

The address break function
makes the CPU suspend ex-
ecuting all instructions.

9-1 Address Break

9-1-1 Overview

The MN102H60G/60K/F60G/F60K generates a NMI interrupt before
executing the instruction located on an arbitrary address. The
MN102H60G/60K/F60G/F60K has two registers of the address break 0
address pointer and the address break 1 address pointer specifying the
address where an interrupt is generated. When the address of the in-
struction fetch matches the address of either the address break 0 address
pointer or the address break 1 address pointer, the CPU generates a NMI
interrupt by replacing its instruction code into the undefined instruction
(X'FF"). This function can debug the software or correct mask ROM
under the production process.

Instruction Fetch

CPU

Address Break

Address Pointer Address Bus
Register l

Comparison
\Jrcuit

Address Bus

ROM, RAM,
Peripheral Register

Match 'FF' Data Bus
Address Break 7D XFF Generator i | (instruction Code)
Control Register| Y2 Circuit

Figure 9-1-1 Address Break Operation Example

Memory Space

X'800FE' . First address of the next instruction
Instruction 1

X'800FF' R
Instruction 1

x'80100' i Address Break 0
x'80101' Instruction 80100 Address Pointer Register
Instruction 2 ;;
Al Break 1
X'80102" 80200 ddress Breal

Instruction 2 Address Pointer Register
structio NMI Interrupt

When the CPU fetches the ope code of the instruction 2 and

the first address of the instruction 2 matches either the address
break 0 address pointer or the address break 1 address pointer,
the CPU operates the undefined instruction (x'FF') instead of the
instruction 2 ope code and generates a NMI interrupt forcibly.

Figure 9-1-2 Address Break Block Diagram
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The MN102H60G/60K/F60G/F60K contains the address break address
pointers (ADBn) and the address break control register (ADBCTL).

ADBCTL: x'0O0FCDA'

7 6 5 4 3 2 1

ADB1|ADBO|ADB1|ADBO .
—| ]| |lonlon]|ck|ck| Address Break Control Register
Atreset: 0 0 0 0 0 0 0 0
I— ADBOCK | Address Break 0 Generation
0 Do not generate
1 Generated
ADB1CK | Address Break 1 Generation
0 Do not generate
1 Generated
ADBOON | Address Break 0 Operation
0 OFF
1 ON
ADB1ON | Address Break 1 Operation
0 OFF
1 ON
ADBO: xX'00FCD2'
ADBL1: x'00FCD6'
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADBn|ADBn|ADBn|ADBn | ADBn | ADBn | ADBn | ADBn | ADBn | ADBn| ADBn| ADBn| ADBn | ADBn| ADBn | ADBn
Al5 | Al4 | A13 | A12 [ A1l | A0 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | AD
At reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) ) ) ) ) ) ) _ | ADBn|ADBN|ADBN|ADBN| ADBn|ADBn|ADBN ADBN
A23 | A2 | A21 | A20 | A19 | AI8 | A17 | Al6
At reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MN102H60G/60K/F60G/F60K

Address Break n
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9-1-3  Address Break Setup Examples

When an error occurs in the routine on the internal ROM, the program
cannot be corrected normally. An error, however, can be avoided by
storing the solution program on the internal RAM or the external RAM
and setting the address break.

For example, the CPU stores the address where the instruction execution is halted and
the substitute program on the nonvolatile memory connected externally to the
MN2102H60G/60K/F60G/F60K. Then the CPU accesses the nonvolatile memory
from the main routine after reset. Finally, the CPU loads the address where the in-
struction execution is halted and the substitute program on the register or the internal
RAM when the address break function is required. In this example, execute the sub-
routine 2 on the internal RAM without executing the subroutine 1 on the internal
ROM.

1. Primarily, the program subroutine calls from
Interrupt Service Routine the main routine to the subroutine 1
by the JSR instruction.
2 2. Use the address break function and
) ) generate a NMI interrupt before
Main Routine - . . .
Internal < executing the first address of the subroutine 1.
ROM ! 3. Jump from the NMI interrupt service routine
3 to the subroutine 2 on the internal RAM
using the JMP instruction.
4. Return to the main routine using the RTS
instruction.

Subroutine 1

Internal .
RAM Subroutine 2 4

- Original Flow
— Alternative Flow using address
break function

Figure 9-1-3 Program Flow of Address Break Setup

m Address Break Setup
(1) Set the first address of the subroutine to the address break 0 address pointer
(ADBO).

(2) Set 1 to the ADBOON bit of the address break control register.

ADBCTL: xX'0O0FCDA'

7 6 5 4 3 2 1 0

ADB1/ADBO/ADB1/ADBO
ON | ON | CK | CK

0 0 0 0 0 1 0 0

Thereafter, a NMI interrupt occurs when the CPU executes the address set in the step

).
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m NMI Interrupt Service Routine

(3) Jump to the address x'80008' when the address break occurs. The value of the
IAGR register at this point is 8. Verify that the ADBOCK flag of the address break
control register (ADBCTL) is 1 during the interrupt service routine. This deter-
mines whether a NMI interrupt occurs by the address break or other factors. Clear
the ADBOCK flag and the ADB1CK flag to '0' by software after verification be-
cause both the ADBOCK flag and the ADB1CK flag are not cleared automati-
cally.

ADBCTL: x'0O0FCDA'
7 6 5 4 3 2 1 0

ADB1/ADBOADB1/ADBO
ON | ON | CK | CK

0 0 0 0 0 1 0 1

(4) Jump into the subroutine 2 developed on the internal RAM in advance. Add 6 to
the value of the stack pointer (AR3 register) to remove the program counter (PC)
value and PSW value stored by the NMI interrupt from the stack. In addition,
clear the NMIF flag of the NMICR register to O.

16 bits
-
Stack Pointer — 0 PSW
(AR3) 2 Program Counter (PC) and PSW

Lower PC stored by a NMI interrupt

4 Upper PC

6 Lower PC PC stored when the program jumps

8 Upper PC from the main routine to the subroutine 1.

Figure 9-1-4 Stack State after NMI Interrupt

(5) Execute the subroutine 2 on the internal RAM and return to the original main
routine with the RTS instruction.
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9-2  System Related Register Protection

9-2-1 Overview

The MN102H60G/60K/F60G/F60K contains the system control
register which prohibits programming the system related registers by

the erroneous operations. Writing the value except x'7D' to the system

control register prohibits programming the system related registers.

9-2-2  Control Registers

SYSCTL: x'00FCD0

7

6

5

4

3

2 1 0

SYS
c7

SYS
C6

SYS
C5

SYS
C4

SYS
C3

SYS | SYS |SYs .
c2 | c1| co System Control Register

Atreset: 0

1

1

1

1

1 0 1

7D: Program all registers (at reset)
Others: Do not program the following the system related registers

MN102H60G/60K/F60G/F60K

CPU Control

Address Break
Memory Control

Port Control

: CPUM, EFCR
: ADBO, ADB1, ADBCTL
: EXWMD, MEMMD1, MEMMD2

DRAMMD1, DRAMMD2

: POMD, P1LMD, P1HMD

: P2MD, P3LMD, P3HMD

: PALMD, P4HMD, P5LMD
: PSHMD, P6MD, P7LMD

: P7THMD, P8LMD, P8MMD
: PBHMD, POLMD, P9HMD
: PAMD, PBMD
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10-1 Summary of Low-power Modes

10-1-1 Overview

The MN102H60G/60K/F60G/F60K provides two oscillation pins
(high-speed and low speed) for system clock. It has two CPU operating
modes, NORMAL and SLOW, and two standby modes, HALT and
STOP. The high-speed oscillation divided by 2, 4, or 8 can also be used
as the operating clock. Using these modes effectively helps to reduce
power consumption.

: CPU is stopped.
OSCI : Clock for high-speed operation

Reset
0\ 4 R Y\
STOP Mode
HALT Mode NORMAL Mode
Interrupt Interrupt
HALTO > NORMAL I - STOPO
OSCI:Oscillati OSCl:Oscillation Hal
‘Oscillation Xl :Oscillation - OSCl:Halt
Xl :Oscillation N > Xl :Halt
Program *1 y Y Program *2
\ J
Program *6
|
Program *7
IDLE
OSCl:Oscillation
Xl :Oscillation
T Program *3 Program *4
Program *5
4 1 N
| Interrupt
HALT1 nterrupt »| sLow1 - p STOP1
OSCl:Halt OSCl:Halt . OSCI_:HaIt
Xl :Oscillation Program *1 Xl :Oscillation ‘ Program *2 Xl :Halt
Interrupt Interrupt
HALT2 : ~ oseosciliation® . oz
OSCl:Oscillation e .'OSS;'":“'(?: | OSCl:Halt
Xl :Oscillation Program *1 : Program *2 Xl :Halt
SLOW Mode
~—_ - J \ J

--— : The oscillation stabilization wait is inserted.

XI : Clock for low-speed operation (32 kHz)

Figure 10-1-1 CPU Operating Mode Changes

Sample programs for program
*1 to program *7 are described
on the following pages.
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The MN102H60G/60K/F60G/F60K contains two oscillation circuits for system
clock. OSCl is the pin for high-speed operation (in NORMAL mode) while Xl is the
pin for low-speed operation (in SLOW mode). In addition to XI, OSCI divided by 2,
4, or 8 can also be used as the low-speed operation clock. The CPU mode control
register (CPUM) controls the transitions between NORMAL mode and SLOW mode
or from NORMAL/SLOW mode to standby mode. Selection of the low-speed opera-
tion clock is specified by means of memory mode register 2 (MEMMDZ2). A normal
reset or an interrupt recovers the CPU from standby mode. The oscillation stabiliza-
tion wait occurs when the CPU is reset or when the CPU returns from STOP mode.
The oscillation stabilization wait does not occur when the CPU returns from HALT
mode. when the CPU returns from standby mode, NORMAL/STOP mode becomes
the state before the CPU enters the standby mode.

The current from pins and the input pin level must not be unstable to reduce power
consumption in STOP mode or HALT mode. For output pins, either match the output
level to the level input to this pin externally or set the pin to input. For input pins, high
or low level is fixed externally.

MN102H60G/60K/F60G/F60K
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*1 The CPU transits from NOR-
MAL mode to HALTO mode,
from SLOW1 mode to HALT1
mode, and from SLOW2 mode
to HALT2 mode.

*2 The CPU transits from NOR-
MAL mode to STOPO mode,
from SLOW1 mode to STOP1
mode, and from SLOW2 mode
to STOP2 mode.

*3 The CPU mode control reg-
ister settings are the same for
SLOW1 and SLOW?2, HALT1
and HALT2, and STOP1 and
STOP2, respectively. These
are differentiated by means of
the SLOW mode operating
clock selection flags of the
memory mode setting 2 regis-
ter, set in NORMAL mode.

<

The program changes the oscil-
lation stabilization wait time.
The oscillation stablization wait
time is 217 at reset. The time for
error detection function changes
as a result of the oscillation
stablization wait time change.

<

Do not set '01' in the WDM flags
in the MN102HF60G/HF60K, as
this may cause erroneous op-
eration.

10-1-2 Control Registers

The CPU mode control register (CPUM) controls each mode transition.

CPUM: x'00FCO0

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

WD |WDM|WDM| 0 0 0 0 0 0 0 0 PSCIOSTOP|HALT[OSC1JOSCO|
RST| 1 0

Reset : 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

System clock monitor flag 4/ |

Operating OSCI/ System
Mode STOP|HALT [OSC1| OSCO | OSCO XI/XO Clock CPU
NORMAL 0 0 0 0 Oscillation | Oscillation | OSCI/OSCO | Operation
IDLE 0 0 0 1 Oscillation | Oscillation XI/XO Operation
SLOw1 0 0 1 1 Stop Oscillation XI/XO Operation
SLOW?2 (*3) 0 0 1 1 Oscillation | Oscillation | OSCI/OSCO | Operation
HALTO (*1) 0 1 0 0 Oscillation | Oscillation | OSCI/OSCO Stop
HALT1 (*1) 0 1 1 1 Stop Oscillation XI/XO Stop
HALT2 (*1*3)| O 1 1 1 Oscillation | Oscillation | OSCI/OSCO Stop
STOPO (*2) 1 0 0 0 Stop Stop Stop Stop
STOP1 (*2) 1 0 1 1 Stop Stop Stop Stop
STOP1 (*2*3)| 1 0 1 1 Stop Stop Stop Stop

Figure 10-1-2 Operating Mode Control and Clock Oscillation On/Off

Table 10-1-1 Watchdog Interrupt Interval

e e e e
0 0 27Cycles 27x (Ufoscl)
0 1 2 Cycles % x (Ufoscl)
! 0 2° Cycles 25 x (1/foscl)
! 1 2° Cycles 25 % (Ufoscl)

WDM bits reduce the oscillation stabilization wait time from STOP mode. When both
WDM1 and WDMO are 0, the expected oscillation stabilization time is calculated as
follows.

Oscillation stabilization wait time (tosciw) of the oscillation frequency fosci is:
tosciw = 27 x (1/fosci)
For example, tosciw = 3.85506 ms when fosci is 34 MHz.
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Reset 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — | HS2 | HS1 | HSO | SC1 | SCO |Reserv|Reserv] — |BST2BST11BSTO
ed ed
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SLOW Mode
SC1 SCO | Operating Clock | SLOW Mode
0 0 X SLOW1
0 1 OSCI/2 SLOW2
1 0 OSCl/4
1 1 OSClI/8

(1

Do not change these flags in
SLOW1 mode or SLOW2 mode,
as this may cause erroneous
operation.

The SLOW mode operating clock can be changed by setting the SLOW
mode operating clock selection flags in NORMAL mode. When Xl is
set as the operating clock, a transition is made to SLOW1 mode by
means of a write setting in the CPU mode register. When OSCI/2,
OSCl/4, or OSCI/8 is set as the operating clock, a transition is made to
SLOW2 mode by means of a write setting in the CPU mode register.
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(1

The SLOW mode operating
clock selection flags in the
memory mode setting 2 register
can only be modified in NOR-
MAL mode. Modifying these
flags in SLOW mode may cause
erroneous operation.

10-1-3 Transferring between SLOW Mode and NORMAL Mode

The MN102H60G/60K/F60G/F60K has two CPU operating modes,
NORMAL and SLOW. There are two SLOW modes: SLOW1 mode in
which the low-speed oscillation clock (XI) is used as the operating
clock, and SLOW2 mode in which the high-speed oscillation clock
(OSCl) is used. Selection of the operating clock in SLOW mode is
performed by means of the memory mode setting 2 register in NOR-
MAL mode. The CPU needs to go through IDLE mode when switching
from SLOW1 mode to NORMAL mode, but this is not necessary when
switching from SLOW2 mode to NORMAL mode.

The system clock monitor flag (OSCID) is used to identify whether the system clock
currently being supplied to the peripheral functions is the high-speed oscillation clock,
or is the low-speed oscillation clock or a clock scaled from the high-speed oscillation
clock. An OSCID value of 0 means that the high-speed oscillation clock is being
supplied, while an OSCID value of 1 means that the low-speed oscillation clock or a
clock scaled from the high-speed oscillation clock is being supplied.

m Transferring from NORMAL mode to SLOW mode

A transition from NORMAL mode to SLOW mode is made by a write setting in the
CPU mode control register after setting the SLOW mode operating clock with the
memory mode setting 2 register. When Xl is set as the operating clock, a transition is
made to SLOW1 mode by means of a write setting in the CPU mode register. When
OSCI/2, OSCl/4, or OSCI/8 is set as the operating clock in the memory mode setting 2
register, a transition is made to SLOW2 mode by means of a write setting in the CPU
mode register. When the CPU transits from NORMAL mode to SLOW mode, the
CPU does not need to go through IDLE mode, since the low-speed oscillation clock
operates stably in both SLOW1 mode and SLOW2 mode.

Program *3
mov 0xffg4, al
mov (al), dO ; Read MEMMD2
and Oxff3f,d0 ; Set Xl
mov do, (al)
mov  0xfc00, al

mov (al), dO ; Read CPUM register
or 0x3, d0 ; Set SLOW mode
mov do, (al)
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The following is a sample program for switching from NORMAL mode to SLOW2

mode.

Program *4

mov
mov
and
or

mov
mov
mov
or

mov

0xff84, al

@al), do - Read MEMMD2

0xff3f, dO
0x0040, d0
do, (al)
0xfc00, al
(al), do

0x3, do ; Set SLOW mode

do, (al1)

; Set OSCI/2

; Read CPUM

m Transferring from SLOW mode to NORMAL mode

When the CPU transits from SLOW1 mode to NORMAL mode, the CPU needs to

Chapter 10 Low-power Modes

The CPU operates based on
low-speed oscillation clock in

wait in IDLE mode with the program until the high-speed oscillation clock starts oscil- |p|E mode.
lation and becomes stable (It takes at least 3.9 ms when the CPU switches from

SLOW1 mode to NORMAL mode (at 34 MHz operation)). The following is the

program example of switching from SLOW1 mode to NORMAL mode.

Program *5
mov  0xfc00, al
mov (al), dO
and Oxfffd, dO
mov do, (al)
Program *6
mov 43, d0
LOOP add -1,dO
bne LOOP

mov 0xfc00, al

mov (al), dO
and  Oxfff0, dO
mov do0, (al)

; Read CPUM register
; Set IDLE mode

;This is the loop of waiting for 3.9 m$
in 32-kHz clock operation to switch
from 32-kHz clock operation to 34
; MHz clock operation.

; Not required when the program
; continues from program *5

; Read CPUM register

; Set NORMAL mode

(1

The oscillation stabilization wait
time is required to stabilize oscil-
lation. The program needs to
count the same time as the os-
cillation stabilization time.
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When the CPU transits from SLOW2 mode to NORMAL mode, only a write setting in
the CPU mode control register is necessary, since the high-speed oscillation clock
operates stably. In this case, the CPU does not need to go through IDLE mode. The
following is a sample program for switching from SLOW2 mode to NORMAL mode.

Program *7
mov  0xfc00, al
mov (al), dO ; Read CPUM
and Oxfffd, d0 ; Set NORMAL mode
mov do, (al)
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10-1-4 Switching to Standby Mode

The program transits the CPU from the CPU operating mode to the
standby mode. An interrupt switches the CPU from the standby mode
to the CPU operating mode.

The following procedures are required before transferring to the standby mode.
(1) Clear the interrupt enable flag (IE) of the processor status word (PSW) and th ‘
interrupt enable flag (xxIE) of the maskable interrupt control register (xxICH) to
. . . The CPU cannot recover to the
disable all interrupts temporarily. CPU operating mode when in-
(2) Specify interrupt vector for returning from standby mode to the CPU operatingterrupt is enabled and the inter-

mode and set only appropriate xxIE. In addition, set the IE flag of PSW. rupt priority level is higher than
the mask level set in PSW be-

fore switching to the CPU oper-

ating mode.
NORMAL/
SLOW Mode

. . Clear |E flag of PSW and all xxIE flags
Disable all interrupts of maskable interrupt control registers

Enable interrupt Set xxIE for return vector and IE of PSW

for return vector

Set HALT/STOP

Mode HALT/ ( HALT: The watchdog timer stops counting.
STOP Mode STOP: The watchdog timer is reset.

The process shown in parenthe-
ses is controlled by hardware.

When returning from STOP mode, \ _,
wait for oscillation stabilization.

<X Generate an interrupt for return vector

NORMAL/ ( HALT: The watchdog timer restarts counting.
SLOW Mode STOP: The watchdog timer is disabled.

|

Interrupt Acceptance
Cycle

\J

Figure 10-1-3 Sequence of Switching to/from Standby Mode
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Assign the JMP instruction and
set the CPUM write to an even
address with ALIGN instruction.
This prevents the effects due to
the difference of memory mode
and expansion bus widths and
outcomes the same result under
any conditions.

Note:

The ALIGN value must be set to
more than 2 when the ALIGN
value is set by the quasi-SEC-
TION instruction before this ex-
ample within the file describing
the program.

When the CPU ends the oscilla-
tion stabilization wait and
switches to the CPU operating
mode, the watchdog timer be-
comes disabled automatically.
When the watchdog timer op-
eration is required, set the
watchdog timer enabled.

(

The oscillation stabilization wait
is executed by hardware when
returning from STOP mode.
The program does not need to
count the oscillation stabilization
wait time.

m Switching to HALT mode

The CPU transits from NORMAL mode to HALTO mode, from SLOW1 mode to
HALT1 mode, and from SLOW?2 mode to HALT2 mode. In each case, only the CPU
stops, and the oscillation state is maintained. When the CPU switches to HALT mode
while the watchdog timer is enabled, the watchdog timer stops counting. The follow-
ing is the program example of switching to HALT mode.

Program *1
mov (al), dO ; Read CPUM
or 0x4, do ; Set HALT mode
jump  stp_hlt ;Branch unconditionally to an even ad-
align 2 »dress to erase the difference of operatihg

» conditions.

stp_hlt mov doO, (al)
nop ; Insert more than three nops to executg a
nop ; few instructions in the state of pipeling
nop ; after writing to CPUM.

m Returning from HALT mode

An interrupt or a reset recovers the CPU from HALT mode. Reset proceeds normal
operation. An interrupt returns the previous mode before entering HALT mode and
the watchdog timer restarts counting.

m Switching to STOP mode

The CPU transits from NORMAL mode to STOPO mode, from SLOW1 mode to
STOP1 mode, and from SLOW?2 mode to STOP2 mode. In both cases, the oscillation
and the CPU stop. When the CPU switches to STOP mode, the watchdog timer is
reset. The following is the program example of switching to STOP mode.

Program *2
mov  0xfc00, al
mov (al), dO ; Read CPUM
or 0x8, dO ; Set STOP mode
jump  stp_hlt ‘Branch unconditionally to an even gd-
align 2 ' dress to erase the difference of operaling

» conditions.

stp_hlt mov dO, (al)
nop ; Insert more than three nops to execule a
nop ; few instructions in the state of pipelipe
nop ; after writing to CPUM.

®m Returning from STOP mode

An interrupt or a reset recovers the CPU from STOPO, STOP1 mode, and STOP2
mode. At reset, the watchdog timer becomes disabled after operating as the oscillation
stabilization wait counter.
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11-1 Electrical Characteristics
G Structure CMOS integrated circuit
Application General purpose
This LSI user's manual de-
scribes standard specifications. Function 16-bit microcontroller
When using this LSI chip, please
contact one of our sales offices Pin Configuration Figure 1-4-1 to Figure 1-4-9
for product standards.
External Dimensions Figure 1-4-14

A. Absolute Maximum Ratings

Vss=0V
Parameter Symbol Rating Unit
Al |Power supply voltage Vop -0.3t0 +4.6 \Y
A2 |Input pin voltage Vi -0.3to Voo+0.3 \
A3 |Output pin voltage Vo -0.3to Vop+0.3 \
A4 |InPutoutput pin Vio -0.310 Vbo+0.3 v
voltage
A5 Operating ambient Topr 4010 485 oc
temperature
A6 [Storage temperature Tstg -55to +125 °C
Note:

1. Absolute Maximum Ratings are stress ratings not to cause damage to the device.
Operation at these ratings is not guaranteed.
2. All of the \bp and \ss 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 leaselFZondenser.
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Chapter 11 Appendix

Vss=0V
Ta=-40°Cto +85°C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
B1 |Power supply voltage | Vop 3.0 3.3 3.6 \Y
Crystal Oscillator 1 (OSCI)
B2 |Oscillator frequency Foscl 4 34 MHz
Crystal Oscillator 2 (XI)
B3 |Oscillator frequency Fosc2 32 166 kHz

MN102H60G/60K/F60G/F60K

295



Chapter 11 Appendix

296

C. Electrical Characteristics

1. DC Characteristics

Vob=3.3V
Vss=0V
Ta =-40°C to +85 °C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Vi=Vpbp or Vss
Power supply current _ .
C1 |guring operation Ippl |Foscl = 34 MHz 60+10a*| mA
Output pins open
Vi=Vpbp or Vss
Power supply current in _
Cc2 SLOW mode Iop2 |Fosc2 = 32 kHz 5 mA
Output pins open
Power supply current in Oscillator stop
C3 |sTOP mode loo3 . 70 LA
All functions stop
Power supply current in Foscl =34 MHz
C4 |HALTO mote. Ioo4 30+100* [ MA
Fosc2 = 32 kHz
Power supply current in Foscl = oscillator stop
C5 | HALTL mode IooS 2 mA
Fosc2 = 32 kHz

MN102H60G/60K/F60G/F60K

* o depends on the model.

MN102H60G/60K
MN102HF60G
MN102HF60K
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Vop=3.0Vto3.6V
Vss=0V
Ta=-40°Cto +85°C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 1
<Output pushpull/Input LVTTL level schmidt trigger/Programmable pullup>
P00-PO7, P10-P17, P20-P27, P30-P37, P40-P43, P50-P57
P60-P63, P70-P75, P80-P87, P90-P92, PAO-PA5, PBO(BOSC)
C6 [Input high voltage VIH1 2.2 \
C7 |Input low voltage ViL1 0.6 \
. loH =-2.0 mA
C8 [Output high voltage VOH1 VoD =33V 2.4 \
loL=2.0mA
C9 [Output low voltage VoL VoD =33V 0.4 \
C10 |Output leakage current ILo1 Vo = Hi-z -10 10 PA
. Vi=Vss
C11 |Pullup resistance PpPu1 VDD =33V 10 30 90 kQ
Input/Output Pins 2
<Output pushpull/Input LVTTL level schmidt trigger/Programmable pullup>
P93
C12 |Input high voltage VIH2 2.2 \
C13 |Input low voltage ViL2 0.6 \
h lon=-2.0 mA
C14 |Output high voltage VOoH2 VoD =33V 2.4 Y
loL=2.0mA
C15 |Output low voltage 1 VoL2 VoD =33V 0.4 Vv
In case of LED output
setting
C16 |Output low voltage 2 VoL2 oL = 30 mA 0.4 Vv
Vb =33V
C17 [Output leakage current | ILo2 Vo = Hi-z -10 10 HA
. Vi=Vss
C18 [Pullup resistance Ppu2 VDD =33V 10 30 920 kQ
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Vop=3.0Vto36V
Vss=0V
Ta =-40°C to +85 °C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input/Output Pins 3
<Output pushpull/Input CMOS level schmidt trigger/Programmable pullup/Analog pins>
P44-P47(AN4-7), P95-P97(AN1-3)
C19 [Input high voltage VIH3 VoD x 0.8 \Y
C20 |Input low voltage ViL3 VoD x 0.2 \%
C21 |output high voltage VOH3 S;D::-é'g \rr/1A VDD-0.6 Vv
loL=2.0mA
C22 (Output low voltage VoL VDD =33V 0.4 \%
C23 |Output leakage current ILo3 Vo = Hi-Z -10 10 HA
. Vi=Vss
C24 |Pullup resistance Pru3 VDD =33V 10 30 90 kQ
Input/Output Pins 4
<Output pushpull/Input CMOS level schmidt trigger/Programmable pullup/Analog pins>
P94(ANO)
C25 |Input high voltage VIH4 VoD x 0.8 \
C26 |Input low voltage ViL4 VoD x 0.2 \
C27 |Output high voltage VoH4 {7;;:'3'2 T)A VoD-0.6 v
€28 |Output low voltage 1 VoLs I\?DLDZZZéOBmVA 0.4 Vv
In case of LED output
C29 |Output low voltage 2 VoL4 Is(f:t:'nsgo mA 0.4 \Y
VoD =3.3V
C30 |Output leakage current ILo4 Vo = Hi-z -10 10 A
C31 |Pullup resistance Ppu4 vD: \_/3353 v 10 30 90 kQ
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Vss=0V
Ta=-40°Cto +85°C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Input Pins
<Input CMOS level schmidt trigger>
INM, MODE, /RST
C32 |Input high voltage VIH5 VoD x 0.9 \Y
C33 [Input low voltage ViLs VoD x 0.1 \"
C34 |Input leakage current VOH5 x:mi \:/SBS'Gt(:/VDD -10 10 HA
OSCI pin, Xl pin (at external clock input) : crystal, ceramic self-excited oscillation
See Figure 1-4-10 to Figure 1-4-11

C35 |Input high voltage VIHe VoD x 0.8 VbD \Y,
C36 [Input low voltage ViLe Vss VoD x 0.2 \
Pin Capacitance
C37 [Input pin CIN 7 15 pF
C38 |Output pin Cout |Ta=25°C 7 15 pF
C39 (Input/output pin Ciio 7 15 pF

MN102H60G/60K/F60G/F60K
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D. D/A Converter Characteristics

Vop =AVDD = 3.3V

Vss=AVss=0V
Ta=25°C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
D1 |Resolution LsB1 10 Bits
D2 |Zero-scale transition voltage | Vzs VREF+=3.3V -16.1 16.1 mVv
VREF-=0V
D3 [Full-scale transaction voltage| V/Fs1 VREF+=3.3V 3.28 3.32 \
VREF-=0V
D4 |Non-linearity error NLE1 VREF+=3.3V -4 4 LSB
VREF-=0V
D5 |Differential non-linearity error | DnLEL VREF+=3.3V -4 4 LSB
VREF-=0V
D6 |A/D conversion time TseT1 Fosc = 34 MHz 3.29 us
At 10-bit resolution
D7 |AID conversion cycle Tset2  [Fosc =34 MHz 3.29 us
At 10-bit resolution
D8 |Analog input voltage ViA VREF- VREF+ Y

Note: Always set in relation of VDD >= AVDD >= VREF +> VREF- >= AVSS >= VSS.

MN102H60G/60K/F60G/F60K




E. AC Characteristics

Input Timing Conditions
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Vob=3.0Vto3.6V

Vss=0V

Ta=-40°Cto +85°C

Capacitance
Parameter Symbol| Conditions Unit
Min Typ Max
External Clock Input Timing (Foscl = 34 MHz)
E1 [External clock input cycle time texceye 29.4 ns
E2 |[External clock input high pulse width | texcH tEXZCCyC 3 ns
E3 [External clock input low pulse width texcL | Fig 11-1-1 tEX—ZCCy -3 ns
E4 |External clock input rise time texcr 3 ns
E5 |External clock input fall time texce 3 ns
Reset Input Timing
E6 [Reset signal pulse width (/RST) trsTw | Fig 11-1-2 4 texceye
Power Rise Timing
E7 |Vbb-Vee setup time trsts | Fig 11-1-3 2 ms

MN102H60G/60K/F60G/F60K
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Input Timing Conditions

Vob=3.0Vto3.6V

Vss=0V

Ta=-40°Cto +85°C

Capacitance
Parameter Symbol| Conditions Unit
Min Typ Max
Data Transfer Signal Input Timing
E8 Data acknowledge signal setup time tws 12 ns
(WAIT) Fig 11-1-5
i i Fig 11-1-9
E9 Data acknowledge signal hold time tun 0 ns
(WAIT)
Data Transfer Signal Input Timing
- I
Fig 11-1-4
E10 |Read data setup time (D15-00) tros | Fig 11-1-5 25+tc3/c ns
. X SRE
Fig 11-1-6 |
Fig 11-1-8 I
E11 |Read data hold time (D15-00) trow | Fig 11-1-9 | teye ns
Fig 11-1-10 | X SRE
l
Bus Authority Request Input Timing
Bus authority request signal setup time
E12 tereqs 0 ns
(/BREQ) Fig 11-1-12
Bus authority request signal hold time
E13 (BREQ) tBrREQH 0 ns
Interrupt Signal Input Timing
Nonmaskable interrupt signal pulse 10
E14 | it (NM)) tnmiw Fig 11-1-13 | (Note) teyc
External interrupt signal pulse width 4
E15 | IRQ4 10 0) tRow (Note) teye

MN102H60G/60K/F60G/F60K

Note : An interrupt may occur when the noise of the specified time or less is input.
* SRe means /RE short mode.RiS= 0, 0.5, 1, 1.5)
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Vop=3.0Vt03.6V
Vss=0V
Ta=-40°Cto +85°C

Capacitance
Parameter Symbol| Conditions Unit
Min Typ Max
Serial Interface Related Signal Timing (Synchronous Serial Reception)
E16 [Data reception setup time (SBI4-0) trxps | 17 ns
Fig 11-1-17
E17 [Data reception hold time (SBI4-0) trxDH 17 ns
Transfer clock input high pulse width
E18 tscH teyc x 4 ns
(SBT4-0) Fig 11-1-16
Transfer clock input low pulse width Fig 11-1-17
t 4
E19 (SBT4-0) tscL cyC X ns
Timer/Counter Signal Input Timing
Timer external input clock low pulse
width (TMnIO: n=0, 4, 7)
E20 | (TMnioA, TMIOB, TMnIC: n=g-12) | 1o ? fove
(TMnlA, TMnIB: n=13'15) Flg 11-1-18
Timer external input clock low pulse
width (TMnIO: n=0, 4, 7)
E21 | 1MnIOA, TMRIOB, TMIC: n=g-12) | 1ot 2 teye
(TMnIA, TMnIB: n=13-15)

MN102H60G/60K/F60G/F60K
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F. AC Characteristics (Output)

Output Signal Characteristics|

Vop=3.0Vto3.6V

Vss=0V

Ta=-40°Cto +85°C

CL=70pF
Capacitance
Parameter Symbol| Conditions Unit
Min Typ Max
System Clock Output Timing
System clock output cycle time
29.4
F1 (BOSC) teye ns
System clock output low pulse width
F2 teL 9.70 ns
(BOSC) Fig 11-1-1
System clock output high pulse width —— 9.70
F3 (BOSC) tew |Fig11-1-4to 11| O ns
F4 |System clock output rise time (BOSC) | tcr 5 ns
F5 [System clock output fall time (BOSC) ter 5 ns

MN102H60G/60K/F60G/F60K




Output Signal Characteristics

Vob=3.0V1t03.6V

Vss =0V

Ta=-40°Cto +85°C

CL =70 pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

Data Transfer Signal Output Timing 1
s Address delay time 1 tao1 E:g 111‘51 10 ns

(A23-0), (A23-16), (AD15-0) Fig 11-1-8 to 11

Address hold time 1 Fig 11-1-4 t S+
F7 |(A23-0), (A23-16) tans Fig 11-1-8 evex .

ALE late 0, long 0 mode
AD long 1 mode 20

Address hold time 2 Fig 11-1-8

F8 (AD15-0) tan2 ns
Other Modes teye x (Lao-
Fig 11-1-8 LaLe-1)*

Write data delay time Fig 11-1-4to 5
P9 |(D15-0), (AD15-0) oot Fig 11-1-7 10 ns

Write data hold time Fig 11-1-4t0 5 .
F10 | (p15.0) ri | Fg1117t010 | XS ns

* S means /WE short mode. (S=0,0.5,1,1.5)
LAD means AD long mode. Ab=1,2,3)

LALE means ALE long mode. fLE=0,0.5,1,1.5)

MN102H60G/60K/F60G/F60K
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Output Signal Characteristics

Vop=3.0Vto 3.6V

Vss=0V

Ta=-40°Cto +85°C

CL=70pF
Capacitance
Parameter Symbol|  Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 2
Chip-select signal fall delay time
F11 tcsort 1 ns
(/ICS3-0), (/CS3-1) Fig 11-1-4t0 5
F12 Chip-select signal rise delay time tesoRL Fig11-1-8t09 14 ns
(/CS3-0), (/CS3-1)
Chip-select signal hold time Fig 11-1-4 ’
F13 (CS3-0) tesH Fig 11-1-8 teye x S ns
F14 Address latch signal rise delay time taers | Fig 11-1-8 to 11 10 ns
(ALE)
F15 /(A:SSSS latch signal fall delay time taert | Fig 11-1-8 to 11 5 ns

MN102H60G/60K/F60G/F60K

* S means /WE short mode. (S=0,0.5,1,1.5)
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Vop=3.0Vto 3.6V

Vss=0V

Ta=-40°Cto +85°C

CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 3
Late 0.5 mode
; ] Fig 11-1-4t0 6 25 ns
F16 (Ij;eg enable signal fall delay time 1 treDEL
Other modes
Fig 11-1-4t0 6 10 ns
ALE late 0, long 0 mode
AD long 1 mode 30
i i Fig 11-1-8t0 9
F17 Read enable signal fall delay tie 2 treprs ns
(/RE)
Other modes
Fig 11-1-8t0 9 10
F18 Read enable signal rise delay time theort | Fig 11-1-4 t0 6 10 ns
(/RE)
Late 1 mode
Fig11-1-4t0 5 20
. . . Fig 11-1-7t0 9
F19 Write enable signal fall delay time 1 tweDF1 9 ns
(/WEH, WEL) Other modes
Fig11-1-4t0 5 8
Fig 11-1-7t0 9
ALE late 0, long 0 mode
AD long 1 mode 30
Write enable signal fall delay time 2 Fig11-1-8109
F20 (WEH.WEL) twepr2 ns
Other modes
Fig 11-1-810 9 8
Late 1 mode teye x
Fig 11-1-4t0 5 (2W-L-5+2)
Foq |Write enable pulse width time —_— Fig11-1-7109 | .0* o
(/WEH,WEL) Other modes teyc x
Fig 11-1-4to 5 (2W-L-S+2)
Fig 11-1-7t0 9 -10*

* W is the number of waits. (W=0,0.5,1,1.5,..7)
L means /WE late mode. (L=1,2,3)
S means /WE short mode. (S=0,0.5,1,1.5)

MN102H60G/60K/F60G/F60K
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Vop=3.0V 1o 3.6 V

Output Signal Characteristics Vss =0V
Ta=-40°Cto +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 11-1-14 [ Normal 15 ns

(SBO4-0)

E22 [(SBO4-0) trxoo | Fig 11-1-15
Fig 11-1-16 I>’C teye x 4 ns
Transfer data hold time (transfer in .
-1- 0
F23 progress) (SB0O4-0) trxopH1 Fig 11-1-14 ns
Transfer data hold time i
F24 |(Transfer end timing at SBT input) | trxphH2 Fig 11-1-15 (r\fo);g) ns
(SBO4-0)
Transfer data hold time
L. . tscH+tscL
F25 [(Transfer end timing at SBT output) | trxpHz Fig 11-1-16 — ns

Note: Set SBO4-0 output hold time to BOSC cycle or more in SCnCTR (n=4-0) register.

MN102H60G/60K/F60G/F60K
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AC Timing Voltage Level

' Cycle Time !
™ =
| |
| |
Input Signal ' /i Voox0.9 \ V/orx09 1 // Voox0.9
Voox0.1 7 | \_Voox0.1  Voox0.17 |
| ! ! [
| Pulse Width High ' | Pulse Width Low | |
- s
1 | |
> - 4.? é‘i
Fall Time . .
Rise Time
L Cycle Time o
N o
| |
! !
Output Signal | /1 Voox0.9 \ Veox0.9 : /' Voox0.9
Voox0.1 7 | \_Voox0.1  Voox0.17 |
| ! ! .
' Pulse Width High ! | Pulse Width Low | |
! ! .
Fall Time ) ' )
Rise Time

Vopx0.5 \

Output Signal Delay Time

Vopox0.5 \

(Both setup time and hold time are Voox0.5)
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| tEXCeyc !
Pt/ N/ \___/
: tExcH | 1

‘
| texcL
‘

tExcF — B —» @ lExcr

—» g fcF P = {cr

Figure 11-1-1 System Clock Timing

IRST

/1
7/ !
|

|
! trRsTW

Figure 11-1-2 Reset Timing

VDD 7{

IRST

i

' tRSTS |

Figure 11-1-3 Voltage Rise Timing
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BOSC £ N / X
< e -
! teL il tcH 1
A23-00 a{:
tab1 <> {AD1
thHl
/CS3-0 /
/
4—?[\ tcspr1
tcspbr1
"] Tiesn
<read>
D15-00 Data
— trps " | [tRDH !
IRE —
(Late 0.5, short 0 mode) /
tREDF1 REDR1
<write>
D15-00 { Data
- toH1
tob1
/WEH,/WEL _
(Late 1, short 0 mode) 7
<> LWEDFl
- twepw

Figure 11-1-4 Data Transfer Signal Timing
(Address/Data Separate, Without Wait, Read/Write)

MN102H60G/60K/F60G/FE60K
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BOSC

teve

teve

N =2(W-1) (W:the number of waits 1.5, 2, 2.5, ....7)

tcyexn

teve

H

=

A23 - 00

|

taD1

ICS3-0

}?ﬁ

taD1

=

tCsDF:

N—

WAIT

<Read>

D15 - 00

N

L/

tws

4;7

tCSDR1

IRE

(Late 0.5, short 0 mode

<Write>

D15-00

I

/WEH, /WEL

(Late 1, short 0 mode)

twH tws twH
2 Data
- L — |
trRDS | trDH
tREDF1 ( 7 tREDRL
\

Data| / —
tob1 *7TDH1
\ /

\ ) /
tWEDIFl ( _
| twepw

Figure 11-1-5 Data Transfer Signal Timing

(Address/Data Separate, With Wait (1.5 or More), Read/Write)
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N =2(W-1) (W:the number of waits 1.5, 2, 2.5, ....7)

teve teve tcye tcyexn tcye
BOSC . H — — - N
‘W’ T
IRE
(Late 0.5 mode) j ) /
7 {REDFL (
IRE
(Late 1 mode) \\ \ /
] 4tiREDFZl <
IRE
(Late 2 mode) I 2 /
7 {REDF1
IRE
(Late 3 mode) j 2 /
IRE 7 {REDF1
(Short 0 mode) \
\
< ~ {REDR1
IRE
(Short 0.5 mode) \ )
{ -
{REDR1
IRE
(Short 1 mode) \ 2
7 tREDRL
IRE
(Short 1.5 mode) \ \ ]L
( N trREDR1]
D15-0 ( Data N
- tros trRDOH

(Address/Data

Figure 11-1-6 Data Transfer Signal Timing
Separate, With Wait (1.5 or More), /RE Late, Short Mode)
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N =2(W-1) (W: the number of waits 1.5, 2, 2.5..., 7)

toHL

toHL

toH1

teve teve teve teyexn teve
- |- > | > |-
BOSC . N N N .
tcH | fcr
/WEH,/WEL \
(Late 1 mode)
; 2
“twepes twepw
/WEH,/WEL
(Late 2 mode) \
\ )
- ( twepw
IWEH,WEL {WEDFL
(Late 3 mode) \
\ 8
/WEH,/WEL ol twepw
(Short 0 mode) \ twepr1
\
- (
IWEH,WEL twepw
(Short 0.5 mode) \
\ )
- ( -
JWEH,WEL twepw
(Short 1 mode) \ /
\ () /
IWEH,/WEL twepw )
(Short 1.5 mode) \
\ 1/
. ( >
<« twepw
twEDF1
D15-00 Data
g o1
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Figure 11-1-7 Data Transfer Signal Timing
(Address/Data Separate, With Wait (1.5 or More), /WE Late, Short Mode)
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tcye teve
BOSC T ,f
tcH tcL
A23 - 16 Address —
taD1 tabp1
taH1
/CS3-0 I /
— tcspF tesori
tcsH
ALE \
(Long 0, Late 0 mode) TALERL T ™ taLer1
<Read>
taH2
<8-bit Bus Mode>
AD15 - 8 Agldress
(AD long 1 mode)
tabp1
AD7 -0 _< E
Data
(AD long 1 mode) Afldress
tap1 tRDS tROH
<16-bit Bus Mode>
AD15 -0 A¢dress < Data
(Late 1, short 0 mode)
tab1 tRDS tRDH
/IRE
(Late 0.5, short 0 mode) T
<Write> Il trepF2 T ™ treore
<8-bit Bus Mode>
AD15 -8 Address
(AD long 1 mode)
tabp1
AD7 -0
Data —
(AD long 1 mode) Address <
tap1 TT T tons
<16-bit BUS Mode>
AD15 -0 Agldress < Data I
(Late 1, short 0 mode) -
taD1 toH1
/WEH,/WEL
(Late 0.5, short 0 mode) \ +
™
o twEDF1|
twepw

Figure 11-1-8 Data Transfer Signal Timing
(Address/Data Shared, Without Wait, Read/Write)
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N =2(W-1) (W:the number of waits 1.5, 2, 2.5,..., 7)

teve teve teve teyexn teve
e 1 N W Vo S
teH fer
\
AD23- 16 —i Address|  ( i
MEN ™ tap1
/CS3-0 —
+7§ tcsor 2 »f
tcsor1
w B[O Ny
ol |
tws| twh tws | twr
\
ALE \ \
(Late 0, long 0 mode) T [taers tALEFL (
<Read>
<8-bit Bus Mode> thnz
AD15-8 Address 2
(ADlong 1 mode) | |
tab1
AD7 -0 Address ) Dat3
(AD long 1 mode) (
4¥<t;m trRDS };B
<16-bit Bus Mode>
ADI5-0 Address ) Data]
(AD long 1 mode) (
™ tap1 tRoS | tROM
IRE
Late 0.5, short 0 mode) <\J‘ \ I
<Write> T Ttreor < ™ tREDRI
<8-bit Bus Mode>
AD15-8 Address 2
(ADlong 1 mode) | |,
tap1
\
AD7 -0 Address Data 2 —
(AD long 1 mode) \
$;<t;\m toH1
<16-bit Bus Mode>
\
ADI5S-0 Address Data 2 —
(AD long 1 mode) \
taor toHL
/WEH,/WEL
(Late 1, short 0 mode) 7\ } }Z
trReDF1 (
twepw

(Address/Data Shared, With Wait (1.5 or More), Read/Write)

Figure 11-1-9 Data Transfer Signal Timing
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N = 2(W-1) (W:the number of waits 1.5, 2, 2.5,..., 7)

teve teve tcve tcyexn tcve
S () S S N _ . _
tcH fcr
ALE |/ ] \
(Late 0, long O mode) tALEF1

ALE | }
(Late 0, long 0.5 mode) ™ tALEFL

ALE |/ - P
(Late O, long 1 mode) tALEF1

ALE | \
(Late 0O, long 1.5 mode) TALERL

ALE
(Late 0.5, long 1.5 mode) T Ttaers
ALE
(Late 1, long 1.5 mode) T Ttaere
ALE
(Late 1.5, long 1.5 mode) T Ttaers tALEFL

<8-bit Bus Mode>

AN D — TN— e e TN

AD15 -8 Address
(AD long 1 mode)

N

AD7 -0
(AD long 1 mode)

Data —

Address

AD15 -8 Address
(AD long 1.5 mode)

AD7 -0 Address
(AD long 1.5 mode)

Data —

N o~ A~

AD15 -8 Address
(AD long 2 mode)

Data —

AD7 -0 Address
(AD long 2 mode)

AN o~

AD15 - 8 Address >_
(AD long 3 mode)

N

AD7 -0 Address >— ) Data| »>—
(AD long 3 mode) (

<16-bit Bus Mode>

AD15 - 0
(AD long 1 mode)

Dataj —

Address

AD15 -0 Address Datg —

(AD long 1.5 mode)

Datal —

AD15 -0 Address
(AD long 2 mode)

Dataj —

N N TN—

AD15 -0 Address
(AD long 3 mode)

tap1 tros | troH

Figure 11-1-10 Data Transfer Signal Timing
(Address/Data Shared, With Wait (1.5 or More), ALE late, long mode, /AD long mode, Read)
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BOSC

ALE
(Late 0, long 0 mode)

ALE

(Late O, long 0.5 mode)

ALE
(Late O, long 1 mode)

ALE

N = 2(W-1) (W: the number of waits 1.5, 2, 2.5,...7)

(Late 0O, long 1.5 mode) —

ALE

(Late 0.5, long 1.5 mode)

ALE

(Late 1, long 1.5 mode)

ALE

(Late 1.5, long 1.5 mode)

<8-bit Bus Mode>

AD15 -8
(AD long 1 mode)

AD7 -0

(AD long 1 mode)

AD15 - 8
(AD long 1.5 mode)

AD7 -0

(AD long 1.5 mode)

AD15 -8

(AD long 2 mode)

AD7 -0
(AD long 2 mode)

AD15 -8

(AD long 3 mode)

AD7 -0

(AD long 3 mode)

<16-bit Bus Mode>
AD15 - 0

(AD long 1 mode)

AD15 -0

(AD long 1.5 mode)

AD15 -0
(AD long 2 mode)

AD15 -0

(AD long 3 mode)

(Address/Data Shared, With Wait (1.5 or More), ALE late, long mode, /AD long mode, Write)
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/IBRACK / ” \
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/BREQ a :
tBREQS {BREQH

Figure 11-1-12 Bus Authority Request Signal Timing

/INMI T jl
y
7/

/IRQ4-0 I p j
7/

tirQw

Figure 11-1-13 Interrupt Signal Timing

SBT4-0
\ / \ S
SBO4-0 X
<—>1< -
tTXDH 1

(Synchronous Serial Transmission: Transfer in Progress)

SBT4-0 \

trxpp

Figure 11-1-14 Serial Interface Signal Timing 1

SBO4-0

wars)

trxop

=

tTXDH 2

Figure 11-1-15 Serial Interface Signal Timing 2
(Synchronous Serial Transmission: Transfer End Timing at SBT Input)
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SBT4-0 7

tscH

tscL

SBO4-0
‘4—» -~
tTxop tTXDH 3
Figure 11-1-16 Serial Interface Signal Timing 3
(Synchronous Serial Transmission: Transfer End Timing at SBT Output)
/ /
SBT4-0 /|
tscL tscH
SBI4-0
-« <
trRxDs tRXDH

Figure 11-1-17 Serial Interface Signal Timing 4

(Synchronous Serial Reception: Transfer End Timing at SBT Input)

TMnIO (n=0,4,7)

TMnIOA (n=8-12) \

TMnIOB(n=8-12)
TMnIA (n=13-15)
TMnIB (n=13-15)
TMnIC (n=8-12)
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Figure 11-1-18 Timer/Counter Signal Timing
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About This Section

m Description of Each Page

Each page of this chapter describes one or more registers. Each page lists the register name, addres:
register access, bit map, flag explanation of each bit number and supplementary explanation. The
following is the layout and definition of this section.

Register Name
Bit Map

Bit Number
Flag Name
Access
R: Read onIy 15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2| 1 AT3CTR :
. AT3 | AT3 | AT3 | AT3 | AT3 | AT3 [AT3 | AT3 | - | - | - | - |AT3|AT3|AT3|AT3 , . Address
W: Write only EN |MD1|MDO| BW | DBS| DI | SB8| SI 193] 1Q2| 1Q1| 1Q0 x'00FD30" -
. : RAW | RIW | RW | RW| RW| RW| RW| RW| R| R| R| R| RW RW RW R
R/W: Read/Write o JofoJol o[ o] of of of of of of of of of o ATC 3 Control
/i o1 onf on| o1f oa] oa o of of o o ok oph op oj Register

_ ) Register Access
16-bit access register

Value at resel//(
15

Transfer Busy/Start Flag 0: Disable Sets the ATC3 operating control
Read Value 1: Transfer start/transfer in progress conditions.
0: Always 0 14,13 Transfer Mode 00: One byte/word transfer Selecting the two bytes/words
transfer mode is valid only in
1: Always 1 01: Burst transfer
: ’ byte access. The LSB of the Supplemental
10: Two bytesfwords transfer address in the first word forcibly pp
11: Reserved becomes 0, and the LSB of the Explanatlon
address in the second word
12 Transfer Units 0: Byte forcibly becomes 1.
1: Word
Selecting word as the unit is not
. 1 Destination Bus Width 0: 16-bit allowed when 8-bit bus width is
B't N u mber 1: 8-bit allowed in the external memory
—_— ' space.
Flag Descrlptl Destination Pointer 0: Fixed Selecting 8-bit desitination bus
- Increment 1: Increment width or 8-bit source bus width
is allowed only when 8-bit bus
9 Source Bus Width 0: 16-bit width is selected in the external
1: 8-bit memory space.
. . When destinati te -
8 Source Pointer Increment 0: Fixed en destination pointer nre
ment or source pointer incre-
1: Increment

3-0  ATC Activation Factor Setup

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

MN102H55D/55G/F55G

ment is selected, the pointer in-
crements by 1 in byte access
and by 2 in word access.

The AT3IQO ~ 3 bits are cleared

to 0 by the ATC3 transfer end
interrupt.

9-69
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15 | 14| 13| 12| 11| 10| 9 7 6 5 4 3 2 1 0 CPUM -
WD | WD | WD | - - - - - - - | OSC|STOP| HALT| OSC1 OSCp , ,
RST| M1 | Mo ID X'00FCO00
RW |RW|RW| R| R | R R R| R| R| RW R RW RMW R/ CPU Mode Control
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ororfor| o 0 0 0 0 0 ol o o od ok of Register
15 Watchdog Timer Enable 0: Enable  1: Disable and clear 16-bit access register
. 1 * - 217
14:13 Watchdog Timer Count 00: 2 CPUM controls the CPU modes
- 25
01:2 and oscillator for watchdog
10: 218 timer.
11: 2%
Shorten the oscillation wait time from . :
. bit | Watchdog Interrupt |Return Time From
STOP mode and a watchdog timer 13, 14|Cycle (BOSC Signd)|  STOP Mode
interrupt cycle. The same counter 00 27 cycles 297 (Ufosc)
is used for setting both values. 01 2° cycles 2°x (Ufosci)
. 10 2B cycles 2Bx (1/fosci)
Set the WDREFB reglster to extend 1 25 cydles 215% (1fosci)
the watchdog timer interrupt cycle
. *In the MN102HF60G/HF60K,
additionally. :
set these bits to only '01' (25).
4 System Clock Monitor 0: OSCl input
1: Low-speed clock input
3:2  CPU Operating Control STOP HALT OSC1 OSCO CPUModg CPU  Clogk OSC1D Value
0 0 0 0 | NORMAL | On | oscl 0
1:0  Oscillator Control 0 0 1 1 | sLowir On X1 1
0 0 1 1 | sLowz* On | OscClI 0
0 1 0 0 HALTO on | oscl 0
0 1 1 1 HALT1* On XI 1
0 1 1 1 HALT2* Oon | oscl 0
1 0 0 0 STOPO Off - -
1 0 1 1 STOP1* Off - -
1 0 1 1 STOP2* Off - -

* The CPUM settings are the
same for SLOW1 and SLOW?2,
HALT1 and HALTZ2, and STOP1
and STOP2, respectively.
These are differentiated by
means of the SLOW mode op-
erating clock selection flags of
the MEMMD?2 register, set in
NORMAL mode.

The following describes programming rules and precautions in the STOP/HALT mode.

Points for Programming

(1) Setting the CPUM address in the address register in advance, set the CPUM register
using the MOV instruction with the register indirect addressing mode.

(2) Immediately after the MOV instruction, locate three NOPs consecutively.

(3) Immediately before the MOV instruction, locate the JMP instruction and align to the even
address. This avoids the effects by the differences of the bus widths in the memory mode
or expansion mode and provides the same result when operating in any conditions.

Programming Coding Example in Assembler (as 102Ver.1.0, Ver.2.0)

MOV CPUM, A0 ; Set A0 to the CPUM address.
MOV (A0), DO ; Transfer the contents of CPUM to DO.
OR x'000*, DO ; Generate the data to set the STOP/HALT mode.
JMP STP_HLT ; Branch unconditionally to the even address to
ALIGN 2 ; eliminate the difference of operating conditions.
STP_HLT MOV DO, (A0) ; Set the STOP/HALT mode to CPUM.
NOP ; Dummy
NOP ; Dummy
NOP ; Dummy
Precautions

(1) * of OR instruction varies depending on the STOP or HALT mode.

(2) Setthe ALIGN value to '2' or more in the above file when the ALIGN value is set using
SECTION dummy instruction before this programming coding is described.

(3) Code the above programming in another file of the assembler source file when the
program is developed with C complier cc 102.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 EFCR :
STEN(|reserve
X'00FCO08'
RIRIRIR RI R RNVY_R Expansion Control
0 0 0 0 0 0 0 0
o o] o o o oA Register
16-bit access register
1 Saturation Operation 0: Disable (normal operation) ) )
. . EFCR sets saturation operation
Setup 1: Enable (saturation operation when mode
the ST flag of the PSW register is 1.) '
0 Reserved Setto 0.
15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 IAGR :
GN5 | GN4| GN3| GN2| GN1 GN( . ,
X'00FCOE
R|R|R|R|R|] R| R| R| R| R| R| R| R| R| R| R Interrupt Accept
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 o[ o] oma| omaf o o1 o 0 g Group Register
16-bit access register
7:2  Returns the group number

324

multiplied by 4

MN102H60G/60K/F60G/F60K

IAGR returns the group number
of the accepted interrupt.

IAGR stores the group number
of the accepted interrupt. The 6-
bit GN field indicates the group
number. When the first address
of the interrupt service routine,
add the contents of the IAGR
register to the first address of
the table in which registered
vector address for each interrupt
servicing. The IAGR register is
only read.



NMID

R/W

0/1

Nonmaskable Interrupt
Detect Flag

0: No interrupt detected
1: Interrupt detected

WDID

R/W

0/1

Watchdog Interrupt
Detect Flag

0: No interrupt detected
1: Interrupt detected

UNID

R/W

0/1

Undefined Instruction
Interrupt Detect Flag

0: No interrupt detected
1: Interrupt detected

Chapter 11 Appendix

NMICR :
xX'00FC40'

Nonmaskable Interrupt
Control Register

8-bit access register

NMICR verifies a nonmaskable
interrupt.

WDICR :
x'00FC42'

Watchdog Interrupt

Control Register

8-bit access register

WDICR verifies a watchdog in-
terrupt.

UNICR :
xX'00FC44'

Undefined Instruction

Interrupt Control Register

8-bit access register

UNICR verifies an undefined in-
struction interrupt.
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EIICR :
x'00FC46'

7 5 4 3 2 1
R

0 0 0

0 0 0 0 0 0

326
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Error Interrupt
Control Register

8-bit access register

EIICR verifies an error interrupt.

This register does not exist.
When an interrupt vector is not
determined, this register indi-
cates an error by writing IAGR
register to 'C".



7 6 5 4 3 2 1 0
Q0 | - - - | 1Qo
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 o |[o1] o 0/1
4 External Interrupt O 0: No interrupt requested
Request Flag 1: Interrupt requested
0 External Interrupt O 0: No interrupt detected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
IQ0 | 1QO | 1QO 1Q0
LV2 | LV1 [LVO IE
R |RW|RW|RW| R| R| R | RW
0 0 0 0 0 0 0 0
o [o1|on| 01| o 0 0/1
6:4  External Interrupt O Set the level from 0 to 6
Level Setup
0 External Interrupt O Interrupt 0: Disable
Enable Flag 1: Enable

Chapter 11 Appendix

IQOICL :
x'00FC50"

External Interrupt O
Control Register

8-bit access register

IQOICL requests and verifies an

external interrupt O interrupt

This register allows only byte-
accesses. Use MOVB instruc-

tion to set the data.

IQOICH :
xX'00FC51'

External Interrupt O
Control Register

8-bit access register

IQOICH sets an external inter-

rupt O interrupt level and
ables an interrupt.

en-

This register allows only byte-
accesses. Use MOVB instruc-

tion to set the data.

MN102H60G/60K/F60G/F60K
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7 6 5 4 3 2 1 0
TMOU TMOU

IR ID

R/W| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

4 Timer 0 Underflow Interrupt
Request Flag
0 Timer 0 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TMOU
IE
R| R | RW,
0
0/1
0 Timer 0 Underflow Interrupt

328

Enable Flag
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TMOUICL :
x'00FC52'

Timer 0 Underflow

Interrupt Control Register

8-bit access register

TMOUICL requests and verifies
a timer O interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data.

TMOUICH :
x'00FC53'

Timer 0 Underflow

Interrupt Control Register

8-bit access register

TMOUICH enables a timer 0 in-
terrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in
the 1QOLV[2:0] bits of the
IQOICH register.
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s[s[a]sl2[fo TM8UICL :
. - |tMsu| - - R YED
IR D X'O0FC54’
RW| RIRI RIR Timer 8 Underflow
0 0 0 0 0
o1l ol o] ol on Interrupt Control Register

8-bit access register

Timer 8 Underflow Interrupt 0: No interrupt requested
TMB8UICL requests and verifies
Request Flag 1: Interrupt requested ) .
a timer 8 interrupt.
Timer 8 Underflow Interrupt 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use MOVB instruc-
tion to set the data.
6l sjalsl2l 1) TM8UICH :
- - - - - - |T™m8u , ,
IE X'00FC55
R R;W Timer 8 Underflow
01 Interrupt Control Register
8-bit access register
Timer 8 Underflow Interrupt 0: Disable _ '
Enable Flag 1: Enable TMB8UICH enables a timer 8 in-

terrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in
the 1QOLV[2:0] bits of the
IQOICH register.
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7 5 | 4| 3 2 1] o
TM8A| - - TM8A

IR ID

RW  R| R| R| R

ol o ol of o
01| © o] o] o1

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

4 Timer 8 Capture A Interrupt
Request Flag
0 Timer 8 Capture A Interrupt
Detect Flag
7 5 4 3 2 1 0
TM8A
IE
R| R | RW,
0
0/1
0 Timer 8 Capture A Interrupt

330

Enable Flag
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TMB8AICL :
x'00FC56'

Timer 8 Capture A

Interrupt Control Register

8-bit access register

TMBAICL requests and verifies
a timer 8 capture A interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data.

TMS8AICH :
x'00FC57"

Timer 8 Capture A

Interrupt Control Register

8-bit access register

TMBAICH enables a timer 8
capture A interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in
the 1QOLV[2:0] bits of the
IQOICH register.



7 6 5 4 3 2 1 0
Q1 | - - | 1Q1
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 o |[o1] o 0 0] o1
4 External Interrupt 1 0: No interrupt requested
Request Flag 1: Interrupt requested
0 External Interrupt 1 0: No interrupt detected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
IQ1 | 1Q1 | 1Q1 101
LV2 | LV1 [LVO IE
R |RW|RW|RW| R| R| R | RW
0 0 0 0 0 0 0 0
o [o1|on| 01| o 0 o on
6:4  External Interrupt 1 Set the level from 0 to 6
Level Setup
0 External Interrupt 1 Interrupt 0: Disable
Enable Flag 1: Enable

Chapter 11 Appendix

IQLICL :
x'00FC58'

External Interrupt 1
Control Register

8-bit access register

IQ1ICL requests and verifies an

external interrupt 1 interrupt

This register allows only byte-
accesses. Use MOVB instruc-

tion to set the data.

IQLICH :
X'00FC59'

External Interrupt 1
Control Register

8-bit access register

IQ1ICH sets an external inter-

rupt 1 interrupt level and
ables an interrupt.

en-

This register allows only byte-

accesses. Use MOVB instruc-

tion to set the data.

MN102H60G/60K/F60G/F60K
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0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

7 6 5 4 3 2 1 0
TM1U TM1U
IR ID
RW| R R| R| R
0 0 0 0 0
01| o 0 0| on
4 Timer 1 Underflow Interrupt
Request Flag
0 Timer 1 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM1U
IE
R| R | RW,
0
0/1
0 Timer 1 Underflow Interrupt

332

Enable Flag
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TM1UICL :
X'00FC5A'

Timer 1 Underflow

Interrupt Control Register

8-bit access register

TM1UICL requests and verifies
a timer 1 interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data.

TM1UICH :
X'00FC5B'

Timer 1 Underflow

Interrupt Control Register

8-bit access register

TM1UICH enables a timer 1 in-
terrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in
the 1Q1LV[2:0] bits of the
IQ1ICH register.



6 5 4 3 2 0
TM8B TM8B

IR ID

RW| R R

0 0 0 0
0/1 0 0 0/1

Timer 8 Capture B Interrupt
Request Flag

Timer 8 Capture B Interrupt
Detect Flag

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

6 5 4 3 2 0
TM8B
IE
RIW
0
0/1
Timer 8 Capture B Interrupt 0: Disable
Enable Flag 1: Enable

Chapter 11 Appendix

TM8BICL :
x'00FC5C'

Timer 8 Capture B

Interrupt Control Register

8-bit access register

TMB8BICL requests and verifies
a timer 8 capture B interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data.

TM8BICH :
x'00FC5D'

Timer 8 Capture B

Interrupt Control Register

8-bit access register

TM8BICH enables a timer 8
capture B interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in

the 1Q1LV[2:0] bits of the
IQ1ICH register.
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7 6 5 4 3 2 1 0
TM9U TMOU

IR ID

R/W| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

4 Timer 9 Underflow Interrupt
Request Flag
0 Timer 9 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TMOU
IE
R| R | RW,
0
0/1
0 Timer 9 Underflow Interrupt

334

Enable Flag
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TMOUICL :
x'00FC5E'

Timer 9 Underflow

Interrupt Control Register

8-bit access register

TMOUICL requests and verifies
a timer 9 interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data.

TMOUICH :
x'00FC5F'

Timer 9 Underflow

Interrupt Control Register

8-bit access register

TMOUICH enables a timer 9 in-
terrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in
the 1Q1LV[2:0] bits of the
IQ1ICH register.



7 6 5 4 3 2 1 0
Q2 | - - | 1Q2
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 o |[o1] o 0 0] o1
4 External Interrupt 2 0: No interrupt requested
Request Flag 1: Interrupt requested
0 External Interrupt 2 0: No interrupt detected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
Q2 | 1Q2 | 1Q2 1Q2
LV2 | LV1 [LVO IE
R |RW|RW|RW| R| R| R | RW
0 0 0 0 0 0 0 0
o [o1|on| 01| o 0 o on
6:4  External Interrupt 2 Set the level from 0 to 6
Level Setup
0 External Interrupt 2 Interrupt 0: Disable
Enable Flag 1: Enable

Chapter 11 Appendix

IQ2ICL :
x'00FC60"

External Interrupt 2
Control Register

8-bit access register

IQ2ICL requests and verifies an

external interrupt 2 interrupt

This register allows only byte-
accesses. Use MOVB instruc-

tion to set the data.

IQ2ICH :
X'00FC61'

External Interrupt 2
Control Register

8-bit access register

IQ2ICH sets an external inter-

rupt 2 interrupt level and
ables an interrupt.

en-

This register allows only byte-
accesses. Use MOVB instruc-

tion to set the data.

MN102H60G/60K/F60G/F60K
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7 6 5 4 3 2 1 0
TM2U TM2U

IR ID

R/W| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

4 Timer 2 Underflow Interrupt
Request Flag
0 Timer 2 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM2U
IE
R| R | RW,
0
0/1
0 Timer 2 Underflow Interrupt
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TM2UICL :
x'00FC62'

Timer 2 Underflow

Interrupt Control Register

8-bit access register

TM2UICL requests and verifies
a timer 2 interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data.

TM2UICH :
x'00FC63'

Timer 2 Underflow

Interrupt Control Register

8-bit access register

TM2UICH enables a timer 2 in-
terrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in
the 1Q2LV[2:0] bits of the
IQ2ICH register.
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6l 418,21 110 TMOAICL :
_ - |TMOA| - - - [TM9A
IR ID X'00FC64'
Rw) R R]IRIR Timer 9 Capture A
0 0 0 0 0
o1l ol o] ol on Interrupt Control Register

8-bit access register

Timer 9 Capture A Interrupt 0: No interrupt requested
TMO9AICL requests and verifies
Request Flag 1: Interrupt requested ) .
a timer 9 capture A interrupt.
Timer 9 Capture A Interrupt 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use MOVB instruc-
tion to set the data.
6lsjalsl2l 1) TMOAICH :
- - - - - - [TMoA , ,
IE X'00FC65
R RQ’" Timer 9 Capture A
01 Interrupt Control Register
8-bit access register
Timer 9 Capture A Interrupt 0: Disable '
Enable Flag 1: Enable TMOYAICH enables a timer 9

capture A interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in
the 1Q2LV[2:0] bits of the
IQ2ICH register.
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7 6 5 4 3 2 1 0
TM9B TM9B

IR ID

R/W| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

4 Timer 9 Capture B Interrupt
Request Flag
0 Timer 9 Capture B Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM9B
IE
R R | RW
0
0/1
0 Timer 9 Capture B Interrupt
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TM9BICL :
x'00FC66'

Timer 9 Capture B

Interrupt Control Register

8-bit access register

TM9BICL requests and verifies
a timer 9 capture B interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data.

TMOBICH :
x'00FC67"

Timer 9 Capture B

Interrupt Control Register

8-bit access register

TM9BICH enables a timer 9
capture B interrupt.

This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data. The inter-
rupt level is the same level set in
the 1Q2LV[2:0] bits of the
IQ2ICH register.



7 6 5 4 3 2 1 0
Q3 | - - | 1Q3
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 o |[o1] o 0 0] o1
4 External Interrupt 3 0: No interrupt requested
Request Flag 1: Interrupt requested
0 External Interrupt 3 0: No interrupt detected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
IQ3 | 1Q3 | 1Q3 103
LV2 | LV1 [LVO IE
R |RW|RW|RW| R| R| R | RW
0 0 0 0 0 0 0 0
o [o1|on| 01| o 0 o on
6:4  External Interrupt 3 Set the level from 0 to 6
Level Setup
0 External Interrupt 3 Interrupt 0: Disable
Enable Flag 1: Enable
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IQ3ICL :
x'00FC68'

External Interrupt 3
Control Register

8-bit access register

IQ3ICL requests and verifies an

external interrupt 3 interrupt

This register allows only byte-
accesses. Use MOVB instruc-

tion to set the data.

IQ3ICH :
xX'00FC69'

External Interrupt 3
Control Register

8-bit access register

IQ3ICH sets an external inter-

rupt 3 interrupt level and
ables an interrupt.

en-

This register allows only byte-

accesses. Use MOVB instruc-

tion to set the data.
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7 6 5 4 3 2 1 0
TM3U TM3U

IR ID

R/W| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

4 Timer 3 Underflow Interrupt
Request Flag
0 Timer 3 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM3U
IE
R| R | RW,
0
0/1
0 Timer 3 Underflow Interrupt
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TM3UICL :
X'00FCBA'

Timer 3 Underflow

Interrupt Control Register

8-bit access register

TM3UICL requests and verifies
a timer 3 interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM3UICH :
x'00FC6B'

Timer 3 Underflow

Interrupt Control Register

8-bit access register

TM3UICH enables a timer 3 in-
terrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the 1Q3LV[2:0] bits of the
IQ3ICH register.



6 5 4 3 2 1 0
ITM10U TM10U

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

Timer 10 Underflow Interrupt
Request Flag

Timer 10 Underflow Interrupt
Detect Flag

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

6 5 4 3 2 1 0
TM10U
IE
R | RIW
0 0
0/1
Timer 10 Underflow Interrupt 0: Disable
Enable Flag 1: Enable
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TM10UICL :
x'00FC6C'

Timer 10 Underflow
Interrupt Control Register

8-bit access register

TM10UICL requests and veri-
fies a timer 10 interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM10UICH :
X'00FC6D'

Timer 10 Underflow
Interrupt Control Register

8-bit access register

TM10UICH enables a timer 10
interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the 1Q3LV[2:0] bits of the
IQ3ICH register.
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7 6 5 4 3 2 1 0
ITM10A ITM10A

IR ID

R/W| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

4 Timer 10 Capture A Interrupt
Request Flag
0 Timer 10 Capture A Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM10A
IE
R| R | RW,
0
01
0 Timer 10 Capture A Interrupt
Enable Flag
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0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

0: Disable
1: Enable

TM1O0AICL :
X'00FCG6E’

Timer 10 Capture A
Interrupt Control Register

8-bit access register

TM10AICL requests and verifies
atimer 10 capture A interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM10AICH :
x'00FC6F'

Timer 10 Capture A

Interrupt Control Register

8-bit access register

TM10AICH enables a timer 10
capture A interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the 1Q3LV[2:0] bits of the
IQ3ICH register.



7 6 5 4 3 2 1 0
Q4 | - - | 104
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 o |[o1] o 0 0] o1
4 External Interrupt 4 0: No interrupt requested
Request Flag 1: Interrupt requested
0 External Interrupt 4 0: No interrupt detected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
IQ4 | 1Q4 | 1Q4 Q4
LV2 | LV1 [LVO IE
R |RW|RW|RW| R| R| R | RW
0 0 0 0 0 0 0 0
o [o1|on| 01| o 0 o on
6:4  External Interrupt 4 Set the level from 0 to 6
Level Setup
0 External Interrupt 4 Interrupt 0: Disable
Enable Flag 1: Enable
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IQ4ICL :
x'00FC70"'

External Interrupt 4
Control Register

8-bit access register

IQ4ICL requests and verifies an
external interrupt 4 interrupt.

This register allows only byte-
accesses. Use the MOVB in-

struction to set the data.

IQ4ICH :
X'00FC71'

External Interrupt 4
Control Register

8-bit access register

1Q4ICH sets an external inter-
rupt 4 interrupt level and en-

ables an interrupt.

This register allows only byte-
accesses. Use the MOVB in-

struction to set the data.
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7 6 5 4 3 2 0
TM4U TM4U

IR ID

R/W| R R R

0 0
0/1 0 0 0/1

4 Timer 4 Underflow Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 Timer 4 Underflow Interrupt 0: No interrupt detected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 0
TM4U
IE
R RIW|
0 0
0/1
0 Timer 4 Underflow Interrupt 0: Disable
Enable Flag 1: Enable
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TM4UICL :
x'00FC72'

Timer 4 Underflow

Interrupt Control Register

8-bit access register

TMA4UICL requests and verifies
a timer 4 interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM4UICH :
x'00FC73'

Timer 4 Underflow

Interrupt Control Register

8-bit access register

TM4UICH enables a timer 4 in-
terrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the 1Q4LV[2:0] bits of the
IQ4ICH register.



6 5 4 3 2 1 0
ITM10B ITM10B

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

Timer 10 Capture B Interrupt
Request Flag

Timer 10 Capture B Interrupt
Detect Flag

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

6 5 4 3 2 1 0
TM108
IE
R | RW,
0 0
0/1
Timer 10 Capture B Interrupt 0: Disable
Enable Flag 1: Enable
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TM10BICL :
x'00FC74'

Timer 10 Capture B

Interrupt Control Register

8-bit access register

TM10BICL requests and verifies
a timer 10 capture B interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM10BICH :
x'00FC75'

Timer 10 Capture B

Interrupt Control Register

8-bit access register

TM10BICH enables a timer 10
capture B interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the 1Q4LV[2:0] bits of the
IQ4ICH register.
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7 6 5 4 | 3 2 1 0
TM11U ™11y
IR ID
rRwl R R| R[ R
0 0 0 0 0
01| o 0 0| on
4 Timer 11 Underflow Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 Timer 11 Underflow Interrupt 0: No interrupt detected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
TM11U
IE
R| R | RW
0
0/1
0 Timer 11 Underflow Interrupt 0: Disable
Enable Flag 1: Enable
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TM11UICL :
x'00FC76'

Timer 11 Underflow
Interrupt Control Register

8-bit access register

TM11UICL requests and veri-
fies a timer 11 interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM11UICH :
X'00FC77'

Timer 11 Underflow
Interrupt Control Register

8-bit access register

TM11UICH enables a timer 11
interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the 1Q4LV[2:0] bits of the
IQ4ICH register.



Enable Flag

7 6 5 4 3 2 1 0
KI | - Kl
IR ID
R|R| R|RW R| R R| R
0 0 0 0 0 0 0 0
0 0 o [ o1 0 0] o1
4 External Key Interrupt
Request Flag
0 External Key Interrupt
Detect Flag
7 6 5 4 3 2 1 0
KI | K[ K| - - KI
LV2 | LV1 [LVO IE
R |RW|RW|RW| R | R R | RIW
0 0 0 0 0 0 0 0
o [o1|on| 01| o 0 o on
6:4  External Key Interrupt
Level Setup
0 External Key Interrupt

0: No interrupt requested
1: Interrupt requested

0: No interrupt detected

1: Interrupt detected

Set the level from 0 to 6

0: Disable
1: Enable

Chapter 11 Appendix

KIICL :
xX'00FC78'

External Key Interrupt
Control Register
8-bit access register

KIICL requests and verifies an
external key interrupt interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

KIICH :
x'00FC79'

External Key Interrupt

Control Register

8-bit access register

KIICH sets an external key inter-
rupt level and enables an inter-
rupt.

This register allows only byte- T
accesses. Use the MOVB in-

struction to set the data.
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7 6 5 4 3 2 0
TM5U TM5U

IR ID

R/W| R R R

0 0
0/1 0 0 0/1

4 Timer 5 Underflow Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 Timer 5 Underflow Interrupt 0: No interrupt detected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 0
TM5U
IE
R RIW|
0 0
0/1
0 Timer 5 Underflow Interrupt 0: Disable
Enable Flag 1: Enable
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TM5UICL :
X'O0FC7A'

Timer 5 Underflow

Interrupt Control Register

8-bit access register

TM5UICL requests and verifies
a timer 5 interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM5UICH :
x'00FC7B'

Timer 5 Underflow

Interrupt Control Register

8-bit access register

TM5UICH enables a timer 5 in-
terrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the KILV[2:0] bits of the
KIICH register.



6 5 4 3 2 1 0
ITM11A ITM11A

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

Timer 11 Capture A Interrupt
Request Flag

Timer 11 Capture A Interrupt
Detect Flag

TM11A
IE

R/W

0/1

Timer 11 Capture A Interrupt
Enable Flag

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

0: Disable

1: Enable
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TM11AICL :
x'00FC7C’

Timer 11 Capture A

Interrupt Control Register

8-bit access register

TM11AICL requests and verifies
a timer 11 capture A interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM11AICH :
x'00FC7D'

Timer 11 Capture A

Interrupt Control Register

8-bit access register

TM11AICH enables a timer 11
capture A interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the KILV[2:0] bits of the
KIICH register.
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7 6 5 4 3 2 1 0
ITM11B ITM11B

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

4 Timer 11 Capture B Interrupt
Request Flag
0 Timer 11 Capture B Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM11B
IE
R R | RW
0
0/1
0 Timer 11 Capture B Interrupt
Enable Flag
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0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

0: Disable
1: Enable

TM11BICL :
X'O0FC7E'

Timer 11 Capture B

Interrupt Control Register

8-bit access register

TM11BICL requests and verifies
a timer 11 capture B interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM11BICH :
x'00FC7F'

Timer 11 Capture B

Interrupt Control Register

8-bit access register

TM11BICH enables a timer 11
capture B interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the KILV[2:0] bits of the
KIICH register.



7 6 5 4 3 2 1 0
AD AD
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 0 [on| o 0/1
4 AD Conversion End Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 AD Conversion End Interrupt 0: Interrupt undetected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
AD | AD [ AD | - - AD
LV2 [LV1 |LVO IE
R |[RW|RW|RW| R| R| R | RMW,
0 0 0 0 0 0 0 0
0 [on]on| on| o 0 0] on
6:4  AD Conversion End Interrupt Set the level from 0 to 6
Level Setup
0 AD Conversion End Interrupt 0: Disable
Enable Flag 1: Enable
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ADICL :
x'00FC80’

AD Conversion End

Interrupt Control Register

8-bit access register

ADICL requests and verifies an
AD conversion end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

ADICH :
x'00FC81'

AD Conversion End

Interrupt Control Register

8-bit access register

ADICH sets an AD conversion
end interrupt level and enables
an interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.
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7 6 5 4 3 2 1 0
TM6U TM6U

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

4 Timer 6 Underflow Interrupt
Request Flag
0 Timer 6 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM6U
IE
R| R | RW,
0
01
0 Timer 6 Underflow Interrupt
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TM6UICL :
x'00FC82'

Timer 6 Underflow

Interrupt Control Register

8-bit access register

TMBUICL requests and verifies
a timer 6 interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TMG6UICH :
x'00FC83'

Timer 6 Underflow

Interrupt Control Register

8-bit access register

TM6UICH enables a timer 6 in-
terrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the ADLV[2:0] bits of the
ADICH register.



6 5 4 3 2 1 0
TM12U TM12U

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

Timer 12 Underflow Interrupt
Request Flag

Timer 12 Underflow Interrupt
Detect Flag

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

6 5 4 3 2 1 0
TM12U
IE
R | RIW
0 0
0/1
Timer 12 Underflow Interrupt
Enable Flag

0: Disable
1: Enable
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TM12UICL :
x'00FC84'

Timer 12 Underflow
Interrupt Control Register

8-bit access register

TM12UICL requests and veri-
fies a timer 12 interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM12UICH :
x'00FC85'

Timer 12 Underflow
Interrupt Control Register

8-bit access register

TM12UICH enables a timer 12
interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the ADLV[2:0] bits of the
ADICH register.
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7 6 5 4 3 2 1 0
TM12A ITM12A

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

4 Timer 12 Capture A Interrupt
Request Flag
0 Timer 12 Capture A Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM12A
IE
R R | RW
0
0/1
0 Timer 12 Capture A Interrupt
Enable Flag
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0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

0: Disable
1: Enable

TM12AICL :
x'00FC86'

Timer 12 Capture A

Interrupt Control Register

8-bit access register

TM12AICL requests and verifies
a timer 12 capture A interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM12AICH :
x'00FC87"

Timer 12 Capture A

Interrupt Control Register

8-bit access register

TM12AICH enables a timer 12
capture A interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the ADLV[2:0] bits of the
ADICH register.
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"Jef[s[a]sl2[ 1] o TM7UICL :
. . - [tM7U| - - - [tM7U
IR D X'O0FC88’
RW| RIRI RIR Timer 7 Underflow
0 0 0 0 0
o1l o of ol on Interrupt Control Register

8-bit access register

4 Timer 7 Underflow Interrupt 0: No interrupt requested
TM7UICL requests and verifies
Request Flag 1: Interrupt requested ) .
a timer 7 interrupt.
0 Timer 7 Underflow Interrupt 0: Interrupt undetected

This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use the MOVB in-

struction to set the data.

r| 6] s 41 8] 2] 1] 0 TM7UICH :

- [rmruftm7uftvzul - | - | - fimru . '
Lv2 | Lvi |Lvo IE X'00FC89
RW|RW|RW| R]| R| R | RW Timer 7 Underflow

o] ol o o o] of o .
orlonfon] of of of on Interrupt Control Register

8-bit access register

6:4  Timer 7 Underflow Interrupt Set the level from 0 to 6
TM7UICH enables a timer 7 in-
Level Setup
terrupt.
0 Timer 7 Underflow Interrupt 0: Disable

This register allows only byte-
Enable Flag 1: Enable accesses. Use the MOVB in-

struction to set the data.
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7 6 5 4 3 2 1 0
ITM12B ITM12B

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

4 Timer 12 Capture B Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 Timer 12 Capture B Interrupt 0: Interrupt undetected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
TM128
IE
R| R| RW
0
0/1
0 Timer 12 Capture B Interrupt 0: Disable
Enable Flag 1: Enable
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TM12BICL :
xX'00FC8A'

Timer 12 Capture B

Interrupt Control Register

8-bit access register

TM12BICL requests and verifies
a timer 12 capture B interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

TM12BICH :
x'00FC8B'

Timer 12 Capture B

Interrupt Control Register

8-bit access register

TM12BICH enables a timer 12
capture B interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the TM7ULV[2:0] bits of
the TM7UICH register.



7 6 5 4 3 2 1 0
scoT SCOT
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 0 [on| o 0/1
4 Serial 0 Transmission End 0: No interrupt requested
Interrupt Request Flag 1: Interrupt requested
0 Serial 0 Transmission End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
SCOT| SCOT| ScoT scor
LV2 [LV1 |LVO IE
R |[RW|RW|RW| R| R| R | RMW,
0 0 0 0 0 0 0 0
0 [on]on| on| o 0 0] on
6:4  Serial 0 Transmission End Set the level from 0 to 6
Interrupt Level Setup
0 Serial 0 Transmission End 0: Disable
Interrupt Enable Flag 1: Enable
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SCOTICL :
x'00FC90’

Serial 0 Transmission End

Interrupt Control Register

8-bit access register

SCOTICL requests and verifies
a serial 0 transmission end inter-
rupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SCOTICH :
x'00FC91"

Serial 0 Transmission End

Interrupt Control Register

8-bit access register

SCOTICH sets a seial 0 trans-
mission end interrupt level and
enables an interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

MN102H60G/60K/F60G/FE0K 357




Chapter 11 Appendix

7 5 4 3 2 1 0
SCOR| SCOH
IR ID
R/W| R R R R
0 0 0 0 0
0/1 0 0 0 0/1

4 Serial 0 Reception End 0: No interrupt requested
Interrupt Request Flag 1: Interrupt requested
0 Serial 0 Reception End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected
7 5 4 3 2 1 0
SCOR
IE
R| R| RW
0
0/1
0 Serial 0 Reception End 0: Disable
Interrupt Enable Flag 1: Enable
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SCORICL :
x'00FC92'

Serial 0 Reception End

Interrupt Control Register

8-bit access register

SCORICL requests and verifies
a seial 0 reception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SCORICH :
x'00FC93'

Serial 0 Reception End

Interrupt Control Register

8-bit access register

SCORICH enables a serial O re-
ception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SCOTLV[2:0] bits of
the SCOTICH register.
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6| S5 48] 2] 1] 0 SCI1TICL :
SCAT - - - SC1T| 1 1
n p X'00FC94
R|RIRW R] R| R| R Serial 1 Transmission End
0 0 0 0 0 0 0 0
0] o0]oi] o] o o] on Interrupt Control Register

8-bit access register

Serial 1 Transmission End 0: No interrupt requested
SCITICL requests and verifies
Interrupt Request Flag 1: Interrupt requested . o .
a serial 1 transmission end inter-
rupt.
Serial 1 Transmission End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.
6l sj4l 3l 2] 1] SC1TICH :
SC1T ' '
. x'00FC95
RIRIRIRIRLR|RW Serial 1 Transmission End
0 0 0 0 0 0 0 0
ol oo o] o of on Interrupt Control Register
8-bit access register
Serial 1 Transmission End 0: Disable o o
Interrupt Enable Flag 1: Enable SCITICH enables a seial 1

transmission end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SCOTLV[2:0] bits of
the SCOTICH register.
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7 5 4 3 2 1 0
SCIR SCI1H

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

4 Serial 1 Reception End 0: No interrupt requested
Interrupt Request Flag 1: Interrupt requested
0 Serial 1 Reception End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected
7 5 4 3 2 1 0
SC1R
IE
R| R| RW
0
0/1
0 Serial 1 Reception End 0: Disable
Interrupt Enable Flag 1: Enable
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SCI1RICL :
x'00FC96'

Serial 1 Reception End

Interrupt Control Register

8-bit access register

SC1RICL requests and verifies
a seiall reception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SC1RICH :
x'00FC97"

Serial 1 Reception End

Interrupt Control Register

8-bit access register

SC1RICH enables a serial 1 re-
ception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SCOTLV[2:0] bits of
the SCOTICH register.



7 6 5 4 3 2 1 0
scaT sc2T
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 0 [on| o 0/1
4 Serial 2 Transmission End 0: No interrupt requested
Interrupt Request Flag 1: Interrupt requested
0 Serial 2 Transmission End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
SC2T| sc21 sc2T scar
LV2 [LV1 |LVO IE
R |[RW|RW|RW| R| R| R | RMW,
0 0 0 0 0 0 0 0
0 [on]on| on| o 0 0] on
6:4  Serial 2 Transmission End Set the level from 0 to 6
Interrupt Level Setup
0 Serial 2 Transmission End 0: Disable
Interrupt Enable Flag 1: Enable
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SC2TICL :
x'00FC98’

Serial 2 Transmission End

Interrupt Control Register

8-bit access register

SC2TICL requests and verifies
a serial 2 transmission end inter-
rupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SC2TICH :
xX'00FC99’

Serial 2 Transmission End

Interrupt Control Register

8-bit access register

SC2TICH sets a seial 2 trans-
mission end interrupt level and
enables an interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.
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7 5 4 3 2 1 0
SC2R SC2H

IR ID

R/W| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

4 Serial 2 Reception End 0: No interrupt requested
Interrupt Request Flag 1: Interrupt requested
0 Serial 2 Reception End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected
7 5 4 3 2 1 0
SC2R
IE
R| R| RW
0
0/1
0 Serial 2 Reception End 0: Disable
Interrupt Enable Flag 1: Enable
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SC2RICL :
X'00FCO9A’

Serial 2 Reception End

Interrupt Control Register

8-bit access register

SC2RICL requests and verifies
a seial 2 reception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SC2RICH :
x'00FC9B'

Serial 2 Reception End

Interrupt Control Register

8-bit access register

SC2RICH enables a serial 2 re-
ception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SC2TLV[2:0] bits of
the SC2TICH register.
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6| S5 48] 2] 1] 0 SC3TICL :
SC3T - - - SC3T| 1 ]
n s x'00FC9C
R|RI|RW R| R| R| R Serial 3 Transmission End
0 0 0 0 0 0 0 0
0] o0]oi] o] o o] on Interrupt Control Register

8-bit access register

Serial 3 Transmission End 0: No interrupt requested
SC3TICL requests and verifies
Interrupt Request Flag 1: Interrupt requested . o .
a serial 3 transmission end inter-
rupt.
Serial 3 Transmission End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.
6l slafsfa]1lo SC3TICH :
SC3T ' '
ha x'00FC9D
RIRIRIRIRLR|RW Serial 3 Transmission End
0 0 0 0 0 0 0 0
ol oo o] o of on Interrupt Control Register
8-bit access register
Serial 3 Transmission End 0: Disable o o
Interrupt Enable Flag 1: Enable SCSTICH enables a seial 3

transmission end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SC2TLV[2:0] bits of
the SC2TICH register.
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7 5 4 3 2 1 0
SC3R SC3H
IR ID
R/W| R R R R
0 0 0 0 0
0/1 0 0 0 0/1

4 Serial 3 Reception End 0: No interrupt requested
Interrupt Request Flag 1: Interrupt requested
0 Serial 3 Reception End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected
7 5 4 3 2 1 0
SC3R
IE
R| R| RW
0
0/1
0 Serial 3 Reception End 0: Disable
Interrupt Enable Flag 1: Enable
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SC3RICL :
X'00FC9E'

Serial 3 Reception End

Interrupt Control Register

8-bit access register

SC3RICL requests and verifies
a seial 3 reception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SC3RICH :
x'00FC9F'

Serial 3 Reception End

Interrupt Control Register

8-bit access register

SC3RICH enables a serial 3 re-
ception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SC2TLV[2:0] bits of
the SC2TICH register.



7 6 5 4 3 2 1 0
SC4T SC4T
IR ID
R|R|R|RW R| R| R| R
0 0 0 0 0 0 0 0
0 0 0 [on| o 0/1
4 Serial 4 Transmission End 0: No interrupt requested
Interrupt Request Flag 1: Interrupt requested
0 Serial 4 Transmission End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
SC4T| SC4T| SC4T scar
LV2 [LV1 |LVO IE
R |[RW|RW|RW| R| R| R | RMW,
0 0 0 0 0 0 0 0
0 [on]on| on| o 0 0] on
6:4  Serial 4 Transmission End Set the level from 0 to 6
Interrupt Level Setup
0 Serial 4 Transmission End 0: Disable
Interrupt Enable Flag 1: Enable
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SCATICL :
xX'00FCAOQ'

Serial 4 Transmission End

Interrupt Control Register

8-bit access register

SCATICL requests and verifies
a serial 4 transmission end inter-
rupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SCATICH :
X'00FCAL'

Serial 4 Transmission End

Interrupt Control Register

8-bit access register

SCA4TICH sets a seial 4 trans-
mission end interrupt level and
enables an interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.
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7 5 4] 3] 2] 1] o
SC4R SC4F

IR ID

RW| R| R| R| R

ol of of of o
01| o| o] of on

4 Serial 4 Reception End 0: No interrupt requested
Interrupt Request Flag 1: Interrupt requested
0 Serial 4 Reception End 0: Interrupt undetected
Interrupt Detect Flag 1: Interrupt detected
7 5 4 3 2 1 0
SC4R
IE
R| R| RW
0
0/1
0 Serial 4 Reception End 0: Disable
Interrupt Enable Flag 1: Enable
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SCA4RICL :
xX'00FCAZ2'

Serial 4 Reception End

Interrupt Control Register

8-bit access register

SC4RICL requests and verifies
a seial 4 reception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SC4RICH :
x'00FCA3'

Serial 4 Reception End

Interrupt Control Register

8-bit access register

SCA4RICH enables a serial 4 re-
ception end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SC4TLV[2:0] bits of
the SCATICH register.
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GO RN M N ETCOICL :
] - |eTco| - ; - | ETCO

IR ID X'O0FCA4!

RW| RIRI RIR ETC 0 Transfer End

0 0 0 0 0

o1l o] o] ol on Interrupt Control Regjster

8-bit access register

ETC 0 Transfer End Interrupt 0: No interrupt requested
ETCOICL requests and verifies
Request Flag 1: Interrupt requested :
a ETC 0 transfer end interrupt.
ETC 0 Transfer End Interrupt 0: Interrupt undetected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use the MOVB in-
struction to set the data.
6l sj4l 3l 2] 1] ETCOICH :
- R . - - - |ETCO ' !
IE X'00FCAS
S R;W ETC 0 Transfer End
o1 Interrupt Control Register
8-bit access register
ETC 0 Transfer End Interrupt 0: Disable
Enable Flag 1: Enable ETCOICH enables a ETC 0

transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SC4TLV[2:0] bits of
the SCATICH register.
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7 6 5 4 3 2 1 0
ETC1| - - - |ETCY

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

4 ETC 1 Transfer End Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 ETC 1 Transfer End Interrupt 0: Interrupt undetected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
ETCL
IE
R| R| RW
0
0/1
0 ETC 1 Transfer End Interrupt 0: Disable
Enable Flag 1: Enable
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ETC1ICL :
X'00FCAG®G'

ETC 1 Transfer End
Interrupt Control Register

8-bit access register

ETC1ICL requests and verifies
a ETC 1 transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

ETC1ICH :
X'00FCATY'

ETC 1 Transfer End
Interrupt Control Register

8-bit access register

ETC1ICH enables a ETC 1
transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the SC4TLV[2:0] bits of
the SCATICH register.
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7 6 5 4 3 2 1 0 ATOICL :
ATO ATO . '
i A x'00FCAS8
RIRI]IRIRW R] R| RIR ATC 0 Transfer End
0 0 0 0 0 0 0 0
0] 0] o]oi| o o1 Interrupt Control Register
8-bit access register
4 ATC 0 Transfer End Interrupt 0: No interrupt requested
ATOICL requests and verifies an
Request Flag 1: Interrupt requested )
ATC 0 transfer end interrupt.
0 ATC 0 Transfer End Interrupt 0: Interrupt undetected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use the MOVB in-
struction to set the data.
7 6 5 4 3 2 1 0 ATOICH
ATO | ATO | ATO | - - - | ATO ' '
LV2 [LV1 |LVO IE x'00FCA9
RIW|RWIRW| R L R R RW ATC 0 Transfer End
0 0 0 0 0 0 0 0 .
o1|o1| 01| 0| o] o] on Interrupt Control Register

8-bit access register
ATC 0 Transfer End Interrupt Set the level from 0 to 6

ATOICH sets an ATC 0 transfer
Level Setup

end interrupt level and enables

an interrupt.
ATC 0 Transfer End Interrupt

Enable Flag

0: Disable

1: Enable This register allows only byte-

accesses. Use the MOVB in-
struction to set the data.
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7 6 5 4 3 2 1 0
AT1 AT1

IR ID

RW| R R R R

0 0 0 0 0
0/1 0 0 0 0/1

4 ATC 1 Transfer End Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 ATC 1 Transfer End Interrupt 0: Interrupt undetected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
AT1
IE
R| R| RW
0
0/1
0 ATC 1 Transfer End Interrupt 0: Disable
Enable Flag 1: Enable
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ATI1ICL :
X'00FCAA'

ATC 1 Transfer End
Interrupt Control Register

8-bit access register

AT1ICL requests and verifies an
ATC 1 transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

ATI1ICH :
xX'00FCAB'

ATC 1 Transfer End
Interrupt Control Register

8-bit access register

AT1ICH enables an ATC 1
transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the ATOLV[2:0] bits of the
ATOICH register.
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c[s[afaf2[1fo AT2ICL :
- - AT2 - - - AT2
IR ID X'O0FCAC
RW| RIRI RIR ATC 2 Transfer End
0 0 0 0 0
o1l o of ol on Interrupt Control Register

8-bit access register

ATC 2 Transfer End Interrupt 0: No interrupt requested
AT2ICL requests and verifies an
Request Flag 1: Interrupt requested )
ATC 2 transfer end interrupt.
ATC 2 Transfer End Interrupt 0: Interrupt undetected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use the MOVB in-
struction to set the data.
6|slal3l2l 10 AT2ICH :
- R . - - - | AT2 ' !
E X'00FCAD
R R;W ATC 2 Transfer End
o1 Interrupt Control Register
8-bit access register
ATC 2 Transfer End Interrupt 0: Disable
Enable Flag 1: Enable AT2ICH enables an ATC 2

transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the ATOLV[2:0] bits of the
ATOICH register.
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7 6 5 4 3 2 1 0
AT3 AT3
IR ID
RW| R R R R
0 0 0 0 0
0/1 0 0 0 0/1

4 ATC 3 Transfer End Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 ATC 3 Transfer End Interrupt 0: Interrupt undetected
Detect Flag 1: Interrupt detected
7 6 5 4 3 2 1 0
AT3
IE
R| R| RW
0
0/1
0 ATC 3 Transfer End Interrupt 0: Disable
Enable Flag 1: Enable
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AT3ICL :
X'00FCAE'

ATC 3 Transfer End
Interrupt Control Register

8-bit access register

AT3ICL requests and verifies an
ATC 3 transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

AT3ICH :
xX'00FCAF'

ATC 3 Transfer End
Interrupt Control Register

8-bit access register

AT3ICH enables an ATC 3
transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data. The in-
terrupt level is the same level
set in the ATOLV[2:0] bits of the
ATOICH register.
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15 | 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 IRQTRG :
IQ4 | 1Q4 | 1Q3 | 1Q3 | 1Q2| 1Q2| 1Q1| 1Q1| 1QO0| 1QO0 . .
TG1| TGO| TG1| TGO| TGl TGJ TG}l TGO TGL TG x'00FCBO
R R R R/W| RW| RW| RM RMW RM RM RM RMW R/ External Interrupt
0 0 0 0 0 0 0 0 0 0 0 0 0 0 N ]
o o] o o] o on| on| on| oa] oa od od ol o Condition Setup Register
16-bit access register
9:8  Set Trigger Conditions for IRQ4 Pin Interrupt
IRQTRG sets the trigger condi-
. o ) tions for external interrupts.
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 IRQO Pin Interrupt

TG1 TGO Trigger Condition
0 0 Low Level
0 1 Both Edges (Positive edge, Negative edge)
1 0 Falling edge (Negative edge)
1 1 Rising edge (Positive edge)

MN102H60G/60K/F60G/FE60K

373



Chapter 11 Appendix

15 14 13 12 11

15:14 Set Trigger Conditions for K17 Pin Interrupt

13:12 Set Trigger Conditions for K16 Pin Interrupt

11:10 Set Trigger Conditions for K15 Pin Interrupt

9:8  Set Trigger Conditions for K14 Pin Interrupt

7:6  Set Trigger Conditions for K13 Pin Interrupt

5:4  Set Trigger Conditions for K12 Pin Interrupt

3:2  Set Trigger Conditions for K11 Pin Interrupt

1:0  Set Trigger Conditions for K10 Pin Interrupt

TG1 TGO Trigger Condition
0 0 Low Level
0 1 Both Edges (Positive edge, Negative edge)
1 0 Falling edge (Negative edge)
1 1 Rising edge (Positive edge)
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0] o 8] 7] 6| 5| 4 3 2 1 d KEYTRG -
rea | Too| o1 Ted] Tes] Teq Tef Top Teh Toh Tdr Tdo 141 Tho T1 Tho x'00FCB2'
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| R/W| R/W| R/ R/ R/ RW R/W R/ External Key Interrupt
o [ol o[ ol o] o[ of of of of of of of of of o
on | on] on| on| on| oa| on| ol ol o4 oh ofi o o1 o1 dn  Condition Setup Register

16-bit access register

KEYTRG sets the trigger condi-
tions for external key interrupts.
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15 | 14 | 13| 12| 11| 10 7 6 5 4 3 2 1 0 KEYCTR :
KI7 | KI6 | KI5 [ KI4 |KI3 |KI2 [KI1 [KIO . .
EN | EN| EN| EN| EN| EN| EN| EN x'00FCB4
R RW| RW RMW RW RMW RMW RMW R/ External Key Interrupt
0 0 0 0 0 0 0 0 0 _
0 on| on] on| oal od ol od om Enable Register
16-bit access register
Set OR Pin for K17 Pin 0: Don't set
- Set KEYCTR enables an external
’ key interrupt.
Set OR Pin for K16 Pin 0: Don't set When OR pin is selected, a key
: Set interrupt is generated by trigger-
ing the condition set in the
Set OR Pin for K15 Pin 0: Don't set KEYTRG register.
. Set
Set OR Pin for K14 Pin 0: Don't set
. Set
Set OR Pin for K13 Pin 0: Don't set
. Set
Set OR Pin for K12 Pin 0: Don't set
. Set
Set OR Pin for K11 Pin 0: Don't set
. Set
Set OR Pin for K10 Pin 0: Don't set
. Set
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 WDREG
WD WD | WD | wD WD ' '
CLR P2 | P1| PO RST X'00FCB6
RIW RW| RW| RW| R R R R| R/ Watchdog Interrupt
0 0 0 0 0 0 0 0 0 0 _ _
o on| o]l on| of o o of o ol ok Extension Control Register
16-bit access register
15 Expansion Watchdog 0: Don't clear
WDREG extends the watchdog
Counter Clear 1: Clear ) .
interrupt cycles set in the CPUM
register.
10:8 Watchdog Interrupt 000: Watchdog time set in CPUM

0

376

Generation Time

Watchdog Timer Reset
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001:

010:

011:

100:

101:

110:

register x 1

Watchdog time set in CPUM
register x 4

Watchdog time set in CPUM
register x 16

Watchdog time set in CPUM
register x 64

Watchdog time set in CPUM
register x 256

Watchdog time set in CPUM
register x 1024

Watchdog time set in CPUM
register x 4096

0: Don't reset
1: Reset

The extended watchdog
counter count during those set-
ting time.



7 6 5 4 3 2 1 0
SYS| SYS| SYS| Syg SY$ SY$ SYB SYS
c7 | ce| cs5| cal c3| cz2| cif co
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W|
0 1 1 1 1 1 0 1
01| 04| oa| oa| o] o] onl o4
7:0  Programming Disable of 7D: Enable all register programming

Registers Related to System
Operations

Others: Disable programming for the
following registers
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SYSCTL :
x'00FCDO'

System Control Register

8-bit access register

SYSCTL disables programming
of registers related to system

control.
CPU Control CPUM, EFCR
Address Break  ADBO, ADB1 Programming registers related to
ADBCTL system control is disabled by
Memory Control EXWMD writing the value except X'7D' to
MEMMD1 the SYSCTL register. This pre-
MEMMD2 vents programming these regis-
DRAMMD1 ters when Fhe CPU runs errone-
ous operations.
DRAMMD2
Ports POMD, P1LMD, PIHMD

P1MD, P3LMD, P3HMD

P4LMD, P4AHMD

P5LMD, PSHMD, P6MD

P7LMD, P7THMD

P8LMD, PSMMD, P8HMD

POLMD, PO9HMD
PAMD, PBMD
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15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0 ADBO :
ADBO|ADBO|ADBO [ADBO |ADBO |ADBO|ADBO|ADB0|ADBO|ADBO|ADBO|ADBO|ADB0|ADB0|ADBO|ADBO . .
X'00FCD2
Al5 | Al4 | A13| Al12| All| Al0| A9 | A8 | A7| A6 | A5| A4 | A3| A2| Al| A0
R/W | RIW | RIW | RIW | R/W| R/W| R/W| R/W| RW| RW| RMW RW RMW R RW R Address Break 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o2 [ ox| ox| o] o] o] ol oA od od o1 ot oft ofr o1 da Address Pointer
16/24-bit access register
15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0
ADBO sets the address to stop
- - - - - - - - |ADBO|ADBO|ADBO|ADBO|ADBO0|ADBO|ADBO|ADBO .
address break 0 operation.
A23 | A22 | A21| A20| A19| A18| A17| Al6
R R R R R R R R | RW| RW RW RM RMW RMW R/W RN Thi ) ) v 24-bi
o 5 o o o 0 0 0 0 0 0 0 0 0 0 o is register wrltes only 24-bit
data or 16-bit data. Use the
0 0 0 0 0 0 0 0| ol ol o] o3 o4 o1 o1 of MOV instructi the MOVX
instruction or the
instruction to set the data.
15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0 ADB1 :
ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1|ADB1 '00ECD6'
Al5 | Al4 | A13| Al12| All| Al0| A9 | A8 | A7| A6| A5| A4 | A3| A2| Al| A0 X
RW | RIW | RIW | RIW | R/W| R/W| R/W| R/W| RW| RW| RW RW RMW R RW RM Address Break 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o2 [ ox| ox| oa| oma| o] oal oA od od o1 ot oft ot o1 dn Address Pointer
16/24-bit access register
15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0
ADB1 sets the address to stop
- - - - - - - - |ADB1|ADB1|ADB1|ADB1[ADB1|ADB1|ADB1|ADB1 address break 1 operation
A23 | A22 | A21| A20| A19| A18| Al17| Al6 P '
R R R R R R R R | RW| RW RW RM RMW RMW R/W RN Thi ist i v 24-bit
0o |olo] ol ol o] o] of of of of o o of o] o IS register writes only <4-bi
data or 16-bit data. Use the
0 0 0 0 0 0 0 0| o/l ol o] o4 o1 o1 o1 on

MOV instruction or the MOVX
instruction to set the data.



ADB1|ADBO|ADB1|ADBO

ON | ON | CK | CK
R/W| R/W| R/W| R/W|

0 0 0 0 0 0 0
0 0 0 0/1| O/1| 0/1] 0/1

Address Break 1 On/Off

Address Break 0 On/Off

Address Break 1 Generation

Address break 0 Generation

. Off
:0On

. Off
:0On

: Not generated
: Generated

: Not generated
: Generated
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ADBCTL :
X'00FCDA'

Address Break
Control Register

8-bit access register

ADBCTL selects the address
break function and verifies the
address break is generated.
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15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0 ATOCTR :
ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO ATO | ATO | ATO | ATO . .
EN |MD1|MDO| BW | DB8| DI | SB8| SI 1Q3| 1Q2| 1Q1| 1QO x'00FDOO0
R/W | RIW | RIW | RIW | R/W| R/W| RW| RW| R R R R| RW RMW R/MW RN ATC 0 Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0/1 | 01| o2 oa| o/a| o/ o/ o4 o 0 0 of o1 om o o1 Reglster
16-bit access register
15 Transfer Busy/Start Flag 0: Disable ATOCTR sets the ATCO operat-
1: Transfer start/transfer in progress ing control conditions.
14:13 Transfer Mode 00: One byte/word transfer Selecting the two bytes transfer
01: Burst transfer mode is valid only in byte at.:-
10: Two byvtes transfer cess. The LSB of the address in
’ 0 bytes franste the first byte forcibly becomes 0,
11: Reserved and the LSB of the address in
the second byte forcibly be-
12 Transfer Units 0: Word comes 1.
1: Byte
Selecting word as the unit is not
11 Destination Bus Width 0: 16-bit allowed when 8-bit bus width is
1: 8-bit allowed in the external memory
space.
10 Destination Pointer 0: Fixed Selecting 8-bit destination bus
Increment 1: Increment width or 8-bit source bus width
is allowed only when 8-bit bus
9 Source Bus Width 0: 16-bit width is selected in the external
1: 8-bit memory space.
. . When destination pointer incre-
8 Source Pointer Increment 0: Fixed p. .
. ment or source pointer incre-
1: Increment ment is selected, the pointer in-
crements by 1 in byte access
3:0 ATC Activation Factor Setup 0000: Software Initialization and by 2 in word access.
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0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

/DMAREQO pin input

External interrupt 0

External interrupt 1

External interrupt 4

Timer 3 underflow interrupt

Timer 7 underflow interrupt

Timer 9 underflow interrupt

Timer 10 capture A interrupt
Timer 11 capture B interrupt
Serial 0 transmission end interrupt
Serial 0 reception end interrupt
Serial 3 transmission end interrupt
Serial 3 reception end interrupt
A/D conversion end interrupt

Key interrupt

The ATOIQ[3:0] bits are cleared
to 0 by the ATCO transfer end in-
terrupt.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATOCNT -
- - - - ATO | ATO |ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO f O O F D 0 2,
CNT11CNT10 CNT9 CNT8 CNTY CNTPH CNT5 CNT4 CNT3 CNT2 CN[I1 CNTO X
R R/W| R/W| R/W| R/W| R/W| RW RW RW R R/ R/W R/ ATC O TranSfer Word
0 0 0 O | undefined undefinegd undefined undefiied undefined undefined undgfined undefined undefined uhdefined gndefined [undefined
0 0 0 0 0/1| O/1| o/1| O/1f O0/1 o0/Yf 0/1 o/ 01 o/p ot o1 COunt Reglster

16-bit access register

ATOCNT sets the bytes to be
transferred subtracted by 1.
Decrement by 1 every time 1-
byte data is transferred and
reach x'OFFF' when the transfer
is completed.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATOSRC :
ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO ' 0 0 F D 0 4,
ISRC1$SRC14SRCI3SRO12SRC11SRC10 SRC9 §RC8 BRC7 |[SRC6|SRCYH SRC4 SR(C3 SR(2 SRL1 SRCO X
R/W | RIW | RIW | R/IW| R/W| R/W| R/W| R/W| R/W RW RW RW R/W R/ RW R ATC O Source
undefined undefinefl undefined undefifed undefjned undefined undgfined undefined undefined updefined yindefined |undefined undefinefl noheféfieedindefined
on | on| on| o] oa| on| o] oal o] of oh o op o o1 dn Address Pointer

16/24-bit access register

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

ATOSRC sets the transfer
source address. When the
source pointer increment bit is
set to be fixed, the transfer

- - - - - - - - ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
ISRC23SRC22SRCR1SRCG20SRC19SRC18SRC179RC16

R R/W| RW RW RW R/W R/ R/W R/
undefined undefined undefined undefifed undefined undefined undefined unglefined
0] o] o| o of o of ox| o] o o o of ok oh source address do not change.
When the source pointer incre-

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

o
o
o
o
o3
o
o
o

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATODST -
ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO ' O O F D O 8,
DST15DST14DST1BDST]12DSTL1DST10 DS[T9 DYT8 D$T7 DET6 DISTS5 OST4 DST3 DPST2 PST1 |DSTO X
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| R/W| R/W RW RW R/W R R/ RV ATC 0 Destlnatlon
undefined undefinefl undefined undefied undeffned undefined undefined undefined undefined updefined yndefined [undefined undefinefl noefefewdindefined
o/1| 0/1| O1| O/1| 0O/1| O/ o0/1 0/4 0/1 0/1 o1 o/ ot ot 0O1 Q1 Addl'ess POInter

16/24-bit access register

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

ATODST sets the transfer desti-
nation address. When the desti-
nation pointer increment bit is
set to be fixed, the transfer
source address do not change.
When the source pointer incre-

- - - - - - - - ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
DST23DST22DST21DST20DSTL9DST18DST17DST16
R R R R R R R R R/W| RW| RW RW RW R/MW R/ RV
undefineq undefinefl undefingd undefijed undefjned undefined undgfined ungefined
0 0 0 0 0 0 0 0 0/1| o0O/1| o0/1 0/1 0/1 0/1 o1 on

o
o
o
o
o
o
o
o

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATlCTR .
AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 - - - - AT1 | AT1 | AT1 | AT1 ' '
EN |MD1|MDO| BW | DB8 | DI | SB8| SI 1IQ3| 1Q2| 1Q1| 1Q0 X OOFDlO
R/W | RIW | RIW| R/W| R/W| R/W| R/W| R/W| R R R R R R/ R/W R/ ATC 1 Control

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 | 0/1| 0/1| O/1| 0O/1| O0/1f 0/1 0/ 0 0 0 0 oL om o o Reglstel’

15

Transfer Busy/Start Flag

14:13 Transfer Mode

12

11

10

3.0

Transfer Units

Destination Bus Width

Destination Pointer

Increment

Source Bus Width

Source Pointer Increment

ATC Activation Factor Setup

0: Disable
1: Transfer start/transfer in progress

00: One byte/word transfer
01: Burst transfer

10: Two bytes transfer

11: Reserved

0: Word
1: Byte

0: 16-hit
1: 8-bit

0: Fixed
1: Increment

0: 16-hit
1: 8-bit

0: Fixed
1: Increment

0000: Software Initialization

0001: /IDMAREQL1 pin input

0010: External interrupt 2

0011: External interrupt 3

0100: Timer O underflow interrupt

0101: Timer 4 underflow interrupt

0110: Timer 8 underflow interrupt

0111: Timer 9 capture A interrupt

1000: Timer 10 capture B interrupt
1001: Timer 12 capture B interrupt
1010: Serial 0 transmission end interrupt
1011: Serial O reception end interrupt
1100: Serial 1 transmission end interrupt
1101: Serial 1 reception end interrupt
1110: Serial 4 transmission end interrupt
1111: Serial 4 reception end interrupt

MN102H60G/60K/F60G/F60K

16-bit access register

AT1CTR sets the ATC1 operat-
ing control conditions.

Selecting the two bytestransfer
mode is valid only in byte ac-
cess. The LSB of the address in
the first byte forcibly becomes 0,
and the LSB of the address in
the second byte forcibly be-
comes 1.

Selecting word as the unit is not
allowed when 8-bit bus width is
allowed in the external memory
space.

Selecting 8-bit destination 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 AT1IQ[3:0] bits are cleared

to 0 by the ATCL1 transfer end in-
terrupt.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATlCNT .

- - - - AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 ,OO F D 1 2,
CNT1ICNT10 CNTY CNT8 CNTY CNTp CNT5 CNT4 CNT3 CNT2 CN[r'1 CNTO X

R R R R R/W| R/W| R/W| R/W| R/W| RW RW RW RW R/W R/ RV ATC l Transfer Word

0 0 0 O | undefined undefinefl undefingd undefied undefined undefined undgfined undefined undefined updefined yndefined [undefined

0 0 0 o o1| oa| oa| oa| o1 o4 o1 o1 01 of OfL O0f1 Count Register

16-bit access register

AT1CNT sets the bytes to be
transferred subtracted by 1.
Decrement by 1 every time 1-
byte data is transferred and
reach X'OFFF' when the transfer
is completed.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATlSRC .
AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 ,OO F D 1 4,
SRC13SRC14SRC13SRO12SREC11SRC10 SRC9 §RC8 $SRC7 [SRC6|SRCH SRC4 SRCB SR(¢2 SRL1 SRCO X
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| R/W| R/W RW R/W R/ R/W R/ RV ATC 1 Source
undefined undefinefl undefined undefied undeffned undefined undefined undefined undefined updefined ndefined [undefined undefinefl noefefewdindefined
o/1| 0/1| O1| 0O/1| 0O/1| O/ o0/1 0/4 0/1 0/1 01 o/ ot ot 0O1 Q1 Address POInter

16/24-bit access register

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

AT1SRC sets the transfer
source address. When the
source pointer increment bit is
set to be fixed, the transfer

- - - - - - - - AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1
SRC23SRC22 SRC21SRC20SRC19SRC18SRC17SRC16

R R R R R R R R | RIW| RIW| RW RM RMW R/W R/ R/
undefined undefined undefingd undefined undefined undefined undgfined undefined
0o lo | o] o] of o of o] on| ox] o1 o od od ol on source address do not change.
When the source pointer incre-

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

o
o
o
o
o
o
o
o

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATlDST -
AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 ,0 0 F D 1 8,
DST18DST14DSTY3DST12DSTL1IDST10 DS[T9 DST8 D$T7 DET6 DISTS5 OST4 DST3 PST2 PST1 [DSTO X
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| RW| RW RW RW R R/ R/W R/ ATC 1 Destlnatlon
undefined undefined undefined undefijed undefjned undefined undgfined undefined undefined updefined {indefined [undefined undefinefl noheféfedindefineg
ot [ o1 | on| oa] on| o] o] o] od od ol o oft ot o1 g1 Address Pointer

16/24-bit access register

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

ATI1DST sets the transfer desti-
nation address. When the desti-
nation pointer increment bit is
set to be fixed, the transfer

- - - - - - - - AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1
DST23DST2PDST21DST20DSTL9DST18DST17DST16

R R/W| RW RW RW R/W R/ RW R
undefineq undefinegd undefined undefined undefined undefined undgfined undefined

0ol ol o] o] of of o] of ot o] o o1 od of ok oi source address do not change.
When the source pointer incre-

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

o
o
o
o
o\
o
o
o

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0 AT2CTR :
AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 AT2 | AT2 | AT2 | AT2 . .
EN |MD1|MDO| BW | DB8| DI | SB8| SI 1Q3| 1Q2| 1Q1| 1QO x'00FD20
R/W | RIW | RIW | RIW | R/W| R/W| RW| RW| R R R R| RW R RIW RN ATC 2 Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0/1 | 01| o2 oa| o/a| o/ o/ o4 o 0 0 of o1 om o O Reg|ster
16-bit access register
15 Transfer Busy/Start Flag 0: Disable AT2CTR sets the ATC2 operat-
1: Transfer start/transfer in progress ing control conditions.
14:13 Transfer Mode 00: One byte/word transfer Selecting the two bytes transfer
01: Burst transfer mode is valid only in byte at.:-
10 Two bvies transfer cess. The LSB of the address in
’ 0 bytes transte the first byte forcibly becomes 0,
11: Reserved and the LSB of the address in
the second byte forcibly be-
12 Transfer Units 0: Word comes 1.
1: Byte
Selecting word as the unit is not
11  Destination Bus Width 0: 16-hit allowed when 8-bit bus width is
1: 8-bit allowed in the external memory
space.
10 Destination Pointer 0: Fixed Selecting 8-bit destination bus
Increment 1: Increment width or 8-bit source bus width
is allowed only when 8-bit bus
9 Source Bus Width 0: 16-bit width is selected in the external
1: 8-bit memory space.
. . When destination pointer incre-
8 Source Pointer Increment 0: Fixed p. .
ment or source pointer incre-
' ment is selected, the pointer in-
1: Increment ) | d th ) )
crements by 1 in byte access
3:0 ATC Activation Factor Setup 0000: Software Initialization and by 2 in word access.

386
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0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

/DMAREQO pin input

External interrupt 0

External interrupt 1

Timer 1 underflow interrupt

Timer 5 underflow interrupt

Timer 8 capture A interrupt

Timer 9 capture B interrupt

Timer 11 underflow interrupt
Timer 12 capture A interrupt
Serial 1 transmission end interrupt
Serial 1 reception end interrupt
Serial 2 transmission end interrupt
Serial 2 reception end interrupt
Serial 4 transmission end interrupt
Serial 4 reception end interrupt

The AT21Q[3:0] bits are cleared
to 0 by the ATC2 transfer end in-
terrupt.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATZCNT -
- - - - AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 ,O O F D 2 2,
CNT11CNT10 CNT9 CNT8 CNTY CNTPH CNT5 CNT4 CNT3 CNT2 CN[I1 CNTO X
R/W| R/W| R/W| R/W| R/W| RW RW RW R/MW R/ R/W R/ ATC 2 TranSfer Word
0 0 0 O | undefined undefinegd undefined undefiied undefined undefined undgfined undefined undefined uhdefined gndefined [undefined
0 0 0 0 0/1| O/1| o/1| O/1f O0/1 o0/Yf 0/1 o/ 01 o/p ot o1 COunt Reglster

16-bit access register

AT2CNT sets the bytes to be
transferred subtracted by 1.
Decrement by 1 every time 1-
byte data is transferred and
reach x'OFFF' when the transfer
is completed.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ATZSRC :
AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 ,O O F D 24,
ISRC1$SRC14SRCI3SRO12SRC11SRC10 SRC9 §RC8 BRC7 |[SRC6|SRCYH SRC4 SR(C3 SR(2 SRL1 SRCO X
R/W | RIW | RIW | R/IW| R/W| R/W| R/W| R/W| R/W RW RW RW R/W R/ RW R ATC 2 Source
undefined undefinefl undefined undefifed undefjned undefined undgfined undefined undefined updefined yindefined |undefined undefinefl noheféfieedindefined
o/1 | 01| 01| 0/1| O/2| o0/1| o0/1f 0/4 0/ o/ ogpr om oft o1 oO1 Qg1 Address POinter

16/24-bit access register

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

AT2SRC sets the transfer
source address. When the
source pointer increment bit is
set to be fixed, the transfer

- - - - - - - - AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2
ISRC23SRC22SRCR1SRCG20SRC19SRC18SRC179RC16

R R/W| RW RW RW R/W R/ R/W R
undefined undefined undefined undefifed undefined undefined undefined unglefined
0] o] o| o of o of ox| o] o o o of ok oh source address do not change.
When the source pointer incre-

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

o
o
o
o
o3
o
o
o

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 AT2 DST -
AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 f O O F D 2 8,
DST15DST14DST1BDST]12DSTL1DST10 DS[T9 DYT8 D$T7 DET6 DISTS5 OST4 DST3 DPST2 PST1 |DSTO X
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| R/W| R/W RW RW R/W R R/ RV ATC 2 Destlnatlon
undefined undefinefl undefined undefied undeffned undefined undefined undefined undefined updefined yndefined [undefined undefinefl noefefewdindefined
o/1| 0/1| O1| O/1| 0O/1| O/ o0/1 0/4 0/1 0/1 o1 o/ ot ot 0O1 Q1 Addl'ess POInter

16/24-bit access register

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

AT2DST sets the transfer desti-
nation address. When the desti-
nation pointer increment bit is
set to be fixed, the transfer
source address do not change.
When the source pointer incre-
ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

- - - - - - - - AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2
DST23DST22DST21DST20DSTL9DST18DST17DST16

R R R R R R R R R/W| RW| RW RW RW R/MW R/ RV
undefineq undefinefl undefingd undefijed undefjned undefined undgfined ungefined
0 0 0 0 0 0 0 0 0/1| o0O/1| o0/1 0/1 0/1 0/1 o1 on

o
o
o
o
o
o
o
o

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 | 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 AT3CTR :
AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | - - - - | AT3 | AT3 | AT3 | AT3 . ,
EN |MD1|MDO| BW | DB8| DI | SB8| SI IQ3| 1Q2| Q1| 1QO X'00FD30
R/W | RIW | RIW | RIW| RW| RW| RW| RwW| R| R| R| R| RW RW RW R/ ATC 3 Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 | om| on| o| oa| om| oaf on o 0 0 of oL om oft o1 Register

16-bit access register
15 Transfer Busy/Start Flag 0: Disable

AT3CTR sets the ATC3 operat-
1: Transfer start/transfer in progress ing control conditions.
14:13 Transfer Mode 00: One byte/word transfer Selecting the two bytes transfer
01: Burst transfer mode is valid only in byte ac-

10: Two bvtes transfer cess. The LSB of the address in

’ y the first byte forcibly becomes 0,

11: Reserved and the LSB of the address in

the second byte forcibly be-

12 Transfer Units 0: Word comes 1.
1: Byte
Selecting word as the unit is not
11 Destination Bus Width 0: 16-bit allowed when 8-bit bus width is
1: 8-bit allowed in the external memory
space.
10 Destination Pointer 0: Fixed Selecting 8-bit destination bus
Increment 1: Increment width or 8-bit source bus width
is allowed only when 8-bit bus
9 Source Bus Width 0: 16-bit width is selected in the external
1: 8-bit memory space.

When destination pointer incre-

8 Source Pointer Increment 0: Fixed ) :
. ment or source pointer incre-
1: Increment ment is selected, the pointer in-
crements by 1 in byte access
3:0  ATC Activation Factor Setup 0000: Software Initialization and by 2 in word access.
0001: /IDMAREQL1 pin input
0010: External interrupt 2 The AT3IQ[3:0] bits are cleared
0011: External interrupt 3 to 0 by the ATC3 transfer end in-

0100: Timer 2 underflow interrupt terrupt.

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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 AT3CNT .

- - - - AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 f O O F D 3 2 f
CNT1ICNT10 CNTY CNT8 CNTY CNTp CNT5 CNT4 CNT3 CNT2 CN[r'1 CNTO X

R R R R R/W| R/W| R/W| R/W| R/W| RW RW RW RW R/W R/ RV ATC 3 Transfer Word

0 0 0 O | undefined undefinefl undefingd undefied undefined undefined undgfined undefined undefined updefined yndefined [undefined

0 0 0 o o1| oa| oa| oa| o1 o4 o1 o1 01 of OfL O0f1 Count Register

16-bit access register

AT3CNT sets the bytes to be
transferred subtracted by 1.
Decrement by 1 every time 1-
byte data is transferred and
reach X'OFFF' when the transfer
is completed.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 AT3SRC -
AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 f O O F D 3 4,
SRC13SRC14SRC13SRO12SREC11SRC10 SRC9 §RC8 $SRC7 [SRC6|SRCH SRC4 SRCB SR(¢2 SRL1 SRCO X
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| R/W| R/W RW R/W R/ R/W R/ RV ATC 3 Source
undefined undefinefl undefined undefied undeffned undefined undefined undefined undefined updefined ndefined [undefined undefinefl noefefewdindefined
o/1| 0/1| O1| 0O/1| 0O/1| O/ o0/1 0/4 0/1 0/1 01 o/ ot ot 0O1 Q1 Address POInter

16/24-bit access register

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

AT3SRC sets the transfer
source address. When the
source pointer increment bit is
set to be fixed, the transfer

- - - - - - - - AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3
SRC23SRC22 SRC21SRC20SRC19SRC18SRC17SRC16

R R R R R R R R | RIW| RIW| RW RM RMW R/W R/ R/
undefined undefined undefingd undefined undefined undefined undgfined undefined
0o lo | o] o] of o of o] on| ox] o1 o od od ol on source address do not change.
When the source pointer incre-

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

o
o
o
o
o
o
o
o

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.

390 MN102H60G/60K/F60G/F60K



Chapter 11 Appendix

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 AT3DST -
AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 ' 0 0 F D 3 8 )
DST18DST14DSTY3DST12DSTL1IDST10 DS[T9 DST8 D$T7 DET6 DISTS5 OST4 DST3 PST2 PST1 [DSTO X
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| RW| RW RW RW R R/ R/W R/ ATC 3 Destlnatlon
undefined undefined undefined undefijed undefjned undefined undgfined undefined undefined updefined {indefined [undefined undefinefl noheféfedindefineg
ot [ o1 | on| oa] on| o] o] o] od od ol o oft ot o1 g1 Address Pointer

16/24-bit access register

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

AT3DST sets the transfer desti-
nation address. When the desti-
nation pointer increment bit is
set to be fixed, the transfer

- - - - - - - - AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3
DST23DST2PDST21DST20DSTL9DST18DST17DST16

R R/W| RW RW RW R/W R/ R/W R/
undefined undefined undefined undefied undefned undefined undgfined undefined
0ol o] o] o] of of o] of ox| o] o ol o of o oh source address do not change.
When the source pointer incre-

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

o
o
o
o
o\
o
o
o

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 1 0 ETOCTR :
ETO ETO | ETO| ETO| ETO| ETOQ ETQ ET0 ETp . .
FLG MDO | BW | DB8| DI | SB8| SI DIR| EN x'00FD40
RW | R | RIW| RW| RW| RIW| RIW| RIW R R RW RM ETC 0 Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i
01| 0 |oa| oa| oa] o] o041 o4 of o o] o o o oj Register
16-bit access register
15 Transfer Busy/Start Flag 0: Disable ETOCTR sets the ETCO operat-
: Transfer start/transfer in progress ing control conditions. Trans-
fers the data automatically be-
13 Transfer Mode 0: One byte/word transfer tween the external device with
. Burst transfer ACK input function and the ex-
' ternal memory.
12 Transfer Units 0: Word Selecting word as the unit is not
. allowed when 8-bit bus width is
. Byte
allowed in the external memory
o ) ) space.
11 Destination Bus Width 0: 16-bit
: 8-bit Selecting 8-bit destination bus
width or 8-bit source bus width
10 Destination Pointer 0: Fixed is allowed only when 8-bit bus
Increment * Increment width is selected in the external
memory space.
9 Source Bus Width 0: 16-bit o ) )
- g-bit When destination pointer incre-
- obl ment or source pointer incre-
ment is selected, the pointer in-
8 Source Pointer Increment : Fixed crements by 1 in byte access
. Increment and by 2 in word access.
1 Transfer Direction 0: External device - external memory
: External memory - external device
| - The ETOEN flag is cleared to 0
0 ETC Transfer Enable 0: Disable by the ETCO transfer end inter-
: Enable
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ETOCNT -
- - - - ETO| ETO| ETO| ETO| ETO] ETQ ETQ ET ETD ETP ETO ETO ' )
CNT1ICNT10 CNT9 CNT8 CNTF CNTH CNT5 CNT4 CNT3 CNT2 CN[I1 CNTO X 00 F D42
R/W| R/W| R/W| R/W| R/W| RW RW RW R R/ R/W R/ ETC O TranSfer Word
0 0 0 O | undefinefl undefinegd undefined undefinied undefined undefined undgfined undefined undefined udefined gndefined [undefined
0 0 0 0 0/1| O/1| o/1| 0O/1f O0/1 o0/Yf 0/1 o/ 01 o/p ot o1 COunt Reglster

16-bit access register

ETOCNT sets the bytes to be
transferred subtracted by 1.
Decrement by 1 every time 1-
byte/word data is transferred
and reach x'OFFF' when the
transfer is completed.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ETOSRC :
ETO | ETO| ETO| ETO| ETO| ETQ ETQ ET ETD ETDP ETO ET0 ETO ETO EJO ETO ,O 0 F D44,
ISRC1$SRC14SRCI3SRO12SRC11SRC10 SRC9 §RC8 BRC7 |[SRC6|SRCYH SRC4 SR(C3 SR(2 SRL1 SRCO X
R/W | RIW | RIW | R/IW| R/IW| R/W| R/W| R/W| R/W RW RW RW R/W R/ RW R ETC O Source
undefined undefinefl undefined undefifed undefjned undefined undgfined undefined undefined updefined yindefined |undefined undefinefl noheféfieedindefined
on | on| on| o] oa| on| o] oal o] of oh o op o o1 dn Address Pointer

16/24-bit access register

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

ETOSRC sets the transfer
source address. When the
source pointer increment bit is
set to be fixed, the transfer

- - - - - - - - ETO | ETO| ETO| ETO| ETOl ETQ ETQ ET
ISRC23SRC22SRCR1SRCG20SRC19SRC18SRC179RC16

R | RIW RW RW RW R/W R/ R/W R/

undefined undefined undefined undefifed undefined undefined undefined unglefined

0] o] o] o o] o o ot] ox] o1l od od of ol on source address do not change.
When the source pointer incre-

o
o
o
o
o3
o
o
o

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ETODST -
ETO | ETO| ETO| ETO| ETO| ETQ ETQ ET ET ETp ETO0 ETO ETO0O ETO EJO0 ETO ,OO F D 4 8,
DST15DST14DST1BDST12DSTL1DST10 DS[T9 DYT8 D$T7 DET6 DISTS5 OST4 DST3 DPST2 PST1 |DSTO X
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| R/W| RW RW RW R/W R R/ R/V ETC 0 Destlnatlon
undefined undefinefl undefined undefied undeffned undefined undefined undefined undefined updefined yndefined [undefined undefinefl noefefewdindefined
0/1 0/1 | 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1 O/t oL o1 01 g/1 Address POInter
16/24-bit access register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 .
ETODST sets the transfer desti-
- - - - - - - - ETO| ET ET ET ET ET : :
ETO | ETO 0 0 0 c nation address. When the desti-
DST23DST22DST21DST20DSTL9DST18DST17DST16 K X . .
nation pointer increment bit is
R R R R R R R R R/W| RW| RW RW RW R/MW R/ R/W .
- y - y - - ) set to be fixed, the transfer
0 0 0 0 0 0 0 O [undefineq undefinefl undefingd undefined undefined undefined undgfined ungefined
0o lo| o] o o| o of o ot] or] on] oa od od ok of source address do not change.

When the source pointer incre-
ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 | 14| 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0 ET1CTR :
ET1| - | ET1| ET1| ET1| ET1| ETY] ETY ET1 ETL . .
FLG MDO| BW | DB8| DI | SB8| SI DIR| EN X'00FD50
RIW R/W | RIW| RIW| R/W| RW| R/W RMW R ETC 1 Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ]
0/1 o1| o/a| oa| oa| ol o4 of o] of o o o of 1 Register
16-bit access register
15 Transfer Busy/Start Flag 0: Disable ET1CTR sets the ETC1 operat-
: Transfer start/transfer in progress ing control conditions. Trans-
fers the data automatically be-
13 Transfer Mode 0: One byte/word transfer tween the external device with
- Burst transfer ACK input function and the ex-
ternal memory.
12 Transfer Units 0: Word Selecting word as the unit is not
- Byte allowed when 8-bit bus width is
allowed in the external memory
o ) i space.
11 Destination Bus Width 0: 16-hbit
 8-bit Selecting 8-bit destination bus
width or 8-bit source bus width
10 Destination Pointer 0: Fixed is allowed only when 8-bit bus
Increment : Increment width is selected in the external
memory space.
9 Source Bus Width 0: 16-hbit
- 8-it When destination pointer incre-
’ ment or source pointer incre-
) ) ment is selected, the pointer in-
8 Source Pointer Increment : Fixed crements by 1 in byte access
: Increment and by 2 in word access.
1 Transfer Direction 0: External device — external memory
: External memory - external device
. The ET1EN flag is cleared to O
0 ETC Transfer Enable 0: Disable g

: Enable

MN102H60G/60K/F60G/F60K

by the ETCL1 transfer end inter-
rupt.
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15 | 14 | 13| 12] 11] 10| o 8| 7] 6| s| a4 3] 2 41 O ET1CNT :

- - - - ET1| ET1| ET1| ET1| ET1| ETY ETY ET]1 ETL ETL ET1l ET1 ,OOFD52,
CNT11CNT10 CNT9 CNT8 CNTY CNTp CNTS CNT4 CNT3 CNT2 CN['1 CNTO X

R R R R R/W| R/W| R/W| R/W| R/W| RW RW RW RW R/W R/ RV ETClTI‘anSfeI’ Word

undefinefl undefined undefingd undefifed undefjned undefined undgfined undefined undefined updefined yndefined [undefined

o
o
o
o

o | o] o of o1] oa| oa] oa| o] oal o4 o1 ol of o o1 Count Register

16-bit access register

ET1CNT sets the bytes to be
transferred subtracted by 1.
Decrement by 1 every time 1-
byte/word data is transferred
and reach x'OFFF' when the
transfer is completed.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ETlSRC -
ET1 | ET1| ET1| ET1| ET1| ETY ETY ET1 ET1 ETL ETL ET1 ET1 ET1 EJ1 HET1 ,OO F D 54,
SRC13SRC14SRC13SRO12SREC11SRC10 SRC9 §RC8 $SRC7 [SRC6|SRCH SRC4 SRCB SR(2 SRL1 SRCO X
R/W | RIW | RIW | RIW| R/IW| R/W| R/W| R/W| R/W| R/W RW R/W R/ R/W R/ RV ETC 1 Source
undefined undefinefl undefined undefied undeffned undefined undefined undefined undefined updefined ndefined [undefined undefinefl noefefewdindefined
o/1| 0/1| O1| 0O/1| 0O/1| O/ o0/1 0/4 0/1 0/1 01 o/ ot ot 0O1 Q1 Address POInter

16/24-bit access register

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

ET1SRC sets the transfer

- - - - - - - - | ET1| ET1| ET1| ET1| ET1| ET1 ET1 ET
source address. When the

SRC23SRC2P2 SRC21SRA20SRC19SRC18SRC17SRC16 ) i o
source pointer increment bit is
R R R R R R R R | RIW| RW| RW RMW RMW RMW R/ RV

undefined undefinefd undefined undefied undefined undefined undgfined ungefined set to be flxed' the transfer
0] o] o| o of of of of ot] ox| o1 oa] o of of oh source address do not change.
When the source pointer incre-

o
o
o
o
o
o
o
o

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ETlDST .
ET1 | ET1| ET1| ET1| ET1| ETY ETY ET1 ETL ETL ET1 ET1 ET1 ET1 EJ1 HT1 ,O 0 ED 5 8,
DST18DST14DST13DST12DSTL1DST10 DST9 DST8 D$T7 DET6 DST5 OST4 DST3 DST2 PST1 |DSTO X
R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W| RW, RW RW RW R R/ R/W R/ ETC 1 Destlnatlon
undefined undefined undefined undefijed undefjned undefined undgfined undefined undefined updefined {indefined [undefined undefinefl noheféfedindefineg
ot [ o1 | on| oa] on| o] o] o] od od ol o oft ot o1 g1 Address Pointer
16/24-bit access register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ET1DST sets the transfer desti-
- - - - - - - - ET1 | ET1| ET1| ET1| ET1| ETY ET1 ET1 . .
| nation address. When the desti-
DST23DST2PDST21DST20DSTL9DST18DST17DST16 . . . o
nation pointer increment bit is
R R R R R R R R | RW RW RW RW R/W R/ R/W R/ .
5 y y y y - ) set to be fixed, the transfer
0 0 0 0 0 0 0 O |undefineq undefined undefingd undefined undefined undefined undgfined undefined
0l o] o] o o o of o] on| oa] oa| oa od od of of source address do not change.

When the source pointer incre-

ment bit is set to increment, in-
crement by 1 in the byte transfer
and by 2 in the word transfer.

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX

instruction to set the data.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 SCOCTR :
SCO | SCO| SCO| resefv reserv - SCO0 regerv §CO $CO BSCO [SCO [ScCoO - SCO| sco ' '
TEN |REN| BRE| ed | ed OD| ed| LN| PTYR PTY1 PTYO St st S0 x'00FD80
RW | RW | RW| R R R | RIW| RW| RW| RW RW RM R/ R| RW R/ Serial 0 Control Register

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
or|on|or| o1r| o1 of ol o o1 o1 o1 op op ¢ o1 01
16-bit access register
15 Transmit Enable 0: Disable - )
1: Enable SCOC-:‘TR sets serial 0 operating
conditions.
14 Receive Enable 0: Disable
1: Enable
13 Break Transmission 0: Don't break
1: Break

12 Reserved Setto 0

11 Reserved Setto 0

9 Bit Order Selection 0: LSB first

1: MSB first (select only when the character length is 8-bit.)
Setto 0
8 Reserved
0: 7-hit
7 Character Length 1: 8-bit
000: None
6:4  Parity Bit Selection 100: O (output low)
101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved
0: More than BOSC cycles
3 SBOO0 Output Hold Time 1: More than timer 1 underflow cycles : When SBTO is selected.
Timer 2 underflow cycle : When timer 2 underflow (1/2) is selected.
1:0  Serial 0 Clock Source 00: SBTO pin The SBOO output hold time is

398

extended only when SBTO pin or
Timer 2 underflow (1/2) is se-
lected as serial O clock source.

Selection 01: Timer 1 underflow (1/8)
10: Timer 2 underflow (1/2)
11: Timer 2 underflow (1/8)
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7 6 5 4 3 2 1 0 SCOTRB -
sco| sco| scd scd scb sdo s¢o  spo . ,
TRB7| TRB6| TRB5 TRB4 TRB3 TRBPR TRBfL TRBO X 00FD82
R/W | RIW | RIW | R/IW| R/W| R/W| R/W| R/W, Sel'la| 0 Transmlt/
o] olo] o] o of ol o
oL | oL | o] oir| on| om| o] o Receive Buffer

8-bit access register

7:0 Serial Transmit/Receive Data SCOTRB writes the serial 0

transmit data and reads the se-
rial O receive data.

Transmission starts by writing
the data into this register. The
data is received by reading this
register. In 7-bit transfer, the
MSB (bit 7) becomes 0. The
data is read when an interrupt
occurs or the SCORXA flag of
the SCOSTR register is 1.
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7 6 5 4 3 2 1 0
SCO | SCO| resery SCO reserv reserv SCO 9
TBY [RBY | ed |RXA| ed | ed | PE| OE
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | oa| oa| oa| om| oma| on on
7 Transmission Busy Flag

6 Reception Busy Flag
5 Reserved

4 Received Data

3:2 Reserved

1 Parity Error

0 Overrun Error

400
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Cco

0: Ready to transmit
1: Transmission in progress

0: Ready to receive

1: Reception in progress

0: No received data

1: Received data

0: No error

1: Error

0: No error
1: Error

SCOSTR :
x'00FD83'

Serial 0 Status
Register

8-bit access register

SCOSTR reads the status for se-
rial interface 0.

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 (SCOTRB). Over-
run error data is updated when-
ever the last data bit (seventh or
eighth bit) is received.

Do not use the SCORBY 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 SCORXA flag.
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15 | 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 SC1CTR :
SC1| SC1| SCI1| resefv reserv - SC1 regerv §C1 $C1 BSC1 |SC1 [SC1 - SC1| scC1 ' '
TEN |REN| BRE| ed | ed OD| ed| LN| PTY2 PTY1 PTYO SE st S0 x'00FD88
RW | RIW | RW| R R R|RW R| RW RW RW RW R R| RW R/ Serial 1 Control Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1r|on|oar| oa| ox| of oal oa o4 o1 o1 onL ofL qd o o1
16-bit access register
15 Transmit Enable 0: Disable - )
1: Enable SClCF?I’R sets serial 1 operating
conditions.
14 Receive Enable 0: Disable
1: Enable
13 Break Transmission 0: Don't break
1: Break
12 Reserved Setto 0
11 Reserved Setto 0
9 Bit Order Selection 0: LSB first
1: MSB first (select only when the character length is 8-bit.)
Setto 0
8 Reserved
0: 7-bit
7 Character Length 1: 8-bit
6:4  Parity Bit Selection 000: None
100: 0 (output low)
101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved
3 SBO1 Output Hold Time 0: More than BOSC cycles
1: More than timer 1 underflow cycles : When SBT1 is selected.
Timer 2 underflow cycle : When timer 2 underflow (1/2) is selected.
1:0  Serial 1 Clock Source 00: SBT1 pin The SBO1 output hold time is
Selection 01: Timer 1 underflow (1/8) extended only when SBT1 pin or
10: Timer 2 underflow (1/2) Timer 2 underflow (1/2) is se-
11: Timer 2 underflow (1/8) lected as serial 1 clock source.
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7 6 5 4 3 2 1 0
sc1| sci| sci scl scp sdi S¢1 Sf1
TRB7|TRB6| TRBS TRB4 TRB3 TRBR TRB[L TRHEO
RW | RIW | RIW | R/W| RIW| RIW| R/W| R/W|

0 0 0 0 0 0 0 0
o1 | om| o on| o] oma| on| o
7:0 Serial Transmit/Receive Data

402
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SC1TRB :
X'00FD8A'

Serial 1 Transmit/
Receive Buffer

8-bit access register

SC1TRB writes the serial 1
transmit data and reads the se-
rial 1 receive data.

Transmission starts by writing
the data into this register. The
data is received by reading this
register. In 7-bit transfer, the
MSB (bit 7) becomes 0. The
data is read when an interrupt
occurs or the SC1RXA flag of
the SC1STR register is 1.



7 6 5 4 3 2 1 0
SC1| SC1| resery SC1 resgrv reserv SC1 9
TBY [RBY | ed |RXA| ed | ed | PE| OE
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | oa| oma| oa| o/a| ol ol o/
7 Transmission Busy Flag
6 Reception Busy Flag

5 Reserved

4 Received Data

3:2 Reserved
1 Parity Error

0 Overrun Error

C1

0: Ready to transmit
1: Transmission in progress

0: Ready to receive
1: Reception in progress

0: No received data

1: Received data

0: No error

1: Error

0: No error

1: Error

MN102H60G/60K/F60G/F60K
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SC1STR :
x'00FD8B'

Serial 1 Status
Register

8-bit access register

SC1STR reads the status for se-
rial interface 1.

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 (SC1TRB). Over-
run error data is updated when-
ever the last data bit (seventh or
eighth bit) is received.

Do not use the SC1RBY 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 SC1RXA flag.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 SC2CTR :
SC2 | SC2| SC2 rese[v reserv - S¢2 regerv §C2 $C2 BC2 [SC2 [SC2 - SC2| scC2 ' '
TEN |REN| BRE| ed | ed OD| ed| LN| PTYR PTY1 PTYO St st S0 x'00FD90
RW | RW | RW| R R R|RW R| RW RW RW RW R R| RW R/ Serial 2 Control Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
or|on|or| o1r| o1 of ol o o1 o1 o1 op op ¢ o1 01
16-bit access register
15 Transmit Enable 0: Disable - )
1: Enable SC2CF"I’R sets serial 2 operating
conditions.
14 Receive Enable 0: Disable
1: Enable
13 Break Transmission 0: Don't break
1: Break
12 Reserved Setto 0
11 Reserved Setto 0
9 Bit Order Selection 0: LSB first
1: MSB first (select only when the character length is 8-bit.)
8 Reserved Setto 0
7 Character Length 0: 7-bit
1: 8-bit
6:4  Parity Bit Selection 000: None
100: 0 (output low)
101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved
3 SBO2 Output Hold Time 0: More than BOSC cycles
1: More than timer 4 underflow cycles : When SBT2 is selected.
Timer 5 underflow cycle : When timer 5 underflow (1/2) is selected.
The SBO2 output hold time is
1:0  Serial 2 Clock Source 00: SBT2 pin extended only when SBT2 pin or
Selection 01: Timer 4 underflow (1/8) Timer 5 underflow (1/2) is se-
10: Timer 5 underflow (1/2) lected as serial 2 clock source.

404

11: Timer 5 underflow (1/8)
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7 6 5 4 3 2 1 0 SCZTRB -
sc2| sc2| scd sc2 sch sd2 s¢2 sk2 . ,
TRB7| TRB6| TRB5 TRB4 TRB3 TRBPR TRBfL TRBO X OOFD92
R/W | RIW | RIW | R/IW| R/W| R/W| R/W| R/W, Sel'la| 2 Transmlt/
o] olo] o] o of ol o
oL | oL | o] oir| on| om| o] o Receive Buffer

8-bit access register

7:0 Serial Transmit/Receive Data SC2TRB writes the serial 2

transmit data and reads the se-
rial 2 receive data.

Transmission starts by writing
the data into this register. The
data is received by reading this
register. In 7-bit transfer, the
MSB (bit 7) becomes 0. The
data is read when an interrupt
occurs or the SC2RXA flag of
the SC2STR register is 1.
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7 6 5 4 3 2 1 0
SC2 | SC2| resery SC2 reserv reserv SC2 9
TBY [RBY | ed |RXA| ed | ed | PE| OE
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | oa| oa| oa| om| oma| on on

7 Transmission Busy Flag

6 Reception Busy Flag

5 Reserved

4 Received Data

3:2 Reserved

1 Parity Error

0 Overrun Error

406
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Cc2

0: Ready to transmit
1: Transmission in progress

0: Ready to receive

1: Reception in progress

0: No received data

1: Received data

0: No error

1: Error

0: No error
1: Error

SC2STR :
xX'00FD93'

Serial 2 Status
Register

8-bit access register

SC2STR reads the status for se-
rial interface 2.

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 (SC2TRB). Over-
run error data is updated when-
ever the last data bit (seventh or
eighth bit) is received.

Do not use the SC2RBY 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 SC2RXA flag.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 SC3CTR .

SC3| SC3| sC3 sC SCB - Sg3 SC¢3 SC3 S§C3 $C3 HC3 [sC3 - SC3 | SC3 ,OOFD98,
TEN | REN| BRE| lIC | PTL OD | ICM| LN | PTYZ PTY1 PTY) SB S1 SQ X

R/W | RIW | RIW| RIW| RIW| R R/W| R/W| R/W| R/ R/ RW R R R/W R/ Serla|3COI’ltI’0| RegISter

0/1 | 0/1| 01| 0/1] 0/1 0 o/1| 0/1f o0/14 0/1 0/1 o/L o ¢ o1 o1

16-bit access register

15 Transmit Enable 0: Disable 1: Enable
SC3CTR sets serial 3 operating
) ) conditions.
14 Receive Enable 0: Disable 1: Enable
13 Break Transmission 0: Don't break 1: Break
12 I2C Start or Stop Sequence 0: Stop sequence output when changing this bit from 1 to 0.

1: Start sequence output when changing this bit from 0 to 1.

11 Protocol Selection 0: Asynchronous mode
1: Clock synchronous mode, 1°C mode

9 Bit Order Selection 0: LSB first
1: MSB first (select only when the character length is 8-bit.)

8 12C mode Selection 0: 12C mode off 1: I°C mode on
7 Character Length 0: 7-bit 1: 8-bit
6:4  Parity Bit Selection 000: None

100: 0 (output low)

101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved

3 Stop Bit Selection 0: 1-bit 1: 2-bit
(asynchronous mode)
SBO3 Output Hold Time 0: More than BOSC cycles
(clock synchronous mode) 1: More than timer 4 underflow cycles: When SBT3 is selected.

Timer 5 underflow cycle : When timer 5 underflow (1/2) is selected.

1:0  Serial 3 Clock Source Asynchronous mode, 12C mode The SBO3 output hold time is
Selection 01: Timer 4 underflow (1/8) extended only when SBT3 pin or
11: Timer 5 underflow (1/8) Timer 5 underflow (1/2) is se-
lected as serial 3 clock source.

Clock synchronous mode
00: SBT3 pin
01: Timer 4 underflow (1/8)
10: Timer 5 underflow (1/2)
11: Timer 5 underflow (1/8)
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7 6 5 4 3 2 1 0
Sc3| sc3| sc3 sc3 Scp sd3 S¢3  SE3
TRB7|TRB6| TRBS TRB4 TRB3 TRBR TRB[L TRHEO
RW | RIW | RIW | R/W| RIW| RIW| R/W| R/W|
0 0 0 0 0 0 0 0
o1 | om| o on| o] oma| on| o
7:0 Serial Transmit/Receive Data
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SC3TRB :
X'00FD9A'

Serial 3 Transmit/
Receive Buffer

8-bit access register

SC3TRB writes the serial 3
transmit data and reads the se-
rial 3 receive data.

Transmission starts by writing
the data into this register. The
data is received by reading this
register. In 7-bit transfer, the
MSB (bit 7) becomes 0. The
data is read when an interrupt
occurs or the SC3RXA flag of
the SC3STR register is 1.
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7 6 5 4 3 2 1 0 S C 3 ST R :
SC3| Sc3| sc3 sC3 SCB Sd3 S¢3 Sf3 . .
TBY [RBY | ISP | RXA| IST | FE PE | OE X OOFDgB
R/ZRI IR IRIRIRIR R Serial 3 Status
o J]o]Jo| o] o] o] of o ]
0/1 | 0/1 | O/1| O/ 0] 0/ o0/ o0/ Register

8-bit access register
7 Transmission Busy Flag 0: Ready to transmit

L SC3STR reads the status for se-
1: Transmission in progress

rial interface 3.

6 Reception Busy Flag 0: Ready to receive
1: Reception in progress

5 I2C Stop Sequence Detect 0: Undetected This bit is cleared by the read or
1: Detected write operation of the SC3TRB
register. Set 1 to the SC3REN

4 Received Data 0: No received data bit.

1: Received data

This bit is cleared by the read or

3 I°C Start Sequence Detect 0: Undetected : i
write operation of the SC3TRB
1: Detected .
register. Set 1 to the SC3REN
bit.
2 Framing Error 0: No error _
1: Error A fram.ln.g error occ?urs when the
stop bit is 0. Framing error data
) is updated whenever the stop bit
1 Parity Error 0: No error is received.
1: Error
A parity error occurs when the
0 Overrun Error 0: No error parity bit is 1 although it is set to
1: Error 0, when the parity bit is 0 al-

though it is set to 1, when the
parity bit is odd although it is set
to even, and when the parity bit
is even although it is set to odd.
Parity error data is updated
whenever the parity bit is re-
ceived.

An overrun error occurs when
the next data is received com-
pletely before the CPU reads the
received data (SC3TRB). Over-
run error data is updated when-
ever the last data bit (seventh or
eighth bit) is received.

Do not use the SC3RBY flag to
set polling for the received data
wait in clock synchronous mode.
Use the interrupt service rou-
tine, the serial interrupt flag or
the SC3RXA flag.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 SCACTR
SC4| sca| sc4 sSC4 sCg -| SQ4 SC4 SC4 SC4 $C4 BC4 [SC4 | - |SC4 | sc4 . .
TEN | REN| BRE| IIC | PTL OD | ICM| LN |PTY2 PTY1 PTY) SB s1|  sQ x'00FDAO
RW | RW | RW | RIW| RIW| R | RW| RW| RW| RW| RM RM R/ R| RMW R/ Serial 4 Control Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
or|on|or| o1r| o1 of ol o o1 o1 o1 op op ¢ o1 01
16-bit access register
15 Transmit Enable 0: Disable 1: Enable
SCACTR sets serial 4 operating
) ) conditions.
14 Receive Enable 0: Disable 1: Enable
13 Break Transmission 0: Don't break 1: Break
12 I2C Start or Stop Sequence 0: Stop sequence output when changing this bit from 1 to 0.
1: Start sequence output when changing this bit from 0 to 1.
Change when transmission or
reception is not in progress.
11 Protocol Selection 0: Asynchronous mode
1: Clock synchronous mode, 12C mode
9 Bit Order Selection 0: LSB first
1: MSB first (select only when the character length is 8-bit.)
8 12C mode Selection 0: 12C mode off 1: I°C mode on
7 Character Length 0: 7-bit 1: 8-hit
6:4  Parity Bit Selection 000: None
100: 0 (output low)
101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved
3 Stop Bit Selection 0: 1-bit 1: 2-bit
(asynchronous mode)
SBO4 Output Hold Time 0: More than BOSC cycles
(clock synchronous mode) 1: More than timer 1 underflow cycles: When SBT4 is selected.
Timer 5 underflow cycle : When timer 5 underflow (1/2) is selected.
The SBO4 output hold time is
1:0 Serial 4 Clock Source Asynchronous mode, 12°C mode

410
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extended only when SBT4 pin or
Timer 5 underflow (1/2) is se-
lected as serial 4 clock source.

01: Timer 1 underflow (1/8)
11: Timer 5 underflow (1/8)
Clock synchronous mode
00: SBT4 pin

01: Timer 1 underflow (1/8)
10: Timer 5 underflow (1/2)
11: Timer 5 underflow (1/8)
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71 6] 5] a] 3] 2] 1] o SC4TRB :
scal| sca| scd sca sch sds s¢a spa . .
TRB7|TRB6| TRBS TRB4 TRB3 TRBP TRBIL TREO X'00FDAZ2
0 lo] o] o] o o of o
oL | oL | o] oir| on| om| o] o Receive Buffer

8-bit access register

7:0 Serial Transmit/Receive Data SCATRB writes the serial 4

transmit data and reads the se-
rial 4 receive data.

Transmission starts by writing
the data into this register. The
data is received by reading this
register. In 7-bit transfer, the
MSB (bit 7) becomes 0. The
data is read when an interrupt
occurs or the SC4RXA flag of
the SCASTR register is 1.
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7 6 5 4 3 2 1 0
SC4| Sc4| sc4 sSC4 scp sS4 SG4 sSC4
TBY |RBY | ISP |RXA| IST | FE | PE| OE
R|R|R|R|R| R| R| R
0 0 0 0 0 0 0 0
01| o] oa| oa| ol om| o] on
7 Transmission Busy Flag 0: Ready to transmit
1: Transmission in progress
6 Reception Busy Flag 0: Ready to receive
1: Reception in progress
5 I2C Stop Sequence Detect 0: Undetected
1: Detected
4 Received Data 0: No received data
1: Received data
3 I2C Start Sequence Detect 0: Undetected
1: Detected
2 Framing Error 0: No error
1: Error
1 Parity Error 0: No error
1: Error
0 Overrun Error 0: No error
1: Error
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SC4STR :
X'00FDAS'

Serial 4 Status
Register

8-bit access register

SCA4STR reads the status for se-
rial interface 4.

This bit is cleared by the read or
write operation of the SC4TRB
register. Set 1 to the SC4AREN
bit.

This bit is cleared by the read or
write operation of the SC4TRB
register. Set 1 to the SCAREN
bit.

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 (SC4TRB). Over-
run error data is updated when-
ever the last data bit (seventh or
eighth bit) is received.

Do not use the SC4RBY 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 SC4RXA flag.



7 6 5 4 3 2 1 0
TMO | TMO | TMO | TMO | TMO | TMO | TMO | TMO
BC7 | BC6| BC5| BC4| BC3| BCZ BC1 BC

R R R R R R R R

0 0 0 0 0 0 0 0
0/1 | 0/1| O/1| O/1| O0/1| O0/1| 0/1 0/1

7 6 5 4 3 2 1 0
TM1 | TM1 | TM1 | TM1 | TM1 [ TM1 | TM1 | TM1
BC7 | BC6| BC5| BC4| BC3] BCZ BC1 BC

R R R R R R R R

0 0 0 0 0 0 0 0
0/1 | 0/1| O/1| O/1| o0/1| O0/1| 0/1 0/1

7 6 5 4 3 2 1 0
TM2 | TM2 | TM2 | TM2 | TM2 | TM2 | TM2 | TM2
BC7 | BC6| BC5| BC4| BC3| BCZ BC1 BC

R R R R R R R R

0 0 0 0 0 0 0 0
0/1 | 0/1| O/1| O/1| O0/1| O0/1| 0/1 0/

7 6 5 4 3 2 1 0
TM3 | TM3 | TM3 | TM3 | TM3 | TM3 | TM3 | TM3
BC7 | BC6| BC5| BC4| BC3| BCZ BC1 BC

R R R R R R R R

0 0 0 0 0 0 0 0
0/1 | 0/1| O/1| O/1| O0/1| O0/1| 0/1 0/
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TMOBC :

x'00FEQOQ'
Timer O Binary
Counter

8-bit access register

TMOBC operates timer 0 count-
ing.

TM1BC :
x'00FEO1"

Timer 1 Binary
Counter

8-bit access register

TM1BC operates timer 1 count-
ing.

TM2BC :

x'00FEOQO2'
Timer 2 Binary
Counter

8-bit access register

TM2BC operates timer 2 count-

TM3BC :
x'00FEO3'

Timer 3 Binary
Counter

8-bit access register

TM3BC operates timer 3 count-
ing.
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7 6 5 4 3 2 1 0
TM4 [ TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4
BC7 | BC6| BC5| BC4| BC3 BC2 BCl BC
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | on| on| on| o] o] o] ord
7 6 5 4 3 2 1 0
TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
BC7 | BC6| BC5| BC4| BC3 BCA BCl BC
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | o] on| on| o] o] o o
7 6 5 4 3 2 1 0
TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
BC7 | BC6| BC5| BC4| BC3 BC2 BCl BC
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | on| on| on| o] o] o] ord
7 6 5 4 3 2 1 0
TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
BC7 | BC6| BC5| BC4| BC3 BCZ BC1 BC
R R R R R R R R
0 0 0 0 0 0 0 0
o1 | on| on| on| on| ol o or
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TM4BC :

x'00FEO04'
Timer 4 Binary
Counter

8-bit access register

TM4BC operates timer 4 count-
ing.

TM5BC :
X'00FEO5'

Timer 5 Binary
Counter

8-bit access register

TM5BC operates timer 5 count-
ing.

TM6BC :

x'00FEO6'
Timer 6 Binary
Counter

8-bit access register

TM6BC operates timer 6 count-
ing.

TM7BC :

x'00FEOQO7"
Timer 7 Binary
Counter

8-bit access register

TM7BC operates timer 7 count-
ing.
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15 14 13 12 11 9 7 6 2 0 TMSBC .

TM8 | TM8 | TM8 | TM8 | TM8 T™M8 TM8 | TM8 T™M8 T™M8 ' '
BC15| BC14 BC13 BC12 BC1 0 BC BG7 B( B BCO X OOFE82

RIRIRIRIR R RI R R R R Timer 8 Binary

o]l o] o of o 0 ol o o] o 0

o1 | on| on| on| on 01 ol o 0 an Counter

16-bit access register
TMB8BC operates timer 8 count-
ing.

15 14 13 12 11 9 7 6 2 0 TMgBC .

TM9 | TM9 | TM9 | TM9 | TM9 T™M9 TM9 | TM9 T™9 T™M9 ' '
BC15| BC14 BC13 BC12 BC1 0 BC BG7 B( B BCO X OOFE92

RIRIRIRIR R RI R R R R Timer 9 Binary

o] o] o of o 0 ol o o] o 0

o1 | on| on| on| on 01 ol o 0 an Counter

16-bit access register
TMO9BC operates timer 9 count-
ing.

15 14 13 12 11 9 7 6 2 0 TM lOBC .
TM10{TM10{ TM10| TM10| TM10 T™M1(Q T™M10 TM1 D TM1 0 TM10 ' '
BC15| BC14 BC13 BC12 BC1 0 BC BQ B( C3 B BCO X OOFEAZ

RIRIRIRIR R R| R R R Timer 10 Binary

o]l o] o of o 0 ol o 0 0

o1 | 01| 0| 01| o1 0/1 o1 ol 0 g1 Counter

16-bit access register
TM10BC operates timer 10
counting.

15 14 13 12 11 9 7 6 2 0 TMllBC .
TM11|{TM11{TM11| TM11] TM11 T™M11 ™11 TM1 L TM1 1 TM11 ' '
BC15| BC14 BC13 BC12 BC1 0 BC BQ B( C3 B BCO X OOFEBZ

RIRIRIRIR R RI R R R Timer 11 Binary

o]l o] o of o 0 o o 0 0
o1 | on| on| on| on 01 ol o 0 an Counter

16-bit access register

TM11BC operates timer 11
counting.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM 1ZBC :
TM12|TM12| TM12| TM12| TM12 TM12 TM134 TM12 TM12 TM12 TM12 TM1P TM1R TM1R TM12 TM12 ' '
BC15| BC14 BC13 BC12 BC1fl BC10 BCP B(Q B@G7 BC6 BC5 B4 B3 BC2 HC1l BCO X OOFEC2

R R R R R R R R R R R R R R R Tlmel’ 12 B|nary

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 | 0/1| O/1| O/2| O/ O0/2f 0/1f 0/4 0/] 0/1 ogp om o ofr o1 01 Counter

16-bit access register

TM12BC operates timer 12
counting.



7 6 5 4 3 2 1 0
TM13|TM13|TM13| TM13| TM13 TM13 TM13 TM1
BC7 | BC6| BC5| BC4| BC3| BCZ BC1 BC

R R R R R R R R

0 0 0 0 0 0 0 0
0/1 | 0/1| O/1| O/1| O0/1| O0/1| 0/1 0/

7 6 5 4 3 2 1 0
TM14|TM14| TM14| TM14| TM14 TM14 TM14 TM14
BC7 | BC6| BC5| BC4| BC3] BCZ BC1 BC

R R R R R R R R

0 0 0 0 0 0 0 0
0/1 | 0/1| O/1| O/1| o0/1| O0/1| 0/1 0/1

Chapter 11 Appendix

TM13BC :
x'00FEOS8'

Timer 8 Binary
Counter

8-bit access register

TM13BC operates timer 8

counting.

TM14BC :
xX'00FEO09'

Timer 14 Binary
Counter

8-bit access register

TM14BC operates timer 14

counting.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM 1SBC .
TM15|TM15| TM15( TM15( TM15 TM1§ TM1§ TM1§ TM1% TM1% TM1% TM1p TM1lp TM16 TM15 TM15 ' '
X'00FED2
BC15| BC14 BC13 BC12 BC1fl BC10 BCP B(Q B@G7 BC6 BC5 B4 B3 BC2 HC1l BCO
R R R R R R R R R R R R R R R Tlmel’ 15 B|nary
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0/1 | 0/1| O/1| O/2| O/ O0/2f 0/1f 0/4 0/] 0/1 ogp om o ofr o1 01 Counter

16-bit access register

TM15BC operates timer 15
counting.

TM15BC is cleared on the rising
of TM15IA pin.
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7 6 5 4 3 2 1 0 T M O B R .
TMO | TMO | TMO | TMO | TMO | TMO | TMO | TMO ' '
BR7 | BR6| BR5| BR4| BR3] BRZ BR1 BR X OOFElO
R/W | RIW | RIW | R/IW| R/W| R/W| R/W| R/W,| T|mer O Base RegISteI’
0 0 0 0 0 0 0 0
0/1 | 0/1| 01| 0O/1| oO/1| O0/1] 0/1 0/1

8-bit access register

TMOBR sets the timer 0 count-
ing cycle.

TMOBR sets the counting cycle
(1 to 256). The timer O binary
counter counts the cycle of the
TMOBR value +1. When BOSC
is selected as the clock source,
the valid range for TMOBR is 1
to 255. Otherwise, the valid
range for TMOBR is 0 to 255.

7 6 5 4 3 2 1 0 T M l B R -
TM1 | TM1 | TM1 | TM1 | TM1 [ TM1 | TM1 | TM1 ' '
BR7 | BR6| BR5| BR4| BR3| BRZ BR1 BR X OOFEll
R/W | RIW | R/IW | RIW| R/W| R/W| R/W| R/W,| T|mer 1 Base Reglster
0 0 0 0 0 0 0 0
0/1 | 0/1| 01| 0O/1| oO/1| O0/1f 0/1 0/

8-bit access register

TM1BR sets the timer 1 count-
ing cycle.

TM1BR sets the counting cycle
(1 to 256). The timer 1 binary
counter counts the cycle of the
TM1BR value +1. The valid
range for TM1BR is O to 255.
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7 6 5 4 3 2 1 0
TM2 [ TM2 | TM2 | TM2 | TM2 | TM2 | TM2 | TM2
BR7 | BR6| BR5| BR4| BR3] BRZ BR1 BR
R/W | RIW| RIW| RIW| RIW| 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

TM3 [ TM3 | TM3 | TM3 | TM3 | TM3 | TM3 | TM3
BR7 | BR6| BR5| BR4| BR3] BRZ BR1 BR
R/W | RIW| RIW| RIW| RIW| 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
420 MN102H60G/60K/F60G/F60K

TM2BR :
x'00FE12'
Timer 2 Base Regjister

8-bit access register

TM2BR sets the timer 2 count-
ing cycle.

TM2BR sets the counting cycle
(1 to 256). The timer 2 binary
counter counts the cycle of the
TM2BR value +1. The valid
range for TM2BR is O to 255.

TM3BR :
x'00FE13'
Timer 3 Base Register

8-bit access register

TM3BR sets the timer 3 count-
ing cycle.

TM3BR sets the counting cycle
(1 to 256). The timer 3 binary
counter counts the cycle of the
TM3BR value +1. The valid
range for TM3BR is O to 255.
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7 6 5 4 3 2 1 0 T M 4 B R .
TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 | TM4 ' '
BR7 | BR6| BR5| BR4| BR3] BRZ BR1 BR X OOFE14
R/W | RIW | RIW | R/W | R/W| R/W| R/W| R/W,| Tlmel’ 4 Base Reglster
0 0 0 0 0 0 0 0
0/1] 0/1| O/1| O/1| O/1| O0/1] 0/1 0/1

8-bit access register

TM4BR sets the timer 4 count-
ing cycle.

TM4BR sets the counting cycle
(1 to 256). The timer 4 binary
counter counts the cycle of the
TM4BR value +1. The valid
range for TM4BR is 0 to 255.

7 6 5 4 3 2 1 0 T M 5 B R .
TM5 | TMS | TM5 | TM5 | TM5 | TM5 | TMS | TM5 ' '
BR7 | BR6| BR5| BR4| BR3] BRZ BR1 BR X OOFE15
R/W | RIW | RIW | R/IW | R/W| R/W| R/W| R/W,| Tlmel’ 5 Base Reg|Ster
0 0 0 0 0 0 0 0
0/1 ] 0/1| O/1| 0O/1| O/1| O0/1] 0/1 0/1

8-bit access register

TMB5BR sets the timer 5 count-
ing cycle.

TM5BR sets the counting cycle
(1 to 256). The timer 5 binary
counter counts the cycle of the
TM5BR value +1. When BOSC
is selected as the clock source,
the valid range for TM5BR is 1
to 255. Otherwise, the valid
range for TM5BR is 0 to 255.
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7 6 5 4 3 2 1 0
TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
BR7 | BR6| BR5| BR4| BR3| BR2 BR1 BR
R/W | RIW| RIW| RIW| RIW| R/IW| 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

TM7 | TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7
BR7 | BR6| BR5| BR4| BR3| BR2Z BR1 BR
R/W | RIW| RIW| RIW| RIW| RIW| 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
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TMG6BR :
x'00FE16'

Timer 6 Base Register

8-bit access register

TM6BR sets the timer 6 count-
ing cycle.

TM6BR sets the counting cycle
(1 to 256). The timer 6 binary
counter counts the cycle of the
TM6BR value +1. The valid
range for TM6BR is O to 255.

TM7BR :
x'00FE17"
Timer 7 Base Register

8-bit access register

TM7BR sets the timer 7 count-
ing cycle.

TM7BR sets the counting cycle
(1 to 256). The timer 7 binary
counter counts the cycle of the
TM7BR value +1. The valid
range for TM7BR is O to 255.
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7 6 5 4 3 2 1 0 TM 13 B R .
TM13|TM13|TM13| TM13| TM13 TM13 TM13 TM1 ' '
BR7 | BR6| BR5| BR4| BR3| BRZ BR1 BR X OOFE18
R/W | RIW | RIW| R/IW| R/W| R/W| R/W| R/W,| Tlmel‘ 13 Base RegIS'[er

0 0 0 0 0 0 0 0

0/1 | 0/1| O/1| O/1| O0/1| O0/1| 0/1 0/

8-bit access register
Sets the timer 13 counting cycle.

Sets the counting cycle (1 to
256). The timer 13 binary
counter counts the cycle of the
TM13BR value +1. The valid
range for TM13BR is O to 255.

7 6 5 4 3 2 1 0 TM 14B R .
TM14|TM14| TM14| TM14| TM4| TM14 TM14 TM14 . .
BR7 | BR6| BR5| BR4| BR3| BRZ BR1 BR X OOFElg

R/W | RIW | RIW | RIW| R/IW| R/W| R/W| R/W, Timer 14 Base Register

0 0 0 0 0 0 0 0

0/1 | 01| O1| 0/2| 0O/1| o0/1] 0/1f 0/

8-bit access register
Sets the timer 14 counting cycle.

Sets the counting cycle (1 to
256). The timer 14 binary
counter counts the cycle of the
TM14BR value +1. The valid
range for TM14BR is O to 255.
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7 6 5 4 3 2 1 0
TMO | TMO | - - - - | T™O0 | T™MO
EN | LD S1 | SO
RW |RW| R R R R | RIW| R/W,
0 0 0 0
o1 ]| o1] o 0 0 o on| on
7 TMOBC Count 0: Disable
1: Enable
6 Load TMOBR to TMOBC 0: Disable
1: Enable
Reset the 1/2 divisor circuit.
1.0 Clock Source Selection 00: BOSC/2
01: Xl/4
10: BOSC
11: TMOIO pin input
7 6 5 4 3 2 1 0
TM1 |TML1| - - - - | T™ML | T™ML
EN | LD S1 | SO
RW | RW| R R R R | RIW| RW
0 0 0 0 0 0
o1 ]| o1| o 0 0 o on| on

1.0

424

TM1BC Count 0: Disable
1: Enable
Load TM1BR to TM1BC 0: Disable
1: Enable

Reset the 1/2 divisor circuit.

Clock Source Selection 00: BOSC/2
01: Timer 0 underflow
10: Timer O cascade
11: Timer 4 underflow

MN102H60G/60K/F60G/F60K

TMOMD :
xX'00FE20'

Timer 0 Mode Register

8-bit access register

TMOMD sets the timer 0 operat-
ing conditions.

When BOSC is selected as the
clock source, the valid range for
TMOBR is 1 to 255.

TM1IMD :
X'00FE21"

Timer 1 Mode Register

8-bit access register

TM1MD sets the timer 1 operat-
ing conditions.



T™M2 | TM2 - - - - T™2 | TM2
EN | LD S1 SO
R/W | RIW| R R R R | R/IW| R/W,|
0 0 0 0

0/1 | 0/1 0 0 0 0 0/1| 0/1

7 TM2BC Count 0: Disable
1: Enable
6 Load TM2BR to TM2BC 0: Disable
1: Enable

Reset the 1/2 divisor circuit.

00: BOSC/2

01: Timer O underflow
10: Timer 1 cascade
11: Timer 4 underflow

1.0 Clock Source Selection

TM3 | TM3 - - - - TM3 | TM3
EN | LD S1 SO
R/W | RIW| R R R R | R/IW| R/W,|
0 0 0 0 0

0/1 | 0/1 0 0 0 0 0/1| 0/1

7 TM3BC Count 0: Disable
1: Enable
6 Load TM3BR to TM3BC 0: Disable
1: Enable

Reset the 1/2 divisor circuit.

00: BOSC/2

01: Timer O underflow
10: Timer 2 cascade
11: Timer 4 underflow

1.0 Clock Source Selection

Chapter 11 Appendix

TM2MD :
xX'00FE22'

Timer 2 Mode Register

8-bit access register

TM2MD sets the timer 2 operat-
ing conditions.

TM3MD :
X'00FEZ23'

Timer 3 Mode Register

8-bit access register

TM3MD sets the timer 3 operat-
ing conditions.
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7 6 5 4 3 2 1 0
T™M4 | TM4 | - - - - | T™M4 | T™M4
EN | LD S1 | SO
RW |RW| R R R R | RIW| R/W,
0 0 0 0
o1 ]| o1] o 0 0 o on| on
7 TM4BC Count 0: Disable
1: Enable
6 Load TM4BR to TM4BC 0: Disable
1: Enable
Reset the 1/2 divisor circuit.
1.0 Clock Source Selection 00: BOSC/2
01: Timer 0 underflow
10: Timer 3 cascade
11: TM4IO pin input
7 6 5 4 3 2 1 0
TM5 | TM5 | - - - - | T™5 | T™5
EN | LD S1 | SO
RW | RW| R R R R | RIW| RW
0 0 0 0 0 0
o1 ]| o1| o 0 0 o on| on

1.0

426

TM5BC Count 0: Disable
1: Enable
Load TM5BR to TM5BC 0: Disable
1: Enable

Reset the 1/2 divisor circuit.

00: BOSC/2

01: Timer 0 underflow
10: Timer 4 cascade
11: BOSC

Clock Source Selection

MN102H60G/60K/F60G/F60K

TM4MD :
xX'00FE24'

Timer 4 Mode Register

8-bit access register

TM4MD sets the timer 4 operat-
ing conditions.

TM5MD :
X'00FE25'

Timer 5 Mode Register

8-bit access register

TM5MD sets the timer 5 operat-
ing conditions.

When selecting BOSC as the
clock source (set '11'), the valid
range for TM5BR is 1 to 255.



7 6 1 0
TM6 | TM6 TM6 | TM6
EN | LD S1 | so
RIW | RIW RIW| R/W
0 0 0 0
o1 | o o1l on
7 TM6BC Count
6 Load TM6BR to TM6BC
1.0 Clock Source Selection
7 6 1 0
T™M7 | TM7 TM7 | TM7
EN | LD S1 | so
RIW | RIW RIW| R/W
0 0 0 0
o1 | o1 o1l on

7 TM7BC Count

6 Load TM7BR to TM7BC
1.0 Clock Source Selection

0: Disable
1: Enable

0: Disable
1: Enable

Reset the 1/2 divisor circuit.

00: Xl/4

01: Timer O underflow
10: Timer 5 cascade
11: Timer 4 underflow

0: Disable
1: Enable

0: Disable
1: Enable

Reset the 1/2 divisor circuit.

00: XlI/4

01: Timer O underflow
10: Timer 6 cascade
11: TM710 pin input

Chapter 11 Appendix

TM6MD :
x'00FEZ26'

Timer 6 Mode Register

8-bit access register

TM6MD sets the timer 6 operat-
ing conditions.

TM7MD :
X'00FE27"

Timer 7 Mode Register

8-bit access register

TM7MD sets the timer 7 operat-
ing conditions.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 TM8MD :
TM8 | TM8 TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 . .
EN | NLD UD1 | UDO | TGE| ONE| MD1| MDO| ECLR LP| ASEL S2| S1| s( x'00FE80
RW |RW /| R R | RIW| RW| RW| RW| RW| RW RMW RW RMW RM RMW R/ Timer 8 Mode Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0/1 | 0/1 0/1| 0/2| oO/1| o0/1] 0/4 0/1 o/ o1 o/pg ot o)1 0
16-bit access register
15 TM8BC Count 0: Disable 1: Enable TM8MD sets the timer 8 operat-
ing conditions.
14 TM8BC, T.F.F., RS.F.F. 0: Set TM8BC, T.F.F., RS.F.F.t0 0

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

Selection

7:6  TM8CA, TM8CB Operating

Mode Selection

5 TM8BC Clear

4 TM8BC Count Range

3 TMB8IOA Pin Output

2:0 Clock Source Selection
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1: Operate TM8BC, T.F.F., RS.F.F.

00: Up counter

01: Down counter

10: Up when TMB8IOA pin is high,
down when TM8IOA pin is low

11: Up when TM8IOB pin is high,
down when TM8IOB pin is low

0: Disable
1: Start counting on the falling edge of

TMS8IOB pin
0: Repeat

00: Compare register (single buffer)
01: Compare register (double buffer)

1: One-shot counting

10: Capture A when TMB8IOA pin is high,
Capture B when TM8IOA pin is low

11: Capture A when TMB8IOA pin is high,
Capture B when TM8IOB pin is high

0: Don't clear 1: Clear

0: 0 to FFFF 1: 0to TM8CA
0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)

000:
001:
010:
011:
100:

Timer 0 underflow
Timer 4 underflow
TMB8IOB pin
BOSC/2

pin, TM8IOB pin
101:
pin, TM8IOB pin

110: TM8IC pin

Two-phase encoder (4x) of TM8IOA

Two-phase encoder (1x) of TM8IOA

During repeat counting, hold the

TMBEN flag state. During one-
shot counting, set the TM8EN
flag to 0 when TM8BC=TM8CA.



TM8 | TM8 | TM8
IC | IOB | IOA
R R R R R | R/IW| R/W| R/W,|
0 0 0 0 0 0 0 0
0 0 0 0 0 0/1| o0/1| o0/1

TMB8IC Pin Input Edge Select

TM8IOB Pin Output

TMB8IOA Pin Output

: Change TM8IOB pin output on the

rising edge

: Change TM8IOB pin output on the

falling edge

0: Positive
: Negative

0: Positive
: Negative

Chapter 11 Appendix

TM8MD?2 :
X'00FES8E'

Timer 8 Mode
Register 2

8-bit access register

TM8MD?2 sets the timer 8 oper-
ating conditions.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 TMOMD :
T™9 |TM9 | - - | T™M9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 . .
EN | NLD UD1 | UDO | TGE | ONE| MD1| MDO| ECLR LP| ASEL S2| s1| sd x'00FE90
RW|RW| R | R | RW| RW| RW| RW| RW| RW RW RMW RM RM RMW R/ Timer 9 Mode Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 | o1| o 0| oa| oma| ol on| o1 o4 o1 o1 o o o1 01
16-bit access register
15 TM9BC Count 0: Disable 1: Enable TMOMD sets the timer 9 operat-
ing conditions.
14 TM9BC, T.F.F., RS.F.F. 0: Set TM9BC, T.F.F., RS.F.F.t0 0
Operation 1: Operate TM9BC, T.F.F., RS.F.F.
11:10 Up/Down Counter Mode 00: Up counter
Selection (Ignored when two- 01: Down counter
phase encoding is selected.) 10: Up when TM9IOA pin is high,
down when TM9IOA pin is low
11: Up when TM9IOB pin is high,
down when TM9IOB pin is low
9 Count Start External Trigger 0: Disable
Enable 1: Start counting on the falling edge of
TMO9IOB pin
8 Counter Operating Mode 0: Repeat 1: One-shot counting During repeat counting, hold the
Selection TMOEN flag state. During one-
shot counting, set the TM9EN
7.6  TM9CA, TMOCB Operating 00: Compare register (single buffer) flag to 0 when TMOBC=TMICA.
Mode Selection 01: Compare register (double buffer)
10: Capture A when TM9IOA pin is high,
Capture B when TM9IOA pin is low
11: Capture A when TM9IOA pin is high,
Capture B when TM9IOB pin is high
5 TM9BC Clear 0: Don't clear
1: Clear (when external synchronization is
used)
4 TM9BC Count Range 0: 0 to FFFF 1: 0 to TM9CA
3 TMOIOA Pin Output 0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)
2:0  Clock Source Selection 000: Timer 0 underflow
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001: Timer 4 underflow

010: TM9IOB pin

011: BOSC/2

100: Two-phase encoder (4x) of TM9IOA
pin, TM9IOB pin

101: Two-phase encoder (1x) of TM9IOA
pin, TM9IOB pin



T™M9 | TM9
BC | 1B
R|R| R| R| R| R|RW RW,
0 0 0 0 0 0 0 0
0 0 0 0 0 0| o1| o1
TM9BC Clear Using TM9IOB
Pin Input
TM9IB Pin Input Polarity

0: Don't clear
1: Clear

0: Positive
1: Negative

Chapter 11 Appendix

TMOMD?2 :
X'00FE9E'

Timer 9 Mode
Register 2

8-bit access register

TMIMD?2 sets the conditions to
clear the timer 9 binary counter.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 TM10MD :
TM10|TM10| - - |T™M10| TM10| TM10| TM1Q TM1G TM1Q TM1Q TM1Q TM1p TM1p TM1p TM1D . ,
EN | NLD UD1 | UDO | TGE| ONE| MD1| MDO| ECLR LP| ASEL S2| Si| S(@ X'00FEAO
RW|RW| R | R | RW| RW| RW| RW| RW RW RMW RM RMW RMW RMW R/ Timer 10 Mode Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0/1 | o o1| o| oa| omaf o o1 o1 o1 o of o1 o1
16-bit access register
15 TM10BC Count 0: Disable 1: Enable TM10MD sets the timer 10 oper-
ating conditions.
14 TM10BC, T.F.F., RS.F.F. 0: Set TM10BC, T.F.F., RS.F.F.t0 0
Operation 1: Operate TM10BC, T.F.F., RS.F.F.
11:10 Up/Down Counter Mode 00: Up counter
Selection (Ignored when two- 01: Down counter
phase encoding is selected.) 10: Up when TM10IOA pin is high,
down when TM10IOA pin is low
11: Up when TM10IOB pin is high,
down when TM10IOB pin is low
9 Count Start External Trigger 0: Disable
Enable 1: Start counting on the falling edge of
TM10IOB pin
8 Counter Operating Mode 0: Repeat 1: One-shot counting During repeat counting, hold the
Selection TMI10EN flag state. During one-
shot counting, set the TM10EN
7:6  TM10CA, TM10CB Operating 00: Compare register (single buffer) 2;?02;0 when TM10BC =
Mode Selection 01: Compare register (double buffer) '
10: Capture A when TM10IOA pin is high,
Capture B when TM10IOA pin is low
11: Capture A when TM10IOA pin is high,
Capture B when TM10IOB pin is high
5 TM10BC Clear 0: Don't clear
1: Clear (when external synchronization is used)
4 TM10BC Count Range 0: 0 to FFFF 1: 0 to TM10CA
3 TM10IOA Pin Output 0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)
2:0  Clock Source Selection 000: Timer 0 underflow The TM10IOB pin edge is set in
001: Timer 4 underflow the TM10MD?2 register.
010: TM10IOB pin (Rising, falling, both edges)
011: BOSC/2
100: Two-phase encoder (4x) of TM10I0A
pin, TM10IOB pin
101: Two-phase encoder (1x) of TM10I0A
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pin, TM10IOB pin



TM10{TM10

IB1 | I1BO
R|R| R| R| R| R|RW RW,
0 0 0 0 0 0 0 0
0 0 0 0 0 o| on| on
1:0 TM10IB Pin Input Edge

00: Rising edge
01: Falling edge
10: Both edges

Chapter 11 Appendix

TM10MDZ2 :
X'00FEAE'

Timer 10 Mode
Register 2

8-bit access register

TM10MD2 sets the TM10IB pin
input edge.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 TM11MD :
TM11|TM11| - TM11| TM11] TM11f TM1] TM13 TM13 TM1] TM1] TM1L TM1L TM1fL TM1jL . ,
EN | NLD UD1 | UDO | TGE | ONE| MD1| MDO| ECLR LP| ASEL S2| Si| s( x'00FEBO
RW|RW| R | R | RW| RW| RW| RW| RW| RW RW RM RM RM RMW R/ Timer 11 Mode Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0/1 | 01 o1| o] oa| ol o o4 o1 o074 O Oft Ot o1
16-bit access register
15 TM11BC Count 0: Disable 1: Enable TM11MD sets the timer 11 oper-
ating conditions.
14 TM11BC, T.F.F., RS.F.F. 0: Set TM11BC, T.F.F.,, RS.F.F.t0 0
Operation 1: Operate TM11BC, T.F.F., RS.F.F.
11:10 Up/Down Counter Mode 00: Up counter
Selection (Ignored when two- 01: Down counter
phase encoding is selected.) 10: Up when TM11I0A pin is high,
down when TM11I0A pin is low
11: Up when TM11I0B pin is high,
down when TM11I10B pin is low
9 Count Start External Trigger 0: Disable
Enable 1: Start counting on the falling edge of
TM11I0B pin
8 Counter Operating Mode 0: Repeat 1: One-shot counting During repeat counting, hold the
Selection TM11EN flag state. During one-
shot counting, set the TM11EN
. flag to 0 when TM11BC =
7.6 TM11CA, TM11CB Operating 00: Compare register (single buffer) TI?/I?Ll(?A when
Mode Selection 01: Compare register (double buffer) '
10: Capture A when TM11I0A pin is high,
Capture B when TM11IOA pin is low
11: Capture A when TM11I0A pin is high,
Capture B when TM11IOB pin is high
5 TM11BC Clear 0: Don't clear
1: Clear (when external synchronization is used)
4 TM11BC Count Range 0: 0 to FFFF 1: 0 to TM11CA
3 TM11I0A Pin Output 0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)
2:0  Clock Source Selection 000: Timer 0 underflow The TM10IOB pin edge is set in
001: Timer 4 underflow the TM10MD2 register.
010: TM11IOB pin
011: BOSC/2
100: Two-phase encoder (4x) of TM11I0A
pin, TM11I0B pin
101: Two-phase encoder (1x) of TM11I0A
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ™ 12MD -

T™M12|TM12| - - | TM12| TM12| TM12 TM1Z4 TM14 TM12 TM12 TM12 TM12 TM1P TM1R TM12

1 1
EN | NLD UD1 | UDO | TGE| ONE| MD1| MDO| ECLR LP | ASElL S2 S1 S( X OOFECO
R/W | RIW| R R R/W| R/W| R/W| R/W| R/W| RW R/ R/ R/ RW R/W R/ Timer 12 Mode RegiSteI’
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 | 0/1 0 0 0/1| o/1| 0/1) o0/1 0/3 0/1 0/1 o1 om ofL o1 o1

16-bit access register

15 TM12BC Count 0: Disable 1: Enable TM12MD sets the timer 12 oper-
ating conditions.
14 TM12BC, T.F.F.,, RS.F.F. 0: Set TM12BC, T.F.F.,, RS.F.F.t0 0
Operation 1: Operate TM12BC, T.F.F., RS.F.F.
11:10 Up/Down Counter Mode 00: Up counter
Selection (Ignored when two- 01: Down counter
phase encoding is selected.) 10: Up when TM12|0A pin is high,

down when TM12IOA pin is low
11: Up when TM12I0B pin is high,
down when TM12I0B pin is low

9 Count Start External Trigger 0: Disable
Enable 1: Start counting on the falling edge of
TM12IOB pin
8 Counter Operating Mode 0: Repeat 1: One-shot counting During repeat counting, hold the
Selection TM12EN flag state. During one-

shot counting, set the TM12EN
flag to 0 when TM12BC =

7:6  TM12CA, TM12CB Operating 00: Compare register (single buffer)
TM12CA.

Mode Selection 01: Compare register (double buffer)
10: Capture A when TM12|0A pin is high,
Capture B when TM12IOA pin is low
11: Capture A when TM12|0A pin is high,
Capture B when TM12IOB pin is high

5 TM12BC Clear 0: Don't clear
1: Clear (when external synchronization is used)

4 TM12BC Count Range 0: 0 to FFFF 1: 0to TM12CA

3 TM12I0A Pin Output 0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)

2:0  Clock Source Selection 000: Timer 0 underflow

001: Timer 4 underflow

010: TM12IOB pin

011: BOSC/2

100: Two-phase encoder (4x) of TM12I0A
pin, TM12I0B pin

101: Two-phase encoder (1x) of TM12I0A
pin, TM12I0B pin
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7 6 5 4 3 2 1 0 TM 13 M D -
TM13|{TM13 - - | TM13| TM13) TM13 TM13 ' '
EN LD TR OB OA S X OOFE28
RW|RMW| R | R | RIW| RW| RIW| RIW) Timer 13 Mode Register
0 0 0 0 0 0
o1 | on o1| on| on| on
8-bit access register
7 TM13BC Count 0: Disable 1: Enable TM13MD sets the timer 13 oper-
ating conditions.
6 Load TM13BR to TM13BC 0: Disable

: TM130A and TM130B output signals

go low (when positive logic is selected
for the output edge)

3 TM130A, TM130B Waveform 0: Normal 1: Three-value PWM
Select
2 TM130B Output Edge Select 0: Positive logic 1: Negative logic
1 TM130A Output Edge Select 0: Positive logic 1: Negative logic
0 Clock Source Selection 0: BOSC/2
1: Timer O underflow
7 6 5 4 3 2 1 0 TM 14M D :
TM14|TM14 TM14|reserved TM14| TM14| TM14] . .
EN | LD CAS OB| OA| s X'00FE29
RW |RW| R | RW| RW| R | RIW| RW, Timer 14 Mode Register
0 0 0 0 0 0 0 0
01 | on o1| on| of o] o1
8-bit access register
7 TM14BC Count 0: Disable 1: Enable TM14MD sets the timer 14 oper-
ating conditions.
6 Load TM14BR to TM14BC 0: Disable
1: TM140A and TM140B output signals
go low (when positive logic is selected
for the output edge)
4 Timer 14 Cascading 0: No cascading
1: Cascading (TMnS invalid)
3 Reserved Setto "0".
2 TM140B Output Edge Select
0: Positive logic 1: Negative logic
1 TM140A Output Edge Select
0: Positive logic 1: Negative logic
0 Clock Source Selection
00: BOSC/2
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01: Timer O underflow
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM 15MD -

TM15|resery - - - - - - - - - - - - |TM15|TM15

BC ed CLK1|CLKO XIOOFEDOI
R/W | RIW| R R R R R R R R R R R R| R/W R/ Tlmel‘ 15 MOde RegISter
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1 | 0/1 0 0 0 0 0 0 0 0 0 0 0 0 0/1  0/1

16-bit access register

15 TM15BC Count 0: Disable 1: Enable TM15MD sets the timer 15 oper-
ating conditions.
14 Reserved Setto 0
1:0 Clock Source Selection 00: Timer 0 underflow
01: IRQ4 pin
10: BOSC/2
11: BOSC

MN102H60G/60K/F60G/F60K 437



Chapter 11 Appendix

15

14

13 12 11 10

T™M8
CA15

T™8
CAl4

T™M8
CA13

T™M8
CA12

T™M8
CA1]

T™M8
CAl

T™M8
CA8

T™8
CAT

T™M8
CA

T™M8

CAb

T™8

T™M8
CAB

T™M8
CA

T™M8
P CA

T™M8
1 CA

TM8CA :
x'00FE84'

R/W

R/IW

R/W | R/IW| RIW| R/W

R/IW

R/W,|

R/

R/

R/

R/

R/W

R/

R/

0/1

0/1

0/1| 0/1| 0/1| O0/1

0/1

0/1

0/1

o/

L o/

o

15

14

13 12 11 10

T8C
AX15

T8C
AX14

T8C
AX13

T8C
AX12

T8C
AX11

T8C
AX10

T8¢
AX9

T80
AX8

T8
AX7

C T8

AX6

AX3

T8C T§

C T8
AX2

CcC T
AX1

C T
IAXO0

BC

Timer 8 Compare/
Capture Register A

16-bit access register

TMB8CA sets the timer 8 count-
ing cycle.

The timer 8 binary counter counts
the cycle of the TM8CA value +1.
TMB8CA changes PWM and gener-
ates a timer 8 capture A interrupt.
When capture is selected, this reg-
ister is read only. Atimer 8 capture
A interrupt is generated when cap-
ture occurs. When compare is se-
lected, set the PWM cycle. When
this register matches the timer 8
binary counter, a timer 8 capture A
interrupt occurs.

This register write only 16-bit data.
Use the MOV instruction to set the
data.

TM8CAX :
X'00FES86'
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Timer 8 Compare/
Capture Register Set A

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
The TM8CAX cannot read or
write. The contents of TM8CA
are loaded to TM8CAX by write
signal.

TM8CAX sets the PWM cycle.
When TM8BC=TM8CAX, a
timer 8 capture A interrupt oc-
curs. The contents of TM8CA
are loaded to TM8CAX by a
timer 8 capture A interrupt and
TM8CAX prevents the PWM
loss.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.
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15 | 14 | 13| 12| 11| 10 9| 8| 7| 6| 5] 4] 3 2 1 d TM8CB :
TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 '00FES88'
CB15| CB14 CB13 CB12 CB1l CBJ0 CBP CBB CH7 CB6 CB5 CB4 CB3 OB2 (BL (BO X

R/W | RIW | RIW | RIW | R/W| RW| RW| RW| RW| RW RMW RM RMW RMW RMW R/ Timer 8 Compare/

Capture Register B

o/1 | o0/ | O/1| O/1| O/1| o0/1] 0/1) 0/4 0/1 0/ o/ om oft o1 o1 Q1

16-bit access register

TMB8CB sets the timer 8 PWM
duty, changes PWM and gener-
ates a timer 8 capture B inter-
rupt.

When capture is selected, this
register is read only. A timer 8
capture B interrupt is generated
when capture occurs. When
compare is selected, set the
PWM duty. When this register
matches the timer 8 binary
counter, a timer 8 capture B in-
terrupt occurs.

This register write only 16-bit
data. Use the MOV instruction
to set the data.

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

T8C | T8C| T8C| T8C| T8C| T8CQ T8Q T8¢ T8 T8C T8C T8C THC TC THC TBC ,OOFESA,
BX15|BX14| BX13| BX12| BX11| BX1Q BX9| BX8| BX7| BX6| BX5| BX4| BX3| BX2| BX1| BXO X

-1 Timer8Compare

Capture Register Set B

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
TM8CBX cannot read or write.
The contents of TM8CB are
loaded to TM8CBX by write sig-
nal.

TM8CBX sets the PWM cycle.
When TM8BC=TM8CBX, a
timer 8 capture B interrupt oc-
curs. The contents of TM8CB
are loaded to TM8CBX by a
timer 8 capture B interrupt and
TM8CBX prevents the PWM
loss.

This register writes only 16-bit

data. Use the MOV instruction
to set the data.
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15

14

13 12 11 10

T™M9
CA15

T™M9
CAl4

T™M9
CA13

T™M9
CA12

T™M9
CA1]

T™M9
CAl

T™M9
CA8

T™M9
CAT

T™M9
CA

T™M9

CAb

T™M9

T™M9
CAB

T™9
CA

T™M9
P CA

T™M9
1 CA

TMOCA :
xX'00FE94'

R/W

R/IW

R/W | R/IW| RIW| R/W

R/IW

R/W,|

R/

R/

R/

R/

R/W

R/

R/

0/1

0/1

0/1| 0/1| 0/1| O0/1

0/1

0/1

0/1

o/

L o/

o

15

14

13 12 11 10

T9C
AX15

T9C
AX14

T9C
AX13

T9C
AX12

T9C
AX11

T9C
AX10

T9¢Q
AX9

T9q
AX8

T9
AX7

T9
AX6

gc T4
AX2

cC T
AX1

pC T
IAXO0

pC

Timer 9 Compare/
Capture Register A

16-bit access register

TMOCA sets the timer 9 count-
ing cycle.

The timer 9 binary counter counts
the cycle of the TM9CA value +1.
TM9CA changes PWM and gener-
ates a timer 9 capture A interrupt.

When capture is selected, this reg-
ister is read only. Atimer 9 capture
A interrupt is generated when cap-
ture occurs. When compare is se-
lected, set the PWM cycle. When
this register matches the timer 9
binary counter, a timer 9 capture A
interrupt occurs.

This register write only 16-bit data.
Use the MOV instruction to set the
data.

TMOCAX :
X'00FE96'

440
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Timer 9 Compare/
Capture Register Set A

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
The TM9CAX cannot read or
write. The contents of TM9CA
are loaded to TM9CAX by write
signal.

TM9CAX sets the PWM cycle.
When TM9BC=TM9CAX, a
timer 9 capture A interrupt oc-
curs. The contents of TM9CA
are loaded to TM9CAX by a
timer 9 capture A interrupt and
TM9CAX prevents the PWM
loss.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.
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15 | 14 | 13| 12| 11| 10 9| 8| 7| 6| 5] 4] 3 2 1 d TMOCB :
TMQ | TM9 [ TM9 | TMO | TM9 | TM9 | TM9 [ TM9 [ TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 '00FE98'
CB15| CB14 CB13 CB12 CB1l CBJ0 CBP CBB CH7 CB6 CB5 CB4 CB3 OB2 (BL (BO X

R/W | RIW | RIW | RIW | R/W| RW| RW| RW| RW| RW RMW RM RMW RMW RMW R/ Timer 9 Compare/

Capture Register B

o/1 | o0/ | O/1| O/1| O/1| o0/1] 0/1) 0/4 0/1 0/ o/ om oft o1 o1 Q1

16-bit access register

TMICB sets the timer 9 PWM
duty, changes PWM and gener-
ates a timer 9 capture B inter-
rupt.

When capture is selected, this
register is read only. A timer 9
capture B interrupt is generated
when capture occurs. When
compare is selected, set the
PWM duty. When this register
matches the timer 9 binary
counter, a timer 9 capture B in-
terrupt occurs.

This register write only 16-bit
data. Use the MOV instruction
to set the data.

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

TOC | T9C | T9C| T9C| TOC| T9¢g T9G T9C¢ T9 T9C TOC T9C TYC TYC T9C TPC ,OOFEgA,
BX15|BX14| BX13| BX12| BX11| BX1Q BX9| BX8| BX7| BX6| BX5| BX4| BX3| BX2| BX1| BXO X

-1 Timer9 Comparel

Capture Register Set B

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
TM9CBX cannot read or write.
The contents of TM9CB are
loaded to TM9CBX by write sig-
nal.

TM9CBX sets the PWM cycle.
When TM9BC=TM9CBX, a
timer 9 capture B interrupt oc-
curs. The contents of TM9CB
are loaded to TM9CBX by a
timer 9 capture B interrupt and
TM9CBX prevents the PWM
loss.

This register writes only 16-bit

data. Use the MOV instruction
to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM 1OCA .

TM10|TM10|TM10| TM10{ TM1Q TM1Q T™M1Q TM1Q TM10 TM1Q TM10 TM1p TM1p TM1D TM10 TM] ,OOFEA4,
CA15| CA14| CA13 CAl1Z CA1l1 CA10 CA9 CA8 CAT CA6 CA5 CAf CAB CA2 CAl CA X

R/W | RIW | RIW | R/W | R/W| R/W| R/W| R/W| R/W| R/ R/ R/ R/ R/W R/ R/ Tlmer 10 Compare/

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 o/ 1 of1 of1 /1 Capture RegISter A
16-bit access register

o o

o

TM10CA sets the timer 10
counting cycle.

The timer 10 binary counter counts
the cycle of the TM10CA value +1.
TM10CA changes PWM and gen-
erates a timer 10 capture A inter-
rupt.

When capture is selected, this reg-
ister is read only. A timer 10 cap-
ture A interrupt is generated when
capture occurs. When compare is
selected, set the PWM cycle.
When this register matches the
timer 10 binary counter, a timer 10
capture A interrupt occurs.

This register write only 16-bit data.
Use the MOV instruction to set the
data.

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

T10C| T10C| T10g T10C¢ T10€C Ti0€ Ti1QgC T10C T1pC T1OC T10C TI10C THOC T10C T10C [r10C ,OOFEA6|
AX15[AX14|AX13 [AX12 |AX11[AX10| AX9 [ AX8 | AX7 [AX6 |AX5 [AX4 |AX3 [AX2 |AX1 [AXO X

(-) 0 0 0 O _0 _0 _O _O _O _0 _O : 0 : 0 : 0 : 0 Timer 10 Compare/
Capture Register Set A

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
The TM10CAX cannot read or
write. The contents of TM10CA
are loaded to TM10CAX by write
signal.

TM10CAX sets the PWM cycle.
When TM10BC=TM10CAX, a
timer 10 capture A interrupt oc-
curs. The contents of TM10CA
are loaded to TM10CAX by a
timer 10 capture A interrupt and
TM10CAX prevents the PWM
loss.

This register writes only 16-bit

data. Use the MOV instruction
to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 [0 TM 1OCB -

TM10|TM10|TM10| TM10} TM10 TM1Q T™M1Q T™M1Q TM10 TM1Q TM1p TM1p TM1p TM1D TM10 TMI0 ,OOFEAS,
CB15| CB14 CB13 CB1%? CBi1l CB10 CBP CB8 CH7 CB6 CB5 CB4 CB3 (B2 (Bl BO X

R/W | RIW | RIW| R/IW| R/W| R/W| R/W| R/W| R/W| R/ R/ RW R R R/W R/ Tlmer 10 Compare/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
Capture Register B

0/1 | 01| O1| 0/2| 0O/1| o0/1] 0/2f O0/Y 0/1 0/1 o o/m ot ofr o1 Q1
16-bit access register

TM10CB sets the timerl0 PWM
duty, changes PWM and gener-
ates a timer 10 capture B inter-
rupt.

When capture is selected, this
register is read only. A timer 10
capture B interrupt is generated
when capture occurs. When
compare is selected, set the
PWM duty. When this register
matches the timer 10 binary
counter, a timer 10 capture B in-
terrupt occurs.

This register write only 16-bit
data. Use the MOV instruction
to set the data.

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

T10C| T10C| T10g T10C¢ T10€C Ti0C T1QgC T10C T1pC T1OC Ti0C Ti0C THOC T10C T10C [r10C ,OOFEAA‘
BX15|BX14| BX13| BX12| BX11| BX10 BX9| BX8| BX7| BX6| BX5| BX4| BX3| BX2| BX1| BX0 X

-yt bbb -1 -1 Timer 10 Comparel

ojojojojofofofofof of of of of of o] o0 Capture Register Set B

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
TM10CBX cannot read or write.
The contents of TM10CB are
loaded to TM10CBX by write
signal.

TM10CBX sets the PWM cycle.
When TM10BC=TM10CBX, a
timer 10 capture B interrupt oc-
curs. The contents of TM10CB
are loaded to TM10CBX by a
timer 10 capture B interrupt and
TM10CBX prevents the PWM
loss.

This register writes only 16-bit

data. Use the MOV instruction
to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TMllCA .

TM11|TM11| TM11{ TM11| TM11 TM1Y TM11 T™M11 TM11 TM11 TM11 TM1l TM1l TM1g TM11 TM1 ,OOFEB4,
CA15| CA14| CA13 CAl1Z CA1l1 CA10 CA9 CA8 CAT CA6 CA5 CAf CAB CA2 CAl CA X

RIW | RW | RIW | RIW | RIW| R/W| RW| RW| RW| RMW RW RM RMW RMW RW R/ Timer 11 Compare/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i
o/1 | o0/ | O1| O/1| 0/1| O0/1| 0/1) 0/ 0/1 0/1 o/L o/ 1 O1 o1 Q1 Capture RegISter A

o P

o

16-bit access register

TM11CA sets the timer 11
counting cycle.

The timer 11 binary counter counts
the cycle of the TM11CA value +1.
TM11CA changes PWM and gen-
erates a timer 11 capture A inter-
rupt.

When capture is selected, this reg-
ister is read only. A timer 11 cap-
ture A interrupt is generated when
capture occurs. When compare is
selected, set the PWM cycle.
When this register matches the
timer 11 binary counter, a timer 11
capture A interrupt occurs.

This register write only 16-bit data.
Use the MOV instruction to set the
data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM11 CAX .

T11C| T11C| T11Q T11¢ T11€ Ti1L TiiC T11C TiiC TiuC Ti1C Ti1C TpiC T11C T1iC [1iC ,OOFEB6|
AX15[AX14|AX13 [AX12 |AX11[AX10| AX9 [ AX8 | AX7 [AX6 |AX5 [AX4 |AX3 [AX2 |AX1 [AXO X

-l F-T -1 Timer1l Compare/
oJoflofoJoJofofofof of of of of of of o Capture Register Set A

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
The TM11CAX cannot read or
write. The contents of TM11CA
are loaded to TM11CAX by write
signal.

TM11CAX sets the PWM cycle.
When TM11BC=TM11CAX, a
timer 11 capture A interrupt oc-
curs. The contents of TM11CA
are loaded to TM11CAX by a
timer 11 capture A interrupt and
TM11CAX prevents the PWM
loss.

This register writes only 16-bit

data. Use the MOV instruction
to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 [0 TMllCB -

TM11|TM11| TM11{ TM11 TM11 TM1Y TM11 T™M11 TM11 TM11 TM1l TM1L TM1{ TM1g TM11 TMI1 'OOFEBS'
CB15| CB14 CB13 CB1%? CBi1l CB10 CBP CB8 CH7 CB6 CB5 CB4 CB3 (B2 (Bl BO X

R/W | RIW | RIW | RIW | R/W| RW| RW| RW| RW| RW| RMW RM RMW RMW RMW R/ Timer 11 Compare/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
o/1 | o0/ | O/1| O/1| O/1| o0/1] 0/1) 0/ 0/1 0/1 o/ om oft o1 o1 Q1 Capture RegISter B

16-bit access register

TM11CB sets the timerll PWM
duty, changes PWM and gener-
ates a timer 11 capture B inter-
rupt.

When capture is selected, this
register is read only. Atimer 11
capture B interrupt is generated
when capture occurs. When
compare is selected, set the
PWM duty. When this register
matches the timer 11 binary
counter, a timer 11 capture B in-
terrupt occurs.

This register write only 16-bit
data. Use the MOV instruction
to set the data.

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

T11C| T11C| T11Q T11¢ Ti11€ Ti1C Ti1ijC T11C TiiC TiuC Ti1C Ti1C TpiC T11C T1iC [1icC ,OOFEBA‘
BX15|BX14| BX13| BX12| BX11| BX10 BX9| BX8| BX7| BX6| BX5| BX4| BX3| BX2| BX1| BX0 X

-l -1 -T-1-1-1  Timer1l Compare/

o jofofoJoJofofof of of of of o] o] of o Capture Register Set B

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
TM11CBX cannot read or write.
The contents of TM11CB are
loaded to TM11CBX by write
signal.

TM11CBX sets the PWM cycle.
When TM11BC=TM11CBX, a
timer 11 capture B interrupt oc-
curs. The contents of TM11CB
are loaded to TM11CBX by a
timer 11 capture B interrupt and
TM11CBX prevents the PWM
loss.

This register writes only 16-bit

data. Use the MOV instruction
to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM 12CA .

TM12|TM12| TM12| TM12{ TM12 TM12 TM134 TM12 TM12 TM12 TM12 TM1P TM1R TM1R TM12 TM] ,OOFEC4,
CA15| CA14| CA13 CAl1Z CA1l1 CA10 CA9 CA8 CAT CA6 CA5 CAf CAB CA2 CAl CA X

RIW | RW | RIW | RIW | RIW| R/W| RW| RW| RW| RMW RW RM RMW RMW RW R/ Timer 12 Compare/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i
o/1 | o0/ | O1| O/1| 0/1| O0/1| 0/1) 0/ 0/1 0/1 o/L o/ 1 O1 o1 Q1 Capture RegISter A

o N

o

16-bit access register

TM12CA sets the timer 12
counting cycle.

The timer 12 binary counter counts
the cycle of the TM12CA value +1.
TM12CA changes PWM and gen-
erates a timer 12 capture A inter-
rupt.

When capture is selected, this reg-
ister is read only. A timer 12 cap-
ture A interrupt is generated when
capture occurs. When compare is
selected, set the PWM cycle.
When this register matches the
timer 12 binary counter, a timer 12
capture A interrupt occurs.

This register write only 16-bit data.
Use the MOV instruction to set the
data.

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

T12C| T12C| T12Q T12¢ Ti12€C Ti2C T12C T12C T1RC TIRC T12C T12C Tp2C T12C T12C [r12C ,OOFEC6,
AX15[AX14|AX13 [AX12 |AX11[AX10| AX9 [ AX8 | AX7 [AX6 |AX5 [AX4 |AX3 [AX2 |AX1 [AXO X

-ttt -1 -1 -1 Timer12 Compare/
ojojojojofojofofof of of of of of o] o0 Capture Register Set A

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
The TM12CAX cannot read or
write. The contents of TM12CA
are loaded to TM12CAX by write
signal.

TM12CAX sets the PWM cycle.
When TM12BC=TM12CAX, a
timer 12 capture A interrupt oc-
curs. The contents of TM12CA
are loaded to TM12CAX by a
timer 12 capture A interrupt and
TM12CAX prevents the PWM
loss.

This register writes only 16-bit

data. Use the MOV instruction
to set the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 [0 TM 12CB -

TM12|TM12|TM12| TM12| TM12 TM12 TM134 TM12 TM12 TM12 TM12 TM1P TM1R TM1R TM12 TM12 ,OOFECS,
CB15| CB14 CB13 CB1%? CBi1l CB10 CBP CB8 CH7 CB6 CB5 CB4 CB3 (B2 (Bl BO X

R/W | RIW | RIW| R/IW| R/W| R/W| R/W| R/W| R/W| R/ R/ RW R R R/W R/ Tlmer 12 Compare/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CaptureRegiStel’B

0/1 | 01| O1| 0/2| 0O/1| o0/1] 0/2f O0/Y 0/1 0/1 o o/m ot ofr o1 Q1
16-bit access register

TM12CB sets the timer 12 PWM
duty, changes PWM and gener-
ates a timer 12 capture B inter-
rupt.

When capture is selected, this
register is read only. A timer 12
capture B interrupt is generated
when capture occurs. When
compare is selected, set the
PWM duty. When this register
matches the timer 12 binary
counter, a timer 12 capture B in-
terrupt occurs.

This register write only 16-bit
data. Use the MOV instruction
to set the data.

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

T12C| T12C| T12Q T12¢ Ti12€C Ti2C T12C T12C T1RC TIRC Ti12C T12C Tp2C T12C T12C [r12C ,OOFECA,
BX15|BX14| BX13| BX12| BX11| BX10 BX9| BX8| BX7| BX6| BX5| BX4| BX3| BX2| BX1| BX0 X

-t -t Timer 12 Comparel

oJoflofJoJofofofofof of of of of of o] o Capture Register Set B

16-bit access register

This register is valid only when
the associated compare register
is set to the double-buffer mode.
TM12CBX cannot read or write.
The contents of TM12CB are
loaded to TM12CBX by write
signal.

TM12CBX sets the PWM cycle.
When TM12BC=TM12CBX, a
timer 12 capture B interrupt oc-
curs. The contents of TM12CB
are loaded to TM12CBX by a
timer 12 capture B interrupt and
TM12CBX prevents the PWM
loss.

This register writes only 16-bit
data. Use the MOV instruction
to set the data.
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TM13|TM13|TM13| TM13| TM13 TM13 TM13 TM1
CA7 | CA6 | CA5 | CA4| CA3| CA2| CAl| CAO

R/W | RIW | RIW | R/IW| R/W| R/W| R/W| R/W,|

0/1 | 0/ | O/1| O/1| O/1| o0/1] 0/1 0/

TM13|TM13| TM13| TM13| TM13 TM13 TM13 TM13
CB7 | CB6| CB5| CB4| CB3] CBJ CBl1 CB

R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W,|

0/1 | 0/1| O/1| O/1| o0/2| 0/1| 0/1 0/

448 MN102H60G/60K/F60G/F60K

TM13CA :
X'00FEOA'

Timer 13 Capture A
Register

8-bit access register

TM13CA sets the timing of
changing the PWM waveform
output from TM13O0A pin from
low level to high level.

The valid range for TM13CAis 1
to TM13BR.

TM13CB :

x'00FE1A'
Timer 13 Capture B
Register

8-bit access register

TM13CB sets the timing of
changing the PWM waveform
output from TM130B pin from
low level to high level.

The valid range for TM13CB is 1
to TM13BR.



TM14{TM14|TM

CA7 | CA6

CA5

14| T™

CA4

14 T™

CA3

14 ™™

CA2

14 TM14
CAl

TM14
CAQ|

R/W | R/IW

R/W

R/IW

R/W

R/W

R/W

R/W

0/1 | 0/1| O

/1| O

/1| 0/1

0/1

0/1]

0/1

TM14(TM14
CB7 | CB6

TM14

CB5

TM14

CB4

T™M14

CB3

T™M14

CB2

T™M14

CB1

TM14

CB

R/W | RIW

R/W

R/IW

R/IW

R/IW

R/IW

R/W

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1
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TM14CA :
xX'00FEOB'

Timer 14 Capture A
Register

8-bit access register

TM14CA sets the timing of
changing the PWM waveform
output from TM140A pin from
low level to high level.

The valid range for TM14CA is 1
to TM14BR.

TM14CB :

x'00FE1B'
Timer 14 Capture B
Register

8-bit access register

TM14CB sets the timing of
changing the PWM waveform
output from TM140B pin from
low level to high level.

The valid range for TM14CB is 1
to TM14BR.

MN102H60G/60K/F60G/F60K 449




Chapter 11 Appendix

450

MN102H60G/60K/F60G/F60K

15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 TM15CA :
TM15|TM15| TM15| TM15| TM15( TM1§ TM1§ TM1§ TM1% TM15 TM1$ TM15 TM15 TM15 TM15 TM15 '00FEDA4"
CA15|CA14| CA13 CA13 CAl]l CA1D CA9 CA§ CA] CA6 CAb CA# CAB CAR CAl CAO X

R/W | RIW | RIW | RIW| RIW| R/W| R/W| RW| RW| RW| RW RM RMW R R/W R/ Timer 15 Capture

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Register A

o1 | oa| oa| oa| oa| oa| oaf oa o1 o4 o1 ofp ofL ofr o1 Qn

16-bit access register

TM15CA captures the contents
of TM15BC on the rising of
TM15IA pin.
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 3 2 1 o ANCTR
NA(\:NHz NACNHl I\/Tngc /:EH‘ /?L,\CIH LA1NCHDANEN ANTc ANDE: ANCKlANCKOANME/:NM: X'00FFO0
R |RW|RW|RW| R | RRW| RW| RW| RW| RW R/ R R RW R/ A/D Converter
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 o] on] on| of on[ on] onf o of o of o ot o Control Register
16-bit access register
14:12 Channel Selection for 000: Convert ANO
Multiple Channel Conversion 001: Convert from ANO to AN1 ANCT.R sets the. AID converter
operating conditions.
010: Convert from ANO to AN2
011: Convert from ANO to AN3
100: Convert from ANO to AN4
101: Convert from ANO to AN5
110: Convert from ANO to AN6
111: Convert from ANO to AN7
10:8 Channel Selection for 000: Convert ANO
Single Channel Conversion 001: Convert AN1
010: Convert AN2
011: Convert AN3
100: Convert AN4
101: Convert AN5
110: Convert AN6
111: Convert AN7

3.2

1.0

Conversion Start/Execution
Flag

Conversion Start at Timer 3
underflow

AD Converter Resolution

Clock Source Selection

Operating Mode Selection

0: No conversion

1: Conversion in progress

0: Disable
1: Enable

0:8
1.1

00:
01:
10:
11:

00:
01:
10:
11:

-bit
0-bit

BOSC/2
BOSC/4
BOSC/8
BOSC/16

Single channel, single conversion
Multiple channels, single conversion
Single channel, continuous conversion

Multiple channels, continuous conversion
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15

14

13 12 11 10 9

8

6

2

1

ANO
BUF9

ANO
BUF8|

ANO

BUF7

ANO
BUF

ANO

6 BUF

ANO

BUF:

ANO

i BUF

ANO

B BUH

ANO
2 BU

A

ANO

1 BUKO

ANOBUF :
x'00FFO08'

R

o\
o\

R

R

R

R

R

R

R

R

R

o

o

o
o

Undefined

Undefine

Undefiny

d Undefi

ned Undefi

ed Undeff

ned Undej

ined Und

fined Un

q

efined Unflefined

0/1

0/1

0/1

0/1

0/1]

0/1

0/

0/

1 0/

L

0f1

15

14

13 12 11 10 9

8

6

2

1

AN1
BUF9

AN1
BUF8|

AN1
BUF7

AN1
BUF4

AN1
BUF

AN1
BUF:

AN1
i BUF

AN1
B BUH

2 BUHR

AN1

1 BU

AN1
FO

ANO Conversion Data
Buffer

16-bit access register

ANO conversion data

When 8-bit is selected as A/D
converter resolution, the
ANOBUF[7:0] bits hold the data
and the ANOBUF[9:8] bits be-
come 0. When 10- bit is se-
lected as A/D converter resolu-
tion, the ANOBUF[9:0] bits hold
the data.

AN1BUF :
X'00FFOA'

R

R

R

R

R

R

R

R

R

R

o

o

o
o
o
o

Undefined

Undefine,

Undefing

d Undefin|

pd Undefi

ed Undef

ned Unde)

ined Und

i

ined Und

lefined Un|

lefined

0/1

0/1

0/1

0/1

0/1

0/1

0/

0/

L

0/

L

of1
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AN1 Conversion Data
Buffer

16-bit access register

AN1 conversion data

When 8-bit is selected as A/D
converter resolution, the
AN1BUFJ[7:0] bits hold the data
and the AN1BUF[9:8] bits be-
come 0. When 10- bit is se-
lected as A/D converter resolu-
tion, the AN1BUF[9:0] bits hold
the data.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Q ANZBUF -
- - - - - - | AN2 | AN2 [ AN2 | AN2 | AN2 | AN2 | AN2 | AN2 | AN2 | AN2 . ,
BUF9| BUF8| BUF7] BUF§ BUF% BUF# BUFB BUFR2 BUR1 BUFO X OOFFOC
R R R R R R R R R R R R R R R R AN2 Conversion Data
0 0 0 0 0 O |undefined Undefinel Undefingd Undefined Undefified Undefjned Undefined Undefined Undefined Unfiefined Buﬁ:er
0 0 0 0 0 0 0/1 0/1 0/1 0/1 0/1 0/1 o/ 0/1 o/ 0/1
16-bit access register
AN2 conversion data
When 8-bit is selected as A/D
converter resolution, the
AN2BUF[7:0] bits hold the data
and the AN2BUF[9:8] bits be-
come 0. When 10- bit is se-
lected as A/D converter resolu-
tion, the AN2BUF[9:0] bits hold
the data.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 AN3BUF .
- - - - - - AN3 | AN3 | AN3 | AN3 [ AN3 | AN3 | AN3 | AN3 | AN3 | AN3 ' '
BUF9| BUF8| BUF7] BUF§ BUF% BUF#4 BUFB BUFR2 BUR1 BUFO X OOFFOE
R|R|R|R|R|R|R|R| R| R| R| R Rl Rl R| R AN3 Conversion Data
0 0 0 0 0 0O |undefined Undefinefi Undefindd Undefined Undefifed Undefined Undefined Undéfined Undefined UnHefined Buﬁ:er
0 0 0 0 0 0 0/1 0/1 0/1 0/1] 0/1 0/1 o/ 0/1 o/L 011

16-bit access register

AN3 conversion data

When 8-bit is selected as A/D
converter resolution, the
AN3BUF[7:0] bits hold the data
and the AN3BUF[9:8] bits be-
come 0. When 10- bit is se-
lected as A/D converter resolu-
tion, the AN3BUF[9:0] bits hold
the data.
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R

AN4
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AN4BUF :
x'00FF10’

R

R
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o

o

o
o
oD
oD

Undefined
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0/1
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15

14

13 12 11 10 9

8

6

2

1

ANS5
BUF9

AN5
BUF8|

ANS
BUF7

ANS5
BUF4

ANS5
BUF

ANS
BUF:

AN5
i BUF

AN5
B BUH

2 BUHR

ANS5

1 BU

AN5
0]

AN4 Conversion Data
Buffer

16-bit access register

AN4 conversion data

When 8-bit is selected as A/D
converter resolution, the
AN4BUF([7:0] bits hold the data
and the AN4BUF[9:8] bits be-
come 0. When 10- bit is se-
lected as A/D converter resolu-
tion, the AN4BUF[9:0] bits hold
the data.

ANSBUF :
X'00FF12'

R

R

R

R

R

R

R

R

R

R

o
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o
o
o
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AN5 Conversion Data
Buffer

16-bit access register

ANS5 conversion data

When 8-bit is selected as A/D
converter resolution, the
AN5BUF[7:0] bits hold the data
and the AN5BUF[9:8] bits be-
come 0. When 10- bit is se-
lected as A/D converter resolu-
tion, the AN5BUF[9:0] bits hold
the data.
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6 5 4 3 2 1 q ANGBUF :
- - - - - - | AN6 | AN6 | AN6 | AN6 | AN6G | AN6 | AN6 | ANG | AN6 | ANB . .
BUF9| BUF8| BUF7 BUF§ BUF% BUF4 BUFB BUFR2 BUH1 BUFO x'00FF14
R|R|R|R|R|R|R|R| R| R| Rl Rl RI Rl Rl R ANG6 Conversion Data
0 0 0 0 0 0O |undefined Undefinel Undefingd Undefined Undefified Undefjned Undefined Undéfined Undefined Unflefined Buﬁ:er
0 0 0 0 0 0 0/1 0/1 0/1 0/1 0/1 0/1 o/ 0/1 o/ 0/1
16-bit access register
ANG6 conversion data
When 8-bit is selected as A/D
converter resolution, the
ANG6BUF[7:0] bits hold the data
and the AN6BUF[9:8] bits be-
come 0. When 10- bit is se-
lected as A/D converter resolu-
tion, the AN6BUF[9:0] bits hold
the data.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 AN7BUF :

- - - - - - | AN7 | AN7 | AN7 | AN7 | AN7 | AN7 | AN7 | AN7 | AN7 | AN7 . .

BUF9| BUF8| BUF7 BUFG BUF% BUF# BUF3 BUFR2 BUHR1 BUIO x'00FF16
R|R|R|R|R|R|R|R| R| R| R| Rl Rl Rl Rl R AN7 Conversion Data
0 0 0 0 0 0O  [undefined Undefinefi Undefindd Undefined Undefifed Undefined Undefined Undéfined Undefined UnHefined Buﬁ:er
0 0 0 0 0 0 0/1 0/1 0/1 0/1] 0/1 0/1 o/ 0/1 o/ 011

16-bit access register

AN7 conversion data

When 8-bit is selected as A/D
converter resolution, the
AN7BUF[7:0] bits hold the data
and the AN7BUF[9:8] bits be-
come 0. When 10- bit is se-
lected as A/D converter resolu-
tion, the AN7BUF[9:0] bits hold
the data.
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15:12 Wait Setting for External Memory Space 3 *

11:8 Wait Setting for External Memory Space 2 *

7:4

3.0

456

Wait Setting for External Memory Space 1 *

Wait Setting for External Memory Space 0 *

Setting Waits Cycles
0 0000 0.0 1.0

1 0001 0.5 15

2 0010 1.0 2.0

3 0011 1.5 2.5

4 0100 2.0 3.0

5 0101 25 35

6 0110 3.0 4.0

7 0111 3.5 4.5

8 1000 4.0 5.0

9 1001 4.5 55
10 1010 5.0 6.0
11 1011 5.5 6.5
12 1100 6.0 7.0
13 1101 6.5 7.5
14 1110 7.0 8.0
15 1111 perform handshake modge

by WAIT pin

MN102H60G/60K/F60G/F60K

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 EXWM D .
EW | EW | EW | EW| EW| EW| EW| EW| EW| EW| EW| EW| EW E E E' ' '
33| 32| 31| 30| 23| 22| 21| 20 13 124 11 10 o8 o2 d 0 x'00FF80
R/W | RW | RW| RW| RIW| RIW| RIW| R/W| R/W| R/W R/ R/ R/ RW R/W R/ EXtema| Memory
1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0
ot | o | o] o] o] ol on| ol od od or of o 0 0 /1 Wait Register

16-bit access register

EXWMD sets the external
memory wait cycles.

* Please refer to Figure 2-1-1
Address Space on page 52 for
address allocation of external
memory spaces.

0.5 wait cycle corresponds to

BOSC 1 cycle. 1 wait cycle cor-

responds to 1 cycle of instruc-

tion. With a 34-MHz oscillator,
0.5 wait cycle = 29.4 ns
1 wait cycle = 58.8 ns
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15 | 14| 13| 12| 11| 10 9| 8| 71 6 5 4 3J 2 1 MEMMD1 :
EB | EB | EB| EB| EB| EB| EB| EB| BR$ BRS BRC BRC BRC BRC IQW IQW \ \
31| 30| 21| 20| 11| 10l of of 1 d 9 23 1 ) X'O0FF82
R/W|R/W|R/W| R/W| RIW RW RW R/W R/W R/W RMW RM/ R/W R/W RW R/
Memory Mode Setup 1
Single-chip Mode 0| 0| 0| 0| 0| Of| Ofndetep O | O| Of O O Of 2| 1 Register
Memory Expansion Mode 16'b|t access register
olo|o|o| of of o ol ol of of o of of 1 1
(16-bit bus width)
Memory Expansion Mode MEMMDL1 sets the bus width for
o|lo|o|lo0o| o] of of 1| of of of o of of 1 1 )
(8-bit bus width) external memory and the wait
Processor Mode cycles for internal 1/O registers.
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
(16-bit bus width)
Processor Mode Do not access the burst ROM
(8-bit bus width) olofopopopop o 1y 0p 0 0 0 0 0 1 1 area and other areas consecu-
o/ |o/a| o] oaf o/al o o1 o/4 O/ Oft oft of1 o1 d/1 /1 p/1 tively.

15:14 Bus Width Setting
for External Memory Space 3 *

13:12 Bus Width Setting

for External Memory Space 2 *
11:10 Bus Width Setting

for External Memory Space 1 *
9:8  Bus Width Setting

for External Memory Space 0 *
7:6  Address Setting for Burst

Operation

5 Burst ROM setting
for External Memory Space 3

4 Burst ROM setting
for External Memory Space 2

3 Burst ROM setting
for External Memory Space 1

2 Burst ROM setting

for External Memory Space 0
1:0  Wait Setting for Internal 1/0
Space

00: 16-bit bus width

01: 8-bit bus width

10: Reserved

11: 8-bit bus width when A8 is high,
16-bit bus width when A8 is low

* Please refer to Figure 2-1-1
Address Space on page 52 for
address allocation of external
memory spaces.

EB[01:00] bits at reset can be
changed depending on /WORD
pin input.

16-bit Bus Width 8-bit Bus Width

00: A0, A1 2 words 4 bytes
01: A0, A1, A2 4 words 8 bytes
10: AO, A1, A2, A3 8 words 16 bytes
11: AO, A1, A2, A3, A4 16 words 32 bytes

0: Disable

1: Enable (Only when 16-bit bus width is
set at external memory space.)

0: Disable

1: Enable (Only when 16-bit bus width is
set at external memory space.)

0: Disable

1: Enable (Only when 16-bit bus width is
set at external memory space.)

0: Disable

1: Enable (Only when 16-bit bus width is
set at external memory space.)

00: 1.0 wait cycle

01: 1.5 wait cycles

10: 2.0 wait cycles

11: 3.0 wait cycles

MN102H60G/60K/F60G/F60K

0.5 wait cycle corresponds to

BOSC 1 cycle. 1 wait cycle cor-

responds to 1 cycle of instruc-

tion. With a 34-MHz oscillator,
0.5 wait cycle = 29.4 ns
1 wait cycle = 58.8 ns
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 MEMMD?2 :
HS2 | HS1| HSO| SC1 SCQresery reser BST BST BS[T ' '
ed | ed >l 1] o X'00FF84
R R R R R R/W| R/W| R/W| R/W| R/ R/W R/ R/ Memory Mode Setup 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Register
0 0 0 0 0 | o1| oa| ora| ol o] o 0 of o1 o1 on 9
16-bit access register
10:8 Fixed Wait Setting 000: No wait MEMMD?2 sets the burst ROM
001: 0.5 wait cycle cycles and changes the pulse
010: 1 wait cycle timing of /WEH, /WEL and /RE.
011: 1.5 wait cycles
100: 2 wait cycles
101: 2.5 wait cycles
110: 3 wait cycles
111: 3.5 wait cycles
7:6  SLOW Mode Operating Clock 00: XI * Do not change these flags in
Setting* 01: OSCI/2 SLOW mode, as this may cause
10: OSCl/4 erroneous operation.
11: OSCI/8
The transition to SLOW mode differs
according to the setting of these flags.
Bits 7 and 6 Operating Cloc SLO HALT from STOP from
in SLOW Mode SLOW Mode SLOW Mode
00 XI SLOW1 HALT1 STOP1
01 OscClI/2
10 OSCl/4 SLOW2 HALT2 STOP2
11 OscClI/8
5 Reserved Setto 0
4 Reserved Setto 0
2:0  Cycle Setting for Burst ROM 000: 0.5 cycle
Shortening (First Cycle at 001: 1 cycle
Burst Access) 010: 1.5 cycles
011: 2 cycles
100: 2.5 cycles
101: 3 cycles
110: 3.5 cycles
111: 4 cycles
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 DRAMMDl .

ARE | ARE | ARE | ARE| MMD|MMD [ASEN| SEL | SEL| SEL| CAS] CAS§ CAS RA$ RAF RAS ' '
3 2 1 0 1 0 2 1 0 2 1 0 2 1 0 X O O FF 9 0

R/W | RIW | RIW| R/IW| R/W| R/W| R/W| R/W| R/W| R/ R/ RW R R R/W R/ DRAM Contr0| 1 m
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0/1] 01| 01| O/2| o0/1| o0/ 0/1 0/ 0/1 0/1 oL o/m ofr o1 01 01 Reglster

16-bit access register

15 DRAM (PSRAM) Operation 0: Disable o
DRAMMD1 sets the DRAM
for External Memory Space 3 * 1: Enable sets the
modes.
14  DRAM (PSRAM) Operation 0: Disable * Please refer to Figure 2-1-1
for External Memory Space 2 * 1: Enable Address Space on page 52 for
address allocation of external
13 DRAM (PSRAM) Operation 0: Disable memory spaces.
for External Memory Space 1 * 1: Enable
12 DRAM (PSRAM) Operation 0: Disable
for External Memory Space 0 * 1: Enable
11:10 Shift Size of DRAM Address 00: 8-bit MMD(1:0) Setting s ohio st
01 g'blt Pin Name [ROW Address Output |COL Address Output
’ P46 A22 - (A11) (A11)
10: 10-bit P45 A21 - (A10) (A10)
P44 A20 - (Lo) Al0
11: Reserved P43 A19 - (Lo) A9
P42 A18 - A9 A8
P41 Al7 - A8 A7
P40 Al6 A8 A7 A6
P37 Al5 A7 A6 A5
P36 Al4 A6 A5 A4
P35 Al3 A5 Ad A3
P34 Al2 A4 A3 A2
P33 All A3 A2 Al
P32 Al0 A2 Al A0
P31 A9 Al A0 (A0)
P30 A8 A0 - -
9 Shift Setting from Row 0: Don't shift
addresses of AD15-0 pins 1: Shift

to Column addresses

8:6  Shift Timing Setting from Row 000: At the beginning of 0.5 cycle

Address to Column Address 001: At the beginning of 1.0 cycle
010: At the beginning of 1.5 cycles
5:3  Timing Setting of CAS (CS) 011: At the beginning of 2.0 cycles
Falling Edge 100: At the beginning of 2.5 cycles
101: At the beginning of 3.0 cycles
2:0  Timing Setting of RAS Falling 110: At the beginning of 3.5 cycles
Edge 111: At the beginning of 4.0 cycles
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 0 DRAMMD?2 :
DARCA(I:VIDT_'\AAM rezzrv rees;:*r reesde v RO R;C R;C R;_C IT)CY RZ’CS I: LS (I?VS 2FRS ) RS ORRS X'OOFF92'
RW|RW| R | R| R |RW| RW| RW| RW RW RMW RMW RMW RMW RMW R/ DRAM Control 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1|on|oar| or| oa| ol oml omf o o1 o4 Of oft oOf1 1 01 Register
16-bit access register
15 DRAM Access Method *1 0: 2WE method
Selection 1: 2CAS method DRAMMD2 sets the DRAM
modes.
14 Clock Source Selection for 0: Timer 12 underflow *1 Set to "0" at MN102HF60G or
DRAM Refresh 1: Timer 10 underflow ICE.
2 CAS method is not usable.
13:11 Reserved Setto 0
*2 DRAM is refreshed once
10  DRAM Refresh Enable 0: Disable ;’::‘;’r‘uit“?c‘i'ui 0;\355‘2”32:22’;
1: Enable *2 ms, the refresh interval is 31.25
s or less.
9:6  Cycle Setting at Refresh 0000: 2.0 cycles
0001: 2.5 cycles
0010: 3.0 cycles
0011: 3.5 cycles
0100: 4.0 cycles
0101: 4.5 cycles
0110: 5.0 cycles
0111: 5.5 cycles
1000: 6.0 cycles
1001: 6.5 cycles
1010: 7.0 cycles
Other: 7.0 cycles
5:3  Timing Setting of CAS (CS) 000: At the beginning of 0.5 cycle
Falling Edge 001: At the beginning of 1.0 cycle
010: At the beginning of 1.5 cycles
2:0  Timing Setting of RAS Falling 011: At the beginning of 2.0 cycles
Edge 100: At the beginning of 2.5 cycles
101: At the beginning of 3.0 cycles
110: At the beginning of 3.5 cycles
111: At the beginning of 4.0 cycles
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15| 14| 13| 12 11 10 9 8 7 6 5 4 3 2 1 REEDGE .

REES REE$ REEL REHBL REES REES REEL REEL REES REES REEL REEL REES |REES|REEI REEL

31| 30| 31| 30| 21) 20 2] 20 1f 1p 11 1o 91 0o o1 [o x'00FF86'
RIW[RW[ RW| R R R R RV RV RW RW R RAW RAW RAV RY RE Waveform Control m
o] o

Processor Mode 0 0 0 0 0 0 0 0 0 0 0 1 0 0 Register
Other Modes olofo|ofl o of of o o| ol of of o o
on|omn|on| on] ol od of ob of of oft ofi d1 d1 91 pi 16-bit access register
15:14 RE Short Mode in CS3 Space 00: RE Short 0 Mode (Reset) REEDGE sets the RE waveform
01: RE Short 0.5 Mode control modes.

10: RE Short 1 Mode
11: RE Short 1.5 Mode

13:12 RE Late Mode in CS3 Space 00: RE Late 0.5 Mode (Reset)
01: RE Late 1 Mode
10: RE Late 2 Mode
11: RE Late 3 Mode

11:10 RE Short Mode in CS2 Space 00: RE Short 0 Mode (Reset)
01: RE Short 0.5 Mode
10: RE Short 1 Mode
11: RE Short 1.5 Mode

9:8 RE Late Mode in CS2 Space 00: RE Late 0.5 Mode (Reset)
01: RE Late 1 Mode
10: RE Late 2 Mode
11: RE Late 3 Mode

7:6  RE Short Mode in CS1 Space 00: RE Short 0 Mode (Reset)
01: RE Short 0.5 Mode
10: RE Short 1 Mode
11: RE Short 1.5 Mode

5:4  RE Late Mode in CS1 Space 00: RE Late 0.5 Mode (Reset)
01: RE Late 1 Mode
10: RE Late 2 Mode
11: RE Late 3 Mode

3:2  RE Short Mode in CSO Space 00: RE Short 0 Mode
01: RE Short 0.5 Mode (Reset)
10: RE Short 1 Mode
11: RE Short 1.5 Mode

1:0 RE Late Mode in CSO Space 00: RE Late 0.5 Mode (Reset)
01: RE Late 1 Mode
10: RE Late 2 Mode
11: RE Late 3 Mode
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0/1| o/1| o/1| o0/1] 0/1 0/1

0/1  0/1 o0/L o/

o
=
o
=
(@)
iy
o
=
=

15:14 WE Short Mode in CS3 Space

13:12 WE Late Mode in CS3 Space

11:10 WE Short Mode in CS2 Space

9:8

WE Late Mode in CS2 Space

7:6

WE Short Mode in CS1 Space

5:4

WE Late Mode in CS1 Space

3:2

WE Short Mode in CS0 Space

1:0 WE Late Mode in CSO Space

462 MN102H60G/60K/F60G/F60K

00:
01:
10:
11:

00:
01:
10:
11:

00:
01:
10:
11:

00:
01:
10:
11:

00:
01:
10:
11:

00:
01:
10:
11:

00:
01:
10:
11:

00:
01:
10:
11:

WE Short 0 Mode (Reset)
WE Short 0.5 Mode

WE Short 1 Mode

WE Short 1.5 Mode

WE Late 1 Mode (Reset)
WE Late 2 Mode

WE Late 3 Mode
Reserved

WE Short 0 Mode (Reset)
WE Short 0.5 Mode

WE Short 1 Mode

WE Short 1.5 Mode

WE Late 1 Mode (Reset)
WE Late 2 Mode

WE Late 3 Mode
Reserved

WE Short 0 Mode (Reset)
WE Short 0.5 Mode

WE Short 1 Mode

WE Short 1.5 Mode

WE Late 1 Mode (Reset)
WE Late 2 Mode

WE Late 3 Mode
Reserved

WE Short 0 Mode (Reset)
WE Short 0.5 Mode

WE Short 1 Mode

WE Short 1.5 Mode

WE Late 1 Mode (Reset)
WE Late 2 Mode

WE Late 3 Mode
Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 WEEDGE -
WEES WEE$ WEEL WEE|L WEES WEES WEEL WEEL WEES WEES WEEL WEEL WEES WEES WEEL WEEL 'OOFF88'
31 30 31 30 21 20 21 20 11 14 11 1 oL 0o g1 0 X
R/W [ R/IW | RIW | RIW| R/W| R/W| R/W| R/W| R/W| R/ R/ R/ R/ RMW R/ R/ WE Waveform Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
01 | on Register

16-bit access register

WEEDGE sets the WE wave-
form control modes.
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15 | 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 ALEEDGE :
ALEG | ALEG| ALEL| ALEL|ALEG|ALEG | ALEL |ALEL |ALEG | ALEG|ALEL | ALEL [ALEG |ALEG |ALEL |ALEL . ,
31 | 30| 31| 30| 21| 20| 22| 20 11/ 10 1§ 1@ © 00 oL o X'00FF8A
RW | RW | RW | RW| RW| RW| RW| RW| RW| RW| RW| RW RW RW R R/ ALE Waveform Control
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 :
o1 | o1 | on| oar| on| oa| oa| oaf oaf o1 of o} o of oL 0o Register
16-bit access register
15:14 ALE Long Mode 00: ALE Long 0 Mode (Reset) ALEEDGE sets the ALE wave-
in CS3 Space 01: ALE Long 0.5 Mode form control modes.
10: ALE Long 1 Mode
11: ALE Long 1.5 Mode
13:12 ALE Late Mode 00: ALE Late 0 Mode (Reset)
in CS3 Space 01: ALE Late 0.5 Mode
10: ALE Late 1 Mode
11: ALE Late 1.5 Mode
11:10 ALE Long Mode 00: ALE Long 0 Mode (Reset)
in CS2 Space 01: ALE Long 0.5 Mode
10: ALE Long 1 Mode
11: ALE Long 1.5 Mode
9:8  ALE Late Mode 00: ALE Late 0 Mode (Reset)
in CS2 Space 01: ALE Late 0.5 Mode
10: ALE Late 1 Mode
11: ALE Late 1.5 Mode
7:6  ALE Long Mode 00: ALE Long 0 Mode (Reset)
in CS1 Space 01: ALE Long 0.5 Mode
10: ALE Long 1 Mode
11: ALE Long 1.5 Mode
5:4  ALE Late Mode 00: ALE Late 0 Mode (Reset)
in CS1 Space 01: ALE Late 0.5 Mode
10: ALE Late 1 Mode
11: ALE Late 1.5 Mode
3:2  ALE Long Mode 00: ALE Long 0 Mode
in CSO Space 01: ALE Long 0.5 Mode
10: ALE Long 1 Mode (Reset)
11: ALE Long 1.5 Mode
1.0 ALE Late Mode 00: ALE Late 0 Mode

in CSO Space

01:
10:
11:

ALE Late 0.5 Mode
ALE Late 1 Mode (Reset)
ALE Late 1.5 Mode
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15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0 MPXADR
ADL | ADL | ADL | ADL |ADL |ADL |ADL DL . .
31| 30| 21| 20| 11| 10| 01| 00 x'00FF8C
R R R R R R | RW RW RW RW R RW R/W R/ Address Output Time
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 .
0 0 0 0 0 0 0 0| oa| ol oaf on o1 o4 o Of Control Register
16-bit access register
7:6  Address Long Mode 00: AD Long 1 Mode (Reset) MPXADR sets the address out-
in CS3 Space 01: AD Long 1.5 Mode put time control modes during
10: AD Long 2 Mode address/data shared mode.
11: AD Long 3 Mode
5:4  Address Long Mode 00: AD Long 1 Mode (Reset)
in CS2 Space 01: AD Long 1.5 Mode
10: AD Long 2 Mode
11: AD Long 3 Mode
3:2  Address Long Mode 00: AD Long 1 Mode (Reset)
in CS1 Space 01: AD Long 1.5 Mode
10: AD Long 2 Mode
11: AD Long 3 Mode
1:0  Address Long Mode 00: AD Long 1 Mode
in CSO Space 01: AD Long 1.5 Mode
10: AD Long 2 Mode
11: AD Long 3 Mode (Reset)
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 P B SW -
PBS| PBS| PBS PBS PBE PBS PBS PBS PBS HBS PBS |PBS |PBS |PBS | PBS| PBS ' '
W15 | wi14| Wi13| w12l will] wiQ W9 W§g W7 W6 WH W4 W W2 WL 0] X O O F F B C
RW | RIW | RIW | RIW | RIW| R/W| RIW| R/W| RIW| RW RMW RMW RMW RMW RMW R/ Pointer Byte Swap
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 o/fL o1 0f1 o1 q/1 RegISter
16/24-bit access
register

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

- - - - - - - - PBS| PBS| PBY PB$ PBS PBS PBS PBS PBSW writes 24-bit pointer

w23 | w22 | w21 w20 wig wig Wil Wi data.

R R R R R R R R | R/W| R/ R/ RW R/ R/ R/ R/

During read operations, the up-

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

0 0 0 0 0 0 0 o o] o] o] o1 od od ol of per 8-bit data and the lower 8-bit

data are inverted. The middle 8-
bit remains.

. XOOFFBE' X00FFBD' |  X00FFBC' |
123 1615 8:7 o

Write

Read
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15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0 LBSW.L :
LBS | LBS | LBS| LBS| LBS| LBS| LBS| LBS| LBS| LBS| LBS LBY LBS LBS LBS LB$ '00EFCC'
WL15/WL14{ WL13| WL12| WL11 WL1Q WL9| WL8| WL7 WL6| WL5| WL4| WL3[ WL2| WL1 WLO X
R/W | RIW | RIW | R/IW | RIW| R/W| R/W| RW| R/W| RW RW RW RMW RMW R/W R/ Long Word Byte SW&p
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
0/1| 01| 01| O/ O/1| 0/ 0/1 0/ 0/1 0/1 o o/m off o1 o1 01 ReQISter L
8/16-bit access register
LBSWL writes 16-bit data.
During read operations, bits
[7:0] read bits[15:8] of the
LBSWH register, and bits 15-8
read bits[7:0] of the LBSWH reg-
ister. Combining with the
LBSWH register, 24-bit upper
and lower data can swapped in
8-bit unit. In addition, 16-bit up-
per and lower data can be
swapped by writing the 16-bit
data to the LBSWL register and
reading the data from the
LBSWH register.
15 | 14 | 13| 12| 11| 10 9 8 7 6 5 4 3 2 1 0 LBSWH :
LBS | LBS | LBS| LBS| LBS| LBS| LBS| LBS| LBS| LBS| LBS LBY LBS LBS LBS LB$ '00FECE’
WH15WH14 WH13 WH12 WH1l WH1D WHY WH8 WH7 WHBp WH5 WH4 WH3 WH2 WH1 WHO X
RW | RIW | RIW | R/W | RIW| R/W| RIW| R/W| RW| RW RW RW RMW RMW RMW R/ Long Word Byte Swap
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
o/1| 01| 01| O0/1| 0/1| o0/1| 0/1 0/ 0/1 0/1 o/r o/t 1 o1 01 Q1 RegISter H
8/16-bit access register
LBSWH writes 16-bit data.
Duri ti its[7:
XOOFFCF' | XOOFFCE' | XOOFFCD' | XO00FFCC' uring read operations, bits[7:0]
:15 8:7 0:15 : 0: read bits[15:8] of the LBSWL
‘ j j 8.7 ‘ register, and bits[15:8] read bits
LBS:WH LBSWL Write [7:0] of the LBSWL register.
7 | | 8
LBSWL LBSWH Read



7 6 5 4 3 2 1 0
PO | PO| PO| PO| POl PO PQ PD
PLU7| PLUGB| PLUS PLU4 PLU3 PLU2 PLUL PLUOD
RIW | RIW | RIW | RIW | RIW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
01| o] oa| o] o/a| ol o1 o
7:0  Port 0 Pullup Resistor 0: Off
1: On
7 6 5 4 3 2 1 0
PL | PL| P1| P1| P1 Pl P1 PL
PLU7| PLUGB| PLUS PLU4 PLU3 PLU2 PLUL PLUOD
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
o1 | oa| oa| o| o/a| ol o] o7
7:0  Port 1 Pullup Resistor 0: Off
1: On
7 6 5 4 3 2 1 0
P2 | P2| P2| P2| P2 P2 P2 PR
PLU7| PLUGB| PLUS PLU4 PLU3 PLU2 PLUL PLUOD
RIW | RIW | RIW | RIW | RIW| RIW| R/W| R/W,
0 0 0 0 0 0 0 0
o1 | o| oa| o| oia| o oaf on
7:0  Port 2 Pullup Resistor 0: Off
1:On
7 6 5 4 3 2 1 0
P3| P3| P3| P3| P3| P3 P3 PB
PLU7|PLU6B| PLUS| PLU4 PLU3 PLU2 PLUL PLUD
RIW | RIW | RIW | RIW | RIW| RIW| R/W| R/W,
0 0 0 0 0 0 0 0
o1 | o] oa| o| oiL| o o] on
7:0  Port 3 Pullup Resistor 0: Off
1:On

Chapter 11 Appendix

POPLU :
x'00FFBO’

Port O Pullup
Control Register

8-bit access register

POPLU controls the port O pullup
resistor.

P1PLU :
X'00FFB1'

Port 1 Pullup
Control Register

8-bit access register

P1PLU controls the port 1 pullup
resistor.

P2PLU :
xX'00FFB2'

Port 2 Pullup
Control Register

8-bit access register

P2PLU controls the port 2 pullup
resistor.

P3PLU :
X'00FFB3'

MN102H60G/60K/F60G/FE60K

Port 3 Pullup
Control Register

8-bit access register

P3PLU controls the port 3 pullup
resistor.
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P4 | PA| P4| P4l P4l P4 P4 Pa
PLU7|PLUS6| PLUS PLU4 PLU3 PLU2 PLUL PLUO

R/W | RIW | RIW | R/IW| R/W| R/W| R/W| R/W,|

o/1 | o/1| 0o/ 0/1| 0/1| o0/1| 0/1 0/1

7:0  Port 4 Pullup Resistor 0: Off
1: On

P5 | P5| P5s| Ps| P5| PS5 P3PS
PLU7|PLUSB| PLUS| PLU4 PLU3 PLU2 PLUL PLUO

R/W | RIW | RIW | RIW| R/W| R/W| R/W| R/W,|

o/1 {0/ | O/ 0O/1| 0/2| o0/1| o0/1 0/

7:0  Port 5 Pullup Resistor 0: Off
1: On

P6 P6 P6 P6
PLU3| PLU2| PLU1| PLUQ

R R R R | RIW| R/W| R/W| R/W

o
o
o
o
o
o
o
o

0 0 0 0 0/1] o/1| o0/1| 0/1

3:0 Port 6 Pullup Resistor 0: Off
1:On

P7 | P7| P7| P7| P7| P7
PLUS|PLU4| PLU3 PLUZ PLU1 PLUD

R/W | RIW| R/IW| R/IW| R/W| R/W

o
o
o
o
o
o
o
o

0 0 0/1| 0/1| O/1| 0O/1| o0/1| 0/

5:0 Port 7 Pullup Resistor 0: Off
1:On
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PAPLU :
X'00FFB4'

Port 4 Pullup
Control Register

8-bit access register

P4PLU controls the port 4 pullup
resistor.

P5PLU :
xX'00FFB5'

Port 5 Pullup
Control Register

8-bit access register

P5PLU controls the port 5 pullup
resistor.

P6PLU :
X'00FFB6'

Port 6 Pullup
Control Register

8-bit access register

P6PLU controls the port 6 pullup
resistor.

P7PLU :
X'00FFB7'

Port 7 Pullup
Control Register

8-bit access register

P7PLU controls the port 7 pullup
resistor.



7 6 5 4 3 2 1 0
P8 | P8 | P8| Pg8| P8 P8 P§ PB
PLU7|PLU6| PLU5 PLU4 PLU3 PLU2 PLUL PLUO
RIW | RIW | RIW | RIW | RIW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
o1 | oa| on| on| o ol o o
7:0  Port 8 Pullup Resistor 0: Off
1: On
7 6 5 4 3 2 1 0
PO | P9 | P9| P9| P9l P9 P9 PH
PLU7|PLU6| PLU5 PLU4 PLU3 PLU2 PLUL PLUO
RIW | RIW | RIW | RIW | RIW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
o1 | om| omn| on| om| ol o o
7:0  Port 9 Pullup Resistor 0: Off
1: On
7 6 5 4 3 2 1 0
PA | PA| PA| PA| PA| PA
PLU5| PLU4|{ PLU3 PLUZ PLU1 PLUD
R | R | RW| RW| RW| RW| RW| RMW|
0 0 0 0 0 0 0 0
0 0 | oa| o| oaf| om| o on
5:0 Port A Pullup Resistor 0: Off
1:On
7 6 5 4 3 2 1 0
reser resery resefv PH PB
ed ed ed | PLUl PLUpD
R | R | RW| RW| RW| RW| RW| RMW|
0 0 0 0 0 0 0 0
0 0 [ oa| o| oaf| o o on
4:2  Reserved Setto 0
1:0 Port B Pullup Resistor 0: Off
1:On

Chapter 11 Appendix

P8PLU :
x'00FFBS8'

Port 8 Pullup
Control Register

8-bit access register

P8PLU controls the port 8 pullup

resistor.

POPLU :
x'00FFBY9'

Port 9 Pullup
Control Register

8-bit access register

POPLU controls the port 9 pullup

resistor.

PAPLU :
X'00FFBA'

Port A Pullup
Control Register

8-bit access register

PAPLU controls the port A

pullup resistor.

PBPLU :
x'00FFBB'

Port B Pullup
Control Register

8-bit access register

PBPLU controls the port B

pullup resistor.
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7 6 5 4 3 2 1 0
PO | PO| PO| PO| POl PO PQ PO
OUT7|0UTE OUTH OUT4 OUT3 OUTR OUTL OUTO
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W|
0 0 0 0 0 0 0 0
0oL | 0| oa| oa| o/a| on| o] o0
7:0  Port 0 Output 0: Output low
1: Output high
7 6 5 4 3 2 1 0
PL| P1| P1| P1| P1 Pl Pl PL
OUT7|0UTE OUTH OUT4 OUTE OUTR OUT[L OUTO
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W|
0 0 0 0 0 0 0 0
0/1 | 01| o/1| 0| o/ o] 01 o0/
7:0  Port 1 Output 0: Output low
1: Output high
7 6 5 4 3 2 1 0
P2 | P2| P2| P2| P2l P2 P2 PR
OUT7|0UTE OUTH OUT4 OUT3 OUTR OUTL OUTO
RIW | RIW | RIW | RIW | RIW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
oL | o/L| o/1| o/1| o] o/1| o/ on
7:0  Port 2 Output 0: Output low
1: Output high
7 6 5 4 3 2 1 0
P3| P3| P3| P3| P3 P3 P3 PB
OUT7|0UTE OUTH OUT4 OUT3 OUTR OUTL OUTO
RIW | RIW | RIW | RIW | RIW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
oL | o/L| o/1| o/1| o] o/1| o/ on
7:0  Port 3 Output 0: Output low
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1: Output high

POOUT :
X'00FFCO'

Port 0 Output
Register

8-bit access register

POOUT sets the data output to
the port 0.

P1OUT :
xX'00FFC1'

Port 1 Output
Register

8-bit access register

P1OUT sets the data output to
the port 1.

P20OUT :
X'00FFC2'

Port 2 Output
Register

8-bit access register

P20UT sets the data output to
the port 2.

P3OUT :
Xx'00FFC3'

Port 3 Output
Register

8-bit access register

P30UT sets the data output to
the port 3.



1: Output high

1: Output high

1: Output high

P4 | P4 | P4| P4l P4l P4 P4 P4
OUT7|0UTE OUTH OUT4 OUTB OUTR OUTLL OUTO
RIW | RIW | RIW | RIW | R/W| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
o1 | o/L| oi| ori| o] oa| o] on
7:0  Port 4 Output 0: Output low
7 6 5 4 3 2 1 0
P5 | P5| P5s| P5| P5| P§ P3 Pb
OUT7|0UTE OUTY OUT4 OUTH OUTR OUTHL OUT0
RIW | RIW | RIW | RIW | RW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
01 | o/L| oiL| o| o1| o] o on
7:0  Port5 Output 0: Output low
7 6 5 4 3 2 1 0
P6 | P6| P6| P6
OUT3|oUT2| OUTY OUT
R| R | R| R |RW RW RW RW,
0 0 0 0 0 0 0 0
0 0 0 o | oa| onr| on| on
3:0 Port 6 Output 0: Output low
7 6 5 4 3 2 1 0
P7 | P7| P7| P7| P7| PT7
OUT5|0UT4 OUT3 OUT2 OUT1 OUTD
R | R | RW| RW| RIW| RW| RIW| RW,
0 0 0 0 0 0 0 0
0 0 |on|on| on| onf onf on
5:0 Port 7 Output 0: Output low

1: Output high
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P4OUT :
X'00FFC4'

Port 4 Output
Register

8-bit access register

P40OUT sets the data output to

the port 4.

P50UT :
X'00FFC5'

Port 5 Output
Register

8-bit access register

P50UT sets the data output to

the port 5.

P6OUT :
x'00FFC6'

Port 6 Output
Register

8-bit access register

PB0OUT sets the data outp
the port 6.

P70OUT :
X'00FFC7'

ut to

Port 7 Output
Register

8-bit access register

P70UT sets the data outp
the port 7.
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7 6 5 4 3 2 1 0
P8 | P8 | P8| P8| P8l Pg P§ P8
OUT7|0UTE OUTH OUT4 OUT3 OUTR OUTL OUTO
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W|
0 0 0 0 0 0 0 0
0oL | 0| oa| oa| o/a| on| o] o0
7:0  Port 8 Output 0: Output low
1: Output high
7 6 5 4 3 2 1 0
PO | PO | P9| P9l P9l P9 PYg PH
OUT7|0UTE OUTH OUT4 OUTE OUTR OUT[L OUTO
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W|
0 0 0 0 0 0 0 0
0/1 | 01| o/1| 0| o/ o] 01 o0/
7:0  Port 9 Output 0: Output low
1: Output high
7 6 5 4 3 2 1 0
PA| PA| PA| PA| PA| PA
OUT5|0UT4 OUT3 OUT2 OUT] OUTP
R | R | RW|RW| RW| RW| RW| RW,
0 0 0 0 0 0 0 0
0 0 |on|oa| on| oaf oaf on
5:0 Port A Output 0: Output low
1: Output high
7 6 5 4 3 2 1 0
reserV resery resefv PH PB
ed ed ed | OUTL OUTP
R | R | R |RW|RW|RW| RW| RW,
0 0 0 0 0 0 0 0
0 0 0| on| on| on| on|l on
4:2  Reserved Setto 0
1:0 Port B Output 0: Output low
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1: Output high

P8OUT :
X'00FFC8'

Port 8 Output
Register

8-bit access register

P8OUT sets the data output to
the port 8.

POOUT :
X'00FFC9'

Port 9 Output
Register

8-bit access register

P9OUT sets the data output to
the port 9.

PAOUT :
X'00FFCA'

Port A Output
Register

8-bit access register

PAOUT sets the data output to
the port A.

PBOUT :
x'00FFCB'

Port B Output
Register

8-bit access register

PBOUT sets the data output to
the port B.



7 6 5 4 3 2 1 0
PO | PO| PO| PO| POl PQ PQ Pp
IN7 | IN6 | IN5 | IN4 | IN3 [ IN2 | INL | INO
R|R|R|R| R| R R| R
Port Port| Port| Porf Por Pont Port Part
01| 0| oa| oa| oa| on| o] o
7:0 Port 0 Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
PL| P1| P1| P1| P1l Pl Pl PL
IN7 | IN6 | IN5 | IN4 | IN3 [ IN2 | INL | INO
R|R|R|R| R| R R| R
Port Port| Port| Porf Por Pont Port Part
01| oa| oa| oa| o/a| o o] o7
7:0 Port 1 Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
P2 | P2| P2| P2| P2| P2 P2 PR
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | INL | INO
R| R | R R| R| R| R| R
Port Port| Port| Porf Por Poit Port Part
o1 | o/1| o/1| o/1| o/a| o/l o/ o
7:0  Port 2 Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
P3| P3| P3| P3| P3| P3 P3 PB
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | INL1 | INO
R| R | R R| R| R| R| R
Port Port| Port| Porf Por Poit Port Part
o1 | o/1| o/1| o/1| o/a| o/l o/ o
7:0 Port 3 Input 0: Input low
1: Input high

Chapter 11 Appendix

POIN :
X'00FFDO’

Port O Input
Register

8-bit access register

POIN reads the port O data.

P1IN :
X'00FFD1'

Port 1 Input
Register

8-bit access register

P1IN reads the port 1 data.

P2IN :
X'00FFD2'

Port 2 Input
Register

8-bit access register

P2IN reads the port 2 data.

P3IN :
X'00FFD3'

Port 3 Input
Register

8-bit access register

P3IN reads the port 3 data.
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P4 | PA| P4| P4| P4l P4 P4 Ph
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO

Port | Port| Port| Port Porf Pont Poft Pqrt
0/1 | 0/ | o/a| o/a| o0/1| o0/1| 0/1 0/1

7:0  Port4 Input 0: Input low
1: Input high

P5 | P5| Ps| P5| P5| P35 P3P
IN7 | IN6 | INS | IN4 | IN3 | IN2 | INL | INO

ot

Port | Port| Port| Port Porf Pont Poft Part
o/1 | 0/ | 0/a| O/a| o/1| o0/1| 0/1 0/1

7:0 Port5 Input 0: Input low
1: Input high

- - | - | P6| Pe| P6| P6
IN3 | IN2 | IN1 | INO

o
o
o
o

Port | Port| Port| Port
0 0 0 0 0/1| 0/1| 0/1] 01

3:0 Port6 Input 0: Input low
1: Input high

- | P | P7| P7| P7| P7| P7 PI
IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO

0 | Port| Port| Portl Porf Porf Polt Port
0 0/1| 0/1| 0/1| 0/1| o0/1| 0/1] 0/1

6:0 Port 7 Input 0: Input low
1: Input high
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P4IN :
X'00FFD4'

Port 4 Input
Register

8-bit access register

P4IN reads the port 4 data.

P5IN :
xX'00FFD5'

Port 5 Input
Register

8-bit access register

P5IN reads the port 5 data.

P6IN :
X'00FFD6’

Port 6 Input
Register

8-bit access register

P6IN reads the port 6 data.

P7IN :
X'00FFD7'

Port 7 Input
Register

8-bit access register

P7IN reads the port 7 data.

The NMI pin input state can be
confirmed by reading the port 76

pin.



7 6 5 4 3 2 1 0
P8 | P8 | P8| P8| P8l Pg P§ P8
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | INL | INO
R|R|R| R| R R| R| R
Port | Port| Port| Porf Porf Pont Poft Part
01| oa| oa| o| o/a| o o0/ o
7:0  Port 8 Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
PO | PO | P9| P9l P9l P9 P9 P
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | INL | INO
R|R|R| R| R R| R| R
Port | Port| Port| Porf Por Pont Port Part
01| 0| oa| o| o/a| o o] o7
7:0 Port9 Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
PA | PA| PA| PA| PA| PA
IN5 | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R| R| R R| R
0 0 Port | Port Port| Por Port  Port
0 0 0 0 | o/1| o1 0/1| o071
5:0 Port A Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
PB | PB
IN1 | INO
R|R|R|R| R| R R| R
0 0 0 0 0 0 | Port | Port
0 0 0 0 0 0| 01| o1
1:0  Port B Input 0: Input low
1: Input high
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P8IN :
X'00FFD8'

Port 8 Input
Register

8-bit access register

P8IN reads the port 8 data.

POIN :
X'00FFD9'

Port 9 Input
Register

8-bit access register

P9IN reads the port 9 data.

PAIN :
xX'00FFDA'

Port A Input
Register

8-bit access register

PAIN reads the port A data.

PBIN :
x'00FFDB'

Port B Input
Register

8-bit access register

PBIN reads the port B data.
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7 6 5 4 3 2 1 0
PO | PO| PO| PO| POl PO PQ PO
DIR7 | DIR6 | DIR5| DIR4| DIR3| DIR2| DIR1| DIR(
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W|
0 0 0 0 0 0 0 0
0oL | 0| oa| oa| o/a| on| o] o0
7:0  Port 0 Input/Output 0: Input
1: Output
7 6 5 4 3 2 1 0
PL| P1| P1| P1| P1 Pl Pl PL
DIR7 | DIR6 | DIR5| DIR4| DIR3| DIR2| DIR1| DIR(
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W|
0 0 0 0 0 0 0 0
0/1 | 01| o/1| 0| o/ o] 01 o0/
7:0  Port 1 Input/Output 0: Input
1: Output
7 6 5 4 3 2 1 0
P2 | P2| P2| P2| P2l P2 P2 PR
DIR7 | DIR6 | DIR5| DIR4| DIR3| DIR2| DIR1| DIR(
RIW | RIW | RIW | RIW | RIW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
o1 | o| oa| o| o/ o oiaf on
7:0  Port 2 Input/Output 0: Input
1: Output
7 6 5 4 3 2 1 0
P3| P3| P3| P3| P3 P3 P3 PB
DIR7 | DIR6 | DIR5| DIR4| DIR3| DIR2| DIR1| DIR(
RIW | RIW | RIW | RIW | RIW| R/W| R/W| R/W,
0 0 0 0 0 0 0 0
o1 | o| oa| o| o/| o o] on
7:0  Port 3 Input/Output 0: Input
1: Output
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PODIR :
x'00FFEO’

Port O Input/Output
Control Register

8-bit access register

PODIR controls the port 0 input/
output.

P1DIR :
X'00FFE1’

Port 1 Input/Output
Control Register

8-bit access register

P1DIR controls the port 1 input/
output.

P2DIR :
X'00FFEZ2'

Port 2 Input/Output
Control Register

8-bit access register

P2DIR controls the port 2 input/
output.

P3DIR :
X'00FFE3'

Port 3 Input/Output
Control Register

8-bit access register

P3DIR controls the port 3 input/
output.
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76| 5| 4] 3| 2] 1] o P4DIR :

P4 | P4| P4| P4l P4l P4 P4 PH ' '
DIR7 | DIR6| DIR5| DIR4| DIR3| DIR2| DIR1| DIR( x'00FFE4
RIW | RIW | RIW | RIW | RIW| RW/| R/W/| RW, Port 4 Input/Output
olo| o o] of of of o :

ot [ o[ on| o] on| on| o] or Control Register

8-bit access register

7:0  Port 4 Input/Output 0: Input _
1: Output P4DIR controls the port 4 input/
output.
7 6 5 4 3 2 1 0 P5 D I R
P5 | P5| P5| P5| P5| P53 P3 P . .
DIR7 | DIR6| DIR5| DIR4| DIR3| DIR2| DIR1 DIRQ X'00FFES5
R/W | RIW | RIW | RIW | R/W| R/W| R/W| R/W Port 5 Input/Output
0 0 0 0 0 0 0 0 .
o | o | o] on| o] o] o] o Control Register

8-bit access register

7:0  Port5 Input/Output 0: Input
1: Output P5DIR controls the port 5 input/
output.

7 6 5 4 3 2 1 0 P6DIR :

P6 | P6| P6| P6 ' '

DIR3 | DIR2| DIR1| DIRO x'00FFEG6
R | R| R | R |RW|RW RW RW, Port 6 Input/Output
oo 0l 0p 9L 94 919 Control Register
0 0 0 0 | o/1| o1 0/1| 0/1

8-bit access register

3:0 Port 6 Input/Output 0: Input
1: Output P6DIR controls the port 6 input/
output.

7 6 5 4 3 2 1 0 P?DlR :

p7 | P7| P7| P7| P7| PT7 ' '

DIR5 | DIR4| DIR3| DIR2| DIR1| DIRO| X'00FFE7
R R | RW| RW| RIW| RW| RW| RW Port 7 Input/Output
°o1 90401 0} 9} 94 91 0O Control Register

0 | o/1| oa| oa| o/a| oia| o g9

8-bit access register

5:0 Port 7 Input/Output 0: Input

1: Output P7DIR controls the port 7 input/

output.
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7 6 5 4 3 2 1 0
P8 | P8 | P8| P8l P8 Pg P8 PB
DIR7 | DIR6 | DIR5 | DIR4| DIR3| DIR2| DIR1 DIR(Q
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W|
0 0 0 0 0 0 0 0
o1 | on| on| oa| on| om| ol o
7:0  Port 8 Input/Output 0: Input
1: Output
7 6 5 4 3 2 1 0
PO | P9 | P9| P9l P9l P9 P9 PH
DIR7 | DIR6 | DIR5| DIR4| DIR3| DIR2| DIR1| DIR(
RIW | RW | RIW | RIW | RIW| R/W| R/W| R/W|
0 0 0 0 0 0 0 0
o1 | on| oa| oa| on| om| ol o
7:0  Port 9 Input/Output 0: Input
1: Output
7 6 5 4 3 2 1 0
PA | PA| PA| PA| PA| PA
DIR5 | DIR4| DIR3| DIR2| DIR1| DIRO|
R | R | RW| RW| RW| RW| RW| RMW,
0 0 0 0 0 0 0 0
0 0 | o/1| o1| o/a| o/A| 0/1] 0/1
5:0 Port A Input/Output 0: Input
1: Output
7 6 5 4 3 2 1 0
reserV resery resefv PH PB
ed ed ed | DIR1 DIR
R | R | R |RW|RW| RW| RW| RW,
0 0 0 0 0 0 0 0
0 0 0 | 0o/1| o/1| o/2| o0/1| o1
4-2  Reserved Setto 0.
1-0  Port B Input/Output 0: Input
1: Output
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P8DIR :
x'00FFES8'

Port 8 Input/Output
Control Register

8-bit access register

P8DIR controls the port 8 input/
output.

PODIR :
xX'00FFE9’

Port 9 Input/Output
Control Register

8-bit access register

PIDIR controls the port 9 input/
output.

PADIR :
X'00FFEA'

Port A Input/Output
Control Register

8-bit access register

PADIR controls the port A input/
output.

PBDIR :
X'00FFEB'

Port B Input/Output
Control Register

8-bit access register

PBDIR controls the port B input/
output.
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7 6 5 4 3 2 1 0 P 0 M D -
- | Po| PO , ,
RIR|RIR|R| R|RW RW Port 0 Mode Register
Processor address/data separate mode 0 0 0 0 0 0 0 1
Processor address/data shared mode 0 0 0 0 0 0
Other modes olojl ol o] o] o 8-bit access register
0 0 0 0 0 0 0/1| 0/1
1:0 PO Input/Output Signal Switch 00: Port POMD sets a signal output to the
01: Data port 0.

10: Address/data shared mode
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7 6 5 4 3 2 1 0
P1 P1 P1 P1 P1 P1 P1
LMD6(LMD5(LMD4 . MD3 LMD2 | MD1 LMDO
R R/W | R/IW| R/IW| R/IW| R/W| R/W| R/W
Processor address/data separate mode (16-bit bus w|dth)0 0 0 0 0
Processor address/data shread mode (8-bit bus widtl]) O 0 0 0 1
Other modes 0 0 0 0 0 0
0 0/1| 0/1| 0/1| 0/1] 0/1] 0/1] 0/

6:5 P12 Input/Output Signal Switch

4 P11 Input/Output Signal Switch

3:2 P10 Input/Output Signal Switch

1:0 P11 Input/Output Signal Switch

480
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00: Port
01: TM11IOA input
10: TM1110A output

0: Port
1: Reserved

00: Port
01: TM8IOB input
10: TM8IOB output

00: Port/each funtion
01: Data output
10: Address/data shared mode

P1LMD :
X'00FFF2'
Port 1 Mode Register L

8-bit access register

P1LMD sets a signal output to
the port 1.

When P1 is used as a port or an
input/output pin of each periph-
eral function, always set
P1LMD[1:0] to 00.



PL| PL| PL| P1| P Pl Pl P

HMD7|HMD6{HMD5HMD4HMD3{HMD2|HMD1|HMDO|
RIW | RIW | RIW | RIW | RW| R/W| R/W| R/W,

0 0 0 0 0 0 0 0

o/ | o/L| o| om| o] oa| o on

7 P17 Input/Output Signal Switch

6:5 P16 Input/Output Signal Switch

4:3 P15 Input/Output Signal Switch

2 P14 Input/Output Signal Switch

1:0 P13 Input/Output Signal Switch

0: Port
1: TM12IC input

00: Port
01: TM12IOB input
10: TM12I0B output

00: Port
01: TM12IOA input
10: TM12I0A output

0: Port
1: TM11IC input

00: Port
01: TM11IOB input
10: TM1110B output

Chapter 11 Appendix

P1HMD :
X'00FFF3'
Port 1 Mode Register H

8-bit access register

P1HMD sets a signal output to
the port 1.

When P1 is used as a port or an
input/output pin of each periph-
eral function, always set
P1LMDI[1:0] to 00.
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7 6 5 4 3 2 1 0
P2 - P2 | P2| P2| P2 - P2
MD7 MD5 | MD4 | MD3 | MD2 MDO
R/W R R/W | R/IW| R/IW| R/W R R/W,|
Processor address/data separate mode 0 0 0 0 0 0 0 1
Other modes 0 0 0 0 0 0 0 0
0/1 0 0/1| 0/1| 0/1| O0/1 0 0/1]

3.2

482

P24 Input/Output Signal Switch

P22 Input/Output Signal Switch

P21 Input/Output Signal Switch

P20 Input/Output Signal Switch

P2 Input/Output Signal Switch

MN102H60G/60K/F60G/F60K

0: Port
: TM15IA input
(cannot use P56 as TM15IA input)

[EnY

0: Port
: SBO2 output

[EnY

0: Port
: SBI2 input
(cannot use P82 as SBI2 input)

Iy

00: Port
01: SBT2 input
(cannot use P60 as SBT2 input)
10: SBT2 half-duplex output
11: SBT2 output

0: Port/each Function
1: Address

P2MD :
X'00FFF1'

Port 2 Mode Register

8-bit access register

P2MD sets a signal output to the
port 2.

P23, P25, P26 and P27 can be
used as ports if P2MDO is set to
0. When P2 is uesed as a port or
an input/output pin of each pe-
ripheral function, P2MDO is al-
ways set to 0.



7 6 5 4 3 2 1 0
P3| P3| P3| P3| P3 P3 P3 PB
LMD7|LMD6 LMD5 L MD4 | MD3 L MD2 LMD1 LMDO
R/W | RIW | RIW | RIW | RIW| R/W| RIW| R/W|
Processor address/data separate mode 0 1 0 1 0 1 0 1
Other modes 0 0 0 0 0 0 0 0
o1 | oa| omn| omn| o ol ol on
7:6 P33 Input/Output Signal Switch 00: Port
01: A11 output
10: /KI3 input
5:4 P32 Input/Output Signal Switch 00: Port
01: A10 output
10: /KI2 input
3:2 P31 Input/Output Signal Switch 00: Port
01: A9 output
10: /KI1 input
1:0 P30 Input/Output Signal Switch 00: Port
01: A8 output
10: /KIO input

Chapter 11 Appendix

P3LMD :
X'00FFF4'

Port 3 Mode Register L

8-bit access register

P3LMD sets a signal output to

the port 3.
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7 6 5 4 3 2 1 0
P3| P3| P3| P3| P3| P3 P3 P
HMD?7|HMD6HMD5{HMD4HMD3HMD2 [HMD1|HMDQ
R/W | RIW | RIW | RIW| RW| R/W| RW| R/W|
Processor address/data separate mode 0 1 0 1 0 1 0 1
Other modes 0 0 0 0 0 0 0 0
o1 | oa| on| on| o ol o o
7:6 P37 Input/Output Signal Switch 00: Port
01: A15 output
10: /KI7 input
5:4 P36 Input/Output Signal Switch 00: Port
01: Al14 output
10: /KI6 input
3:2 P35 Input/Output Signal Switch 00: Port
01: A13 output
10: /KI5 input
1:0 P34 Input/Output Signal Switch 00: Port
01: A12 output
10: /KI4 input
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P3HMD :
X'O0FFF5'
Port 3 Mode Register H

8-bit access register

P3HMD sets a signal output to
the port 3.



7 6 5 4 3 2 1 0
P4 | P4| P4a| P4l P4 P4 P4 P
LMD7 [LMD6 LMD5 L. MD4 | MD3 | MD2 [MD1 [MDO
RIW | RIW | RIW | RIW | RIW | R/W| R/W| R/W,
Processor mode 0 1 0 1 1 1 1 1
Other modes 0 0 0 0 0 0 0 0
01| o/a| oa| o] o/a| ol 0/ o/
7:6 P45 Input/Output Signal Switch 00: Port
01: A21 output
10: AN5
5:4 P44 Input/Output Signal Switch 00: Port
01: A20 output
10: AN4
3 P43 Input/Output Signal Switch 0: Port
1: A19 output
2 P42 Input/Output Signal Switch 0: Port
1: A18 output
1 P41 Input/Output Signal Switch 0: Port
1: A17 output
0 P40 Input/Output Signal Switch 0: Port
1: A16 output

Chapter 11 Appendix

P4LMD :
X'00FFF6'
Port 4 Mode Register L

8-bit access register

P4LMD sets a signal output to
the port 4.
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7 6 5 4 3 2 1 0
P4 | P4A| P4| P4
HMD3HMD2 |[HMD1|HMDO
R R R R R/W| R/W| R/W| R/W|
Processor mode 0 0 0 0 0 1 0 1
Other modes 0 0 0 0 0 0 0 0
0 0 0 0 0/1| 0/1| 0/1] 01
3:2 P47 Input/Output Signal Switch 00: Port
01: A23 output
10: AN7

1:0 P46 Input/Output Signal Switch

486
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11: WDOUT output

00: Port
01: A22 output
10: AN6
11: STOP output

P4HMD :
X'O0FFF7'
Port 4 Mode Register H

8-bit access register

P4HMD sets a signal output to
the port 4.



7 6 5 4 3 2 1 0
Ps | P5| P5| P5| P5| P5 P§ Pb
LMD7|LMD6 LMD5 L MD4 | MD3 L MD2 LMD1 LMDO
R/W | RIW | RIW | RIW | RIW| R/W| RIW| R/W|
Processor mode 0 1 0 1 0 1 0 1
Other modes 0 0 0 0 0 0 0 0
o1 | oa| omn| omn| o ol ol on
7:6 P53 Input/Output Signal Switch 00: Port
01: /CS3 output
10: TM140B output
5:4 P52 Input/Output Signal Switch 00: Port
01: /CS2 output
10: TM140A output
3:2 P51 Input/Output Signal Switch 00: Port
01: /CS1 output
10: TM130B output
1:0 P50 Input/Output Signal Switch 00: Port
01: /CSO0 output
10: TM130A output

Chapter 11 Appendix

P5LMD :
X'00FFF8'

Port 5 Mode Register L

8-bit access register

P5LMD sets a signal output to

the port 5.
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P5HMD :
X'00FFF9'

7 6 5 4 3 2 1 0

- Ps | P5| P5| P5| P5

HMD4HMD3HMD2HMD1{HMDOQ

R R R/W| R/IW| R/IW| R/W| R/W,|
Processor address/data separate moge O 0 0
Processor address/data shared mode 0 0
Other modes 0 0 0

0 0 0 0/1| 0/1| 0/1| 0/1] 0/1

4:2 P56 Input/Output Signal Switch 000: Port

1 P55 Input/Output Signal Switch

0 P54 Input/Output Signal Switch
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001: ALE output
010: /ALE output
011: /BSTRE output
100: TM15IA

0:

1: /BRACK output

0:

(cannot use P24 as TM15IA input)

Port

Port

1: /BREQ input

Port 5 Mode Register H

8-bit access register

P5HMD sets a signal output to
the port 5.



P6 | P6 | P6| P6| P68 Pg
MD5 | MD4 | MD3| MD2 MD1 MDO
R R R/W | R/IW | R/IW| RIW| R/W| R/W,|
Processor mode (16-bit) 0 0 1
Processor mode (8-bit) 0 0 0
Other modes 0 0 0
0 0 0/1| O0/1| 0/1| 0/1| 0/1] 0/1

5 P63 Input/Output Signal Switch

4 P62 Input/Output Signal Switch

3 P61 Input/Output Signal Switch

2:0 P60 Input/Output Signal Switch

0: Port
: IWEH (/WE) output

[EnY

0: Port
: IWEL output

[EnY

0: Port
: IRE output

[EnY

000: Port
001: WAIT input
010: SBT2 input
(cannot use P20 as SBT2 input)
011: SBT2 output
100: SBT2 half-duplex output

Chapter 11 Appendix

P6MD :
x'00FFFF'
Port 6 Mode Register

8-bit access register

P6MD sets a signal output to the
port 6.
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7 6 5 4 | 3 2 1 0
P7 | P7T| P7| P7| P7| P7 PT
LMD6|LMD5 [LMD4 | MD3 | MD2 | MD1 LMDO

R | R/W | RW | RW| RW| RW| RW| RW,
0 0 0 0 0 0 0 0
o |on|on| on| on| oa| on| ol

6:5 P72 Input/Output Signal Switch

4:3 P71 Input/Output Signal Switch

2:0 P70 Input/Output Signal Switch
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00:
: SBOO output
10:

01

00:
01:
10:
11:

Port

UCAS output

Port

SBIO input
LCAS output
CAS output

000: Port
001: SBTO input

010: SBTO output
011: SBTO half-duplex output

101: RAS output

P7LMD :
X'O0FFFA'
Port 7 Mode Register L

8-bit access register

P7LMD sets a signal output to
the port 7.
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7 6 5 4 3 2 1 0 P 7 H M D .
P7 P7 P7 P7 P7 P7 P17 ' '
HMD6{HMD5HMD4|HMD3HMD2|HMD1HMDO X OOFFFB
R R/W | RIW | R/IW| RIW| R/W| R/W| R/W,| Port 7 MOde Register H
0 0 0 0 0 0 0 0
0 0/1| 01| O/1| 01 0/1| 0/1] o0/

8-bit access register

6:5 P75 Input/Output Signal Switch 00: Port

01: SBO1 output
P7HMD sets a signal output to

4:3 P74 Input/Output Signal Switch 00: Port the port 7.

01: SBI1 input

2:0 P73 Input/Output Signal Switch 000: Port
001: SBT1 input
010: SBT1 output
011: SBT1 half-duplex output
100: /DMUX output
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7 6 5 4 | 3 2 1 0

P8 | P8 | P8| P8| P8

LMD4(LMD3|LMD2 LMD1 | MDO

R | R | R |RW|RW|RW| RW| RW,

0 0 0 0 0 0 0 0

0 0 0 | on| on| on| on| on
4:2 P82 Input/Output Signal Switch

1

0

492

P81 Input/Output Signal Switch

P80 Input/Output Signal Switch

MN102H60G/60K/F60G/F60K

000:
001:
010:
011:
100:
101:
110:

Port

TMOIO input, SBT3 input
TMOIO output

SBT3 output

SBT3 half-duplex output

SBT3 open drain output

SBT2 input

(cannot use P21 as SBI2 input)

0: Port
1: TM140B output

0: Port
1: TM140A output

PBLMD :
xX'00FFFC'
Port 8 Mode Register L

8-bit access register

P8LMD sets a signal output to
the port 8.
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7 6 5 4 3 2 1 0 P8 M M D .
P8 P8 P8 P8 P8 P8 P4 P8 ' '
MMD7MMD6 MMD5MMD4MMD3 MMD2MMD1NIMDO X OOFFFD
R/W | RIW | RIW | RIW| R/IW| R/W| R/W| R/W,| Port 8 MOde Register M
0 0 0 0 0 0 0 0
0/1 | 01| O1| 0/1| 0O/1| o0/1] 0/1 0/1

8-bit access register

7:5 P85 Input/Output Signal Switch 000: Port
001: TM9IOA input, SBT4 input
010: TM9IOA output P8MMD sets a signal output to
011: SBT4 output the port 8.
100: SBT4 half-duplex output
101: SBT4 open drain output
110: SBO2 output

4:2 P84 Input/Output Signal Switch 000: Port
001: TM7IO input
010: TM7IO output
011: SBOS3 output
100: SBD3 open drain input/output

1:0 P83 Input/Output Signal Switch 00: Port
01: TM4IO input, SBI3 input
10: TM4IO output
11: Reserved
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7 6 5 4 3 2 1 0
P8 | P8 | P8| P8
HMD3HMD2|HMD1|HMDO

R | R| R | R |RW|RW RW RW,

0 0 0 0 0 0 0 0

0 0 0 o | oa| o] om| on

3:2 P87 Input/Output Signal Switch

1:0 P86 Input/Output Signal Switch
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00:
01:
10:
11:

00:
01:
10:

Port

SBO4 output

SBD4 open drain output, SBD4 input
TMOIC input

Port
TM9IOB input, SBI4 input
TMO9IOB output

P8HMD :
X'00FFFE'

Port 8 Mode Register H

8-bit access register

P8HMD sets a signal output to
the port 8.



PO | PO | P9| P9| P9 P9 P
LMD7|LMD6 [LMDS | MD4 | MD3 | MD1 LMDO
RIW | RIW | RIW | RIW | R/W RIW| RIW
0 0 0 0 0 0 0
0/1 | o/L | o/L| oiL| onL o1 o/
7:6 P92 Input/Output Signal Switch
5:3 P91 Input/Output Signal Switch
1:0 P90 Input/Output Signal Switch

Chapter 11 Appendix

POLMD :
X'00FFEC'
Port 9 Mode Register L

8-bit access register

00: Port
01: TM10IOB input,/ DMAREQO input

10: TM10I0OB output POLMD sets a signal output to

the port 9.

000: Port

001: TM10IOA input
010: TM10IOA output
011: BIBT2 output

100: /DMAACK1 output

00: Port

01: TM8IOA input, / DMAREQL1 input
10: TM8IOA output

11: BIBT1 output
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7 6 5 4 3 2 1 0 Pg H M D
P9 P9 P9 P9 P9 P9 P9 P9 ' '
HMD7HMD6{HMD5|HMD4(HMD3|HMD2|HMD1{HMDOQ X OOFFED

R/W | RIW | RIW | RIW | R/W| R/W| R/W| R/W| POI’T 9 Mode RegISter H

o/1 | o0/ | 01| O/1| 0/1| o0/1] 0/1 0/1

8-bit access register

7 P94 LED Drive Select 0: Disable
1: Enable
PO9HMD sets a signal output to
6 P93 LED Drive Select 0: Disable the port 9.
1: Enable

5 P97 Input/Output Signal Switch 0: Port
1: AN3 input

4 P96 Input/Output Signal Switch 0: Port
1: AN2 input

3 P95 Input/Output Signal Switch 0: Port
1: AN1 input

2 P94 Input/Output Signal Switch 0: Port
1: ANO input

1:0 P93 Input/Output Signal Switch 00: Port

01: TM10IC input
10: /DMAACKO output
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PAMD :
PA | PA | PA| PA| PA , ,
MD4 | MD3 | MD2 | MD1 | MDO X'00FFDC

o

R | R | RwW| RW| RW| RW|[ RW, Port A Mode Register

o
o
o
o
o

o
o

0 0 0/1| 0/1| 0/1| 0/1| 0/1

8-bit access register

PA4 Input/Output Signal Switch 0: Port

1: /IRQ4 input or TM15IB input
PAMD sets a signal output to the

PA3 Input/Output Signal Switch 0: Port port A.
1: /IRQ3 input

PA2 Input/Output Signal Switch 0: Port
1: /IRQ2 input

PA1 Input/Output Signal Switch 0: Port
1: /IRQ1 input

PAO Input/Output Signal Switch 0: Port
1: /IRQO input

6 5 4 3 2 1 0

PBMD :
reserV resery resefv reserv. PB PB AB

ed | ed | ed| ed| MD2 MD]1 MD X'00FFDD'

R/W | RIW | RIW| R/W| R/W| R/W| R/W,

Port B Mode Register m
0 0 0 1 1 0 1
o/1| 01| O/1| 011 0/1| 0/1] o0/1

8-bit access register

Reserved Setto 0

Reserved Setto 1 PBMD sets a signal output to the
port B.

PB1 Input/Output Signal Switch 0: Port
1: Xl input

PBO Input/Output Signal Switch 00: Port
01: BOSC output
10: BIBT1 output
11: BIBT2 output

MN102H60G/60K/F60G/F60K 497



Chapter 11 Appendix

“Pa193Jas SI SUORIUN, A dU} UBUM JaisIBal a1edwod sy 4O JayNg S|gnop € Se Pasn si JaisiBal SIYL “dlIM Jou peal Jayyau jouues 1aisibal SiyL : [
“uondNASUI XAOIN 84} 10 UonoNAIsul AOIN 8Ul 8sn  uoiesado ajum Buunp ssad9e ig-4z 10 1G-9T : [
“UORONAISUI AOW Y1 8sn  uonesado ajm Buunp ssasoe 1g-9T : [
‘uondNASUl GAOI dU) 8SN  SS899€e G- © [
LOPOS GULYOS | ¥LSPOS : ! paniasal PanIasal ; panaSa! m : 0va-00.X
0 'O ! : : : " _ _
30epIOM| [BHAS ¥10208 m__ummom ! mkmwow ¥10£0S m&mum mmhmmom .060-00.X
¥1000S g4100S ! d1S00S ! ' 1DTOS qd110S ! ¥1STOS ! ! ,084400.X
O 0 : : 0 : O " :
" HLSQTLT ! " "
[ ¥Lous [ ANOTL3 n 1ousTI3 HOYSTL3 | g “sdrd ' " | ,05a400.X
o3 H1SQ0L3 |
[ 81013 [ iNo0L3 n 1ousol3 HOYS0L3 : g 1sdold ' " ,07a-00.x
: H1SQELY ! j
0 dLOELY q Inoely ) 1ouseLy _._ommmz" g LSdelY SAELY | " " ,0£a400.X
" HLSQZLY | " "
q ¥Lozy o Nozly 5 TouszLy HOYSZLY | g usaely Sde " " " .02a-400.x
oY 1SaTLY HISQTLY | :
0 H10TLVY 0 INOTLVY 0 104STLY Iow_wﬁ.:\" 0 ' ! ' ,0TAa4d00.x
q ¥LooLY 1 LNooLy ) Tous0LY HOMSOLY | ) TisaoLy HLSQ0LY | 000400X
[0Au0D walshs Josts 08 Hosay | g e HT8aY | ._m_Bm_o< ; m m .002400X
ouLOYI OULATN HLOADN SER m m : 092400
DILPOS | HOLLYOS | 1D1IS | HORMYOS | 1010013 | HOI0D13 | 1DITOLT | HOITOLI | 1DI0LY | HOIOLY | TOITLY | HOITLY | DIZLY | HOIZLY | TDIELY | HOIELY OYI=H00X
0 ‘0 0 'O 0 'O o !0 0 o 0 ‘0 0 C 0 0 v 0 : _
7DIL09S | HOLLODS | 10100 | HORIDS | TOLLTIS | HOLLTOS | TORITOS | HOIMTOS | TOLLZDS | HOILZOS | TORZOS | HOREZOS | 1DILEDS | HOILEDS | TOIEDS | HORIEDS 060400.X
0 0 0 0 O 0 0 0 0 0 O 'O 0 ' 0 0 o : _
0IQY | HOIQY | TOINGWL | HOINIWL [TOINZTWLIHOINZ TN TOIVZTINLIHOIVZTWL| TOINZINL | HOINZINL | T0ISZTINLIHOIBZTINL m " 089400.X
siaisiBey | O | 0 0 0O 0 0 0 0 O o 0 " m _ _
10AU0D MBI 58 o1pd1 | T0INPINL | HOINPINL [TOIB0TWLIHOISOTNATOINTINLHOINTIWY 101+ HOIY | T0INSIAL | HOINGIL TOIVTTNLHOIVITIL| 1DISTTLIHOIBTTAL 029400
0 ig 0 0 0 'O 0 .0 o ip i o0 0o 0 D : :
701201 | HOIZO! | 1DINZAL | HOINZWL | TOIVBINL | HOIVEIL | 1DIS6IL | HOIBGL | TDIEDI | HOIEDI | TOINEIL} HOINEL [TOINOTILIHOINOTIL| 1DIVOTILHOIVOTAL 099400
0 v 0 O [ 0 ' 0 0 v 0 0 ' 0 g 0 g g 0 0 ' '
01001 ! HOIODI | TOINOWL | HOINOW.L | TOINIALL } HOINBWL | TOIVBINL | HOIVEINL | TOITOI | HOITDI | T0INTIAL | HOINTWL | TOIEBIL | HOIBBINL | TOINGIL | HOINGINL .
0 IO 0 i0 0 i 0 i 0o o 0 o0 0 0 O : _
HOINN m paAlasal d21aM m paniasal dOINN m panlasal do113 m panlasal paniasal ponasal “ " .OVOH_OO.X
] ! a ' 0 ! 0 ' ' |
SI915169Y [03U0D [euIBI| ANdD paniasal paniasal paniasal yo43 paniasal paniasal HovI ,000400.X
m m m m m m m m $1d 0z saddn
0 T ¢ e | vis | 9i s |86 | Vvigl|l ool a L

SNg ¥ 1amo

deN ssaIppy M094/9094/409/909HZOTNIN  2-2-TT

MN102H60G/60K/F60G/F60K

498



Chapter 11 Appendix

SQ ¥ Jomo]

"pa103[as SI suonouNy WA 8y} uaym Ja1siBal a1edwod sy 4o JaPNg a|qnop & Se pasn si JaisiBal iYL "8lIM JoU peal Jayisu Jouues JaisiBal siyl : [
"uoRINAISUL XAOIN 8Y} J0 UOIONISUI AOI Y} SN UoleIado aium Bulnp ssadoe G-tz 10 10-9T : [
‘uonoNAISUI AO 8yl 8sn  uopesado anm Buunp ssaooe 1q-9T : [
"uoRONAISUI GAOIN 84} SN SS320B UG-8 : []
awod | QWzd | OWTTd © QWHTd | QWIed | QWHEd | QWTvd | QWHY | OWISd | QWHSd | OWTZd | QWHZd | QWT8d | QWW8d | dWHed i awed | ,044400.X
o0 O 0 i 0 i 0 O 0 O o i o O o 0
¥idod | ¥IATd | MIdzd | MIGEd | MiGbd | MIGSd | Mid9d | ¥IdLd | Midsd i MId6d | Midvd | MIdSd | QWI6d | QWHGd 034400
O O s 0 0 0 'O 0 D o iQ O 'O "
[ONUOD MOd | Niod | NITd | Ned | Nied | Niwd ! NSd | Ned ! Nid | Nigd | NI6d | Nivd | Nigd | QAvd | awad .0a-4400.X
0 'O g g 0 Hil 0 g g 'O 0 i a 0 !
1n00d | LNOTd | 1nOzd ! 1nOgd | INOvd ! 1NOSd | 1N09d | LNOid | 1nosd ! 1NOed | Lnovd | 1nogd Mmsal HMSET 004400X
d 0 d d d 0 d 0 d | a d
N1dod ¢ NIdTd | Nldzd | Nded | Nidvd | NIdSd | Nided § NdZd | Ndgd | NIdéd | Ndvd © Nidad Msad HMSEd | .094400.X
] 0 0 0 0 0 0 0 d 0 0 0 i
TAWNYHa DNDE_zdin_ ' m m ' paniasal paAniasal .064400.X
jonuod |_H " : : : _
AlowsN NdD 0 anmx3 DS_zs_m_z 0 ZAWNEIN 0 39033y 0 39033IM 0 39033V m_mo<xa_>_ . ,084400.X
paniesal paniasal panIasal paniasal paniesal paniasal paniasal paniasal ,02.4400.X
panIasal panlasal m m m m m i ,074400.X
ANgYNY 4NFSNY 4NFINY 4N8NY .0T4-400X
1audAu0D Ay : . . : :
HLONY : pansasal m ANE0NY 4N8INY 4ngzNY dngeny .004400.X
AWSTIL 08STAL VOSTINL " " 003400
AWZTNL OHZTNL VOZTINL [ XvOeTNL 802TAL [ X80zTNL panIasal : ,003400.X
aWTTL OgTTAL VOTTIL O XVOTTNL 8OTTNL [X8OTTAL paniasal 093400
1
SsJawWil Ug-9T awoTiL OH0TINL VOOTNL [ XVOO0TAL 800TIL [X800TNL paniasal N_un__zoﬁ_\,F. .0v3400.X
ANBWL 6L VOBINL 0 XVOBNL 9061 0 XEO6NL panlesal _Mn__zms_._.m ,063400.X
awsmL og8NL vOBINL [ XVO8NL 8081 [ X808NL paniasal mn__zws_t .083400.X
| m | m | m m m 0€3400X
QWOWL ! QWTWL | QWZWL! QWEWL | QWPWL! QWSWL| QWOWL: QWZWL | QWETWL! QWPTIL " " %
0 i 0 0 0 0 o 0 0 D " " " 023400,
o | MEOWL ! METAL | ¥EZNL | ¥ESWL | MaYWL ! ¥ESWL | MEOWL ! NA/WL | MEETWL! ¥SyTWL| SOSTAL! SOPTAL X
SIBWILUGS | b0 o 0 o 0 o 0 0 0 0 L0 " " 01300
DHOWL ! DSTWL | OHZNL: DSEWL | OSYWL' OSSWL | DSOWL ! OBZNL | DEETWL! DEYTWL| VOSTAL! VOVTWL " 003400.X
o 0 g i0 g 0 o 0 oD oo " " _ _
j ] i | i | | ' Shd 0z Jaddn
o . T ¢ € vy S 9 ! /L 8 | 6 v 4 S 0 ¢ a4 3 . 4

499

MN102H60G/60K/F60G/F60K



Chapter 11 Appendix

11-2-3 List of Pin Functions

EO = External Oscillation

500

MN102H60G/60K/F60G/F60K

Pin Name Input Level |Output Level| Schumitt Pull-up T\JE)tSeElT F,e\lEtSeEzT ?\EtseE; BREQ="L" STOP/HALT
1 P60,WAIT TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0
2 P61,/RE TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at IRE 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 /ICS2
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 Programmable Hi-Z Hi-Z Hi-Z Low 0
10 P55,/BRACK TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Low 0
11 |p56 ALE,/ALE,/BSTRE, TTL CMOs Yes Programmable Hi-Z Hi-Z Low Hi-Z except P56 | Hi-Z except P56
12 P57,/WORD TTL CMOS Yes Programmable Hi-z Hi-Z Hi-Z 0 u
13 P20,A00 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at AO0 Hi-Z at AOO
14 P21,A01 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at AO1 Hi-Z at AO1
15 P22,A02 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A02 Hi-Z at A02
16 P23,A03 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at AO3 Hi-Z at AO3
17 VDD - - - - - - - - -
18 BOSC TTL CMOS Yes Programmable Low Low Low 0 Note 4
19 VSS - - - - - - - - -
20 X CMOS - - - - - - - -
21 X0 - - - - High (EO) High (EO) | High (EO) ] Note 5
22 VDD - - - - - - - - -
23 OSCl CMOS - - - - - - - -
24 0SCO - - - - High (EO) High (EO) | High (EO) ] Note 6
25 MODE CMOS - Yes No High (Input) | High (Input) | High (Input) MODE MODE
26 P24,A04 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A04 Hi-Z at A04
27 P25,A05 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A0S Hi-Z at A05
28 P26,A06 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A06 Hi-Z at A06
29 P27,A07 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at AO7 Hi-Z at AO7
30 P30,A08 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A08 Hi-Z at A08
31 P31,A09 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A09 Hi-Z at A09
32 P32,A10 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A10 Hi-Z at A10
33 P33,A11 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A1l Hi-Z at A11
34 AVDD - - - - - - - - -
35 P34,A12 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A12 Hi-Z at A12
36 P35,A13 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A13 Hi-Z at A13
37 P36,A14 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A14 Hi-Z at A14
38 P37,A15 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at A15 Hi-Z at A15
39 P40,A16 TTL CMOS Yes Programmable Hi-Z Undefined | Undefined Hi-Z at A16 Hi-Z at A16
40 P41,A17 TTL CMOS Yes Programmable Hi-Z Undefined | Undefined Hi-Z at A17 Hi-Z at A17
41 P42,A18 TTL CMOS Yes Programmable Hi-Z Undefined | Undefined Hi-Z at A18 Hi-Z at A18
42 P43,A19 TTL CMOS Yes Programmable Hi-z Undefined | Undefined Hi-Z at A19 Hi-Z at A19
43 Vref- - - - - - - - - -
44 P44,A20,AN4 Analog,CMOS CMOS No Programmable Hi-Z Undefined | Undefined Hi-Z at A20 Hi-Z at A20
45 P45,A21,AN5 Analog,CMOS CMOS No Programmable Hi-Z Undefined | Undefined Hi-Z at A21 Hi-Z at A21
46 | P46,A22,STOP,AN6 | Analog,CMOS CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A22 Hi-Z at A22
47 | P47,A23,WDOUT,AN7 | Analog,CMOS CMOS No Programmable Hi-Z Hi-Z Hi-Z Hi-Z at A23 Hi-Z at A23
48 P80,DACO TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 u]
49 P81,DAC1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0
50 P82,TM210 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O o
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51 P83,TM310 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z |

52 P84,TM410 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O

53 P85,TM5I0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O 0

54 Vref+ - - - - - - - - -

55 P86,TM6I0A TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z | 0

56 P87,TM610B TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a

57 P90,TM6IC TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O 0

58 P91,TM7I0A TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0

59 P92,TM7I10B TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O u]

60 P93,TM7IC TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a

61 AVSS - - - - - - - - -

62 P94,ANO Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0

63 P95,AN1 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a

64 P96,AN2 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a

65 P97,AN3 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O u]

66 VDD - - - - - - - - -

67 P70,SBTO TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a

68 P71,SBIO TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O u]

69 P72,SBO0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O 0O

70 P73,SBT1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0

71 P74,SBI1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a

72 P75,SBO1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O u]

73 Pull-up - - - - - - - - -

74 Pull-up - - - - - - - - -

75 INMI CMOS - Yes No INMI INMI INMI INMI INMI

76 PA0,/IRQO TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * 0

77 PAL1,/IRQ1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O 0O

78 PA2,/IRQ2 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0

79 PA3,/IRQ3 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a

80 PA4,/IRQ4 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O 0

81 PA5,ADSEP TTL CMOS Yes Programmable Hi-Z High (Input) | Low (Input) 0 0

82 IRST CMOS - Yes No Low (Input) Low (Input) | Low (Input) High High

83 VDD - - - - - - - - -

84 P00,D00,ADO0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P00 | Hi-Z excapt POO
85 P01,D01,AD01 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt PO1 | Hi-Z excapt P01
86 P02,002,AD02 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P02 | Hi-Z excapt P02
87 P03,D03,AD03 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P03 | Hi-Z excapt P03
88 P04,D04,AD04 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P04 | Hi-Z excapt P04
89 P05,D05,AD05 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P05 | Hi-Z excapt P05
90 P06,D06,AD06 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P06 | Hi-Z excapt P06
91 P07,D07,ADO7 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P07 | Hi-Z excapt P07
92 VSS - - - - - - - - -

93 P10,D08,AD08 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P10 | Hi-Z excapt P10
94 P11,D09,AD09 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P11 | Hi-Z excapt P11
95 P12,010,AD10 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P12 | Hi-Z excapt P12
96 P13,D11,AD11 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P13 | Hi-Z excapt P13
97 P14,012,AD12 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P14 | Hi-Z excapt P14
98 P15,D13,AD13 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P15 | Hi-Z excapt P15
99 P16,D14,AD14 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P16 | Hi-Z excapt P16
100 P17,D15,AD15 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P17 | Hi-Z excapt P17

0 : Depends on pin setting

Note 1: Single-chip mode

Note 3: Processor mode (address/data shared mode)

Note 5: High during STOPO0/1 mode

Note 2: Processor mode (address/data separated mode)

Note 4: Low during STOPO0/1 mode
Note 6: High during STOPO0/1, HALT1 mode

MN102H60G/60K/F60G/FE60K
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11-3

Initialization Program

After reset, the initialization program must be located in the external

memory space 0 (x'000000' to x'3FFFFF).

; Initialization Program

int equ *

; Register Initialization
sub  d0,d0
mov d0,d1
mov d0,d2

mov d0,d3
mov d0,a0
mov d0,al
mov d0,a2

mov STACK TOP,a3—
mov  dO,mdr

; Memory Mode Setting
mov EXW_INT,d0

mov  d0,(Exwmd)
mov MEMZ1_INIT,dO
mov  d0,(Memmd1)

mov  MEM2_INIT,dO

mov  d0,(Memmd2)
mov DRAMZ1_INIT,dO
mov  dO,(Drammdl)y—

mov DRAMZ2_INIT,dO
mov dO0,(Drammd2)—
; Other Setting

; Interrupt Enable
mov INIT_PSW,dO

mov  dO,psw

MN102H60G/60K/F60G/F60K

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.)

Set the number of waits for
external memory space.
Select the external memory
bus width.

Set the mode such as burst
ROM mode.

Set the DRAM mode.

Recommend to initialize the
port in this step.
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11-4 Flash EEPROM Version

11-4-1 Overview

The MN102HF60G has 128-Kbyte electrically erasable/programmable
flash EEPROM, while the MN102HF60K has 256-Kbyte electrically
erasable/programmable flash EEPROM.

The MN102HF60G has two modes: PROM writer mode which uses a
dedicated writer and onboard serial programming mode which the CPU
controls.

The 128-Kbyte flash memory in the MN102HF60G and the 256-Kbyte flash memory
in the MN102HF60K are divided into two spaces as follows:

¢ The load program area (x'80000' - x'807FF") in the MN102HF60G or
MN102HF60K stores the load program for serial programming. The load program
area is hardware-protected, and can only be programmed in PROM writer mode.

¢ MN102HF60G firm area (126 Kbytes: x'80800' - X'9FFFF")
MN102HF60K firm area (254 Kbytes: x'80800' - X' BFFFF")
The firm area stores the user program.This area can be programmed in both PROM
writer mode and onboard serial programming mode.

The operation is guaranteed with up to thirty programming.

504 MN102H60G/60K/F60G/F60K
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The on-chip flash EEPROM memory maps (block divisions) are shown in the figures

below.

x'80000'
X'80400'
X'80800'
X'80C00'
X'81000'

X'90000'

X'9F000'
X'9F400'
X'9F800'

X'9FCO0
X9FFFF'

Blockl : 1 Kbyte

Load Program Area
Block2 : 1 Kbyte

Block3 : 1 Kbyte

Block4 : 1 Kbyte

Block5 : 60 Kbyte

Firm Area

Block6 : 60 Kbyte

Block?7 : 1 Kbyte

Block8 : 1 Kbyte

Block9 : 1 Kbyte

Block10 : 1 Kbyte

Figure 11-4-1 MN102HF60G EEPROM Memory Map

x'80000'
X'80400'
X'80800'
X'80C00'
X'81000'

X'90000'

X'9F000'

X'A0000'

X'A1000'

X'BO000!

X'BF00Q'
X'BF400'
X'BF800'

X'BFCO0'
X BFFFF'

Blockl : 1 Kbyte

Load Program Area
Block2 : 1 Kbyte

Block3 : 1 Kbyte

Block4 : 1 Kbyte

Block5 : 60 Kbyte

Block6 : 60 Kbyte

Block?7 : 4 Kbyte

Firm Area
Block8 : 4 Kbyte

Block9 : 60 Kbyte

Block10 : 60 Kbyte

Block11 : 1 Kbyte

Block12 : 1 Kbyte

Block13 : 1 Kbyte

Block14 : 1 Kbyte

Figure 11-4-2 MN102HF60K EEPROM Memory Map

MN102H60G/60K/F60G/F60K
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(

Note that the DATA-I/O LabSite
writer is not supported.

<

PanaX Writer is a software de-
velopment tool to accelerate
softwares and hardwares of you
set. For the mass production of
you set, use a writer made of
Business Partner.

11-4-2 Flash EEPROM Programming

The following figure shows the steps of flash memory programming.

Erase

Y

User Data Program

Figure 11-4-3 Flash EEPROM Program Flow

As the above figure shows, programming starts after erasing is completed.

11-4-3 PROM Writer Mode

In this mode, the MN102HF60G allows a PROM writer to program the flash
EEPROM. Programming is performed with a Panasonic PanaX dedicated writer, us-
ing a dedicated programming adaptor. (Using the dedicated adaptor selects PROM
writer mode automatically.)

11-4-4 Onboard Serial Programming Mode

The serial programming mode is used to program the flash ROM in the
MN2102HF60G that is installed on the board. The following sections describe the
MN102HF60G hardware, 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.

506 MN102H60G/60K/FE0G/FE0K
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11-4-5 Hardware Used in Serial Programming Mode

m Interface

The MN102HF60G incorporates the following functions as I/F for serial program-

ming.

e One 8-bit Serial Interface

¢ Data transmission/reception using external clock

Bit order: LSB first

¢
¢ Maximum transfer speed:
¢ Positive input/output logic

e Two Input/Output Pins

8.5 Mbps

¢ SBT, SBD reserved for serial interface (SBT5, SBD5)

m |/F Block Diagram

—1 RXD TXD
8-bit Serail I/F
RXC,TXC

—l—bD SBD (73pin)

- D SBT (74pin)

Figure 11-4-4 8-bit Serial Interface Block Diagram for Serial Writer

MN102H60G/60K/F60G/F60K
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m Memory Space of Internal Flash EEPROM

Address Size Area
X'80000' Serial Writer
| 2 Kbyte Load Program Area
X'807FF'
X'80800
| 8 byte Reserved
X'80807"
. . 8 byie Branch Instruction
X'80808 Vi to Reset Service Routine
Branch Instruction
' ' 8 byte
x'80810 y to Interrupt Service Routine
x'80818' 126 Kbyt
yte User P Al
I 1032 byte ser Program Area
X9FFFF
Figure 11-4-5

MN102H60G/60K/F60G/F60K

MN102HF60G EEPROM Memory Space

Serial Writer Load Program Area

Address Size Area
x'80|000' 2 Kbyte ) geF:ial Write;\
W8O7EE oad Program Area
x'80800'
| 8 byte Reserved
x'80807'
. i 8b Branch Instruction
x'80808 yte to Reset Service Routine
) ’ Branch Instruction
x80810 8byte to Interrupt Service Routine
x'80818' 254 Kbyt
e
| 0 32 byte User Program Area
XBFFFF'
Figure 11-4-6

MN102HF60KEEPROM Memory Space

¢ The 2-Kbyte area from x'80000' to x'807FF' stores the load program for the

onboard serial writer.
¢ This area is hardware-protected against erasing and programming.

Branch Instruction to Reset Start Service Routine

+ Normally, the reset start address is x'80000', but the program branches into

Xx'80808' 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'80810" with the soft branch instruction in the serial writer

loader.

User Program Area
¢ This area stores the user program.



11-4-6 Connecting Onboard Serial Programming Mode

Use YDC serial writer for flash microcontroller.

All pins except MODE, /RST, ADSEP, /IRQ4-0, /WORD, SBT5,
SBD5, XI, and OSCI must be set to input at reset release.

/RESET
(To Writer)

Pins 73, 74 and 82 connect to the serial writebD ¥nd Vss connect to the external
power sources of 3.3 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 specifi-

SBT (To Writer)

{]

SBD (To Writer)

% 4.7 kQ to 10 kQ

Pins 73 and 74 must always be
connected pull-up resistors when using writer or not.

ES aggJ
low aaaa
ShRLYRNRRsYFelRssl588838
£unnoooooo><<<<>00000a>a0a
YYVIVYTVIVVYIVIVYVIVIVYYY
NN R R R T
PAOJIRQD i T RRRRBBEBBIBISBFBERBEBIY |,
PAL/IRQL —|77 49 |—ps1
PA2,/IRQ2 —=[78 48 |— P80
PA3,IRQ3 —#+|79 47 |—WDOUT P47
PA4,/IRQ4 —=[80 46 |— STOP P46

PAS —-[81 45 |4— P45

IRST —#[82 44 |— P44

VDD —[83 MNlOZHFGOG 43 [#—VSS

P00 —-I84 42 |4—pa3

PO1 —~I85 41 P42

P02 —~86 MNlOZHFGOK 40 f— P41

P03 —-I87 39 | P40

P04 —m-[88 38 [#—P37

P05 —M89 (TOP VIEW) 37 l4—P36

P06 —=[90 36 [#—P35

PO7 —-91 35 [ P34

L

vy  LQFP100-P-1414B 303

P11 —m{os 32 [w— P32

P12 —m{o5 31 [4—P31

P13 —=[06 30 [—P30

P14 —w-97 29 Lat— P27

P15 —-og 28 |4—P26

P16 —=[09 27 [—P25

[

PP o sworoogayngngnaggangad [©
T
reederenrsdeanaaaag? nggg

1 os

°|

’ |
Py

Self-excited or external-excited
(4MHz to 30MHz)

Figure 11-4-7 Pin Configuration During Serial Programming

cations in the above figure are 'don't care'.
with no specifications in the above figure must be open.

Fix thenDm & Vss. The output pins
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11-4-7  System Configuration for Onboard Serial Programming

m System Configuration

AC Adaptor Power Source

?VDD

Target Board
=

o
==

{ —1 RS232C

Serial Writer

Figure 11-4-8 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 MN102HF60G on the target board. The power is required only when the

power source is supplied to the target.

m Pin Connection for Target Board

Target Board

Serial Writer

Vop =+3.3V I:fzf !
>::%
>~
I >O/O— IRST
| SBT5
P SBD5

Figure 11-4-9 Target Board-Serial Writer Connection
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m Pin Description

SBD: Serial interface data supply

GND : Ground

» For the \bD pin, if the power supplied to the target board is insufficient, program-
ming is carried out with power supplied from the serial writer. The user is free to

¢ VDD : 3.0 V to 3.6 V external power supply

¢ VDD (for level detection) : D level detection pin for target board
¢ /RST: Reset

¢ SBT: Serial interface clock supply

.

.

select the connection for the target board.

* /RST outputs microcontroller reset.

» Connect pullup resistors to /RST, SBT and SBD on the target board. The pullup
resistor value range is from 4.Qk- 10% minimum to 10 ® + 10% maximum.

* /RST, SBT and SBD are output from the serial writer through an open collector.

m MN102HF60G Clock on the Target Board

» Use the existing clock on the target board for the clock supply to the MN102HF60G
on the target board. Because of this, the clock frequency of the MN102HF60G dif-
fers depending on each user purpose.

» The following table shows the clock frequency for the MN102HF60G during serial

programming. The clock frequency for the MN102HF60G is assumed to be 34 MHz
if the clock frequency is not specified in the manual. If the clock frequency for the

MN2102HF60G is different from the clock frequency on the target board, the value
should be calculated proportionately depending on the clock frequency of the
MN2102HF60G.

Table 11-4-1 Clock Frequency

Max. Clock Frequency Min. Clock Frequency

34 MHz 4 MHz

Chapter 11 Appendix
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11-4-8 Onboard Serial Programming Mode Setup

m 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.

Normal Timing Waveform

Timing Waveform
during Serial Programming

T4

T1 T2 T3 T4

Figure 11-4-10 Timing for Onboard Serial Programming Mode
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Setup Steps

Supply \bD at Timing A. At this point, output /RST = SBD = Low.

Through the serial writer, drive /RST for T2 term from Timing B when SBT goes
high while the MN102HF60G is on. The MN102HF60G initializes.

Through the serial writer, drive /RST for T4 term from Timing C when SBD goes
high while the MN102HF60G is on. This informs that the MN102HF60G is con-
nected to the serial writer.

During T4 term, the serial writer makes SBD pin to input low level longer enough
than the MN102HF60G stabilization wait time.

Load Program

Reset Start

SBT pin ==High
&&
SBD pin ==Low ?.

After elapse
of time T3

Wait tWAIT1

SBT pin ==High
&&
SBD pin ==Low 2

Yes

Has tWAIT2 passed ?

No

SBT pin ==High
&&
BD pin ==High 2

Yes

Start serial writer Execute USer proaram
load program prog

Figure 11-4-11 Load Program Start Flow

Yes

After elapse
of time T4

Conditions

1.

SBD =low and SBT = high after the elapse of time T3 from the load program reset
start.

. The program waits for tWAIT1.
. SBD must still be low and SBT high.
. Wait that both SBD and SBT become high during tWAIT2.

If any above conditions are not met, the program returns to the user program.

MN102H60G/60K/F60G/F60K
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11-4-9 Branch to User Program

m Branch to Reset Service Routine

{ Reset Start )

Serial Writer ?

No

Start serial writer Branch to x'80808"
load program

Execute User Program

Figure 11-4-12 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'80808'.

m Branch to Interrupt Service Routine

{Interrupt Start Address} jmp x'80810' Instruction
x'80008' (3 bytes/2 cycles)

[ Branch to x'80810' )Write a branch instruction to x'80810'

*

Execute user interrupt service routine
(Generate 2-cycle delay)

Figure 11-4-13 Interrupt Service Routine Flow

Write only the instruction branching to address x'80810" at the interrupt start address.
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11-4-10 Serial Interface for Onboard Serial Programming

Pins 73 and 74 can be used, respectively, as the SBD5 pin and SBT5 pin of the serial
interface function. To use these pins as serial interface function pins, their function is
switched by means of a PBMD register setting. The SBD5 pin becomes an input pin
during data input, an output pin during data output, and an input pin (Hi-Z state) dur-
ing standby. The SBT5 pin is always set to output during unidirectional or bidirec-
tional transfer, and to half-duplex output during bidirectional half-duplex transfer.

11-4-11 PROM Writer/Onboard Serial Programming

START

VDD=3.3V

Erase

User Data Program

([ EnD ]

Figure 11-4-14 Programming Flow
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MN102H SERIES INSTRUCTION SET

. . . Fla
Instruction Mnemonic Operation g:(’ X Tox Tk T 2x g\‘/F CFINFTZF (;?zd: Cycle| Machine Code
MoV MOV Dm,An Dm0 An - === =] —|—=|—=]—=—]2 2 | F2:30+Dm<<2+An
MOV An,Dm An Dm - -] =] =] = =] — 2 2 | F2:FO+An<<2+Dm
MOV Dn,Dm DnODm - - === = —|—|—1]1 1 | 80+Dn<<2+Dm *1
MOV An,Am An Am - === == —|—]—| 2 2 | F2:70+An<<2+Am
MOV PSW,Dn PSWO Dn o |—|—|—|—]|—|—|—|—] 2 2 | F3:FO+Dn
MOV Dn,PSW Dnl PSW — | e . . . o | o ° ° 2 3 | F3:D0+Dn<<2 *2
MOV MDR,Dn MDRO Dn O |—|—|—|—|—=|—|—|—1] 2 2 | F3:E0+Dn
MOV Dn,MDR DnJ MDR - - === = —|—|—1 2 2 | F3:C0+Dn<<2
MOV (An),Dm mem16(An)C] 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)C] Dm S| —|—|—|—|—|—|—]|—| 4 2 | F7:C0+An<<2+Dm:d16-:d16-h
MOV (d24,An),Dm mem16(An+d24) Dm S| —|—|—|—|—|—|—1|—| 5 3 | F4:80+An<<2+Dm:d24-1:d24-m:d24-h
MOV (Di,An),Dm mem16(An+Di)] Dm S| —|—|—|—|—|—|—|—| 2 2 | F1:40+Di<<4+An<<2+Dm *3
MOV (abs16),Dn mem16(abs16)1 Dn S| —|—|—|—|—|—|—1]—| 3 1 | C8+Dn:abs16-l:abs16-h
MOV (abs24),Dn mem16(abs24)0 Dn s|—|—|—|—|—|—|—|—15 3 | F4:C0+Dn:abs24-l:abs24-m:abs24-h
MOV (An),Am mem24(An)J Am - === === | —]—| 2 2 | 70+An<<2+Am:00 *4
MOV (d8,An),Am mem24(An+d8)] Am — - === == | =] —| 2 2 | 70+An<<2+Am:d8
MOV (d16,An),Am mem24(An+d16)00 Am - === === | —]|—| 4 3 | F7:BO+An<<2+Am:d16-1:d16-h
MOV (d24,An),Am mem24(An+d24)0 Am - -] - |- —|—|—1]—|5 4 | F4:FO+An<<2+Am:d24-l:d24-m:d24-h
MOV (abs16),An mem24(abs16)] An ol el e el el e el e e 3 | F7:30+An:abs16-l:abs16-h
MOV (abs24),An mem24(abs24)0 An - -] —-|=-|=—]|—=|—=|—1]—1|5 4 | F4:D0+An:abs24-l:abs24-m:abs24-h
MOV Dm,(An) DmC 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) DmC mem16(An+d16) — -] —]| = —=|—]—| 4 2 | F7:80+An<<2+Dm:d16-1:d16-h
MOV Dm,(d24,An) DmO mem16(An+d24) - |- === —=|—|—1]—| 5 3 | F4:00+An<<2+Dm:d24-1:d24-m:d24-h
MOV Dm,(Di,An) DmO mem16(An+Di) — - === === |—] 2 2 | F1:CO+Di<<4+An<<2+Dm
MOV Dn,(abs16) Dnl mem16(abs16) — -] == =] = =] —=1]— 3 1 | CO+Dn:abs16-l:abs16-h
MOV Dn,(abs24) DnJ mem16(abs24) - |- === —|—|—1]—| 5 3 | F4:40+Dn:abs24-l:abs24-m:abs24-h
MOV Am,(An) AmL mem24(An) - === === | —]—| 2 2 | 50+An<<2+Am:00 *5
MOV Am,(d8,An) Am( mem24(An+d8) — - === == | == 2 2 | 50+An<<2+Am:d8
MOV Am,(d16,An) AmO mem24(An+d16) - = === == | —]|—| 4 3 | F7:A0+An<<2+Am:d16-1:d16-h
MOV Am,(d24,An) AmL mem24(An+d24) - -] ——-|—]|—|—|—1]—|5 4 | F4:10+An<<2+Am:d24-1:d24-m:d24-h
MOV An,(abs16) Anll mem24(abs16) — - === = —=|—=]—| 4 3 | F7:20+An:abs16-l:abs16-h
MOV An,(abs24) An mem24(abs24) - -] == —=|—]|—1]—1|5 4 | F4:50+An:abs24-l:abs24-m:abs24-h
MOV imm8,Dn imm80 Dn S |—|—|—|—|=|—=|—=]|—] 2 1 | 80+Dn<<2+Dn:imm8
MOV imm16,Dn imm160 Dn S| —|—|—|—|—|—|—|—1| 3 1 | F8+Dn:imm16-L:imm16-h
MOV imm24,Dn imm240 Dn — |- === —=|—|—|—|5 3 | F4:70+Dn:iimm24-l:imm24-m:imm24-h
MOV imm16,An imm160 An o |—|—-|—|—|—|—|—1|—13 1 | DC+An:iimm16-l:imm16-h
MOV imm24,An imm240 An — | -] —]|—]|—]—|—]1—15 3 | F4:74+An:imm24-l:imm24-m:imm24-h
MOVX MOVX (d8,An),Dm mem24(An+d8)[J Dm — -] === =] —=1]— 3 3 | F5:70+An<<2+Dm:d8
MOVX (d16,An),Dm mem24(An+d16)00 Dm - = === == | —]|—| 4 3 | F7:70+An<<2+Dm:d16-1:d16-h
MOVX (d24,An),Dm mem24(An+d24)] Dm - -] - —|—]—|—|—1]—1|5 4 | F4:BO+An<<2+Dm:d24-l:d24-m:d24-h
MOVX Dm,(d8,An) DmL mem24(An+d8) - - - =] =] —=|—=|—|—3 3 | F5:50+An<<2+Dm:d8
MOVX Dm,(d16,An) DmU mem24(An+d16) - - === == | —]|—| 4 3 | F7:60+An<<2+Dm:d16-1:d16-h
MOVX Dm,(d24,An) DmO mem24(An+d24) —- -] - —-|—]|—|—|—1]—1|5 4 | F4:30+An<<2+Dm:d24-l:d24-m:d24-h
MOVB MOVB (An),Dm mem8(An)] Dm S| —|—|—|—]|—|—]|—]—| 2 2 | 30+An<<2+Dm:B8+Dn *6
MOVB (d8,An),Dm mem8(An+d8)] Dm S| —|—|—|—|—|—|—1]—| 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-:d16-h
MOVB (d24,An),Dm mem8(An+d24)1 Dm S| —|—|—|—|—|—|—|—| 5 3 | F4:A0+An<<2+Dm:d24-l:d24-m:d24-h
MOVB (Di,An),Dm mem8(An+Di)J Dm S| —|—|—|—]|—|—]|—]—| 2 2 | F0:40+Di<<4+An<<2+Dm
MOVB (abs16),Dn mem8(abs16)C] Dn S| —|—|—|—|—|—|—|—| 4 2 | CC+Dn:abs16-l:abs16-h:B8+Dn  *7
MOVB (abs24),Dn mem8(abs24)0 Dn s|—|—|—|—|—|—|—1]|—| 5 3 | F4:C4+Dn:abs24-l:abs24-m:abs24-h
MOVB Dm,(An) DmC mem8(An) — - === =] —]—1 1 | 10+Dm<<2+An
MOVB Dm,(d8,An) DmO mem8(An+d8) - - === —|—1]—| 3 2 | F5:10+An<<2+Dm:d8
MOVB Dm,(d16,An) DmC mem8(An+d16) — === =] —|—|—] 4 2 | F7:90+An<<2+Dm:d16-1:d16-h
MOVB Dm,(d24,An) DmO mem8(An+d24) — |- === =|—=|—]|—|5 3 | F4:20+An<<2+Dm:d24-l:d24-m:d24-h
MOVB Dm,(Di,An) DmO mem8(An+Di) - =] === == | == 2 2 | FO:CO+Di<<4+An<<2+Dm
Notes: *1 Dn cannot be the same as Dm.
*2  In case of using this instruction, a value of PSW or the one that has been pushed in stack should not referred in the interrupt processing program.
*3 icannot be the same as n.
*4  This instruction is supported by the assembler. The assembler will generate the bit pattern for "MOV(d8,An),Am"(d8=0).
*5  This instruction is supported by the assembler. The assembler will generate the bit pattern for "MOV Am,(d8,An)"(d8=0).
*6 This instruction is supported by the assembler. The assembler will generate the bit pattern for the two instructions "MOVBU(An),Dm and "EXTXB Dm".
*7  This instruction is supported by the assembler. The assembler will generate the bit pattern for the two instructions "MOVBU(abs16),Dm and "EXTXB Dn".




. . . OoP Fla
Instruction Mnemonic Operation EX. [vx Tox Thx | 2x g\,/F CFINF T ZF Cs?j: Cycle Machine Code
MOVB | MOVB Dn,(abs16) Dnl0 mem8(abs16) - - === —=]|—|—]—1| 3 1 | C4+Dn:abs16-l:abs16-h
MOVB Dn,(abs24) Dnl) mem8(abs24) - === —|—|—1—|—1|5 3 | F4:44+Dn:abs24-l:abs24-m:abs24-h
MOVBU | MOVBU (An),Dm mem8(An)l] Dm O |—|—|—|—|—|—|—|—] 1] 1 |30+An<<2+Dm
MOVBU (d8,An),Dm mem8(An+d8)[]>Dm o |—|—|—|—|—|—]|—]|—] 3 2 | F5:30+An<<2+Dm:d8
MOVBU (d16,An),Dm | mem8(An+d16)(] Dm o |l—|—|—|—|—|—|—]|—] 4 2 | F7:50+An<<2+Dm:d16-1:d16-h
MOVBU (d24,An),Dm | mem8(An+d24)(]1 Dm o |l—|—|—|—|—|—]|—|—1]65 3 | F4:90+An<<2+Dm:d24-1:d24-m:d24-h
MOVBU (Di,An),Dm | mem8(An+Di)] Dm 0O |—|—|—|—|—|—|—|—] 2 | 2 | F0:80+Di<<4+An<<2+Dm
MOVBU (abs16),Dn mem38(abs16)] Dn o |l—|—|—|—|—|—]|—]—] 3 1 | CC+Dn:abs16-l:abs16-h
MOVBU (abs24),Dn mem8(abs24)] Dn o |l—|—|—|—|—|—]|—]|—1]65 3 | F4:C8+Dn:abs24-l:abs24-m:abs24-h
EXT EXT Dn If Dn.bp15=0, S| —|—|—|—|—|—|—|—1] 2 3 | F3:C1+Dn<<2 *8
X'0000'C) MDR
If Dn.bp15=1,
X'FFFF'C MDR
EXTX EXTX Dn If Dn.bp15=0, S| —|—|—|—|—|—]|—|—]1 1 | BO+Dn *9
Dné&x'00FFFF' Dn
If Dn.bp15=1,
Dn | X’FF0000'C) Dn
EXTXU |EXTXU Dn Dné&x'00FFFFC Dn o |—|—|—|—|—|—|—]—]1 1 | B4+Dn *10
EXTXB |EXTXB Dn If Dn.bp7=0, S| —|—|—|—|—|—|—|—1]1 1 | B8+Dn *11
Dné&x'0000FF'[] Dn
If Dn.bp7=1,
Dn | X'FFFF00'C Dn
EXTXBU | EXTXBU Dn Dné&x'0000FF'(] Dn o |—|—|—|—]|—|—|—]—]1 1 | BC+Dn *12
ADD ADD Dn,Dm Dm+Dnl Dm — | e ° ° ° o | o | o ° 1 1 | 90+Dn<<2+Dm
ADD Dm,An An+DmU An — | e . ° . o | o | o . 2 2 | F2:00+Dm<<2+An
ADD An,Dm Dm+AnC Dm — | e ° ° . o | o | o ° 2 2 | F2:C0+An<<2+Dm
ADD An,Am Am+An Am — | e . . . . . ° . 2 2 F2:40+An<<2+Am
ADD imm8,Dn Dn+imm80 Dn S . . . . ° . . . 2 1 | D4+Dn:iimm8
ADD imm16,Dn Dn+imm160 Dn S . . . . ° . . . 4 2 | F7:18+Dn:imm16-l:imm16-h
ADD imm24,Dn Dn+imm240 Dn — | e . . . ° ° . ° 5 3 | F4:60+Dn:imm24-l:imm24-m:imm24-h
ADD imm8,An An+imm80 An S . . . . ° . . ° 2 1 | DO+An:imm8
ADD imm16,An An+imm160 An S . . . . ° . . . 4 2 | F7:08+An:iimm16-l:imm16-h
ADD imm24,An An+imm240 An — | e . . . ° ° . . 5 3 | F4:64+Animm24-l:imm24-m:imm24-h
ADDC ADDC Dn,Dm Dm+Dn+CFL Dm — | e ° ° ° ° ° . ° 2 2 | F2:80+Dn<<2+Dm
ADDNF | ADDNF imm8,An An+imm80 An s |—|—|—|—|—|—|—|—1] 3 2 | F5:0C+An:imm8 *13
suB SUB Dn,Dm Dm-DnlJ Dm — | e . . . ° . . . 1 1 | AO+Dn<<2+Dm
SUB Dm,An An-DmU An — | e . . . ° . . . 2 2 | F2:10+Dm<<2+An
SUB An,Dm Dm-An Dm — | e . . . ° . . . 2 2 | F2:D0+An<<2+Dm
SUB An,Am Am-AnJ Am — | e . . . ° . . . 2 2 | F2:50+An<<2+Am
SUB imm16,Dn Dn-imm160 Dn S . . ° . ° ° . . 4 2 | F7:1C+Dn:imm16-l:imm16-h
SUB imm24,Dn Dn-imm240 Dn — | e . ° . ° ° . ° 5 3 | F4:68+Dn:imm24-l:imm24-m:imm24-h
SUB imm16,An An-imm160 An S . . ° . ° ° . . 4 2 | F7:0C+An:imm16-l:imm16-h
SUB imm24,An An-imm240 An — | e . ° . ° ° . . 5 3 | F4:6C+An:imm24-l:iimm24-m:imm24-h
SuBC SUBC Dn,Dm Dm-Dn-CF Dm — | e . ° . ° ° . . 2 2 | F2:90+Dn<<2+Dm
MUL MUL Dn,Dm Dm 0O DnODm — | ? ? ? ? 0 ?2 | e . 2 12 | F3:40+Dn<<2+Dm *14
(Dm 0 Dn)>>160 MDR
MULU MULU Dn,Dm Dm O Dn Dm — | ? ? ? ? 0 ? . . 2 12 | F3:50+Dn<<2+Dm *15
(Dm O Dn)>>160 MDR
MULQ MULQ Dn,Dm Dm O DndDm (H.M.) - -] == =] —=]|—]|—]—1] 3 3 | F5:60+Dn<<2+Dm:10
(Dm O Dn)>>160 MDR
MULQL | MULQL Dn,Dm Dm 0 DnODm (H.M.) - -] == —|—|—|—] 3 2 | F5:40+Dn<<2+Dm:00
MULQL imm8,Dn Dn Oimm80 Dn (H.M.) e e e e e el e el e 2 | F5:FO+Dn:04:imm8
MULQL imm16,Dn Dn 0imm160 Dn (H.M.) — - —|—|—|—|—]|—|—|5 3 | F5:F4+Dn:08:imm16-l:imm16-h
MULQH | MULQH Dn,Dm (Dm 0 Dn)>>160] Dm (H.M.) S|—|—|—|—|—|—|—| —| 3 2 | F5:40+Dn<<2+Dm:01
MULQH imm8,Dn (Dn O imm8)>>16L] Dn (H.M.) S|—|—|—|—|—]|—|—]| —| 4 2 | F5:FO+Dn:05:imm8
MULQH imm16,Dn (Dn 0imm16)>>16L1 Dn (H.M.) S |—|—|—|—|—|—]|—|—] 5 3 | F5:F4+Dn:09:imm16-l:imm16-h
DIVU DIVU Dn,Dm (MDR<<16+Dm)/DnJ Dm — | ? ? |0/?|e/?2]0/1| ? |e/?|e/?]| 2 13 | F3:60+Dn<<2+Dm *16
...MDR
Notes: *8 32-bit sign extended word data

*8  24-bit sign extended word data
*9  24-bit zero extended word data
*10 24-bit sign extended byte data

*11 24-bit zero extended byte data
*12 Addition without changing flag

*13 16x16 = 32 (signed)

*14 16x16 = 32 (unsigned)

*16 32+16 = 16...16 (unsigned)




. . : OoP Fla
Instruction| Mnemonic Operation Ex. [vx Tox Tx T 2x E\J/F CFINET ZF (;?Zd: Cycle Machine Code
CMP | cMP Dn,Dm Dm-Dn...PSW — | e |oe|e | e |e|e e |e | 2 |2 |F390+Dn<<2+Dm
CMP Dm,An An-Dm...PSW — | e . . . . ° . ° 2 2 | F2:20+Dm<<2+An
CMP An,Dm Dm-An...PSW — | e ) . . . ° . ° 2 2 | F2:E0+An<<2+Dm
CMP An,Am Am-An...PSW — | e o | o . e | o | o ° 2 2 | F2:60+An<<2+Am
CMP imm8,Dn Dn-imm8...PSW S |e o | o . e | o | o ° 2 1 | D8+Dn:iimm8
CMP imm16,Dn Dn-imm16...PSW S |e |[e | e |[e | e o | ° 4 2 | F7:48+Dn:imm16-l:imm16-h
CMP imm24,Dn Dn-imm24...PSW — | e |e |e | o | e | o |o@ ° 5 3 | F4:78+Dn:imm24-liimm24-m:imm24-h
CMP imm16,An An-imm16...PSW 0 ) ) ) ) . ° ) . 3 1 EC+An:imm16-l:imm16-h
CMP imm24,An An-imm24...PSW — | e ) ) ) ° ° ° . 5 3 F4:7C+An:imm24-l:imm24-m:imm24-h
AND AND Dn,Dm Dm&(X'FF0000' IDN)ODM | — | — | — | — | — | 0 | 0 | e | e | 2 | 2 |F3:00+4Dn<<2+Dm *17
AND imm8,Dn Dn&(x'FFO000' limm8)Dn | 0 |— |— | — | — | 0 | O | e . 3 2 | F5:00+Dn:imm8 *17
AND imm16,Dn Dn&(x'FF0000' limm16)dDbn | — | — | — | — | — | O | O | @ . 4 2 | F7:00+Dn:imm16-l:imm16-h *17
AND imm16,PSW PSW&imm160 PSW — | e . ° ° ° . ° . 4 3 F7:10:imm16-l:imm16-h *17
OR OR Dn,Dm Dm | (Dn&x'00FFFF")0 Dm — |—|—|—|—]0]0 |e ° 2 2 | F3:10+Dn<<2+Dm *17
OR imm8,Dn Dn [ imm80 Dn 0O |—|—|—|—]|0]O0 e ° 3 2 | F5:08+Dn:imm8 *17
OR imm16,Dn Dn [imm160 Dn — |—|—|—|—]0]0 |« ° 4 2 | F7:40+Dn:imm16-l:imm16-h *17
OR imm16,PSW PSW | imm160 PSW — | e . ° ° . ° ° ° 4 3 | F7:14:imm16-:imm16-h *17
XOR XOR Dn,Dm Dm"(x'00FFFF'&Dn)0 Dm — | —|—|—|—]0|0o|e |e | 2|2 |F320+Dn<<2+Dm *17
XOR imm16,Dn Dn”imm160 Dn — |—|—|—|—]0]0 e . 4 2 | F7:4C+Dn:imm16-l:imm16-h *17
NOT NOT Dn DN"X'00FFFF'0 Dn —|—|—=[=]—]o0|0|e |e | 2 |2 |F3E4+Dn *17
ASR ASR Dn Dn.IsbJ CF —|—=|—=|=]—=]0|e |e |e | 2|2 |F338Dn *17
Dn.bpl] Dn.bp-1(bp15~1)
Dn.bp150 Dn.bp15
LSR LSR Dn Dn.Ish(J CF —|—|—]—=|—|0|e |0 ]|e |2 |2 |F33C+Dn *17
Dn.bpl] Dn.bp-1(bp15~1)
00 Dn.bp15
ROR ROR Dn Dn.Isb( temp — | —|—|—|—|0|e |e |e |2 |2 |F334+Dn *17
Dn.bp Dn.bp-1(bp15~1)
CFODn.bp15
tempd CF
ROL ROL Dn Dn.bp150 temp — | —|—|—|—|0|e |e |e |2 |2 |F330+Dn *17
Dn.bpO Dn.bp+1(bp14~0)
CFU Dn.Isb
tempC CF
BTST | BTST imm8,Dn Dn&imm8...PSW 0 |—|—|—|—]o|o0o]|o|e | 3 |2 |F504+Dn:immg
BTST imm16,Dn Dn&imm16...PSW 0 —|—]—|— | 0]0 |e ° 4 2 | F7:04+Dn:imm16-l:imm16-h
BSET | BSET Dm,(An) mem8(An)&Dm...PSW —|—|—|—|0|0|0]|e | 2 |5 |F020+An<<2+Dm *18
mem8(An) | DmL mem8(An)
BSET imm8,(abs16) mem8(abs16) | imm8 - |- |- |=|=|=—|—]—1]65 4 | FA:E3:abs16-l:abs16-h:imm8
I mem8(abs16)
BSET imm8,(abs24) mem8(abs24) | imm8 - - |—=|—=|—=]—|—=|—|—1]6 5 | F4:4B:abs24-l:abs24-m:abs24-h:imm8
1 mem8(abs24)
BSET imm8,(d8,An) mem8(An+d8) | imm8 - === =] —|—|—|—] 4 4 | F4:E8+An:d8:imm8
[0 mem8(An+d8)
BSET (abs16)bp mem38(abs16) | (1<<bp) — === === |—|—] 4 4 | F5:D0+bp:abs16-l:abs16-h
[0 mem8(abs16)
BSET (abs24)bp mem8(abs24) | (1<<bp) - | === |=|—=|—=|—|—] 6 6 | F3:FE:DO+bp:abs24-l:abs24-m:abs24-h
[ mem8(abs24)
BSET (d8,An)bp mem38(An+d8) | (1<<bp) — === === |—|— 3 4 | F5:90+bp:d8 An=A0
0 mem8(An+d8) 3 4 | F5:98+bp:d8 An=A1
4 5 |F3:FF:90+bp:d8 An=A2
4 5 |F3:FF:98+bp:d8 An=A3
Notes: *17 16-bit computation

*18 Performed under the conditions of bus lock and disabled interrupts.




Instruction| Mnemonic Operation op Flag Cc_)de Cycle Machine Code
EX.| VX | CX | NX | ZX | VF | CF | NF | ZF |Size
BCLR BCLR Dm,(An) mem8(An)&Dm...PSW O |—|—|—|—|0]| 0|0 e 2 5 | F0:30+An<<2+Dm *18
mem8(An)&("Dm)L mem8(An)
BCLR imm8,(abs16) |mem8(abs16)&("imm8) - - —|—-]|=|—|—=|—1]|—1] 5 4 | F4:E7:abs16-l:abs16-h:imm8
[ mem8(abs16)
BCLR imm8,(abs24) |mem8(abs24)&("imm8) — == === —|—|— 6 5 | F4:4F:abs24-l:abs24-m:abs24-h:imm8
[Jmem8(abs24)
BCLR imm8,(d8,An) |mem8(An+d8)&(7imm8) - === === —|— 4 4 | FA:EC+An:d8:imm8
O mem8(An+d8)
BCLR (abs16)bp mem8(abs16)& (1<<bp) —_ === =|=|—=|—|—] 4 4 | F5:D8+bp:abs16-l:abs16-h
[ mem8(abs16)
BCLR (abs24)bp mem8(abs24)& (1<<bp) — === == === 6 6 | F3:FE:D8+bp:abs24-l:abs24-m:abs24-h
O mem8(abs24)
BCLR (d8,An)bp mem8(An+d8)& (1<<bp) _ - -] =|—|—=|—]—1] 3 4 | F5:B0O+bp:d8 An=A0
[0 mem8(An+d8) 3 4 | F5:B8+bp:d8 An=A1
4 5 | F3:FF:BO+bp:d8 An=A2
4 5 | F3:FF:B8+bp:d8 An=A3
TBZ TBZ (abs16)bp,label |mem8(abs16)&(1<<bp)...PSW —|—|—|—]—1]0 0|0 |e 5 | 5/4| F5:C0+bp:abs16-l:abs16-h:label
If ZF=1,
PC+5+d8(label)JPC
If ZF=0,
PC+50PC
TBZ (abs24)bp,label | mem8(abs24)&(1<<bp)...PSW —| - —|—|—10 0|0 |e 7 | 716 | F3:FE:CO+bp:abs24-l:abs24-m:
If ZF=1, abs24-h:label
PC+7+d8(label)JPC
If ZF=0,
PC+70PC
TBZ (d8,An)bp,label | mem8(An+d8)&(1<<bp)..PSW | — | — | — | — | — | O 0|0 |e 4 | 5/4 | F5:80+bp:d8:label An=A0
If ZF=1, 4 | 5/4 | F5:88+bp:d8:label An=Al1
PC+4(5)+d8(label)0PC 5 | 6/5| F3:FF:80+bp:d8:label An=A2
If ZF=0, 5 | 6/5| F3:FF:88+bp:d8:label An=A3
PC+4(5)0PC
TBNZ TBNZ (abs16)bp,label | mem8(abs16)&(1<<bp)..PSW | — | — | — | — | — | O 0|0 |e 5 | 5/4 | F5:C8+bp:abs16-l:abs16-h:label
If ZF=1,
PC+500PC
If ZF=0,
PC+5+d8(label)0PC
TBNZ (abs24)bp,labell mem8(abs24)&(1<<bp)..PSW | — | — | — | — | — | O 0|0 |e 7 7/6 | F3:FE:C8+bp:abs24-l:abs24-m:
If ZF=1, abs24-h:label
PC+70PC
If ZF=0,
PC+7+d8(label)0PC
TBNZ (d8,An)bp,label | mem8(An+d8)&(1<<bp)..PSW | — | — | — | — | — | O 0|0 |e 4 | 5/4 | F5:A0+bp:d8:label An=A0
If ZF=1, 4 | 5/4 | F5:A8+bp:d8:label An=A1
PC+4(5)0PC 5 | 6/5| F3:FF:AO0+bp:d8:label An=A2
If ZF=0, 5 | 6/5| F3:FF:A8+bp:d8:label An=A3
PC+4(5)+d8(label)0PC
Bee BEQ label If ZF=1, - - —| = —=|—=|—=|—|—| 2 |21]|E8d8 *19
PC+2+d8(label)l] PC
If ZF=0,
PC+20PC
BNE label If ZF=0, — = =] = == —|—|— 2 | 2/1 | E9:d8 *20
PC+2+d8(label)d PC
If ZF=1,
PC+20PC
BLT label If (VFANF)=1, — == == | —]|— | —]|—] 2 2/1 | EO:d8 *21
PC+2+d8(label)d PC
If (VFANF)=0,
PC+20PC
Notes: *18 Performed under the conditions of bus lock and disabled interrupts.

*19 src=dest (lower 16 bits)
*20 srczdest (lower 16 bits)
*21 src>dest (lower 16 bits, signed)




Instruction

Mnemonic

Operation

OoP

EX.

Flag

VX

CX

NX

ZX | VF

CF

NF

ZF

Code
Size

Cycle

Machine Code

Bce

BLE label

If (VFANF) | ZF)=1,
PC+2+d8(label)0 PC
If ((VFANF) | ZF)=0,
pC+20PC

2/1

E3:d8

*22

BGE label

If (VF”NF)=0,
PC+2+d8(label) PC
If (VFANF)=1,
PC+20PC

2/1

E2:d8

*23

BGT label

If (VFANF) | ZF)=0,
PC+2+d8(label) PC
If (VFANF) | ZF)=1,
pC+20P

2/1

E1:d8

*24

BCS label

If CF=1,
PC+2+d8(label)J PC
If CF=0,

PC+20PC

2/1

E4:.d8

*25

BLS label

If (CF 1 ZF)=1,
PC+2+d8(label)d PC
If (CF | ZF)=0,
PC+20PC

2/1

E7:d8

*26

BCC label

If CF=0,
PC+2+d8(label)0] PC
If CF=1,

PC+20PC

2/1

E6:d8

*27

BHI label

If (CF | ZF)=0,
PC+2+d8(label)d PC
If (CF 1 ZF)=1,
PC+20PC

2/1

E5:d8

*28

BVC label

If VF=0,
PC+3+d8(label)d PC
If VF=1,

PC+30 PC

312

F5:FC:d8

*29

BVS label

If VF=1,
PC+3+d8(label) PC
If VF=0,

PC+30PC

3/2

F5:FD:d8

*30

BNC label

If NF=0,
PC+3+d8(label)d PC
If NF=1,

PC+30PC

3/2

F5:FE:d8

*31

BNS label

If NF=1,
PC+3+d8(label)] PC
If NF=0,

PC+30PC

3/2

F5:FF:d8

*32

BRA label

PC+2+d8(label) PC

EA:d8

Bcex

BEQX label

If ZX=1,
PC+3+d8(label)] PC
If ZX=0,

PC+30PC

3/2

F5:E8:d8

*33

BNEX label

If ZX=0,
PC+3+d8(label)d PC
If ZX=1,

PC+30PC

3/2

F5:E9:d8

*34

Notes:

*22 srcxdest (lower 16 bits, signed)
*23 src<dest (lower 16 bits, signed)
*24 src<dest (lower 16 bits, signed)
*25 src>dest (lower 16 bits, unsigned)
*26 srcxdest (lower 16 bits, unsigned)
*27 src<dest (lower 16 bits, unsigned)
*28 src<dest (lower 16 bits, unsigned)

*29 VF=0
*30 VF=1
*31 NF=0
*32 NF=1
*33 src=dest (24 bits)
*34 srczdest (24 bits)




Instruction

Mnemonic

Operation

OoP

EX.

Flag

VX

CX

NX

ZX | VF

CF

NF

ZF

Code
Size

Cycle]

Machine Code

Bcex

BLTX label

If (VXANX)=1,
PC+3+d8(label)d PC
If (VXANX)=0,
PC+30PC

3/2

F5:E0:d8

*35

BLEX label

If (VXANX) | ZX)=1,
PC+3+d8(label)0] PC
If ((VXANX) | ZX)=0,
PC+30PC

3/2

F5:E3:d8

*36

BGEX label

If (VX"NX)=0,
PC+3+d8(label)l] PC
If (VXANX)=1,

PC+30 PC

312

F5:E2:d8

*37

BGTX label

If ((VXANX) | ZX)=0,
PC+3+d8(label)d PC
If ((VXANX) | ZX)=1,
PC+30PC

312

F5:E1:d8

*38

BCSX label

If CX=1,
PC+3+d8(label)0 PC
If CX=0,

PC+30 PC

3/2

F5:E4:d8

*39

BLSX label

If (CX | ZX)=1,
PC+3+d8(label)J PC
If (CX 1 ZX)=0,
PC+30PC

3/2

F5:E7:d8

*40

BCCX label

If CX=0,
PC+3+d8(label)J PC
If CX=1,

PC+30PC

3/2

F5:E6:d8

*41

BHIX label

If (CX 1 ZX)=0,
PC+3+d8(label)J PC
If (CX 1 ZX)=1
PC+30PC

3/2

F5:E5:d8

*42

BVCX label

1f VX=0,
PC+3+d8(label)d PC
IfVX=1,

PC+30PC

3/2

F5:EC:d8

*43

BVSX label

IfVX=1,
PC+3+d8(label) PC
1f VX=0,

PC+30PC

312

F5:ED:d8

*44

BNCX label

If NX=0,
PC+3+d8(label)0] PC
If NX=1,

PC+30PC

312

F5:EE:d8

*45

BNSX label

If NX=1,
PC+3+d8(label)0 PC

If NX=0,

PC+30PC

3/2

F5:EF:d8

*46

JMP

JMP labell6

PC+3+d16(label16)0] PC

FC:d16-1:d16-h

JMP label24

PC+5+d24(label24)0] PC

F4:E0:d24-:d24-m:d24-h

JMP (An)

AnJPC

FO:An<<2

Notes:

*35 src>dest (24 bits, signed)
*36 srczdest (24 bits, signed)
*37 src<dest (24 bits, signed)
*38 src<dest (24 bits, signed)
*39 src>dest (24 bits, unsigned)
*40 src=dest (24 bits, unsigned)
*41 src<dest (24 bits, unsigned)
*42 src<dest (24 bits, unsigned)

*43 VX=0
*44 VX=1
*45 NX=0
*46 NX=1




Instruction Mnemonic Operation oP P nge Cycle Machine Code
EX. | VX | CX| NX| ZX| VF| CF| NF| ZF |Size
JSR JSR label16 A3-40A3 e e e el el el el e e 4 | FD:d16-1:d16-h
PC+30 mem24(A3)
PC+3+d16(label16)0 PC
JSR label24 A3-40 A3 - —|——|—|—|—|—|—1]5 5 | F4:E1:d24-:d24-m:d24-h
PC+50] mem24(A3)
PC+5+d24(label24)0 PC
JSR (An) A3-40A3 — =] === —=|=|=|—] 2 5 | FO:01+An<<2
PC+20 mem24(A3)
AnOPC
NOP NOP PC+10PC - - —|——|—|—]1 1 |F6
RTS RTS mem24(A3)0 PC — =] === —=|=|—=|—]1 5 | FE
A3+40A3
RTI RTI mem16(A3)0 PSW — | e | e |e e |oe|e | o | |1 6 | EB
mem24(A3+2)0 PC
A3+60 A3
PXST PXST Prefix instruction reversing — === === == 2 2 | F3:FC
the following instruction of
addition/subtraction on
saturation operation flag of
PSW
Ver.3.2 (2002.03.31)
Reading the instruction set
m Symbols used in tables
Dn, Dm, Di Data register
An, Am Address register
MDR, PSW, PC Multiply/Divide Register, Processor Status Word, Program Counter
imm8, imm16, imm16-1, imm16-h Constant
imm24, imm24-1, imm24-m, imm24-h
ds, d16, d16-l, d16-h Displacement
d24, d24-l, d24-m, d24-h
abs16, abs16-l, abs16-h Absolute address
abs24, abs24-1, abs24-m, abs24-h
mem8 (An), mems8 (abs16), mem8 (abs24) 8-bit memory data which is determined by the address inside parentheses ()
mem16 (An), mem16 (abs16), mem16 (abs24) 16-bit memory data which is determined by the address inside parentheses ()
memz24 (Am), mem24 (abs16), mem24 (abs24) 24-bit memory data which is determined by the address inside parentheses ()
.bp,.Isb, .msb Bit specification
&I, Logical AND, logical OR, exclusive OR
~, <<, >> Bit inversion, bit shift
VX, CX, NX, ZX, Extended overflow flag, carry flag, negative flag, zero flag (24-bit data)
VF, CF, NF, ZF Overflow flag, carry flag, negative flag, zero flag (16-bit data)
temp CPU internal temporary register
o, .. Substitution, reflects calculation results
m OP EX. (Operand Extensions) m Flag m Code Size
0 Zero-extension . Changes Units : bytes
S Sign-extension - No change
- Not applicable 0 Always 0
1 Always 1
? Undefined
m Cycle m Machine Code

":" indicates a delimiter between bytes.<<2 indicates a 2-bit shift.
Dn, Dm, Di, An, Am : Register numbers

Minimum cycle count is shown.
(when quick decoder disabled)

Units : machine cycles DO 00 A0 00
a/b: acycles if branch taken D1 01 Al 01
b cycles if branch not taken D2 10 A2 10
D3 11 A3 11
m Notes

« 16-bit or 24-bit access instruction must not access odd memory addresses.
« 8-bit displacements (d8) and 16-bit displacements (d16) are all sign-extended.



MN102H SERIES INSTRUCTION MAP

First byte
Upper/lLower O 1 2 3 4 5 6 7 8 9 A B C D E
0 MOV Dm, (An)
1 MOVB Dm, (An)
2 MOV (An), Dm
3 MOVBU (An), Dm
4 MOV Dm, (d8, An)
5 MOV Am, (d8, An)
6 MOV (d8, An), Dm
7 MOV (d8, An), Am
8 MOV Dn, Dm, (when src=dest,MOV imm8, Dn)
9 ADD Dn, Dm
A SUB Dn, Dm
B EXTX Dn EXTXU Dn EXTXB Dn EXTXBU Dn
C MOV Dn, (abs16) MOVB Dn, (abs16) MOV (abs16),Dn MOVBU (abs16),Dn
D ADD imm8, An ADD imm8, Dn CMP imm8, Dn MOV imm16, An
SRR REFEREARE PR
E ExtendAed code ExtendBed code Extendced code Extenclijed code ExlendEed code| ExlendFed code| NOP ExtendGed code| MOV imm16, Dn i]a'\[::ue iJasblzI16 RTS
Extended Code A
Second byte (Byte 1: F0)
Second byte
UpperiLower O 1 2 3 4 5 6 7 8 9 A B C D E
0 |JIMP (A0) | ISR (AO) JMP (A1) | JSR (A1) JMP (A2) | ISR (A2) JMP (A3) | JSR (A3)
1
2 BSET Dm, (An)
3 BCLR Dm, (An)
4
5
MOVB (Di, An), Dm
6
7
8
9
MOVBU (Di, An), Dm
A
B
c
D
MOVB Dm, (Di, An)
E
F




Extended Code B

Second byte (Byte 1: F1)

Second byte

Upper/Lower 0O

MOV (Di, An), Dm

MOV Dm, (Di, An)

Extended Code C

Second byte (Byte 1: F2)

Second byte

Upper/Lower O 1 2
0 ADD Dm, An
1 SUB Dm, An
2 CMP Dm, An
3 MOV Dm, An
4 ADD An, Am
5 SUB An, Am
6 CMP An, Am
7 MOV An, Am
8 ADDC Dn, Dm
9 SUBC Dn, Dm
A
B
C ADD An, Dm
D SUB An, Dm
E CMP An, Dm
F MOV An, Dm




Extended Code D

Second

byte(Byte 1: F3)

Second byte

Upper/Lower O 1 2 3 4 5 6 7 8 9 A B C D E F

0 AND Dn, Dm
1 OR Dn, Dm
2 XOR Dn, Dm
3 ROL Dn ROR Dn ASR Dn LSR Dn
4 MUL Dn, Dm
5 MULU Dn, Dm
6 DIVU Dn, Dm
7
8
9 CMP Dn, Dm
A
B

MOV DO, MOV D1, MOV D2, MOV D3,
C |wmpRr EXT DO MDR EXT D1 MDR EXT D2 MDR EXT D3

MOV DO, MOV D1, MOV D2, MOV D3,
D PSW *1 PSW *1 PSW *1 PSW *1
E MOV MDR, Dn NOT Dn

Extended code | Extended code

F MOV PSW, Dn PXST H :

Notes: *1 In case of using this instruction, a value of PSW or the one that has been pushed in stack should not be referred in the interrupt processing program.

Extended Code E

Second byte (Byte 1: F4)
Second byte
Upper/Lower 0 1 2 3 4 5 6 7 8 9 A B c D E F
0 MOV Dm, (d24, An)
1 MOV Am, (d24, An)
2 MOVB Dm, (d24, An)
3 MOVX Dm, (d24, An)
4 MOV Dn, (abs24) MOVE Dn, (abs24) i:r?;;m) m&;w
5 MOV An, (abs24)
6 ADD imm24, Dn ADD imm24, An SUB imm24, Dn SUB imm24, An
7 MOV imm24, Dn MOV imm24, An CMP imm24, Dn CMP imm24, An
8 MOV (d24, An), Dm
9 MOVBU (d24, An), Dm
A MOVB (d24, An), Dm
B MOVX (d24, An), Dm
I MOV (abs24), Dn MOVB (abs24), Dn MOVBU (abs24), Dn
D MOV (abs24), An
S A oot B BSET imms, (d8,An) BCLR imm8, (d8,An)
E MOV (d24, An), Am




Extended Code F
Second byte(Byte 1: F5)

Second byte
Upper/iLower O 1 2 3 4 5 6 7 8 9 A Cc D E F
0 AND imm8, Dn BTST imm8, Dn OR imm8, Dn ADDNF imm8, An
1 MOVB Dm, (d8, An)
2 MOVB (d8, An), Dm
3 MOVBU (d8, An), Dm
4 Extended Code J
5 MOVX Dm, (d8, An)
6 Extended Code K
7 MOVX (d8, An), Dm
8 TBZ(d8, AO) bp,label TBZ(d8, Al) bp,label
9 BSET(d8, A0) bp BSET(d8, A1) bp
A TBNZ(d8, A0) bp,label TBNZ(d8, A1) bp,label
B BCLR(d8, A0) bp BCLR(d8, A1) bp
c TBZ(abs16) bp,label TBNZ(abs16) bp,label
D BSET(abs16) bp BCLR(abs16) bp
BLTX BGTX | BGEX | BLEX | BCSX BHIX BCCX | BLSX BEQX | BNEX BVCX | BVSX | BNCX | BNSX
E label label label label label label label label label label label label label label
BVC BVS BNC BNS
F Extended Code L label | label | label | label
Extended Code G
Second byte (Byte 1: F7)
Second byte
Upper/Lower O 1 2 3 4 5 6 7 8 9 A C D E F
0 AND imm16, Dn BTST imm16, Dn ADD imm16, An SUB imm16, An
1 [ oo gnmis ADD imm16, Dn SUB imm16, Dn
2 MOV An, (abs16)
3 MOV (abs16), An
4 OR imm16, Dn CMP imm16, Dn XOR imm16, Dn
5 MOVBU (d16, An), Dm
6 MOVX Dm ,(d16, An)
7 MOVX (d16, An), Dm
8 MOV Dm, (d16, An)
9 MOVB Dm, (d16, An)
A MOV Am, (d16, An)
B MOV (d16, An), Am
c MOV (d16, An), Dm
D MOVB (d16, An), Dm
E
F




Extended Code H
Third byte (Byte 1: F3, Byte 2 : FE)

Third byte
Upper/iLower O 1 2 3 4 5 6 7 8 9 A

C TBZ (abs24)bp,label TBNZ (abs24)bp,label

D BSET (abs24)bp BCLR (abs24)bp

Extended Code |
Third byte (Byte 1: F3, Byte 2 : FF)

Third byte
Upper/iLower O 1 2 3 4 5 6 7 8 9 A

8 TBZ (d8,A2)bp,label TBZ(d8,A3)bp,label

9 BSET(d8,A2)bp BSET (d8,A3)bp

A TBNZ (d8,A2)bp, label TBNZ(d8,A3)bp, label

B BCLR(d8,A2)bp BCLR (d8,A3)bp




Extended Code J
Third byte (Byte 1: F5, Byte 2 : 4n)

Upper/Lower O 1 2

MULOL | MULQH
0 [ pn,Dm | Dn,DmM

Extended Code K
Third byte (Byte 1: F5, Byte 2 : 6n)

Upper/Lower O 1 2

0

MULQ
1 | bn,Dm




Extended Code L
Third byte (Byte 1: F5, Byte 2 : Fn)

UpperiLower O 1 2 3 4 5 6 7 8 9 A B C D E F

MULQL
imm8,Dn

MULQH
imm8,Dn

MULQL
imm16,Dn

MULQH

0 imm16,Dn

Ver.2.1 (2001.03.15)



Record of Changes

The following shows the changes in the publication of “MN102H60G/60K/F60G/F60K LSI User’'s manual. (From the

1st Edition 3rd Printing dated in February, 2002 to the 1st Edition 4th Printing dated in March, 2003.)

Details of Changes
Page Line Difinition
Previous Edition (Ver.1.3) New Edition (Ver.1.4)
ADB ~—w{93 P10, TMBIOB ~—] 93
ADY —a{ 94 P11, TMBIC  ~—=] %4
AD10 ~—] 95 P12, TMILIOA=—{ 95
AD11 ~—wf 96 P13, TM1110B~—=] %
AD12 —em] 97 P14, TMILIC ~—=] 97
. AD13 ~—w 98 . P15, TM12I0A =—=] % .
1-20 Flgure Ch AD14 ~—w] 99 P16, TM1210B ~=—] j:o
- ange AD15 ~—-] 100 P17, TMI2IC ~—=-]
1-4-8 cnmewon HIEIHN
T R GREEREE
@ Gy g3 g sg
= pg g g5
Pin Number 5 P50
1-28 Table Add Pin Number 6 P51
1-4-1 Pin Number 7 P52
Pin Number 8 P53
BRC[3:0] | Burst ROM Setting for External Memory Space 3-0 BRCI[3:0] |Burst ROM Setting for External Memory Space 3-0
0 Disable 0 Disable
1 Enable 1 Enable (Only when 16 bit bus width is set at
BRS[L:0] |Address Setting 1 1t Bus width |8-bit Bus Width extemal memory space)
for Burst Operation y
11-54 Figu re Cha nge 00 A0, AL 2 words, 4 bytes BRS[L0] Q‘:déﬁf; ffp‘g,",fm 16-bit Bus Width
01 A0, A1, A2 4 words 8 bytes 0 20, AL 2 words
10 A0, A1, A2, A3 8 words 16 bytes o1 on AL A2 2 words
11 A0, A1, A2, A3, A4 | 16 words 32 bytes 0 AO: Al: A2 A3 B words
11 A0, Al, A2, A3, A4 | 16 words
[DRAMACC| DRAM Access Method Selection DRAMACC| DRAM Access Method Selection  *1
. 0 2WE method 0 2WE method
11-567 Figure | Change 1 2CAS method 1 2CAS method
*1 Set "0" at MN10HF60G or ICE.
2 CAS method is not usable.
MN102HF60G MN102HE0G
Figure AlS
11-65 Change FNT:)
2-1-5
AL17 Al7
A16 Al6
AD15-8 ‘ : : ‘ AD15-8 / : : ‘
(AD long 3 mode) (AD long 3 mode)
IRE RE
(Late 0.5 mode] (Late 0.5 mode}
Table
[-76 2.2.2 Change Address Long 3 Mode Address Long 3 Mode IRE
LT (Late 1 mode)! (Late 1 mode)
IRE IRE
(Late 2 mode), (Late 2 mode),
(Lale”:;Eude) A (Late”?Eude)
Sequence Assembler Byte Cycle bl Byte Cycle
Generate the first Generate the first mov BASE, A0 3 1
T bl address for interrupt mov B[;T)SiOAOAO 3 ; address for interrupt add DO, A0 2 2
|||_87 aple Change service routine mov (DO, A0), service routine mov (A0), A0 2 2
3-1-3
IV-173 9 Change In addition to normal PWM waveform, a In addition to normal PWM waveform, timer 13 can
three-value wafeform including ... also output a three-value wafeform including ...
Table
IV-174 451 Change |Three-value PWM v v Three-value PWM v -




Details of Changes

Page Line Difinition
Previous Edition (Ver.1.3) New Edition (Ver.1.4)
— {TMnTR TMn PWM Waveform Selection —— TMNTR TMn PWM Waveform Selection*
0 Normal 0 Normal
1 Three-value 1 Three-value
IV-175 | Figure | Change
* Only TM13
TM14 should be set to "0".
S evontamoce) | (Hock sypehvonous mede by S5Th pin OB | S ectorde) | (cock symchronous mede by SBTn pin or
imer underflow (1/:
0 1-bit More than BOSC cycles o 1-bit ,;0,& than Eosctﬁis
1 2-bit More than Timer 1 or 4 underflow cycles 1 2-bit More than Timer 1 or 4 underflow cycles : SBTn pin
. Timer 2 or 5 underflow cycle : Timer underflow (1/2)
V-192 | Figure | Change
However, the transfer source and the data transfer
VIl-228 6 Add - destination cannot be used as DRAM set external
memory space.
The Input_or output dlrgctlon of D/A function, timer function and serial func(lor‘! The input or output direction of timer function and serial function is determined
Table is determined automatically by setting the PSLMD register or the PBHMD register. automatically by setting the PBLMD register or the PEHMD register.
VIII-268 Change
8-1-2
When P94 and P93 are selected as the LED drive
VIII-274 1 Add -
ports, ...
x1-295 | Table | Change P60-P63, P70-P75, P82-P87, P90-P92, PAO-PA5, |P60-P63, P70-P75, P80-P87, P90-P92, PAD-PAS5,
9 PBO (BOSC) PBO (BOSC)
P44-P47 (AN4-7), P80-P81 (DACO-1), P95-P97
( ) P44-P47 (AN4-7), P95-P97 (AN1-3)
XI-296 | Table | Change |(ANOQ-3)
P94 (ANQ)
P94
2 bytes/1 cycle Decode Setup 0: Disable
(Decode at the
same cycle in the
MN102L00 series. .
XI-322 4 Change Reserved  Setto "0".

1: Enable (Decode
the 2-byte
instruction at high
speed.)




Details of Changes

Page Line Difinition

Previous Edition (Ver.1.3)

New Edition (Ver.1.4)

X1-396 22 Change

1: More than timer 1 underflow cycles

: More than timer 1 underflow cycles : When

SBTO is selected.
Timer 2 underflow cycle : When timer 2

underflow (1/2) is selected.

1: More than timer 1 underflow cycles

: More than timer 1 underflow cycles : When

SBT1 is selected.
Timer 2 underflow cycle : When timer 2

underflow (1/2) is selected.

More than timer 4 underflow cycles

1: More than timer 4 underflow cycles : When

SBT2 is selected.
Timer 5 underflow cycle

XI-399 22 Change
XI-402 22 Change |1:
XI-404 22 Change |1

: More than timer 4 underflow cycles

: More than timer 4 underflow cycles : When

SBT3 is selected.
Timer 5 underflow cycle : When timer 5

underflow (1/2) is selected.

X1-408 23 Change

1: More than timer 1 underflow cycles

: More than timer 1 underflow cycles : When

SBT4 is selected.
Timer 5 underflow cycle : When timer 5

underflow (1/2) is selected.

TM140A, TM140B Waveform Select
0: Normal

Reserved Set to "0".

X1-434 18 Change
1: Three-value PWM
XI-455 | 16 | Change |1:Enable 1: Enable (Only when 16-bit pulse width is set at

XI-460 1 Change

DRAM Access Method Selection

DRAM Access Method Selection *1

*2 Set to "0" at MN102HF60G or ICE.
2 CAS method is not usable.




Differences between 1st Edition 1st Printing and 1st Edition 3rd Printing (1/2)

Details of Changes

Page Line |Definition
g Previous Edition (Ver.1.1) New Edition (Ver.1.3)
Cover - Change | MN102H00 MN102
Warning - Change | If you have any inquires or questions about | If you have any inquires or questions about
this book or our semiconductors, please | this book or our semiconductors, please
contact one of our sales offices at the back of | contact one of our sales offices at the back of
this book or Matsushita Electronics | this book.
Corporation's Sales Department.
25 Table | Change Function Description Function Description
1-6-1
Data Bus ...Pulling the pin low sets 8- Data Bus ...Pulling the pin high sets
Width Setup | bit bus width while pulling Width Setup | 8-bit bus width while pulling
Input the pin high sets 16-bit bus Input the pin low sets 16-bit bus
width... width...
52 Attention Add The value of internal RAM is uncertain when
power is applied to it.
It needs to be initialized before it is used.
SLOW Mode SLOW Mode
SC1 SCO | Operating Clock | SLOW Mode SC1 SCo | Operating Clock | SLOW Mode
0 1 0scCl2 sLow2 0 1 oscli2 SLow2
387 12 Change Transfer Units Transfer Units
0: Byte 0: Word
1: Word 1: Byte
393 12 Change Transfer Units Transfer Units
0: Byte 0: Word
1: Word 1: Byte
502 6 Delete | The dedicated writer supported in PROM
writer mode is the Panasonic PanaX writer.
504 Attention Add PanaX Writer is a software development tool ...




Differences between 1st Edition 1st Printing and 1st Edition 3rd Printing (2/2)

Details of Changes
Page Line Definition - — —
Previous Edition  (Ver.1.4) New Edition (Ver.1.3)
'ngggfﬁigr Title | Change| MN102H00 SERIES INDTRUCTION SET MN102H SERIES INDTRUCTION SET
1st Page[ 23 Delete | MOV (Di, An), Am - F1::00+Di<<4+An<<2+Am
37 Delete MOV Am, (Di, An) - F1::80+Di<<4+An<<2+Am
(t)h‘gSTigilzf Add 2* In case of using this instruction, a value of
PSW or the one that has been pushed in stack
Notes: should not refered in the interrupt processing
program.
Instruction) column | Delete | *Cycle
Set All
Pages loutside of Delete | *When quick decorder enabled
the Table
Notes:.and Change | *2 to *44 *3 to *45
Machine
code
Instruction|  Title Change | MN102H00 SERIES INDTRUCTION MAP MN102H SERIES INDTRUCTION MAP
Map the
1st Page
Instruction| Extended| Delete | MOV (Di, An), Am
Map the | Code B
2nd Page MOV Am, (Di, An)
Instruction| Extended| Add 1* (4 points)
Map the | Code D
3rd Page Add 1* In case of using this instruction, a value of
PSW or the one that has been pushed in stack
should not refered in the interrupt processing
program.
Colophon Delete | Matsushita Electronics Corporation
© Matsushita Electronics Corporation
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