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About This Manual

Thismanual isintended for assembly-language programming engineers.
It describes the internal configuration and hardware functions of the
MN102H55D/55G/F55G microcontrollers.

Text Conventions

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

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



Finding Desired Information

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

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

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

(4) A chapter nameislocated at the upper corner of each page.
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Chapter 1 General Description

2 MN102H55D/55G/F55G

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
analysisfor embedded applications. Thisimprovesthe previous system
architecture in speed and function to meet the requirementsin user sys-
tems including miniaturization to power consumption.

This series adapts aload/store architecture method for computing within registersin-
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. Thisreduces 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 asasimple and efficient instruction set. This alows economy and
speed. This section describes the features of this series CPU.

1. High-speed Signal Processing

Aninternal multiplier operates 16-bit x16-bit = 32-bit in asingle cycle. In addition,
the hardware contains a saturation cal culator 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 isnot divided into instruction areas and data areas so that operations can share
instructions.
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3. Single-byte Basic Instruction Length

Conventional Register Assignment

7 0
The MN102H series has replaced general registers with eight internal LI T T T I T
. L. ) Register Specification Field
CPU registers divided four address registers (A0-A3) and four datareg- ‘
isters (DO-D3). Theregister specification fields are four bits or less, and 7 0
the code size of the basic instructions including register-to register opera- LLL] Legi‘ster S‘pmﬁ‘m‘n -
tions and load/store operationsis one byte. New Register Assignement

4. High-speed Pipeline Processing 1 Machine Cycle

Instruction 1 | Fetch |C>| Decode

The MN102H series executes instructions in a 3-stage pipeline: fetch,
decode, execute. This allowsthe MN102H series to execute instruc-
tions of single byte in one machine cycle. Instruction 2 | Feteh | | Decode

Address =

” Execute
calculation|

Address o

X Execute
ccalculation|

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 avariablelength of one to seven bytes. The most frequently used instructionsin
C-language compiler are single byte.

6. High-speed Interrupt Response

Main Program
The MN102H series halts the instructions execution even during the [—
execution of the instruction with long execution cycles. After aninter- -
rupt occurs, the program moves to the interrupt service routine within etueton 2
six cyclesor less. The MN102H seriesimproves real-time control per-
formance using the interrupt handler which adjustsinterrupt servicing
speed.

Interrupt Service Routine

Interrupt Requesl/\/

Instruction 3

Instruction 4

L J

MN102H55D/55G/F55G 3



Chapter 1 General Description

4 MN102H55D/55G/F55G

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 providesthe 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 devel opment
environment for C-language embedded applications without expanding the program
size. The PanaXSeries development tools support the MN102H series devices.

10. Outstanding Power Savings

The MN102H series contains separate buses for instructions, data and periphera 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 isatrademark of the Matsushita Electric Industrial Co., Ltd.
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1-1-3 Overview

This section describes the basic configuration and functions of the
MN2102H55D/55G/F55G.

Note 1: These bits change de-

pending on all 24 bits of the op-

eration result.

m Processor Status Word (PS\N) 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 [M2]imMajiMo] vx | CX| NX| 2X|VF [CF [NF[ZF | orc e g2 lags of PSw
Reset : - 0 O 0O 0 O 0 0 0 O 0 0 0 0 0 O are changed.

Xy

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 "11-5 MN102HO0O series High-speed Linear Address Instruction Set" for the flags reflected by instructions.

MN102H55D/55G/F55G 5
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m Interna Registers, Memory, and Special Function Registers

Program Counter

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, Specia Function Registers, 1/0 Ports

ROM

RAM

CPUM, EFCR, IAGR

NMICR, xxICR

SCCTRn, TRXBUFn, SCSTRn

ANCTR, ANNnBUF

TMn, BCn, BRn

MEMMD

PnOUT, PnIN, PnDIR

MN102H55D/55G/F55G

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' A
External Memory
X'008000' i
Internal RAM 4 Kbytes
x'009000' L (*3)
(*4)
Reserved
x'00FCO00'
I/O Control Registers t 1 Kbyte
x'010000'
External Memory
Program star)t(lgggg%sg 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 *1 *2 *3 *4
differ on each chip model. MN102HF55G| 128 KBytes | X'0A0000' | 4096 Bytes | x009000'
MN102H55G |128 KBytes | X'0A0000" | 4096 Bytes | x'009000'
MN102H55D | 64 KBytes | x'090000' | 4096 Bytes | x'009000'
Figure 1-1-2 Address Space (Memory Expansion Mode)
Table 1-1-1 Memory Modes
Mode Address Bit Width ROM Capacity External Memory Access
inale-chi - Not accessible
Single-chip mode 64 kI128 kbytes
Memory expansion mode ) .
Up to 24 bits Accessible
Processor mode None

MN102H55D/55G/F55G 7
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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| 21 1

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
2 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.

Interrupt A7

8 MN102H55D/55G/F55G

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 aninterrupt 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

JMP, etc.

Max. 6 machine cycles o 7 machine cycles

Figure 1-1-4 Interrupt Servicing Sequence
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1-2  Basic Specification

Table 1-2-1 Basic Specifications

Structure

Internal multiplier (16-bitx16-bit=32-bit) and internal saturate operation cal cul ator

L oad/store architecture

Eight registers: Four 24-bit data registers
Four 24-bit address registers

Others: 24-bit program counter
16-bit processor status word
16-bit multiplication/division register

Instruction 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 MN102H55D/55G
Maximum of 15-MHz internal operating frequency with a 30-MHz external oscillator MN102HF55G

Instruction execution clock cycles:
For register-to-register operations, minimum 1 cycle
For branch operations, minimum 2 cycles
For load/store operations, minimum 1 cycle

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

Upto 34 MHz

Timer/Counter

Eight 8-bit timers (TMOto 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

MN102H55D/55G/F55G 9
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Table 1-2-1 Basic Specifications

Timer/Counter Five 16-hit timers (TM8to 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

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 1/0 for each interrupt vector.
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

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 I nterfaces (ASCI0 to ASCI2)

Two shared UART/Synchronous/12C (single master only) Interfaces (ASCI3, ASCl4)
A/D Converter 10-bit with 8 channels (can be used as 8-bit)

Automatic Scanning
D/A Converter Two 8-bit channels

External Expansion | Address/data multiplex port function
Address/data separate port function

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

1/O Port Maximum of 82 1/0 portsin single-chip mode
Maximum of 47 1/0 ports in address/data multiplex mode
Maximum of 40 1/0O ports in address/data separate mode

Package 100-pin LQFP
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Chapter 1 General Description

1-3  Block Diagram

Address Registers Data Registers
A0 Do T1=— Clock o cjock
Al D1 T2 «+— Generator Source
A2 D2 Multiplication/Division Register
A3 D3 MDR
I Instruction Execution
A Controller
B
i Instruction Decoder
Multiplier Program
Counter
PSW
Incrementer
~— ALU
Instruction Interrupt
¢ l Queue Controller
Program Address ‘ Operand Address ‘ f
i l Interrupt Bus

Bus Controller

1
< ROM Bus ) Q RAM Bus ) Peripheral Execution Bus

External Interface

Internal ROM Internal RAM [} i Internal Peripheral
External Extension Bus Functions

BR BG 1

Figure 1-3-1 Block Diagram
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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 suppliesthe clock to all blocks
in the CPU.

Program Counter

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

Instruction Queue

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

Instruction Decoder

Theinstruction decoder decodes the contents of instruction queue and generates con-
trol signals needed for the instruction execution. The instruction executes by control -
ling each block in the CPU.

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 results
from the instruction decoder and interrupt requests.

ALU

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

Multiplier

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

Internal ROM and RAM

These memory alocate the program, data and stack areas.

Address Registers (An)

The address registers (An) store the addresses in memory accessed during data trans-
fer. They also store the base addressesin register relative indirect addressing, indexed
addressing and register indirect addressing modes.

Operation Registers

The dataregisters (Dn) store data transferred to memory and results of arithmetic op-
erations. They also store the offset addresses in indexed addressing and register indi-
rect addressing modes.

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

PSW

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

Interrupt Controller

The interrupt controller detects interrupt requests from the peripheral functions, and
requests the CPU to move to the interrupt servicing routine.

Bus Controller

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

Internal Peripheral
Function

The MN102H55D/55G/F55G contains internal peripheral functions including timers,
serial interface, A/D converter and D/A converters. Internal peripheral functions vary
depending on the chip models.
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Chapter 1 General Description

1-4  Pin Description

1-4-1  Single-chip Mode
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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 are connected to VDD/V'SS, output pins leave
= Open, input/output pins are connected to VDD/V SS or leave open depending on 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 are connected to VDD/V'SS, output pins leave
= Open, input/output pins are connected to VDD/V Ss or leave open depending on 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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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 are connected to VDD/V'SS, output pinsleave
= Open, input/output pins are connected to VDD/V Ss or |eave open depending on 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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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 are connected to VDD/V'SS, output pins leave
= Open, input/output pins are connected to VDD/V Ss or leave open depending on pin direction setting).
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Figure 1-4-5 Pin Configuration in Memory Expansion Mode with 16-bit Bus Address/Data Shared Mode

Memory Expansion Mode with 16-bit Bus
Address/Data Shared Mode

Chapter 1 General Description
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Unused pins require handling in the circuit (input pins are connected to VDD/V'SS, output pinsleave
open, input/output pins are connected to VDD/V SS or |eave open depending on pin direction setting).

MN102H55D/55G/F55G

17



Chapter 1 General Description

1-4-6 Processor Mode with 8-bit Bus Address/Data
Separate Mode
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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 are connected to VDD/V'SS, output pins leave
= Open, input/output pins are connected to VDD/V Ss or leave open depending on pin direction setting).
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1-4-7 Processor Mode with 16-bit Bus Address/Data
Separate Mode
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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 are connected to VDD/V'SS, output pinsleave
= Open, input/output pins are connected to VDD/V Ss or |eave open depending on pin direction setting).
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1-4-8 Processor Mode with 8-bit Bus Address/Data
Shared Mode
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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 are connected to VDD/V'SS, output pins leave
= Open, input/output pins are connected to VDD/V Ss or leave open depending on pin direction setting).
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1-4-9 Processor Mode with 16-bit Bus Address/Data
Shared Mode
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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 are connected to VDD/V'SS, output pinsleave
= Open, input/output pins are connected to VDD/V Ss or |eave open depending on 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'sinput level and Schmidt avail-
ability. TTL intheinput level column meansthat theinput 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. Pleaserefer
to "Chapter 8 Ports" for details. The unused pins require handling on the board. The
input pins are connected to VDD or VSS. The output pinsleave open. Thelack of this
handling causes the increase of current and unstable operation.

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. The mask ROM chip
22 Voo - Power (MN102H55D/55G) must connect these four pins to a
66 Voo (VPP) - Power power supply of 3.0 V to 3.6 V. The flash ROM chip
83 Voo - Power (MN102HF55G) must connect pin 66 to a power supply of
4.5V to 5.5 V because the pin 66 becomes the power pin
for the flash ROM programming. During the normal opera-
tion, the pin 66 must be input the same voltage of other
pins.
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 AVbp. 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 + <= Vbp.
22 MNZ102H55D/55G/F55G




Chapter 1 General Description

Table 1-4-1 List of Pin Functions (2/26)

Pin Number

Pin Name

/0

Function

Description

23

24

OSCl

0SsCOo

Input

Output

High-speed Oscillator
Input

High-speed Oscillator
Output

For a self-excited oscillator configuration, connect crystal
or ceramic oscillator across these two pins. They have a
built-in feedback resistor between them. For stability, in-
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

21

Xl

X0

PB1

Input

Output

110

Low-speed Oscillator
Input

Low-speed Oscillator
Output

General-purpose port B1
pin

For a self-excited oscillator configuration, connect crystal or
ceramic oscillator across these two pins. They have a built-
in feedback resistor between them. For stability, insert ca-
pacitor of 100 pF to 200 pF between the XI 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.

If pin 20 is not used as the Xl pin, this pin can be used as
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

110

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

Pin Number

Pin Name

/0

Function

Description

12

WORD

P57

Input

11O

Data Bus Width Setup
Input

General-purpose Port 57

This pin sets either 8-bit data bus width or 16-bit data bus
width in the external memory space O 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".

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

PAS

Input

11O

Address/Data Separate,
Shared Mode Setup

General-purpose Port A5

This pin sets either address/data separate mode or ad-
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".

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

110

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

Bus Request Enable
Output

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

1/10

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 0 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 operation
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 1/0 Function Description

P63 110 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 CSo Output | Chip Select Output 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
CS0 - CS3 to CS pins in external memory. €S0 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".

TM130A Output | Timer 13A Output 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".
6 Ccs1 Output | Chip Select Output Refer to "Pin 5 CSO0 Description” for details.

TM130B Output | Timer 13B Output 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".
7 Cs2 Output | Chip Select Output Refer to "Pin 5 CS0 Description" for details.
TM140A Output | Timer 14A Output 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.
Refer to "Chapter 4 Timers".
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Table 1-4-1 List of Pin Functions (8/26)

Pin Number

Pin Name

/0

Function

Description

CS3

TM140B

Output

Output

Chip Select Output

Timer 14B Output

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.

Refer to "Chapter 4 Timers".

11

ALE

ALE

BSTRE

P56

TM15IA

Output

Output

Output

110

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

110

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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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 A0 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 A0 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 110 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 110 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
KIO-KI7 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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Pin Number

Pin Name

110

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
110

110

Data I/O

Address/Data I/0

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

Pin Number Pin Name 1/0 Function Description
93 D8 1/10 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 I/0O
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 110 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 1/0 Data I/O Refer to "Pin 93 D8, AD8 Description" for details.
AD11 /0 Address/Data 1/0
P13 /0 General-purpose Port 13 Refer to "Pins 84-91 P00-P07 Description" for details.
TM11I0B /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 110 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 110 Address/Data I/0
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 lfe} Data I/0 Refer to "Pin 93 D8, AD8 Description" for details.
AD14 110 Address/Data 1/0
P16 110 General-purpose Port 16 | Refer to "Pins 84-91 P00-P07 Description" for details.
TM1210B 110 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 /10 Address/Data 1/0
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

110

Function

Description

67

RAS

P70

SBTO

Output

1/10

1/0

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, pro-
cessor 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

1/0

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

DMUX

P73

SBT1

Output

/10

110

DRAM Control Output

General-purpose Port 73

Serial Interface 1
Clock Input/Output

This pin outputs DMUX 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 DMUX 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
DMUX 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)

sion Output

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 110 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".
DACO Output | D/A Converter 0 Conver- | This pin can be used as a pin to output the D/A conversion
sion Output results.
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".
DAC1 Output | D/A Converter 1 Conver- | This pin can be used as a pin to output the D/A conversion

results.
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 110 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 110 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 1’0 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”.
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Table 1-4-1 List of Pin Functions (22/26)

Pin Number Pin Name 1/0 Function Description
55 P86 1’0 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".

MN102H55D/55G/F55G 43



Chapter 1 General Description
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Pin Number Pin Name 110 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 | Referto "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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Pin Number

Pin Name

/0

Function

Description

59

P92

TM1010B

DMAREQO

11O

1/10

Input

General-purpose Port 92

Timer 10B Input/Output

ETCO Activation Request
Input

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".

This pin can be used as a timer 10 input/output pin.
Refer to "Chapter 4 Timers".

This pin is an ETC activation request pin. When ETC
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

T™M10IC

DMAACKO

110

Input

Output

General-purpose Port 93

Timer 10C Input

ETCO Acknowledge
Output

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".

This pin can be used as a timer 10 counter clear input pin.
Refer to "Chapter 4 Timers".

This pin is an acknowledge signal output pin for ETC acti-
vation request.
Refer to "Chapter 7 ATC, ETC".

62

P94

ANO

11O

Input

General-purpose Port 94

A/D Converter 0
Conversion Input

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".

This pin can be used as an A/D conversion input pin.
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 110 Function Description

63 P95 1/10 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 I/10 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 110 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 /10 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

‘ OscCl 0Osco | OSCI 0OSCo |

»—H:H—< 4 MHz - 34 MHz
S
— —20pF-33pF —— 20pF-33pF 4 MHz - 34 MHz
7777 7777 O_scillhation
_ ) Circuit
Note : The capacitance values vary depending on

the crystal oscillator.
Figure 1-4-10 OSCI, OSCO Connection Example

" - ‘ XI X0 ‘

0—{ D }—« 32 kHz - 166 kHz
S
32 kHz-166 kHz
100 pF - 200 pF —__— 100 pF - 200 pF
e /e Oscillation

Circuit

Note : The capacitance values vary depending on
the crystal oscillator.

Figure 1-4-11 Xl, XO Connection Example

10 kQ - 50 kQ

RST

10 pF - 100 uF | = isw

Figure 1-4-12 Reset Pin Connection Example

s
]

=
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 10,20
14.000.10
75 51
RAARARARAARARAAAARAAAAAAR 50
76 el 2
= = 3
= = -
] == )
= = el g
o =c=) A k]
(== =se o o
[=-— = Q (=}
s = il
= =
= - - ]
s =
= =
= m | = n -
100 EL O =pn
LI EEE L EEEEELL):
1 25
0.50 0.20%3%9
{1.00) ] 0.05 @@] o »
7|2
(o] o
s
9_
8
(1.00) [ 0.10] =3
(o]

SEATING PLANE

015752

0.50 4020

Unit: mm

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

Figure 1-4-14 External Dimensions : 100-pin LQFP

‘ External dimensions are subject to change. Before using, please contact your
s 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 MN102H55D/55G/F55G has a function to expand memory to ex-
ternal 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 | External Data Bus Width | MODE | ADSEP | WORD Pogegi'gg\g b
Single-chip mode |- - H - - -
Memory Expansion | Address/data separate mode 8-hit H H H Note 1

16-hit 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-hit L L H Note 2

16-bit L L L Note 2

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 becuase the CPU starts in single-chip mode after reset.
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 } External Device }
x'008000' x'008000'
Internal RAM Internal RAM
* *
X'009000'(*4) (4096 bytes (*3)) X009000'(+4) (4096 bytes (*3))
X'00FCO0’ : - X'00FCO0' - - External Memory Space 0
Peripheral Register Peripheral Register [~ (CS0 output)
x'010000' Ext M S o x'010000'
External Device ]—* (%eorna emory space
—~ x080000' (CSO outpuy) —~ x080000
Reset Start Reset Start
Internal ROM
(128K bytes (*1))
X'0A0000'(*2) External Device
X'200000' ]_
X'400000' X'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
XC00000" (CS2 output) X'C00000" (CS2 output)
External Memory Space 3 External Memory Space 3
(CS3 output) (CS3 output)
RRRA Up to 16M space AR Up to 16M space
expansion is possible. exapnsion is possible.
*1 *D *3 *4

MN102HF55G|128K bytes | x'0A0000' | 4096 bytes | x'009000
MN102H55G | 128Kbytes | x'0A0000' | 4096 bytes | x'009000
MN102H55D | 64Kbytes | x'090000' | 4096 bytes | x'009000'

Figure 2-1-1 Address Space
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Chapter 2 Bus Interface

2-1-2  Control Registers

These registers control the businterface: the external memory wait reg-
ister (EXWMD), the memory mode setup 1 register (MEMMDL1), the
memory mode setup 2 register (MEMMD?2), 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.

EXWMD: x'00FF80'
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EW33EW32[EW31[EW30[EW23EW22[EW21[EW20[EW13EWI12EW11|EWI10[EWO3EWO02EWO0LEWO0

Reset: 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0

EW[03:00] | Set the number of wait
for external memory space 0*

EW[13:10] | Set the number of wait
for external memory space 1*

EW[23:20] | Set the number of wait
for external memory space 2*

EW[33:30] | Set the number of wait
for external memory space 3*

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

Wait Cycle address allocation of the exter-
0000 oD 10 nal memory spaces.
0001 0.5 15
0010 1.0 2.0
0011 15 25
0100 2.0 3.0
0101 25 35
o110 30 4.0 0.5 wait cycle corresponds to
o111 35 15 BOSC 1 cycle. 1 wait corre-
sponds to 1 cycle of instruction.
1000 4.0 5.0 With a 34-MHz external oscillator,
1001 4.5 5.5 0.5 wait; 29.4 ns
1010 5.0 6.0 1.0 wait: 58.8 ns
1011 55 6.5
1100 6.0 7.0
1101 6.5 7.5
1110 7.0 8.0
1111 perform handshekg
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 spaces0to 3.

MEMMD1: x'00FF82'
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EB31|EB30|EB21|EB20|EB11|EB10|EB01|EB0O0(BRS1{BRSO[BRC3(BRC2(BRC1{BRCO[{IOW1(IOW0

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

BRC[3:0] |Burst ROM Setting for External Memory Space 3-0

0 Disable
1 Enable

BRS[1:0] |Address Setling_ 16-bit Bus Width |8-bit Bus Width
for Burst Operation

00 A0, ALl 2 words 4 bytes
01 AQ, A1, A2 4 words 8 bytes
10 A0, Al, A2, A3 8 words 16 bytes
11 AQ, A1, A2, A3, A4 | 16 words 32 bytes

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

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

*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-hit bus width

10 Reserved

11 8-hit 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 0 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'

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

— | HS2 | HS1|HSO| — | — |[reserfreser| _ IBST2|BST1|BSTO
ved | ved

Reset 0 0 0 0 0 0 0 0 0 0 0 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] | 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 DRAMMDA 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'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 - ADO pins to Column Address

0 Do not shift
1 Shift

MMDJ[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 (A1) [(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 A13 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 setsthe 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|reservireservl RoN [RCY3|RCY2JRCY1|RCYORCS2RCS1[RCSO[RRS2[RRS1{RRSO|
ACC| T™M | 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'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'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 ps or less.

IReserved Setto 0.

DRAMTM| Clock Source Selection for DRAM Refresh

0 Timer 12 underflow
1 Timer 10 underflow

DRAMACC| DRAM Access Method Selection

0 2WE method
1 Reserved
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The REEDGE register sets the /RE waveform control modes for the external memory
spaces0to 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

REES[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 1 mode

page 78 for the timing. 11 RE short 1.5 mode
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The WEEDGE register setsthe 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|WEEUWEESWEESWEELUWEELWEESWEESWEELIWEELWEESWEESWEELWEEL|
31|30 |31 30|21 (20| 21 | 20 | 11 | 10 11 10 ( 01 | 00 | O1 | 0O

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 CSO0 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 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[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

ALEL[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

ALEG[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

ALEG[21:20] |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

ALEGI[31:30] [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 made

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

ADL
31

ADL
30

ADL
21

ADL
20

ADL
11

ADL
10

ADL
01

ADL
00

Reset 0 0

0

0

0 0 0

0

0

0

0

1

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 R/W Function
EXWMD X'00FF80' R/W | Externa 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
DRAMMD2 x'00FF92' R/W | DRAM Control 2 Register
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

Please refer to Table 2-2-7 on

page 79 for the timing.
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(1

When connecting to mask ROM,
do not need to connect WEH

and WEL.

62

2-1-3

Memory Connection Examples

The MN102H55D/55G/F55G can connect to SRAM, DRAM, mask
ROM or burst ROM. This section shows the connection Examples.

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

MN102HF55G SRAM SRAM
(256 K*8bit) (256 K*8bit)
(P50) CSO 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 (Mask ROM) 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
EXWMD 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
MEMMD1 == R
0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DRAMMD1 ARE
0
7 6 5 4 3 2 1 0
PO PO
POMD MD1 | MDO
0 1
7 6 5 4 3 2 1 0
P1 Pl
PILMD LMD1(LMDO
0 1
7 6 5 4 3 2 1 0
P2
P2MD oo
1
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
P3HMD P3 P3 P3 P3 P3 P3 P3 P3 P3LMD 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 | P4 | P4 Pa
PALMD LMD3|(LMD2{LMD1|{LMDO
1 1 1 1
7 6 5 4 3 2 1 0
P5 P5
PSLMD LMD1(LMDO
0 1
7 6 5 4 3 2 1 0
P6 P6 P6
PEMD MD5 | MD4 | MD3
1 1 1
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m Example of SRAM (Mask ROM) Connection (8-bit Bus Width, 1 Wait)

Chapter 2 Bus Interface

MN102HF55G SRAM
(256 K*8bit) <‘
— PR n
(P50) CSO CS
A18-0 A18-0 When connecting to mask ROM,
do not need to connect WEH
D7-0 D7-0 and WEL.
(P61) RE OE
(P62) WEL WE
Figure 2-1-3 SRAM (Mask ROM) Connection Example (8-bit Bus Width)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EW EW EW EW
EXWMD 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
MEMMD1 o | o 0
0 1 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DRAMMD1 ARE
0
7 6 5 4 3 2 1 0
PO PO
POMD MD1 | MDO
0 1
7 6 5 4 3 2 1 0
P1 P1
PILMD LMD1(LMDO
0 0
7 6 5 4 3 2 1 0
P2
P2MD MDO
1
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
P3HMD HMD7|HMD6|HMD5|HMD4|HMD3|HMD2|HMD1|HMDO P3LMD 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 | P4 | P4
PALMD LMD2(LMD1|(LMDO
1 1 1
7 6 5 4 3 2 1 0
P5 P5
PSLMD LMD1|LMDO
0 1
7 6 5 4 3 2 1 0
P6 P6 P6
P6MD 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)

MN102HF55G DRAM
MN41V4170
(256 K*16bit) Row=10 Colum=8
A18 A9 Al8
AL17 A8 AL7
Al6 A7 Al6 A8
Al5 A6 Al5 A7
Al4 A5 Ala A6
A13 Al Al3 A5
A12 A3 Al2 A4
All A2 All A3
A10 Al Al0 A2
A9 AO A9 Al
D15-8 D15-8
D7-0 D7-0
(P70) RAS RAS
(P71) CAS CAS
(P61) RE OE
(P63) WEH UWE
(P62) WEL LWE

Figure 2-1-4 DRAM (2WE Method) 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
EXWMD 23| 2| 22|22
0 1 0 0
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EB | EB BRC
MEMMD1 21 20 2
0 0
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARE MMD [MMD| AS | SEL | SEL | SEL | CAS | CAS | CAS | RAS | RAS | RAS
DRAMMD1 2 1 0 | EN | 2 1 0 2 1 0 2 1 o
1 0 0 1 0 1 0 0 1 1 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DRAM|DRAM R |Rcy | Rey [ ReY | RCY | RCS | RCS | RCS | RRS | RRS | RRS
DRAMMDZ "' 1w ON | 3 2 1 0 2 1 0 2 1 0
0o 2 0 0 0 1 0 0 1 0 0 0 0 0 0 1
7 6 5 4 3 2 1 0
Po [ PO
FOMD MD1 | MDO
0 1
7 6 5 4 3 2 1 0
PL [ PL
PLLMD LMD1{LMDO
0 1
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
R rR[mB|[R|[R|[rPR|rPE]r RS
F3HMD HMD?7|HMD6|HMD5|HMD4|HMD3|HMD2|HMD1|{HMDO! P3LMD || Mp7|LMD6|LMDS5|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
P4 | P4 | Pa
PALMD LMD2|LMD1|LMDO
1 1 1
7 6 5 4 3 2 1 0
Pe | P6 | P
P6MD MD5 | MD4 | MD3
1 1 1
7 6 5 4 3 2 1 0
pr | P | PT | PT | PT
PILMD LMD4|LMD3|LMD2|LMD1|LMDO

1 1 1 0 1
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m Example of Burst ROM Connection (8-bit Bus Width, 4-3-3-3 Waits, Lower 2 bits of Address)

EXWMD

MEMMD1

MEMMD2

POMD

P1LMD

P2MD

P3HMD

PALMD

PSLMD

PSHMD

Figure 2-1-5 Burst ROM Connection Example (8-bit Bus Width)

(P50)

(P56)

MICOM

MN102HF55G
CSo
A18-0

D7-0
BSTRE

Burst ROM

(256 K*8bit)
CS
A18-0

D7-0
OE

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Ew [ Ew [ Ew | EW
03 | 02 | o | 00
1 0 0 0
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EB | EB [ BRS | BRS BRC
o1 | 00 | 1 0 0
0 1 0 1
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BST | BST | BST
2 1 0
0 0 1
7 6 5 4 3 2 1 0
Po | PO
MD1 | MDO
0 1
7 6 5 4 3 2 1 0
PL | PL
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 0
IR RS pavp | P [ R [Pr[m[rlr]|[rm
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 P4 P2
LMD2|LMD1|LMDO
1 1 1
7 6 5 4 3 2 1 0
5| s
LMD1|LMDO
0 1
7 6 5 4 3 2 1 0
s | ps | s
HMD4|HMD3|HMD2
0 1 1
MN102HF55G/H55G/H55D
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Chapter 2 Bus Interface

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

MN102HF55G DRAM
MN41V4800
(512 K*8bit) Row=10 Colum=9
A18 A9 Al8
ALl7 A8 ALl7 A8
Al6 A7 Al6 A7
Al5 A6 Al5 A6
Al4 A5 Al4 A5
A13 Al Al3 A4
Al2 A3 Al2 A3
All A2 All A2
A10 Al Al0 Al
A9 AO A9 AO
D7-0 D7-0
(P70) RAS RAS
(P71) CAS CAS
(P61) RE OE
(P62) WEL WE

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

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

o | | [ ] [EIES] [ [ [T [ ][]

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

EB | EB BRC
vewor | | (R[S [ [ [ [ [ [ % [ [ ] ]
0 1 0
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARE MMD [MMD| As | SEL | SEL | SEL [ cAs | cas | cas | RAS [ RAS | RAS
omamor | [ [ [Pl a [ [ [ S [0 R0] %0 %00
1 0 1 1 0 1 0 0 1 1 0 0 1
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DRAM|DRAM R [Rcy [Rey [Rey [Rey [ Res [ Res | Res | RRs | RRS | RRs
orawvoz RREPRM [ [ &Y R
[ 0 0 0 1 1 0 0 1 0 0 0 0 0 1
7 6 5 4 3 2 1 0
Po | PO
N N N O A 4
0 1
7 6 5 4 3 2 1 0
v | [ L[]
7 6 5 4 3 2 1 0
P2
g N N O I I A
0
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
P P[P [P]P[P] P[P RS
P3HMD HMD7‘HMDG‘HMDS‘HMD4‘HMDS‘HMDz‘HMDl‘HMDO P3LMD LMD7‘LMD6‘LMDS‘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
P4 | P4 | P4
PALMD ’ ‘ ‘ ‘ ‘ ‘LMDZ‘LMDI‘LMDO‘
1 1 1
7 6 5 4 3 2 1 0
P6 | Pe
G I I A -
1 1
7 6 5 4 3 2 1 0
pr [ Pt | PT | PT ] PT
P7LMD ‘ ‘ ‘ ‘LMDA‘LMDS‘LMDZ‘LMDI‘LMDO

1 1 1 0 1
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2-1-4  Access to External Memory

The MN102H55D/55G/F55G can access to external memory. The ex-
ternal memory space isdivided into four areas. When the MN102H55D/
55G/F55G accesses to each area, the corresponded CSn pin (n=0 to 3)
outputs a chip select signal. In addition, the number of wait cycles and
8-hit or 16-bit bus width can be selected for each area.

The clock output from BOSC pin is the base clock at external access. The address,
data or control signals output synchronizing with BOSC clock. The BOSC clock fre-
guency is the same as the oscillation clock frequency input from OSCI pin. For ex-
ample, the BOSC clock frequency become 40 MHz with a40-MHz external oscillator.
(The clock input from OSCI pin and BOSC clock have the phase difference.)) The
BIBT1 or BIBT2 istheinterna clock synchronizing with BOSC clock, and it shows
memory accesscycle. During 1 memory access, first the BIBT2 clock becomes high
level and then the BIBT1 clock becomes high level. When the number of wait cycles
is set, the BIBT1 clock cycle being high level will be extended.

When no wait cycle is selected, the BIBT2 clock cycle and the BIBT1 clock cycle
being high level equals 1 BOSC cycle. The necessary cycle for 1 access should be 2

BOSC clock cycles.
BOSC !
BIBT2 J
BIBT1
g K

Figure 2-1-7 External Access (No Wait Cycle)

When the number of wait cycles (0.5 wait cycle to 7 wait cycles) is set, the BIBT1
clock cycle being high level is extended 1 BOSC clock cycle in each 0.5 wait cycle.
The necessary cycle for 1 access should be 3 BOSC clock cycles.

Bosc _| ! | |
BIBT2 !
BIBT1 5

Access B ' ' ;
Cycle < >

Figure 2-1-8 External Access (0.5 Wait Cycle)

Chapter 2 Bus Interface
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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
BOSC
Base Clock BIBT2 | | | | | I I I : : ]
BIBT1 | | [ | | | _ L ' ' L |
_ A23-A16 ( A2316 X A23-16 X A23-16 ) (A2316 X A23-16 Y A23-16 )
16-bitDaaRead | \ 515 Apo(—ATE0 XATS0(OIE0X ATS0 ) (AT50 XAL50 BI50 \AI5-0 )
(The CPU selects — ! —\ : : I
the necessary data &E ! - ; ! ; ; ; ;
of H-side or L-side | RE | ; — | : N A A
under 8-bit bus width) | WEH | R | R
WEL | T E— | T
A23-Al6 ( A2316 X A2316 X AZ316 ) (A2316 X As316 Y AZ3-16 )
AD15-AD0( AI5-0 YAI5-0XDI50( _AI5-0 ) AT5-0 YAI5O0X D150 X AI50 )
16-bit Data Write | ALE TN : /AN : : :
RE | S | .
WEH | ] | A N S S
WEL | . | s N S S
A23-A16 ( A2316 X A2316 X AZ316 ) (A2316_X A2316 Y A23-16 )
AD15-AD0( A0 YA5-0XD15-0Y _A150 ) (AT50 XAls0X D150 X A0 )
8-bit H-side ALE i/—\: D15-8 valid output i/—\: Di15-8 vallid output
Data Write R7E | : E : | : : : : :
WEH | . I I W S Y
WEL | T | T
A23-A16 ( A23-16 X A23-16 X A23-16 ) (A2316 X A2316 X A2316 )
AD15-AD0( A15-0 XA15-0XD15-0 A150 ) (A15-0 Xp150X D150 X A0 )
8-bit L-side ALE :/—\: D7—0:valld output :/—\: D:7—O vaIlld outpult
Data Write RE | T | .
WEH | T | IR
WEL | — | L
A23-A16 ( A23-16 Hold the last 2 (A23-16 Hold the last -
AD15—ADO<T5-0‘_ output address ") W‘_ output address _‘—>
ALE | S S | N S S S
No Access RE | . . | . . . . .
WEH | B | N
WEL | AR | A
(No external access, intern:sll ROM,RAM a'ccess) ((Internal peripﬁeral re(lr:]ister aE:cess) ' E
External Wait | WAIT ; : | P ;
' next , don't care i i i ' wait '+ wait ' next ' don't care
A23-A16 Al M bbbl REbbh b
AD15-ADO(_A15-0 [ -----i-gimieooe- - SRR foooe- Fooooe oo
I e T 1 B e e e S
RE 7 - = i e 1o i R --e- R
BUSReQUESt | WEH [ eeeiogy b oo d oo
WEL [ i r
BREQ ) S R R S R A A R
BRACK | } ! | \ | . | : : / } \
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Chapter 2 Bus Interface

Table 2-1-4 Address/Data Multiplex Mode (8-bit Bus Data Access)

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

— AN N N N
ol ol
N~ N~
_HH_ 3 < 3| <
(9]
B e k> SR B i RS R T R R R e L TR EEP TR EEP R L 4 [---Ff--4---F----1 --=-8 V0 EET o CC T
5l o
] I o
SN R O ) I O e o IS 1R O U AV A B B B O et R
<@ N 85 — gl || |
= oo| |5 ol 5 03 A )
< I T < @
S| TR T L R | A SR
o5 k= '
— T3 .msM g
T el T 171 Sl T i P e
I~ I~ Z| fe—g| '
< < [ .
- > > i~ IR R B D> i S (U N A L4 14 [---Ff--d---]---- m |||||| |._—|||"
= [
Q| lo @ o Q| lo g b
gl 2 &l 12 . - |18 1l I S
<| < | [< @ < < || [< £ b
B z 2 2 I
~ I N e L L L £ I M|n\ I
< o
S o
— NN AN N M \Jﬁ/ F-t--do-o
[%) o
Dl lo D lo > . -
onl| [T oh| |7 o 1] ' '
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The length of wait cycle can be set in 0.5-cycle units.

Table 2-1-5 Address/Data Separate Mode (16-bit Bus Data Access)

Chapter 2 Bus Interface

— AN AN AN N
Q Q Q Q
™ ™) ™ (2]
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<
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Chapter 2 Bus Interface

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

Table 2-1-6 Address/Data Separate Mode (8-bit Bus Data Access)
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)
/

2 Waits

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

i [ S P, -

)
)

L1
IX A22-8 )

1 Wait

A22-8

I S e
L
(_A228_X_ROW__X COLUMN )
: ' D15-0 ' ' ]
| - |
. /
| R
I ' A
(A22:8 _X_ROW X COLUMN )
' D150 ' ]
| i * , E
& A+  F
Wait, RAS, CAS and address switch timing can be controlled by registers at BOSC
No Wait

[ S e SR S S
e
(_A22-8 X ROW X COLUMN
( D150
[ |
| S A
I :
(A22-8 X _ROW_ X COLUMN
( D15-0
: —
[ : ' ;
| | T
R L F
FA L F
. : level. )
i 1 Wait
BOSC _| |_| LI 1 L] I—l I—l I—l I—l I—l LI
1 1 i [ 1
— i
4 A22-8
(Internal peripheral register access) I
(A22-8 X A22-8
| L
[ .
( Undefined
{ Undefined
( Undefined
' (At auto r'efresﬁ)

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

2 Waits

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

!
!
/
)
)
)
)

i [ S P, -

)
)

L1
IX A22-8

1 Wait

A22-8

A22-8

1 1 :
1
(A228 X _ROW X COLUMN)
; ; D70
| —
| A
| N
I ' T
(A228 X _ROW X COLUMN )
' b70
| i * , E
\_l_l—ll 1
Wait, RAS, CAS and address switch timing can be controlled by r
No Wait

CAS

[ S s SR S S SR
L R
(_A22-8 X _ ROW_ X COLUMN
( D7-0
[ :
| S
I :
(_A22-8 X__ROW__ X COLUMN
( D150
: T
| : : )
I
| b
A\ L F
) C egisters at BOSC level. )
i 1 Wait
BOSC | |_| LI 1 L] |—| |—| |—| |—| |—| LI
1 ] i 1
—) L i
( A22-8
| T R
| : : : :
I : : : :
| S R
| |
(Internal peripheral register access) I
(A22-8 X A22-8
| N
[ :
( Undefined
{ Undefined
¢ Undefined
' (At auto r'efresH)

(No external access, Intern,

OE(RE) |

A22-A8 (
D7-DO
RAS
A22-A8
D7-DO

BIBT2
BIBT1
A22-A8
D7-DO
RAS

CAS
OE(RE)
WEH
WEL
A22-A8
D7-DO
OE(RE) |
WEH
BIBT2
BIBT1
CAS
WEH
WEL

WEL

Table 2-1-8 Address/Data Separate Mode (8-bit Bus DRAM, WEH and WEL Method)

ysaljoy

1sanbay sng

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

Base Clock

No Access
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* CAS must be delayed externally to hold the setup time of the COLUMN address.
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Table 2-1-9 Address/Data Separate Mode (16-bit Bus Burst ROM Access)

The length of wait cycle can be set in 0.5-cycle units.
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Table 2-1-10 Address/Data Separate Mode (8-bit Bus Burst ROM Access)

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

2-2-1 Overview

The MN102H55D/55G/F55G can delay or hasten the rising timing and
the falling timing of RE, WE and ALE waveforms in the external
memory extension mode. In addition, it can delay the switching timing
of address and data in the address/data shared mode. The RE short
mode and the RE late mode do not affect the BSTRE pin connecting
burst ROM.

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)
WE o —
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 | 0,05,1,15 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.
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Table 2-2-2 RE Late and Short Modes (Address/Data Shared Mode)
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Table 2-2-3 WE Late and Short Modes (Address/Data Shared Mode)
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Table 2-2-4 RE Late and Short Modes (Address/Data Separate Mode)
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Table 2-2-5 /WE Late and Short Modes (Address/Data Separate Mode)

Short Mode

IWE
(Short 1 mode)
/WE
(Short 1.5 mode)

Late Mode

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

BOSC
BIBT2
BIBT1

ALE
(Long 0 mode)
ALE
(Long 0.5 mode)

ALE
(Long 1 mode)

(The above waveforms are ones in the ALE late 0 mode.)

Late Mode

BOSC
BIBT2
BIBT1

ALE
(Late 0 mode)
ALE
(Late 0.5 mode)

(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 MN102H55D/55G/F55G controls handshake wait cycles using
WAIT pin when reading or writing the data for external memory or
other devices.

The MN102H55D/55G/F55G determines the wait cyclesusing WAIT pin when read-
ing or writing the data. When starting read/write access, input high level to the WAIT
pin. High level must beinput until BOSC signal fallsin T2 interval shown in Figure 2-
3-1 because the WAIT pininput level is checked every time BOSC signal falls. While
the WAIT pinishighlevel, 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 cycleslater after the next BOSC signal falls.

T2 T1 T1 T1 Tl T2
L LT
Address —
Data
WEL, WEH , :
WAIT _/ E \
- 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, the fixed wait inter-
val can be determined when the read/write access starts. During the fixed wait inter-
val, waits are inserted to read/write access cycles regardless of the WAIT pin status.
When the fixed wait cycle ends, the normal handshake wait control using the WAIT
pinisselected. Thisfunctionis available when the handshake accessis performed to
the external memory or other devices. After low level isinput to the WAIT pinto end
the access cycle, high level must be input to the WAIT pin until BOSC signal of the
next access cycle falls. If thisinterval is short, timing to input high level cannot be
made. In this case, the next access cycle becomes no wait cycle. Using this function
prevents such errors.

T2 T1 'I"l T1 ‘I"l T1 T2 T1 Tl T1 Tl T1 T2

BOSC i | | |

Address —

Data

WEL, WEH

WAIT

Fixed Wait Fixed Wait
- A:ccess Cycle l -t A:ccess Cycle Lot
. .

:
:
i
If WAIT pin is low at this timing, If WAIT pin is low at this timing,

If WAIT pin is high before this timing, ~ 2°°€%S cycle ends 1.5 BOSC If WAIT pin is high before this timing, ~access cycle ends 1.5 BOSC
wait cycle continues. cycle later. wait cycle continues. cycle later.

Figure 2-3-2 Fixed Wait and Handshake Wait Control Timing
(1 Wait Cycle as Fixed Wait, 2 Wait Cycles as Whole Wait, Data Write)

Set '1111' to bits for the number of wait cycles of the EXWMD register to control
handshake wait cycles. When the fixed wait cycleisrequired, set the necessary num-
ber of wait cyclesto bits for number of fixed wait cycles of the MEMMD 2 register at
the sametime. (Thewait cycle range from 0 to 3.5 cyclesis set in 0.5 wait cycle.)

MN102HF55G/H55G/H55D 81
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2-4  Activation Sequence

2-4-1  Activation Sequence of Each Mode

This section describes the activation sequence and the pin state after
power turns on in single-chip mode, memory expansion mode and pro-
cessor mode. The activation sequences and pin states in mask ROM
version (MN102H55G) and those in flash version (MN102HF55G) are

Same.

Single-chip Mode

Pin State Undefined All ports are input
External oscillation Wait for Oscillation
* * * 4 clock cycle or more * Stability * Hereafter, execute
. ) programs
Power Self-excited Oscillation Set RST pin Set RST pin Fetch the instruction
Start to low level to high level at x'80000' of Internal ROM.
The external oscillation starts
supplying clock from external
device to the CPU.
Memory Expansion Mode
. X . Valid address pins, data pi
Pin State Undefined All ports are input and control sigr:]al pins (Npi&
- -~
External oscillation Wait for Oscillation
* * * 4 clock cycle or more * Stability * *
Hereafter, execute
Power  self-excited Oscillation  Set RST pin Set RST pin Fetch the Swit(;:g PO - P5 programs
Start low level i instruction  to address pins,
The external oscillation starts o low leve to high level at x'80000"  data pins or
supplying clock from external of Internal control signal pins
device to the CPU. ROM. as needed
using program.
Processor Mode
Pin Stat Valid address pins, data pins and control signal pins (Note) The ports except address pins, data pins and
ate Other ports are undefined control signal pins are input
External oscillation Wait for Oscillation
* * * 4 clock cycle or more * Stability * Hereafter, execute
. . programs
Power  Self-excited Oscillation Set RST pin Set RST pin Fetch the
Start i instruction
The external oscillation starts o low level to high level at x'80000'
supplying clock from external of External
device to the CPU. ROM.

(Note) The CSn pin, RE pin, WEL pin and WEH pin are high level.
The initial values of the address pins and data pins are undefined.

Figure 2-4-1 Activation Sequence of Each Mode
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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 MN102H55D/
55G/F55G improves the interrupt response by aborting instructions, in-
cluding the multiply and divide instruction, which require multiple
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 MN102H55D/55G/
F55G contains 56 interrupt groups. Each interrupt group controlsinterrupts. Aninter-
rupt is generated speedily because one interrupt vector is assigned to each interrupt
group. Interrupt groups are classified into 14 classes, which set itsinterrupt level. All
interrupts from the peripheral circuits (such astimers) and external pins, except reset
interrupts, are registered into interrupt group controller. Once interrupts are regis-
tered, interrupt requests are sent to the CPU according to the interrupt priority level
(level 0to 6) set in interrupt group controller. Groups 0 to 3 are interrupts for the
system. Table 3-1-1 shows the comparison between this LS| series and the previous
16-bit series.

Table 3-1-1 Comparison of MN102H55D/55G/F55G and MN102B00/MN102L00

Parameters MN2102B00/MN102L00 MN2102H55D/55G/F55G
4 1t 1 vector per grou
Interrupt Groups vectors per gro.up per grolp
(separated by interrupt (Generated the group
(IAGR group numbers) ) . )
service routine) 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 MN102H55D/55G/F55G has five externa interrupt pins and eight key interrupt
pins. The IRQTRG register, the KEY TRG register and the KEY CTR register set the
interrupt conditions (positive edge, negative edge, both edges or low level).



KEYTRG KEYCTR

% Egge;teve: MASK —=| — Interrupt
: ge: evel MASK —| N to CPU
KI7 —{ Edge/Level MASK*D’ OR
Interrupt

IRQTRG
R Q Arbitration
IRQO —4 Edge/Level
IRQ1 —7 Edge/Level
IRQ4 — 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 awatchdog interrupt occurs.

CPUM Register WDREG register Control Chip Reset

Control Control
BOSC —>‘ Watchdog Timer ‘—»‘ Extended Watchdog Timer Watchdog Interrupt
Generate pulse signal of Generate Watchdog interrupt
BOSC divisor of 25, 213 215 of watchdog timer output divisor
217 (see note) of 1,222,265, 28,210 212

Figure 3-1-2 Watchdog Timer Block Diagram

m Notices When Using Watchdog I nterrupt

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.)

Especidly, in case of (2), theinstruction in progress enters the interrupt service routine
without completing the instruction execution because the CPU terminates the bus
cyclesforcibly. Inaddition, 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.

Chapter 3 Interrupts

* In the MN102HF55G, use only

the BOSC divisor of 2'7.
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Table 3-1-2 Interrupt Vector and Class Assignment
Group Interrupt Vector Class
—— | GROUP 0 [ Non mascable

MN102H00 NMI' TGROUP 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

Register
Address

00FCA40[R/W]
00FCA42[R/W]
00FCA44[R/W]
00FC46[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]

00FCB0[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]
00FC74[R/W]
00FCT76[R/W]

00FCT78[R/W]
00FC7A[R/W]
00FC7C[R/W]
00FCT7E[R/W]

00FC8O[R/W]
00FC82[R/W]
00FC84[R/W]
00FCS6[R/W]

00FCS8[R/W]
00FCSA[R/W]

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

00FC98[R/W]
00FCYA[R/W]
00FCOC[R/W]
00FCYE[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]



Program

Interrupt

max. 6 cycles I

& | (preprocessing)

Handler

¢

7 machine cycles

Address 80008

® cycles)

Interrupt service
routine

& \(postprocessing)

Handler

Pop register

rts (5 CYCIes)

Chapter 3 Interrupts

Release the interrupt request
at the beginning
(included in the cycle shown to the left)

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
movx DO, (4, A3) 3 3
Read group number mov (FCOE), DO 3 1
aciess or memupt | MOV BASE, A0 3 :
. errup mov (DO, AO), AO 2 2

service routine
Branch jsr (A0) 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

MN102H55D/55G/F55G
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CLASS 0 (System Interrupt)

7 6 5 4 3 2

3-1-2  Control Registers

Theseregisters control the interrupt function: the interrupt accept group
register (IAGR), the interrupt condition setup register (IRQTRG), the
external key interrupt condition setup register (KEY TRG), the external
key interrupt enable register (KEY CTR) and the watchdog interrupt
extension control register (WDREG).

0 Nonmaskable interrupt NMICR
ID Watchdog overflow WDICR
¥ Undefined instruction UNICR

Interrupt arbitriation (error interrupt) ElICR

Interrupt detect flag
0: Interrupt undetected
1: Interrupt detected

CLASS 1~13
7 6 5 4 3 2 1 0 i
[ | X:1Q External interrupt
| LV | IE | XnICH TMorT Timer interrupt
\ SC Serial interrupt
? o Interrupt enable flag (IE) AT ATC transfer end interrupt
Interrupt priority level 0: Disable AD AD conversion end interrupt
LV[2:0] 1: Enable .
Kl Key interrupt
7 6 5 4 3 2 1 0
IR ID XnICL * Some registers do not have LV flags. These
; ; bits are read to 0.

Interrupt request flag (IR)

0: No interrupt requested

1: Interrupt requested

88 MN102H55D/55G/F55G

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

Thefollowing isan example of setting theinterrupt level (LV) and the interrupt enable
(IE) in the interrupt control register (XnICH). Interrupts must be disabled during this
routine.

and Oxf7ff,psw ; Clear |IE flag of PSW
Inserted to ensure that XnlCH is accessible
after clearing |E flag completely

Write LV/IE

Set |E flag of PSW

nop ;
nop ;
mov dO, (XnICH) ;
or 0x0800, psw ;



The program does not need to clear the |E flag of PSW to disable interrupts during
interrupt servicing, since |IE = 0 unlessthe |E flag is set. The nop instructions can be
any instructions except those which write the |E flag of PSW or LV and |E flags of
XnICH register. Two nop instructions are inserted in the example to keep the mini-
mum number of cyclesto change the |E flag. More than two nop instructions can be
inserted.

IAGR: x'00FCOE'

15 14 13 12 11 10

GN5 | GN4 [ GN3 | GN2 | GN1 [ GNO

Reset 0

Group number

IRQTRG: X'00FCBO0’

15 14 13 12 11 10 8

1Q4
TGO

7

1Q3
TG1

6

1Q3
TGO

5

1Q2
TG1

4

1Q2
TGO

3 2 1

1Q1 | 191 | 1Q0
TG1| TGO | TG1

0

1Q4
TG1

IQO0
TGO

Reset 0 0 0 0 0 0 0 0

Chapter 3 Interrupts

IQOTG[1:0]

Interrupt trigger condition for IRQO pin

IQ1TG[1:0]

Interrupt trigger condition for IRQ1 pin

IQ2TG[1:0]

Interrupt trigger condition for IRQ2 pin

IQ3TG[1:0]

Interrupt trigger condition for IRQ3 pin

IQ4TG[1:0]

Interrupt trigger condition for IRQ4 pin

00
01
10
11

Low level
Both edges
Negative edge
Positive edge

KEYTRG: xX'00FCB2'

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

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

KIO
TG1

KI0
TGO

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

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 K12 pin

KI3TG[1:0]

Interrupt trigger condition for KI3 pin

KI4TG[1:0]

Interrupt trigger condition for KI4 pin

KISTG[1:0]

Interrupt trigger condition for KI5 pin

KIBTG[1:0]

Interrupt trigger condition for KI6 pin

KI7TG[1:0]

Interrupt trigger condition for KI7 pin

00
01
10
11

Low level
Both edges
Negative edge
Positive edge
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Reset

Reset:
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KEYCTR: xX'00FCB4'

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
KI7 | KI6 | KI5 | K4 | KI3 | KI2 | KI1 | KIO
EN|EN|EN|EN|EN|EN | EN | EN
o o o O O O O O O O O O O O0 o0 0
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
KI3EN | OR interrupt trigger condition for KI3 pin
KI4EN | OR interrupt trigger condition for Ki4 pin
KISEN | OR interrupt trigger condition for KI5 pin
KIBEN | OR interrupt trigger condition for KI6 pin
KIZEN | OR interrupt trigger condition for KI7 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 o O O O O O O O O0O O O O0 0 0
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
MN102H55D/55G/F55G




Table 3-1-5 List of Interrupt Control Registers

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' External 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' External Interrupt 3 Control Register
1Q41CL x'00FC70' External Interrupt 4 Control Register
1Q41CH x'00FC71' External Interrupt 4 Control Register
TMOUICL X'00FC52' Timer O Underflow Interrupt Control Register
TMOUICH X'00FC53' Timer O 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
TMA4UICH 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
TMO9BICH x'00FC67' Timer 9 Capture B Interrupt Control Register

Chapter 3 Interrupts
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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 | Seria 0 Transmission End Interrupt Control Register
SCOTICH X'00FC91' R/W | Seria 0 Transmission End Interrupt Control Register
SCORICL x'00FC92' R/W | Seria 0 Reception End Interrupt Control Register
SCORICH X'00FC93' R/W | Seria 0 Reception End Interrupt Control Register
SCATICL x'00FC94' R/W | Serial 1 Transmission End Interrupt Control Register
SCATICH x'00FC95' R/W | Serial 1 Transmission End Interrupt Control Register
SC1RICL x'00FC96' R/W | Serial 1 Reception End Interrupt Control Register
SC1RICH X'00FC97" R/W | Seria 1 Reception End Interrupt Control Register
SC2TICL X'00FC98' R/W | Seria 2 Transmission End Interrupt Control Register
SC2TICH X'00FC99 R/W | Seria 2 Transmission End Interrupt Control Register
SC2RICL X'00FC9A’ R/W | Seria 2 Reception End Interrupt Control Register
SC2RICH X'00FC9B' R/W | Seria 2 Reception End Interrupt Control Register
SC3TICL X'00FC9OC' R/W | Seria 3 Transmission End Interrupt Control Register
SC3TICH X'00FCOD’ R/W | Seria 3 Transmission End Interrupt Control Register
SC3RICL X'00FCOE' R/W | Serial 3 Reception End Interrupt Control Register
SC3RICH X'00FCOF R/W | Seria 3 Reception End Interrupt Control Register
SCATICL X'00FCAQ' R/W | Seria 4 Transmission End Interrupt Control Register
SCATICH X'00FCAL' R/W | Seria 4 Transmission End Interrupt Control Register
SCARICL X'00FCA2' R/W | Seriad 4 Reception End Interrupt Control Register
SC4RICH Xx'00FCA3 R/W | Seria 4 Reception End Interrupt Control Register
ATOICL X'00FCAS8' R/W | ATC 0 Transfer End Interrupt Control Register
ATOICH X'00FCAY' R/W | ATC 0 Transfer End Interrupt Control Register
AT1ICL X'00FCAA' R/W |ATC 1 Transfer End Interrupt Control Register
AT1ICH x'00FCAB' R/W |ATC 1 Transfer End Interrupt Control Register
AT2ICL x'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




ETCOICL X'00FCA4' R/W | ETC 0 Transfer End Interrupt Control Register
ETCOICH X'00FCAS' R/W | ETC 0 Transfer End Interrupt Control Register
ETC1ICL X'00FCA6' R/W | ETC 1 Transfer End Interrupt Control Register
ETC1ICH X'00FCAT 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 x'00FCB2' R/W | External Key Interrupt Condition Setup Register
KEYCTR x'00FCB4' R/W | External Key Interrupt Enable Register
WDREG Xx'00FCB6' R/W | Watchdog Interrupt Extension Control Register

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

be matched.

All registers except IAGR, IRQTRG, KEYTRG, KEYCTR and WDREG allow only

byte-accesses. Use the MOVB instruction to set the data.

Chapter 3 Interrupts
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The interrupt level is 5 in this

example.

94

3-2 Interrupt Setup Examples

3-2-1  External Pin Interrupt Setup Examples

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

Onreset, al 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) issetto 0.

| PO | CORE | | D/A Converter | [P6]
| Interrupt |« | A/D Converter | [pP7]
[P2] [ 8bitTimers | [ | Serial/F |
[P3] [ 16-bitTimers | | | ATC |
[ sbitpwm | | ETC  |HPAl-l— iRG0 Pin
IP5| |Pulse Width Counter] | ROM,RAM | |pB|

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’
1514 | 13|12 | 11|10 9 8 7 6 5 4 3 2 1 0

1Q4 | 1Q4 | 103 | 103 | 1Q2 | 1Q2 | 1Q1 | 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 (IQ0ICH) to theinter-
rupt level 0to 6, the IQOIE flagto '1'.

IQOICL: X00FC50' IQOICH: X'00FC51'
716 5] 4]3]2]1]o0 716 5] 43]2]1]o0
1Q0 1Q0 1Q0 | 1Q0 | 1QO0 1Q0
IR ID LV2|LV1|LVO IE
0 0 1 0 1 1
MN102H55D/55G/F55G



(3) Enableinterrupts by writing the |E 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-

cessing.

(5) Executetheinterrupt service routine.

(6) Clear the IQOIR flag of the IQOICL register.

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

routine ends.

PAO(IRQO)
IRQTRG
IQOIE

IQOIR

Interrupt Servicing

Registers [R/W]

L

Low level :

Negative: Edge

A

IRQTI%G(W)IQOICIH(W)
(1) 1QOICL(W)
@)

IQOI(IIL(W)
(4)(5)(6)(7)

Figure 3-2-2 External Pin Interrupt Timing

IQOI(I:L(W)
(4)(5)(6)(7)

Chapter 3 Interrupts

After the program branches to
x'080008', the program gener-
ates the interrupt service routine
start address and then branches
to that address.

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.
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3-2-2 Key Input Interrupt Setup Examples

External pins P33 - P30 (K13 - KI0) generates key input interrupts. An
interrupt signal is generated whenever one of P33 - P30 islow level.

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

[P0] | CORE

|

Interrupt |
[P2] | [ s-bitTimers | [ serialvk | [pg]

|

|

| D/A Converter | [P6 |

| AID Converter | [P7]

KIO pi
K1 S:: —=[P3 [ 16bitTimers | | ATC |
KI2 pin | 8-bit PWM | Ec |
KI3 pin
[P5] [Pulse Width Counter] [ ROM,RAM | [pB]
Figure 3-2-3 Key Input Interrupt Block Diagram
P37
P36
P35
P34
LA S M
I333/!% Q, Q Q, Q
N
L S RO
| "32/§ SN Q SN N
Keylntelt@ N
4 5 6 7
pa1 § ACC | "SR | W
—1 Q. Q Q, Q
N
0 1 2 3
P30 % S‘o\ S&o\ Ssb\ S&O\
<|| Q, Q. Q, Q.

Figure 3-2-4 4x4 Key Matrix Example
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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 PBHMD). Set P33 - P30 pinsto K1 input, select all P37 - P34 pinsas

ports..
P3LMD: X'00FFF4' P3HMD: X'00FFF5'
716 5] 4] 3]2]1]o0 765 ]a]3][2]1]o0

P3| P3| P3| P3| P3| P3| P3| P3 P3 | P3| P3| P3| P3| P3| P3| P3
LMD7LMD6LMD5LMD41LMD3LMD2LMD1LMDO 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 pinsto output. P33 - P30 pins are selected asinput regardless of the set value
of P3DIR because these pins are set to K1 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 pinsto pull-up by the port 3 pull-up control register (P3PUL) not to
generate an interrupt when the key isnot pushed. Set P37 - P34 pinsto output low
to generate an interrupt when one of any keysis pushed. Generate akey interrupt
signal when any of P33 - P30 pins becomes 0 if one of keysis 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 OUT7I0UTE0OUTS0UT40UT30UT20UTOUTO,
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 KEY TRG register. Enable P33 - P30 key
interrupts of the KEY CTR 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

MN102H55D/55G/F55G
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When applying to a remote con-
troller, the CPU moves to the
STOP mode to reduce power
consumption. When an inter-
rupt occurs during the STOP
mode, the CPU waits for oscilla-
tion stabilization. The CPU
waits for up to 4.369 ms with a
30-MHz oscillator. After that,
the program branches to
x'080008.

After the program branches to
x'080008', the program gener-
ates the interrupt service routine
start address and then branches
to that address.

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).

98 MN102H55D/55G/F55G

(5) Enableinterrupts after clearing all prior interrupt requests. To dothis, set the KIIR
flag of the external key interrupt control register (K1I1CL) to O, the KILV2-0 flags
of the external key interrupt control register (KIICH) to the interrupt level 0 to 6,
and theKIIE flag to'1".

(6) Enableinterrupts 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 keysis pushed.

m [nterrupt Service Routine

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

(8) Executethe 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) Writex'EQ' to the port 3 output register (P30OUT). (bit setting: 11100000 (set 0to
only P34)).

(13) Thebit corresponding to the port 3 input register (P3IN) becomes 0 if any one of
keys0, 4, 8, C. Check with the hit test instruction (BTST).

(14) Writex'D0' 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
keys1,5, 9, D. Check with the bit test instruction (BTST).

(16) Writex'B0' to the P3OUT register. (bit setting: 10110000, set 0 only to P36)

(17) Thehbit 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) Writex'70" to the P3OUT register. (bit setting: 01110000, set 0 only in P37)

(19) Thehit 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 ! Low 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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The watchdog interrupt is used
to detect the CPU errors. The
CPU cannot return to the previ-
ous operation before the watch-
dog interrupt occurred after in-
terrupt service routine is ex-
ecuted. Therefore, the CPU
must reset after the watchdog
interrupt occurred.

If WDM1 and WDMO are 00, a
watchdog interrupt occurs when
the watchdog timer counts 27
BOSC cycles (4.369 ms with a
30-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.

100 MN102H55D/55G/F55G

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

| PO | CORE |
[P1] Interrupt |
,El | 8-bit Timers | |
|
|

program.

| D/A Converter | [P6]

| AID Converter | [P7]

Serial IIF |
[P3] | 16-bit Timers | AtC_ | [P9]
| 8-bit PWM | ETC |
[P5] [Pulse Width Counte] [ ROM,RAM | [pB]

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 7 6 5 4 3 2 1 0

WD | WD | WD 0SsC
RsT | M1 I mo | - - - - - - - - D STOP|HALT|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 flagis 1.



m [nterrupt Service Routine

When an interrupt is generated and accepted, the program branches to x'080008'.

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

(4) Verify awatchdog interrupt by reading the watchdog interrupt control register
(WDICR). Check the WDID flag with the bit test instruction (BTST). If the
WDID flag is 1, execute the interrupt service routine.

(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 O again after moving to the normal
mode. ["2-6 Standby Function" in the MN10200 Series Linear Addressing High-
speed Version LS| User Manual]

Overflow

RST pin J 1 ‘ ‘
Watchdog Count

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

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

Figure 3-2-7 Watchdog Timer Interrupt Timing

m Watchdog Timer in STOP Mode

When the watchdog timer is enabled and the CPU switchesto STOP mode, the watch-
dog timer starts counting after it operates as the oscillation stabilization wait counter if
the CPU returns to the previous mode (either NORMAL mode or SLOW mode) from
STOP mode by an interrupt. In the MN102HF55G ( Flash EEPROM version), 27
must be selected as the watchdog interrupt cycle (WDMO="0', WDM1="1") when the
CPU movesto STOP mode.

Chapter 3 Interrupts

After the program branches to
x'080008', the program gener-
ates the interrupt service routine
start address and then branches
to that address.

During the interrupt service rou-
tine, other interrupts are not ac-
cepted because IM of PSW be-
comes the highest level.
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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

MN102H55D/55G/F55G

3-2-4  Extended Watchdog Timer Setup Examples

The MN102H55D/55G/F55G has the extended watchdog timer which
generates alonger watchdog interrupt than the normal watchdog timer
does. In addition, the CPU resets itself instead of generating an inter-
rupt. Inthisexample, if the CPU does not clear the watchdog timer and
the extended watchdog timer for 4.47 swith 30-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 isinput to RST pin. Generate a pulse signal of 217
BOSC cycles using the CPUM register, and then set 2° using the WDREG register.
Since BOSC cycle at 30-MHz external oscillator is approximately 33.3 ns,
33.3nsx219%217=4.47 s and the watchdog timer the extended watchdog timer should be
cleared during thisinterval.

[Po] ] CORE

Reset

|

| Interrupt |
g-bit Timer | | Seriall/F | [Pg]

|

|

| D/A Converter | [P6 |

| AID Converter | [P7]

[P2] |

[P3] | 16-bit Timer |  ATC |

| 8-bit PWM | Ec |
| |PB

|Ps| [Pulse Width Counter] | ROM,RAM | [PB|

Figure 3-2-8 Extended Watchdog Timer Block Diagram

m [nterrupt Enable Setting

(1) Set WDP[2:0] hits of the WDREG register to the time for error detection function.
In this example, set 22°. Since the chip isreset 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 | R R _ |WD|WD|WD| ) } } ) ) _ | WD
CLR P2 | PL | PO RST

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




(2) Clear the WDRST flag of the CPUM register. This starts the watchdog timer and
the extended watchdog timer. In addition, set the WDM flagsto the time for error
detection function. In this example, select 217 .

CPUM: x'00FCO00
1514|1312 |11 (10| 9 8 7 6 5 4 3 2 1 0

WD | WD |WD| ) . ) ) ) ) ~|0sC
RST | M1 | MO 1D

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

STOP|HALT|OSC1|OSCO

When the above steps complete, genertae a watchdog interrupt after 4.47 s and reset
the chip.

m Clearing the Watchdog Timer

(3) Setthe WDCLR flag of the WDREG register and the WDRST flag of the CPUM
register to 1 and then immediately clear themto 0. This clearsthe 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 whilethe WDCLR flagis 1. Normally, clear the watchdog timer and the
extended watchdog timer before a watchdog interrupt occurs.

Chapter 3 Interrupts

If WDM1 and WDMO are 00, a
watchdog interrupt occurs when
the watchdog timer counts 27
BOSC cycles (4.369 ms with a
30-MHz oscillator).
The following is the WDM set-
ting.
00: 27 BOSC cycles
01: 25 BOSC cycles
10: 23 BOSC cycles
11: 235 BOSC cycles
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4-1  Summary of 8-bit Timer Functions

4-1-1 Overview

The MN102H55D/55G/F55G contains eight 8-bit down counters that
can serve as interval timers, event counters, clock outputs (underflow
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 (X1)/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-hit timers can cascade. For example, cascading timers 4 and 5 forms a
16-hit 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 totimers1to 3andtimers5to
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 isthe 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 XI frequency becomes the low-speed oscillation frequency
under any modes.



TMOICL Interrupt
TMA4ICL Interrupt
TM1ICL Interrupt

TM2ICL Interrupt
Serial 0, 1

TM3ICR Interrupt

TMSICL Interrupt

Serial 2,3,4

TM6ICL Interrupt

TM7ICL Interrupt

To 16-bit Timer

16-bit Timer, Serial 2, 3

Chapter 4 Timers

Seria 0,1, 4 Inputo
pretion 11 Inputl { | Boscr2
Gin Input2
r Input3
__<:| BOSC
Underflow :qumt(f
T™2 P —<:| X1/4
Cascade : 2p$§ A — Inputo
r D 0 Inputl
Cascade Input2 [ ] .
Underflow Input0 Input3 [ ] ™oiopin
,. n)
AD Converter Activation . T™M3 IngutZ Timer Outpu
Cascad t——e
r IS, Underflow Input0
T 4 Inputl —
derfl np Input2
U 5 InputL Coeme input3 [ r [] ™™4i0pin
r @ :zgﬁg imer Output]
Input0
Underflow 5 Ingutl
Input2
r sy Input3
Underflow Input0
™7 Inputl
Cascade e [ ] ™™7105pin
TPy f Timer Output
Figure 4-1-1 8-bit Timer Block Diagram
MN102H55D/55G/F55G
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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 g O 0 g ] i O O
Event Counter u - - N o - - O
Clock Source
- o - - - o - - -
for 16-bit Timer
Timer Output O - - - O - - O
TMOIO pin TM4I10 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 T™MO T™MO
underflow underflow underflow | underflow | underflow | underflow | underflow
2 BOSC Cascade Cascade Cascade Cascade | Cascade Cascade Cascade
3 TMOIO pin T™4 T™4 T™4 TMA4I0 pin BOSC T™M4 TM7IO pin
underflow underflow | underflow underflow
Cascade O O O O O [III O |
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Cascading Cascading Cascading 8-bit counters forms

8-bit x 8 | | | | | | | | | | | | | ﬂ? | a 16-bit timer, 24-bit timer, 32-bit
timer, 40-bit timer, 48-bit timer,

56-bit timer, or 64-bit timer.

¢ Configuration Example

16-hit 8-bit 8-bit 8-bit 8-bit 16-bit
| [ A T N o O i A |
Timer Ouput Interval Synchronous UART  Event Event
Neesl 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
A
Load Value|. NN TR T
| Time

Interrupts /\/4 ! /\/ /\/
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=0to0 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 | Lb a1 | s 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 0 underflow, X| divided by 4 *1
*1 Since the settings may differ 10 C ing, 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

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

Timer0 | TMOBR X'00FE10' RIW Timer 0 Base Register
TMOMD X'00FE20' R/W Timer O Mode Register
TM1BC X'00FEQL' R Timer 1 Binary Counter

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

Timer2 |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'00FEQ04' R Timer 4 Binary Counter

Timer 4 | TM4BR x'00FE14' R/W 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

Chapter 4 Timers
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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 v » 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 PSLMD
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 . ;
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

AN
8 8
(FE12)
Timer 2 base register
TM2BR
Load _ Reload
\8 7 (FE02)
2 Timer 2 binary counter
N
z TM2BC » Timer 2 underflow interrupt
/I\Coum Underflow  gerial 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) \8 - (FE03)
g 212 Timer 3 binary counter
w ' w . .
2 2.8 TM3BC » Timer 3 underflow interrupt
: Underflow .
— Count A/D activation
\
BOSC/2 —»| 0
Timer O 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
PN
8 8
(FE14)
Timer 4 base register
TM4BR
Load Reload
| (FE24) N (FE04)
g ' % J% ' % Timer 4 binary counter ) _
o 5 @ a TM4BC ‘Igmt;ai{ ttilnL:grderflow interrupt
Underflow 3
- Count Serial 2, 3
\ 4
<y > , .
»1/2 TM40 pin (P83
v Reset |—'Timer output pin ( )
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 7 (FEO5)
= —H - ’ .
< S Timer 5 binary counter
@ Y TM5BC » Timer 5 underflow interrupt
P =, O > .
 — Underflow Serial 2, 3, 4
Count
A\
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
>1/2 TM7IO pin (P84
Reset = HMimer output pin (P84)
0 underflow/2
Xif4 —>» 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.
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4-2  8-bit Timer Setup Examples

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

Timer O 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
countswhen TMnl O pin input changes during the CPU stop. The CPU transfersto the
normal mode after oscillation stability wait when an interrupt is generated. At this
point, the event counter counts TMnlO pin input at the change timing until the oscilla-
tion stability wait iscompleted. The event counter, however, starts counting TMnlO
pin input at the timing the event counter samples on BOSC.

[PO] | CORE | [ D/A Converter | [p6]
[P1] 7| Interrupt | | A/D Converter | [P7]
[P2] 8-bit Timers |-—| | serial IF | |—— TMOIO pin
[P3] [ 16-bitTimers | | ATC | [Po]
[Pa] | sbitPwMm | | ETC |
[p5| [Pulse Width Counte] | ROM,RAM | |pB]

Figure 4-2-1 Event Counter Block Diagram

(1) Settheinterrupt enable flag (1E) 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




(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 O underflows.

IQOICH: x'00FC50'
7 6 5 4 3 2 1 0

1Q0 | 1Q0 | 1Q0 1Q0
LV2|LV1|LVO IE
1 0 O 0

TMOICL: xX'00FC52'
7 6 5 4 3 2 1 0

R R _ | TMO| } _ |T™O
IR 1D
0 0

TMOICH: x'00FC53'
7 6 5 4 3 2 1 0

T™MO
IE

(4) Setthetimer Odivisor. Sincetimer O divides TMOIO pin by 4, set thetimer 0 base
register (TMOBR) to 3. (Thevalid range for TMOBR is 0 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 1 1

(5) Load TMOBR value to the timer O binary counter (TMOBC). At the same time,
select TMOIO pininput 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 1 1

Chapter 4 Timers

(1

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.
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(6) Set TMOLD to 0 and TMOEN to 1. Thisstartsthetimer. Counting begins at the
G start of the next cycle.

Do not change the clock source
once you have selected it.

Selecting the clock source while
setting the count operation con-

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

trol will corrupt the value in the
binary counter.

Interrupt enable |

TMOER | 0w \ 0 ]
TMOBC | 00 \ 03! Jo2]o01]00]o3
Timer 0 | | | | | 1

underflow interrupt

2 (3) (5) (6)
IQOLV(W)  (4y 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 is1:1).

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)

[P0| —| CORE | [D/AConverter | [p6]
| Interrupt | | AID Converter | [P7]
|P2] 8-bit Timer |—| | Seriall/F | —>TM7IO pin
[P3] | 16-bitTimer | |  ATC |
| sbitPwm | [ ETC |
[P5| [Pulse Wdith Counter] | ROM,RAM | |PB]

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

m Port Setting

(1) Set TM710 (P84) of the port 8 to timer output. Set PBMMD[4:2] flags of the port
8 mode control register (PBMMD) to '010' (TM710 output). With this setting, the
direction control of P84 switches to output.

P8MMD: X'00FFFD'
716|543 [2]1]o0

P8 P8 P8 P8 P8 P8 P38 P8
MMD7|MMD6/MMD5MMD4MMD3MMD2|MMD1{MMDO|

0 0 0 0 1 0 0 0

Chapter 4 Timers

Setting the port 8 I/O control reg-
ister (P8DIR) is not required.
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.

120 MN102H55D/55G/F55G

m Timer 0 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) Setthetimer Odivisor. Sincetimer O divides BOSC/2 by 2, set the timer 0 base
register (TMOBR) to 1. (Thevalid range for TMOBR is0 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 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 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, atimer 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



(7) Setthetimer 7 divisor. Sincetimer 7 dividestimer O output by 3, set the timer 7
base register (TM7BR) to 2. (Thevalid range for TM7BR is 0 to 255.)

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

TM7|TM7|TM7| TM7
BR3| BR2 | BR1 | BRO

TM7|TM7|TM7| TM7
BR7 | BR6 | BR5 | BR4

0 0 0 0 0 0 1 0

(8) Load TM7BR value to the timer 7 binary counter (TM7BC). At the sametime,
select the timer 0 underflow as the clock source.

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

TM7|TM7 TM7|TM7
EN | LD SL | SO
0 1 0 1

(9) Set TM7LD to O and TM7EN to 1. Thisstartsthetimer. Counting begins at the
start of the next cycle.

When the timer 7 binary counter (TM7BC) reaches 0 and loads the value 1 from the
timer 7 base register (TM7BR) at the next count, the TM 710 output signal is simulta-
neously inverted. The TM710 signal starts 0, and then transfer to 1 at the start of the
next count cycle. The TM710 output signal backsto O at the start of the following
count cycle. By repeating thisinversion, the timers generate a 12-cycle (BOSC) clock
output signal.

Chapter 4 Timers

Setting TMOEN and TMOLD to O
is required between (8) and (9)
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.

LA UL

BOSC/2

TMOBR | 00 | 01 |

TMOBC ‘ OO‘ ‘ 01 ‘00‘01‘00‘01‘00‘01‘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 |

mrec | o o2 | o1 | oo |02 ] o |00 | o2

TM7IO pin output o i Lo |

WERQE@W & O O
(6)

Figure 4-2-5 Clock Output Timing (8-bit Timer)
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BOSC

(Divided by 2) (Divided by 2)

4-2-3 Interval Timer Using 8-bit Timer

Timer O, timer 4 and timer 5 divide BOSC/2 by 120,000 and generate an
interrupt.

8-bit Timer 16-bit Timer
. . . Timer 5 underflow
Timer O Timer 4 Timer 5 |—>
_ | ! interrupt
(Divided by 60000)
(X'EA60")

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

[P0 —| CORE | |DI/AConverter | [P6]
[P1] [{ Interrupt | [ A/D Converter | [P7]
[P2] L sbitTimer | | Serial/F |
(P3| | 16-bitTimer | |  ATC | [Po]
| sbitbwm | |  ETC |
[P5| [Pulse Width Counter] | ROM,RAM | |PB]

This verification is unnecessary
after a reset.

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

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

TMOMD: x'00FE20!

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

(2) Setthetimer Odivisor. Sincetimer O divides BOSC/2 by 2, set the timer 0 base
register (TMOBR) tol. (Thevalid range for TMOBR is 0 to 255.)

TMOBR: X'00FE10'

7

6

5

4

T™MO
BR7

T™MO
BR6

T™MO
BR5

T™MO
BR4

T™MO
BR3

T™MO
BR2

T™MO
BR1

T™MO
BRO

0
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0

0

0
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(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 O and TMOEN to 1. Thisstartsthetimer. Counting begins at the
start of the next cycle.

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

m Timer 4, Timer 5 Settings
(5) Verify that timer counting is stopped with the timer 4 mode register (TM4MD)
and the timer 5 mode register (TM5MD).

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

TM4| TM4 TM4|TM4
EN | LD SL | SO
0

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

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

(6) Enable interrupts after clearing all existing interrupt requests. To do this, set
KILV[2:0] of the external key interrupt control register (KIICH) to interrupt level
0to 6, set TM5IRto 0, TM5IE to 1, TM4IR to 0, and TM4IE to 0. Thereafter, an
interrupt will be generated whenever timer 5 underflows. The timer 4 underflow
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

Chapter 4 Timers

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.

This verification is unnecessary
after a reset.

The timer 5 underflow interrupt
level and the external key inter-
rupt level should be the same.
The interrupt level is 4 in this ex-
ample.
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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) Setthetimer divisor. Sincetimer dividestimer output by 60,000 (X'EA60"), set the
<‘ timer 4 baseregister (TM4BR) and thetimer 5 base register (TM5BR) to x'5F and
- X'EA' respectively. (Thevalid rangeis 0 to 255.)
When cascading timers, set the
lowest timer divisor -1 to the low-
est timer base register. TM4BR: xX'00FE14'
7] el 5] a]3]2]1]o0

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
timer 5 binary counter (TM5BC) respectively. At the same time, select the timer
0 underflow and the timer 4 cascade as the clock source for timer 4 and timer 5
respectively.

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

TM4| 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

(9) Set TM5LD to 0, TM5EN to 1, TMA4LD 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, atimer 5 underflow inter-
rupt request will be sent to the CPU. The timer 4 underflow interrupt request can not
be used.

BOSC/2

Chapter 4 Timers

Setting TMOEN and TMOLD to O
is required between (8) and (9)
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.

(1

When starting the timer, use the
MOV instruction to set TM5MD
and TM4MD and only use 16-bit
write operations. Or set TM5MD
first and then set TM4MD.

TMOBR

| | a | |

\1

TMOBC | 00

00‘01‘00‘01‘00‘01‘00‘01‘

L

‘ 01 ‘OO‘01‘00‘01‘00‘01‘00‘01‘00‘

[02] o] p1
1

TMO underflow

T

TM548R | 00 | |[Ease |
TM5,4BC ‘ | 00 EA5F | EASE ‘ EASDII 0002 ‘ 0001 ‘ 0000 EA60 ‘
Timer 5

underflow(interrupt)

T

i

-
_

Interrupt enable

(1) @3 “
(5) ® M@

Figure 4-2-8 Interval Timer Timing (8-bit Timer)

MN102H55D/55G/F55G
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(1

16-bit timer underflow interrupts
occur only during down count-

ing.

126
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4-3  Summary of 16-bit Timer Functions

4-3-1 Overview

The MN102H55D/55G/F55G 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 asinterval timers, event counters (in clock oscillation mode),
one-phase PWMs, two-phase PWMs, two input captures, two-phase encoders (1x and
4x), one-shot pulse generators, and external count direction controllers. They select
internal clocks, external pins, timer O 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



Table 4-3-1 16-bit Timer Functions
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Timer 8 Timer 9 Timer 10 Timer 11 Timer 12
Interrupt T8UICL TOUICL T10UICL T11UICL T12UICL
R uesFt)s T8AICL T9AICL T10AICL T11AICL T12AICL
€ T8BICL T9BICL T10BICL T11BICL T12BICL
Interruot | Timer 8 underflow * Timer 9 underflow e Timer 10 underflow « Timer 11 underflow * 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 « 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 ¢ Timer O underflow
* Timer 4 underflow * Timer 4 underflow * Timer 4 underflow * Timer 4 underflow * Timer 4 underflow
e TM8IB pin e TM9IOB pin * TM10IOB pin e TM11I0B pin * TM12I0B pin
» 1/2 of BOSC » 1/2 of BOSC « 1/2 of BOSC » 1/2 of BOSC « 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 SOUFCES| 1)1810A, TMSIOB (4x) | TMOIOA, TMIIOB (4x) | TM10I0A, TMI0IOB | TM11I0A, TM11I0B | TM1210A, TM12I0B
« Two-phase encoder of |+ Two-phase encoder of | (4x) (4%) (4%)
TM8IOA, 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) (x)
Qour_n Up/Down Up/Down Up/Down Up/Down Up/Down
Direction
Interval Timer O 0 | O O
Event Counter O | 0 O O
PWM a ad g O g
One-shot Pulse|
Output O O | O |
1-phase
Capture Input . . 0 0 0
2-phase
Capture Input . . . 0 0
2-phase
Encoder (4x) . . . . 0
2-phase
Encoder (1x) . . 0 0 0
External Count
Direction O O | O O
Control
« Switch edge polarity of [+ Switch edge polarity of |* Switch edge polarity of
TMS8IC pin input TMO9IOB pin input TM10IOB pin input
Other * Switch polarity of » Clear BC with TM9IOB | (rising edge, falling edge,
TMB8IOA, TM8IOB output | pin input (Pulse phase or both edges)
difference detection)
MN102H55D/55G/F55G 127
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BC Value
CA |
CB [ e e e g
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 1

TMnIB ! J . .
TMNOA

Figure 4-3-5 One-shot Pulse Output Timing

BC Value
CA : 5 5 :
‘ ‘ ‘ ‘ Time
TMnIB
TMnIA
Figure 4-3-6 External Control Timing
BC Value
' Time

we [ LT LT L 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

™aa  F ] F ] f
fi F

o
TMnIB ﬁ f_l

Figure 4-3-10 Two-phase Encoder (4x) Timing

BC Value

Time

e I e e B B
TMnIB H H H H

Figure 4-3-11 Two-phase Encoder (1x) Timing
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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| TMNnBC [R]
TMn|TMn|TMn | TMn|TMn|[TMn|TMn|[TMn | TMn|TMn | TMn|TMn|[TMn|TMn|TMn|TMn TMNCA [R/W
CA15|CA14{CA13|CA12|CA11|CA10| CA9| CA8| CA7|CAB | CA5|CA4|CA3|CA2|CAL| CAD [R/W]
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

(

Use the MOV instruction to set
TMnCA register and TMnCB
register and only use 16-bit write
operations.

132 MN102H55D/55G/F55G

Thetimer 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
directly in these registers by software. TMnCA vaue and TMnCB value can writeto
TMnCAX and TMnCBX respectively by writing dummy data to TMnCAX and
TMnCBX. TMnCAX and TMnCBX registers cannot be read.



TMnMD (n: 8 to 12)

Reset

TMn

TMn
NLD

TMn
ubD1

TMn
uDo

TMn
TGE

TMn
ONE

TMn
MD1

TMn
MDO

TMn
ECLR]

TMn

TMn
ASEL

TMn

TMn
S1

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 TMB8IC (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 or low)
11 Capture register
(TMnIOA pin or 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 dl (initialization)
1 Enable
TMnEN | TMnBC Count
0 Disable
1 Enable

MN102H55D/55G/F55G
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Table 4-3-2 List of 16-bit Timer Control Registers

Register Address R/W Function
TM8MD x'00FE80' R/W | Timer 8 Mode Register
TM8BC X'00FE82' R Timer 8 Binary Counter
TM8CA X'00FE84" R/W | Timer 8 Compare/Capture Register A
Timer 8 | TM8CAX X'00FES86' - Timer 8 Compare/Capture Register Set AX
TM8CB X'00FES88' R/W | Timer 8 Compare/Capture Register B
TM8CBX X'00FE8A' - Timer 8 Compare/Capture Register Set BX
TM8MD2 X'00FESE' R/W | Timer 8 Mode Register 2
TMOMD x'00FE9Q! R/W | Timer 9 Mode Register
TM9BC X'00FE92' R Timer 9 Binary Counter
TMOCA X'00FE94 R/W | Timer 9 Compare/Capture Register A
Timer 9 | TM9CAX x'00FE96' - Timer 9 Compare/Capture Register Set AX
TM9CB X'00FE98' R/W | Timer 9 Compare/Capture Register B
TMOCBX X'00FE9A' - Timer 9 Compare/Capture Register Set BX
TMOMD2 X'00FE9E' R/W | Timer 9 Mode Register 2
TM10MD X'00FEAQ' R/W | Timer 10 Mode Register
TM10BC X'00FEA2' R Timer 10 Binary Counter
TM10CA X'00FEA4 R/W | Timer 10 Compare/Capture Register A
Timer 10 | TM10CAX Xx'00FEA6' - Timer 10 Compare/Capture Register Set AX
TM10CB X'00FEAS8' R/W | Timer 10 Compare/Capture Register B
TM10CBX X'00FEAA' - Timer 10 Compare/Capture Register Set BX
TM10MD2 X'00FEAE' R/W | Timer 10 Mode Register 2
TM11IMD x'00FEBO' R/W | Timer 11 Mode Register
TM11BC X'00FEB2' R Timer 11 Binary Counter
Timer 11 TM11CA Xx'00FEB4 R/W T?mer 11 Compare/Capture Reg?ster A
TM11CAX x'00FEB6' - Timer 11 Compare/Capture Register Set AX
TM11CB X'00FEB8' R/W | Timer 11 Compare/Capture Register B
TM11CBX X'00FEBA' - Timer 11 Compare/Capture Register Set BX
TM12MD x'00FECO' R/W | Timer 12 Mode Register
TM12BC x'00FEC2' R Timer 12 Binary Counter
Timer 12 TM12CA X'00FEC4 R/W T?mer 12 Compare/Capture Reg?ster A
TM12CAX X'00FEC6E' - Timer 12 Compare/Capture Register Set AX
TM12CB X'00FEC8' R/W | Timer 12 Compare/Capture Register B
TM12CBX X'00FECA" - Timer 12 Compare/Capture Register Set BX




4-3-3

Timer 0 underflow ————— [ |

Timer 4 underflow ——

= [S]

16-bit Timer Block Diagrams

[ASEL]
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S
TM8IOB pin ————{ 8 T —fr o
BOSCl2 ————— | § R _
TMBSIC pin L -TMB8IOA pin
)] LOAD
Set by TM8MD2 l Set by POLMD,TM8MD2
Match
Capture TM8CA ¢ R Q
TMBCAX s SR
TMBSIOB pin s T ¥ T I
€ Match .
S capwre || TMBCB T Q ‘[—D_O-l}* TMBSIOB pin
TMBSIOA pin > TM8CBX o R
T t Set by P1LMD, TM8MD2
T
_— [MD] [LD]
FFGE]—D_’l TM8MD |‘_G: [ONE]
Figure 4-3-12 Timer 8 Block Diagram
TMOIC pin
Timer 0 underflow —>| [+ [S]
Timer 4 underflow —| g CLR [BC] [ASEL]
i +[ECLR
TMOIOB pin ——>| & “q _{LP] I
BOSC2 —*| 0 R
|| LGontal T TMOIOA pin
t ) h
capre [ TMOCA Maee >R o—
TMOIOB pin W‘?“_’ TMICAX " SR
Set by TMOMD2 % T ‘ T Match
8 Capture, TM9CB > T Q4|>_> TM9IOB pin
TM9IOA pin TM9CBX ! R
3 ]
T
— [MD] [LD]
rrGE]—D_’l TMOMD |‘_G: [ONE]

Figure 4-3-13 Timer 9 Block Diagram
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TM10IC pin
Timer 0 underflow —»[ |« [g]
Timer 4 underflow —| CLR LR [ASEL]
TMZL0IOB 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 -y SR
S b edgen 2 t & 1
b = Match
SetyTMEOMBZ 1 5 capwre ([ TM10CB e T Q—I}» TM10I0 pin
TM10IOA pin > TM10CBX -~ R
3 t Set by POLMD
T
— [MD] LD]
L
roe— 1 TM10MD (= oy
Figure 4-3-14 Timer 10 Block Diagram
TM11IC pin
Timer O underflow ——" |«[g]
Timer 4 underflow —*] g CLR [ASEL]
TM11I08B pin —*| & TM11BC e —lT o
BOSC/2 —|» R
T TM11I0A
_L [uo] Match
Capture TM11CA R Q Set by PILMD
SR
TM11I0B pin —| _ TM11CAX 7
T ¥ 1|
8 capture_|[_TM11CB Mate T Q TM1110B
TM11I0A pin —»| TM11CBX - R
—% R 1 Set by PIHMD
— [MD] [LD]
| TM11MD |'_G: [ONE]

Figure 4-3-15 Timer 11 Block Diagram

TM12IC pin
Timer 0 underflow —>T<-[S]
Timer 4 underflow —* % CLR ECLR [ASEL]
TM12I0B pin —*| 8 TM12BC Fo—lr
BOSC/2 —| 0 R
|| el T TM12I0A
1 Match
Capture TM12CA = > 2 Q—* Setby P1HMD
R
TM12I0B pin —>| _ TM12CAX T
g R
3 capure, || TM12CB Match »T Q TM1210B
TM12I0A pin — TM12CBX L ?
t Set by P1IHMD
— [MD] [LD]
| TM12MD
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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.

| CORE | [D/AConverter |
TMB8IOB pin  — I Interrupt l IA/D Converter l
[ sbitTimers | || SerialIF |
16-bit Timers I ATC |
[ sbitpwm | | ETC |
lPuIse Width Counterl I ROM, RAM l
Timer 8
BOSC/2
@ Capture A
up interrupt
TM8CA // T Q
TMSIOB pin = ‘ R q
3
-TMSCB \ -T Q
T 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.

138 MN102H55D/55G/F55G

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™8| T™M8 T™M8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8
EN |NLD UD1 | UDO | TGE [ONE|MD1|MDO|ECLR| LP ([ASHL| & | SI | O
0 0 0 0 0 0 0 0 0 1 0 0 1 0

(2) Setthetimer 8 divisor. Sincetimer 8 divides TM8IOB pin by 5, set the timer 8
compare/capture register A (TM8CA) to 4. (Thevalid rangeis1to 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 | CA1l| 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 differenceis 2 cycles of
TM8IOB, set the timer 8 compare/capture register B (TM8CB) to 1. (Thevalid
rangeis0< TM8CB < TM8CA.)

TM8CB: 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 TM8BNLD and TM8EN of TM8MD register to 1 and O respectively. This
enables TM8BC and RS.F.F.

(5) Set TM8NLD and TM8EN to 1. Thisstartsthetimer. Counting begins at the start
of the next cycle.



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 (1Q0ICH) to the interrupt
level O to 6), TM8AIR of the timer 8 capture A interrupt control register
(TMBAICL) to 0, TM8BIR of the timer 8 capture B interrupt control register
(TM8BICL) to 0, TM8AIE of TM8AICH register to 1 and TM8BIE of TM8BICH
register to 1. Thereafter, atimer 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 hot 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 |

B B

AN T SRR A

Figure 4-4-2 Event Counter Timing (16-bit Timer)
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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 thefifth cycle. Thesignal duty is2:3. 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).

| PO | CORE | [D/AConverter | [p6]
TM8IOA pin =——| P1 | Interrupt | [ A/D Converter | [p7]
[P2] || [ 8bitTimers | | seralF |
| P3| 16-bit Timers | | ATC | [Po]
[P4] [ sbitpwm | | ETC |
[P5] [Pulse Width Counter] | ROM, RAM | |PB]

Timer 8

BOSC/2 TM8BC

P

TM8CA
TM8CAX

Control

-

TM8CB

TM8CBX

Figure 4-4-3 One-phase PWM Output Block Diagram (16-bit Timer)

MN102H55D/55G/F55G



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. Select BOSC/2 as the clock source.
Select the double buffer operating mode.

TM8MD: x'00FES80'
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
EN |NLD UD1 | UDO | TGE [ONE|MD1 |MDO |ECLR| LP [ASRL| & | SIL | D
0 0 0 0 0 0 0 1 0 1 0 0 1 1

(2) Setthetimer 8 divisor. Sincethedivisor isBOSC/2 divided by 5, set the timer 8
compare/capture register A (TM8BCA) to 4. (Thevalid rangeis1to xX'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 | CA6 | 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. (Thevalid
rangeis0< TM8CB < TM8CA.)

TMB8CB: x'00FE88'
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 | 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 datato the timer 8 compare/capture register AX (TM8CAX) to
set theinitial valueinthe TM8CAX register. The value cannot be written directly
inthe TM8CAX register by software. In the double buffer mode, read the timer 8
compare/capture register A (TM8CA) to TM8CAX when TM8CAX=TM8BC.
To read the TM8CA vaue into TM8CAX, write the dummy datato TM8CAX.

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).

MN102H55D/55G/F55G 141



Chapter 4 Timers

(1

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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(5) Write the dummy data to the timer 8 compare/capture register BX (TM8CAX) to
set theinitial valueinthe TM8CBX register. The value cannot be written directly
inthe TMBCBX 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 datato TM8CBX.

(6) Set TM8BNLD and TM8EN of TM8MD to 1 and O respectively. This enables
TM8BC and RS.F.F.

(7) Set TM8BNLD and TM8EN to 1. Thisstartsthetimer. Counting begins at the start
of the next cycle.

Timer 8 outputs a one-phase PWM at any duty. Select up counting. Do hot 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 rel ationship between the waveforms of PWM output and the
value of TM8CB register.

1) When TM8CA < TM8CB < x'FFFE": al output waveforms consist of 0.

2) When 0 £ TM8CB < TM8CA: under the condition that the PWM cycle is
TMB8CA+1 of the clock source, output 0 if TM8BC equalsto the value between 0
and TM8BC, and output 1 if TM8BC equalsto the value between TM8CB+1 and
TMB8CA.

3) When TM8CB=x'FFFF": all output waveforms consist of 1.
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4. A capture

A interrupt or a capture B interrupt occurs. A capture B interrupt occurs only when
TMB8CB is set to 0 to TM8CA, and does not occur when TM8CB is set to any other
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 showsan internal signal which resets RS.F.F. for
TM8IOA pin output.

Figure 4-4-4 shows the TM8IOA pin output waveforms when TM8CA
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Figure 4-4-4 One-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 and may invert '1' and '0" due to the circuit configuration. Thisis
caused when the trigger to be changed islost based on the T.F.F output circuit. The
RS.F.F. configuration in timer 8 preventsthis error of inverting '1' and '0' 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 1sor 0s.
double buffer mode normally when the PWM is used. Select single buffer mode

based on applications.

TMS8EN
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TMB8CB write

Il

1

TM8CB ’
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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 O underflow by 5 and outputs a two-
phase PWM on the fifth cycle. The phase differenceistwo 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 valueis ).

| PO | CORE | |D/AConverter | [Ppé |
_'ll_'ll\\/l/lgllgBA Fr))iirf: P | Interrupt | | A/D Converter | |p7|
[P2] || =] 8bitTimers | | SerialiF |
| P3| 16-bit Timers | | ATC | [P9]
P4 [ sbitPwm | | ETC_ |
[P5| [Pulse Width Counter] | ROM,RAM | |pB]
Timer 8
Timer 0
underflow TM8BC
u/
T Q TMS8IOA
]
o
v 1o
T Q TM8IOB

Figure 4-4-6 Two-phase PWM Output Block Diagram (16-bit Timer)

Chapter 4 Timers

MN102H55D/55G/F55G

145



Chapter 4 Timers

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.
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m Timer 0 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

T™O|T™MO| | | _ | _ |TMoO|TMmO
EN | LD SL| s0
0

(2) Setthetimer Odivisor. Sincetimer O divides BOSC/2 by 2, set the timer 0 base
register (TMOBR) tol. (Thevalid range for TMOBR is 0 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 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

T™o0|T™MO| | | _ | _ |T™oO|TMmO
EN | LD SL| s0
0o 1 0 0

(4) Set TMOLD to O and TMOEN to 1. Thisstartsthetimer. 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, atimer O 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 thetimer 0 underflow asthe clock source. Set T.F.F. as -
TMB8IOA pin output. Select the double buffer mode in the compare register.

write operations.

Use the MOV instruction to set
the data and only use 16-bit

TM8MD: x'00FES80’
15|14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

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 [AFRL| @ | 8L | TMBBC 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) Setthetimer 8 divisor. Sincethedivisor isthetimer O underflow divided by 5, set
the timer 8 compare/capture register A (TM8CA) to 4. (Thevalid rangeis 1to
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|CAl14|CA13|CAL2| CA11|CAl0| CA9 | CA8 | CA7 | CA6 | 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/captureregister B (TM8CB) to 1. (The
validrangeis0< TM8CB < TM8CA.)

TMB8CB: x'00FE88'
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
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 datato the timer 8 compare/capture register AX (TM8CAX) to
set theinitial value in the TMBCAX register. The value cannot be written in the
TMB8CAX by software. In the double buffer mode, read the timer 8 compare/
captureregister A (TM8CA) to TM8CAX when TM8CAX=TM8BC. Toreadthe
TMB8CA vaueinto TM8CAX, write the dummy datato TM8CAX.

MN102H55D/55G/F55G
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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.
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(5) Write the dummy data to the timer 8 compare/capture register BX (TM8CAX) to
set theinitial value in the TM8CBX register. The value cannot be written in the
TM8CBX 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 datato TM8CBX.

(6) Set TM8BNLD and TM8EN of TM8MD to 1 and O respectively. This enables
TM8BC and RS.F.F.

(7) Set TM8BNLD and TM8EN to 1. Thisstartsthetimer. 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 phase difference to the
TMB8CB 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 areinternal control signals.)
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Figure 4-4-7 shows the TM8IOA pin and TM8IOB pin output waveforms when

4. A capture A interrupt and a capture B interrupt occur. Both interrupts
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

Interrupts

TMB8IOA
TM8IOB

Figure 4-4-7 Two-phase PWM Output Timing (16-bit Timer)
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TM8EN
TM8CB write
TM8CB
TM8BC
BOSC/2

CLRBC8

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 hot occur even when the output waveforms consist of 1sor 0s. Use
double buffer mode when the PWM isused. Select single buffer mode depending on
applications.

'
—_—

| 2 1 |

[o]ofs]z]ajafola]za]afofafejafaofa]e]a]

(1) In Double Buffer Mode :

TM8CB

TM8CBX

B8

A8

TMB8IOA

TM8IOB

Interrupts

(2) In Single Buffer Molde

TM8CB
B8

A8
TMBIOA
TM8IOB

Interrupts
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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
TMS8IOA inputishigh. Aninterrupt occurson capture B. Thewidthis
calculated by the instruction (TM8CB-TM8CA).

| PO | CORE | | D/AConverter | [pé |
TMBIOA pin — | P1 | Interrupt  |= [ A/D Converter | [P7]
[P2] | | [ 8nbitTimers | || Serial/F |
| P3] 16-bit Timers |  ATC

|
[ s-bitPwM | | ETC |
|

| P5 | |Pulse Width Counter| | ROM, RAM

Timer 8

BOSC/2 TM8BC
U/

TMB8IOA pin _—
I

I 2

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.
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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 asthe 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 lor0 O 1 1

(2) Set TM8BNLD and TM8EN of TM8MD to 1 and O respectively. This enables
TM8BC and RS.F.F.

(3) Set TM8NLD and TM8EN to 1. Thisstartsthetimer. 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 (IQ0ICH) to the interrupt
level O 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, atimer 8 capture B interrupt occurs when the cap-
ture to the TM8CB register is generated on the rising edge of TM8IOA pin.

m [nterrupt Processing and Signal Width Calculation
(5) Executetheinterrupt serviceroutine. Theinterrupt service routine determinesthe
interrupt group and factor, and clears TM8BIR flag.

(6) Caculatethe signal width. Save the TM8CA vaue and the TM8CB valueto the
data registers (DRO to DR3), and subtract the TM8CA value from the TM8CB
value. Thewidth will be calculated correctly even if the TM8CA valueis 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 captureinput. 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. TM8CA 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 serviceroutine. Figure 4-4-10 shows
000A-0007=0003, or 3 cycles. The sameresult is obtained even if the TM8CA vaue
is greater than the TM8CB value. For example, 0003-FFFE=0005. The signal width
is calculated by ignoring flags.

TMS8EN

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

Timer 8 isused 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
TM8IOB input. Aninterrupt occurson capture B. The width is calcu-

lated by the instruction (TM8CB-TM8CA).

| PO CORE | | D/A Converter | [P6]
¥mg:8é B:g a2 | Interrupt  |= [ A/D Converter | [P7]
| P2] 8-bit Timers | || Serial IF |
| P3| 16-bit Timers ||  ATC |
| &bitPwm | | ETC |
|P5| |Pulse Width Counter] | ROM,RAM | |pB|
Timer 8
Timer O TMSBC
underflow
u/
I .
v L
TM8IOB pin —
| [Capture B I:I
interrupt

Figure 4-4-11 Two-phase Capture Input Block Diagram (16-bit Timer)




m Timer 0 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

T™o|T™MO| | | _ | _ |TmoO|TMmO
EN | LD SL| S0
0

(2) Setthetimer Odivisor. Inthisexample, sincetimer O divides BOSC/2 by 2, set the
timer O base register (TMOBR) tol. (Thevalid 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

T™o|T™MO| | | _ | _ |T™oO|TMmO
EN | LD SL| 0
0o 1 0 o0

(4) Set TMOLD to O and TMOEN to 1. Thisstartsthetimer. Counting begins at the
start of the next cycle.

When TMOBC reaches 0 and the value 1 from the TMOBR register is loaded at the
next count, atimer 0 underflow interrupt request will be sent to the CPU.

Chapter 4 Timers

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.

¢

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.
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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.
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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. By setting TM8NLD of the TM8MD register to 1, select
repeat counting from 0 to X' FFFF'. Select timer O 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| & | SI | D
0 0 0 0 0 0 1 1 0 0 lor0 O 0 0

(2) Set TM8NLD and TM8EN of TM8MD to 1 and O respectively. This enables
TM8BC and RS.F.F.

(3) Set TM8NLD and TM8EN to 1. Thisstartsthetimer. Counting begins at the start
of the next cycle.

m [nterrupt 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 (IQ0ICH) 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, atimer 8 capture B interrupt occurs when the cap-
ture to TM8CB register is generated on the rising edge of TM8IOB pin.

m [nterrupt Processing and Signal Width Calculation
(5) Executetheinterrupt serviceroutine. Theinterrupt service routine determinesthe
interrupt group and factor, and clears TM8BIR flag.

(6) Caculatethe signal width. Savethe TM8CA vaue and the TM8CB valueto 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 valueis greater
than the TM8CB value by setting TM8LP to 0. Figure 4-4-12 shows 000A-
0007=0003, or 3 cycles.
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Timer 8 functions as a one-phase captureinput. 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 therising edge of TM8IOB pin. A capture B interrupt is generated on the
TM8CB 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.

TMS8EN

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

TMBIOA boor o R :
' ' ' ' ' ' ' ' 1 A-7=3 : : H H H } } }

TM8IOB : : : : : : : : : : : : : : : : : :

Interrupt : : : : : : I I I I : I I I I I I 1 1

A

Figure 4-4-12 Two-phase Capture Input Timing (16-bit Timer)
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As Figure 4-4-15 shown, it is
possible to set capture A
interupt and capture B interrupt
in different places separately.
(Setting TM8LP of the TM8MD
register to 0 is required.)

158 MN102H55D/55G/F55G

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.

[ CORE | [DIAConverter |
img:gé 2:2 ] | Interrupt  |= [ A/D Converter |
[ 8-bit Timers | || Serial/F |
16-bitTimers |1 [  ATC |
[ sbitpwm | [ ETC |
[Pulse Width Counter] [ ROM, RAM |
Timer 8
TM8BC
UW
TM8IOA pin —~| [——
I —
v ke
TM8IOB pin —~ | —— \
- 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

G )

1 \ 1
0 x'1000 X'FFO0' X'FFFF'
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 isignored. Since counting is performed by looping on the TM8CA -
value, set TM8LP of the TM8MD register to 1. Select the two-phase encoder (4x)
asthe clock source.

Use the MOV instruction to set
the data and only use 16-bit
write operations.

TM8MD: x'00FES80'

51| B|12|1n]w0]9 8] 7]6]5]4[3[2]1]o0 The timer 8 binary counter
(TM8BC) is stopped, and

™8| T™8 ™8| T™M8| T™M8| T™M8| T™M8| TM8| TM8| TM8| TMs | TM8| TMs | TM8 _

EN [NLD UDL | UDO | TGE |ONE [MD1|MDO|ECLR| P |AsEL| @ | a1 | @ TMB8BC register and RS.F.F. are
initialized (cleared to 0).

0 o 0 0 0 0 0 ©0 0 1 1o0 I 0 O

(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

T™M8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CA15|CAl14|CA13|CAL2| CA11{CAl0| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3| CA2 | CA1| CAO

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

(3) Set thetimer 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.

TM8CB: 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 TM8NLD and TM8EN of the TM8MD register to 1 and O respectively. This If 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 TM8BNLD 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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160

TM8CA

TM8CB

TM8BC

TMS8IOA

TM8IOB

Interrupt
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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 (IQ0ICH) to the interrupt
level O 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, atimer 8 capture B interrupt occurs when the
TM8BC counter matches TM8CB register.

m [nterrupt Processing
(7) First, determine the interrupt group and factor, and clear TM8BIR flag during the
interrupt service routine.

(8) Executetheinterrupt service routine.

Timer 8 functions as atwo-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.

Figure 4-4-16 Two-phase Encoder Input Timing (4x) (16-bit Timer)

1FFF \\
T T T T T T [ [ LY [ T
1000 n
| ] [
0000 | 1FFF | 1FFE 1FFD 1FFE | 1FFF | 0000 0001/ OFFF | 1000 | 1001
E E i E E
I : : : : | A
i : i i i : : /178
Up Counting Down Counting
TM8IOA t 1 v 0 t 0 ¢ 1
TM8IOB o 1+ 1 0 |
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4-4-7 Two-phase Encoder Input (1x) Using 16-bit Timer

Timer 8 receives a two-phase encoder input (4x) and counts up and
down. Aninterrupt occurs when the preset valueis reached.

| CORE | |[D/AConverter |
$mg:gg B:rr: ] | Interrupt |~ [ A/D Converter |
[ 8-bitTimers | || Serial IF |
16-bit Timers |1 |  ATC |
| sbitPwm | | ETC |
|PulseWidth Counter|| ROM, RAM |
Timer 8
TM8BC
up/down
TM8IOA pin —>
N —
LA K
TM8IOB pin — > \
- Capture B
interrupt

Figure 4-4-17 Two-phase Encoder Input (1x) Block Diagram (16-bit Timer)

TM8BC Value

0 x'1000" x'1FFF
Capture B
interrupt

Figure 4-4-18 Two-phase Encoder Input (1x) Configuration Example 1

As Figure 4-4-19 shown, it is

possible to set capture A inter-

: i i = rupt and capture B interrput in
0 x'1000" X'EF00" X'EFFF’ different places separately.
Capture A interrupt Capture B interrupt (Setting TM8LP of the TM8MD

register to O is required.)
Figure 4-4-19 Two-phase Encoder Input (1x) Configuration Example 2
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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.
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m Timer 8 Setting

(1) Setthe operating modein thetimer 8 mode register (TM8MD). Set counting stop.
Count setting isignored. Since counting is performed by looping on the TM8CA
value, set TM8LP of the TM8MD register to 1. Select the two-phase encoder (1x)
asthe 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 T™M8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8
EN |NLD UD1 | UDO | TGE |[ONE|MD1|MDO|ECLR| LP [ASHL| & | SI | O
0 0 0 0 0 0 0 0 0 1 11or0 1 0 1

(2) Set the timer 8 looping value to the TM8CA register (the valid range: 1 to
X'FFFFY). The TM8BC register counts from 0 to x'1FFF' when writing X'1FFF to
the TMBCA register.

TMB8CA: x'00FE84'
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
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 thetimer 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.

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 O respectively. This
enables TM8BC and RS.F.F.

(5) Set TM8BNLD and TMB8EN of the TM8MD register to 1. This starts the timer.
Counting begins at the start of the next cycle.



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 (1Q0ICH) to the interrupt
level O 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, atimer 8 capture B interrupt occurs when the
TM8BC counter matches the TM8CB register.

m [nterrupt Processing
(7) First, determine the interrupt group and factor, and clear TM8BIR flag during the
interrupt service routine.

(8) Executetheinterrupt 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
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TM8CA 1FFF \\
T T T T T T [ [ A\ [ T
TMSCB 1000 H
. 7]

TMSBC 0000 | 1FFF | 1FFE 1FFD 1FFE | 1FFF | 0000 | 0001 //OFFF 1000 | 1001
TM8IOA
TM8IOB ! :|_|5|_|: : :I_I:

! : A : : :
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 isused to generate aone-shot pulse. The pulsewidthis2 cycles

of BOSC/2.
[P0] | CORE | D/A Converter | [P6 ]
TMB8IOA pin  ~—
TMSIOB B:R P | Interrupt | | [ A/D Converter | [P7]
[P2]| | [ 8bitTimers | || serial/F |
| P3] 16-bit Timers |«l |  ATC | [p9]
| ebitPwMm | | ETC |
[P5| [Pulse Width Counter] [ ROM,RAM | [pB]
Timer 8
BOSC/2 TM8BC
up/W
TQ
RN N
g R .
TMSIOB pin |5 * s © TMBIOA pin
3]
)
TQ

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
range to 0 to TM8CA. Select one-shot operation as the counter operating mode.
Set the count start external trigger to start counting on the falling edge of TM8IOB
pin.

TM8MD: x'00FE80'

1514|183 [12|{1nn|{w|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 1 1 0 0 0 1 1or0 O 1 1

(2) Set the pulsewidth. Sincethewidthis 2 cycles of BOSC/2, set the timer 8 com-
pare/capture register A (TM8CA) to 3 (the valid rangeis 1 to X'FFFE'). TM8BC
countsfrom 0 to 3, and TM8IOA pin outputs 'H' while TM8BC countsfrom 2to 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

T™M8| TM8 | TM8| TM8 | TM8 | TM8| TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CAl15|{CAl14|CA13|CA12| CA11|CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3| CA2| CA1| 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.

TM8CB: 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

(4) Set TMBNLD and TM8EN of the TM8MD register to 1 and O respectively. This
enables TM8BC and RS.F.F.

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.

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.
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TM8CA

TM8CB

TM8BC

BOSC/2

TM8EN

TM8IOB

S8

R8

TMS8IOA
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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.
TM8IOA pin outputs 0. Since TM8ONE of the TM8MD register issetto 1, TM8EN
of the TM8MD register is resets and then counting stops. The state is the same state
before thefalling edge of TM8IOB pin. When thefalling 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.

[P0] | CORE | [DI/AConverter | [P6]
TMBIOA pin —f= P1 | Interrupt  |= [ A/D Converter | [P7]
[P2] || [ 8-bitTimers | || Serial/F |
[P3] L= 16-bitTimers ||  ATC

|
| sbitPwm | | ETC |
|

| P5 | |Pu|se Width Counter| | ROM, RAM

Timer 8
BOSC/2 TM8BC
TMBIOA pin TM8CA T o
- ]
< R
Q
5 v :
TM8CB
O\ =
T Capture B
interrupt

Figure 4-4-23 External Count Direction Control Block Diagram (16-bit Timer)

TM8BC Value

0 Xx'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.
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m Timer 8 Setting

(1) Setthe operating modein thetimer 8 mode register (TM8MD). Set counting stop.
The count direction is up when TM8IOA is 1, while the direction is down when
TMB8IOA is0. Select BOSC/2 asthe clock source. Set the TM8BC count rangeto
0to TM8CA.

TM8MD: x'00FE80!
15| 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™M8| T™M8 T™M8| TM8| TM8| TM8| TM8| TM8| TM8| TM8| TM8 | TM8| TM8 | TM8
EN |NLD UD1 | UDO | TGE |[ONE|MD1|MDO|ECLR| LP [ASHL| & | SI | 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 x'1FFF when writing X'1FFF to
the TMBCA register.

TMB8CA: x'00FE84'
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
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 thetimer 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 O respectively. This
enables TM8BC and RS.F.F.

(5) Set TM8BNLD and TMB8EN of the TM8MD register to 1. This starts the timer.
Counting begins at the start of the next cycle.



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 (1Q0ICH) to the interrupt
level O 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, atimer 8 capture B interrupt occurs when the
TM8BC counter matches the TM8CB register.

m [nterrupt Processing
(7) First, determine the interrupt group and factor, and clear TM8BIR flag during the
interrupt service routine.

(8) Executetheinterrupt service routine.

TM8IOA pin can control thetimer 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 showsthe 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
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TM8CA 1FFF \\

T T T T T T T T 1\ T T
TM8CB 1000 H

[

TM8BC 0000 | 1FFF | 1FFE | 1FFD | 1FFE | 1FFF | 0000 | 0001 | 0002 //OFFF 1000 | 1001
BOSC/2
TM8IOA : : : : : : : : ' : :

! ! ! : : : : : : 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 isreset by an external signal while counting up.

| CORE | [ D/A Converter | [ P6 |
TM8IC pin —={ P1] | Interrupt | | A/D Converter | [P7]

[P2] | 8-bit Timers | | serialIF |
[P3]| L+ 16-bitTimers | | ATC |

| sbitpwm | | ETC |
|ps| [Pulse width Counter] | ROM,RAM | |pB|
Timer 8
BOSC/2 TM8BC
—
I
.t
TM8IC pin —

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 O to
TMB8CA.

TM8MD: x'00FES80'
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
EN |NLD UD1 | UDO | TGE [ONE [MD1 | MDO [ECLR| LP |[ASEL| & | SL |
0 0 0 0 0 0 0 0 1 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 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| T™M8 | TM8| TM8 | TM8| TM8| TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8
CA15|CAl14|CA13|CAL2| CA11|CAl0| CA9 | CA8 | CA7 | CA6 | 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 O respectively. This
enables TM8BC and RS.F.F.

(4) Set TM8NLD and TM8EN of the TM8MD register to 1. This starts the timer.
Counting starts at the beginning of the next cycle.

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).

(1

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 isreset asynchronously while high isinput from TM8IC pin. Thisalowsto
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 MN102H55D/55G/F55G has two 8-bit PWM waveform counters
(timer 13 and timer 14). A timer can output two waveforms using two

output pins.

BOSC/2 or timer O 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.

BOSC/2 —=
Timer O underflow —

8-bit Base Register

Chapter 4 Timers

TMnOA

Selector

TMnOB

Selector

I Reload Port output
s — | S Q
5 —>| 8-bit Binary Counter [ overfion R
)
| l Port output
; 0]
| Output Compare Register A I— G
R
| Output Compare Register B I—
Figure 4-5-1 8-bit PWM Function
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Binary Counter

1

Output
compare A

Output
compare B

PWM cycle set
in the base register

TMnOA pin

TMnOB pin

Figure 4-5-2 PWM Output Waveform

Time

When the value in the output compare register matches the value in the binary counter,
high level isoutput. 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.
High and low signals are output by switching TMnOA pin or TMnOB pin to agenera
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

Clock Source

0: BOSC/2
1: Timer O underflow

0: BOSC/2
1: Timer O underflow

Output Compare Register TM13CA TM14CA
TM13CB TM14CB
Output Pin TM130A TM140A
TM130B TM140B




4-5-2  Control Registers
TMnMD

7 6 5 4 3 2 1 0

TMn | TMn [ TMn TMn | TMn | TMn

EN | LD [CLR OB | OA S

Mode Register

Clock Source Selection

0 BOSC/2
1 Timer 0 underflow
TMnOA | TMnOA Output Edge Selection
0 Positive logic
1 Negative logic
TMnOB | TMnOB Output Edge Selection
0 Positive logic
1 Negative logic
TMnCLR | TMnBC and RS.F.F. Clear
0 No operation
1 Clear
TMnLD Read TMnBR value to TMnBC
0 No operation
1 Read
TMnEN | TMnBC Counting Operation
0 Count stop
1 Count operation

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
CA7|CA6 | CA5|CA4| CA3| CA2| CALl| CAO
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'00FEO08' Timer 13 Binary Counter
TM13CA X'00FEOQA' Timer 13 Output Compare Register A
TM13BR X'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 Xx'00FEL19' Timer 14 Base Register
TM14CB x'00FE1B' Timer 14 Output Compare Register B
TM14MD X'00FE29' Timer 14 Mode Register




4-6  8-bit PWM Setup Examples

4-6-1  8-bit PWM Output

Timer 13 is used to output PWM from TM130A pin and TM130B pin.
The PWM cycleistimer O underflow/9. The TM130A pinduty is1:2,
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

e | |

| | D/A Converter | [P6]

|
|P2| —_’I 8-bit Timers |

|

|

Interrupt | A/D Converter | [P7]

| Serial I/F |
[P3] | [ 16-bit Timers ATC | [Po]

8-bit PWM |

|
[Pa] | ETC
TMI30A pin +———p5 T3 | [pulse Width Counter] [ ROM,RAM | [pB]

TM130B pin = |

Figure 4-6-1 8-bit PWM Block Diagram

(1) Setthetimer O divisor. Sincetimer O divides BOSC/2 by 2, set the timer O base
register (TMOBR) to 1. (Thevalid 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 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 S1 | SO
0 1 0 0

Chapter 4 Timers
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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 O
binary counter reaches O, the value 1 of the timer O base register is |oaded auto-
matically to the TM8BC counter at the next count.

TMOBR | 00 01 ]

T™MOBC | 00 | 031 | 01 o | |

BOSC/2 T |

eosc | L[ L] LI LTI L] LT
1) 3

TMOBR(W) TMOMD(W)
(2)

TMOMD(W)
Figure 4-6-2 Timer 0 Timing
(4) Setthe PWM cycleto thetimer 13 base register. Since the PWM cycleistimer O
underflow/9, set '8' to the TM13BR register.

TM13BR: x'00FE18'
7 6 5 4 3 2 1 0

TM13TM13TM13TM13TM13|TM13|TM13|TM13
BR7 | BR6 | BR5 | BR4| BR3 | BR2 | BR1 | BRO

0 0 0 0 1 0 0 0
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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 changesto high. When the TM13BC counter matches the TM13CB register,
the PWM output of the TM130B pin changesto low. When the TM 13BC counter
underflows, the PWM output of the TM130B pin changes to high. The PWM
output starts low at first. The TM130A pin duty is 1:2, while the TM130B pin
duty is2:1. Sincethe 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| CAZ2 | CAL1| CAO

0

™M1

0 0 0 0 1 0o 1

3CB: X'00FE1A'

7

6 5 4 3 2 1 0

TM13TM13TM13TM13TM13|TM13[TM13|TM13
CB7|CB6|CB5|CB4|CB3| CB2|CBl1| CBO

0

(6)

0 0 0 0 0 1 0

Load TMOBR value to the timer 13 binary counter (TM13BC). At the sametime,
select timer O underflow as the clock source. Set the PWM waveform polarity,
whichisoutput from TM130A pin and TM 130B 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

TM13TM13TM 13 TM13(TM13TM13
EN | LD |CLR OB |OA| S
0 1 1 0 0 1

(7) Set TM130A pinand TM130B pin. Since TM130A pin and TM130B pin func-

tion as P50 and P51 respectively, set the port 5 moderegister L (P5SLMD) to PWM
output. Setting the port 5 direction control register (PSDIR) is not required. The
PWM is output regardless of the PSDIR register value.

P5LMD: X'00FFF8'

7

6 5 4 3 2 1 0

P5

LMD7LMD6LMDS5LMD4LMD3LMD2LMDI1LMDO

P5 | PS5 | PS5 | P5 | P5| P5S| P5

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. Thisstartsthetimer. When thetimer 0 binary counter reaches 0, the
value 1 of thetimer 0 base register isloaded automatically to the TM8BC counter

at the next count.

TM13MD: x'00FE28’
7 6 5 4 3 2 1 0

TM13TM13TM13 TM13(TM13TM13
EN | LD |CLR OB |OA| S

1 0 0 0 0 1

TM13BR

TM13BC

TM13CA |

TM13CB

TM130A pin

TM130B pin

Timer 0O
underflow

MN102H55D/55G/F55G

(4) (5) (8)
TM13BR TM13CB TM13MD
(W) . (W) 5 (W)
TM13CA TM13MD
(W) (W)

Figure 4-6-3 8-bit PWM Timing

100 08

L1100 ; 08|08|08{07|06|05{04f 03|02} 01{00{08| 07|06 05|04

{100 ! 05 |
| ool 02 |
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4-7 16-bit Pulse Width Measure Functions

4-7-1 Overview

The MN102H55D/55G/F55G has one 16-bit pulse width measure
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 O underflow,
TM15IB pin, BOSC/2 or BOSC is selected as the clock source.

Timer 0 underflow —

) S
TM15IB pin —= o |— 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

Binary
Counter

Capture
Register

Time

417 (Example)

418 (Example)

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 cLkileLio Mode Register
t —

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: xX'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 | BG4 | 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 | CAS5 | 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 Xx'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 isstored inthe 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.

[ CORE | [DIA Converter |

[ interrupt | [ A/D Converter |

[ 8bitTimers | | Seriall/F |

[ 16-bitTimers | | ATC |

[ sbitPwM | | ETC | {PA]~t— TM15IB pin
TM15IA pin - —| Pulse Width Counter] [ ROM, RAM ](

Figure 4-8-1 16-bit Pulse Width Measure Counter Block Diagram

(1) Setthetimer 15 mode register (TM15MD). Select TM15IB pin input asthe clock
source. Set counting stop.

TM15MD: x'00FEDO’
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

T™15 TM15(TM15
EN CLK1|{CLKO
0 0 1

(2) Set TM15IA pinand TM15IB pin. By writing x'100' to PSHMD[4:2] flags of the
port 5 mode register H (PSHMD), set P56 pin to TM15IA pininput. The P56
direction control becomesinput automatically. Setting the port 5 direction control
register (PSDIR) isinvalid.

P5HMD: x'00FFF9'
7 6 5 4 3 2 1 0

P5S | P5 | P5 | PS5 | P5
HMD4HMD3HMD2ZHMD1HMDO

1 0 0
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Set PA4 pinto 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) isinvalid.

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 startsthe 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

Theresfter, 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 allowsto store the pul se width,
which isinput 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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Timer 1 underflow Timer 2 underflow

MN102H55D/55G/F55G

5-1

5-1-1

Serial Interface

Overview

The MN102H55D/55G/F55G contains two serial interfaces (serial 3
and seria 4) with asynchronous mode, clock synchronous mode and 12C
mode. It also has three serial interfaces (serial 0, serial 1 and serial 2)
reserved for clock synchronous mode. The maximum baud ratein clock

synchronous mode is 8.5 Mbps. The maximum baud rate in asynchro-
nous mode is 28800 bps with a 34-MHz oscillator. (1228800 bpsis
possible by setting the oscillation frequency to 19.6608 MHz.)

(Signal from 8-bit Timer)

Transmitter TXD »SBOO
TXC 1™
SBTO
. RXC [+—
Receiver
RXD SBIO
Transmitter XD > SBOL
chH+
SBT1
) RXC [#—
Receiver
RXD [«—— SBI1

RAS

(Signal from 8-bit Timer)
Timer 4 underflow Timer 5 underflow

(Signal from 8-bit Timer)
Timer 1 underflow Timer 5 underflow

Transmitter

Receiver

Il N

Transmitter

Receiver

TXD » SBO2 Transmitter 1 <0 g (SSBDOA‘L)
TXC > e
SBT2 SBT4
—. _ RXC |« (SCL4)
Receiver
RXD SBI2 RXD SBI4
TXD » SBO3
wc lLs| (SDA3)
SBT3
RXC |«—| (SCL3)
RXD |<+——SBI3

RAS

Figure 5-1-1 Serial Interface Configuration



Table 5-1-1 Serial Interface Functions

Chapter 5 Serial Interface

Clock Synchronous Mode Asynchronous Mode

1°2C Mode

Parity None, 0, 1, Even, Odd
Character Length 7-bit, 8-bit
Bit Order L SB first or MSB first(8-bit only)
Clock Source 1/2, 1/8 of timers 1, 2,4, 5 1/8of timers 1, 2,4,5
underflow underflow
External clock
Maximum Baud Rate | 8.5 Mbps 28800 bps
(with a 34-MHz oscillator) (1228800 bps) *
Error Detection Parity error Parity error
Overrun error Overrun error
Framing error
Buffers Independent transmit/receive buffers
(single tranmit buffer, double receive buffer)
Interrupts Transmission or reception end interrupt

Master transmission
and reception are
possible. ( No start
sequence detection
function)

* When the oscillation frequency of 19.6608 MHz is selected.

MN102H55D/55G/F55G
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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 reception, the
MSB (bit 7) is set to 0. When an serial 0 reception end interrupt occurs, or the
SCnRXA flag of the SCnSTR register is 1, the CPU can read the SCnTRB register.



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 I2C 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.

MN102H55D/55G/F55G
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SCnCTR
5 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
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
t 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.
SCnSB Stop Bit Selection SBO Output Hold Time
(asynchronous mode) (clock synchronous mode by SBTn pin)
0 1-bit More than BOSC cycles
1 2-bit More than Timer 1 or 4 underflow cycles
SCnPTY[2:0]| Parity Bit Selection
000 None
100 0 (output low)
101 1 (output high)
110 Even (1s are even)
111 0dd (1s 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
192 MNZ102H55D/55G/F55G



Table 5-1-2 List of Serial Interface Control Registers
Register Address RIW Function
SCOCTR X'00FD80' R/W Serial 0 Control Register
Serial 0 | SCOTRB x'00FD82' R/W Serial 0 Transmit/Receive Buffer
SCOSTR x'00FD83' R Serial 0 Status Register
SCICTR X'00FD88 RIW Serial 1 Control Register
Seria 1 SC1TRB Xx'00FD8A' R/W Seria 1 Transmit/Receive Buffer
SC1STR X'00FD8B' R Serial 1 Status Register
SC2CTR X'00FD90' R/W Serial 2 Control Register
Serial 2 | SC2TRB x'00FD92' RIW Serial 2 Transmit/Receive Buffer
SC2STR x'00FD93' R Serial 2 Status Register
SC3CTR x'00FD98 R/W Serial 3 Control Register
Serial 3 | SC3TRB X'00FD9A’ RIW Serial 3 Transmit/Receive Buffer
SC3STR X'00FD9B’ R Serial 3 Status Register
SCACTR X'00FDAOQ' R/W Serial 4 Control Register
Serial 4 | SCATRB x'00FDA2' RIW Seria 4 Transmit/Receive Buffer
SC4STR X'00FDA3' R Serial 4 Status Register

Chapter 5 Serial Interface
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(1

In half-duplex connection mode,
the SBT pin requires a pullup re-
sistor externally or an internal

pullup resistor.

5-1-3 Serial Interface Connection

[ Clock Synchronous Mode |
The serial interface can connect using either simplex or duplex synchronous transfer.

In the duplex (half-duplex) asyn-

SBO

SBI

SBT

Transmit

SBO SBO SBO SBO SBO
(5] [ [ ()
\ 2 X 2|2 X 2
[}
SBI 8  sBI sl 8 8 sBi sBl 8
o [0 x % o
> SBT E  sBT > SBT £ E SBTfe——»{SBT E
| Is | | & :
Receive = s = =

Simplex Connection

Full-Duplex Connection Half-Duplex Connection

Figure 5-1-2 Synchronous Mode Connections

[ Asynchronous Mode ]
The seria interface can connect using either simplex or duplex asynchronous transfer.

chronous mode, both SBT pins

become input when they are not

selected to transmit, so they re-

quired pullup resistors.

SBO SBO SBO SBO
<] (%]
\ = X =
[} ]
SBI SBI 3 SBI SBI D
x 14
= =
5 5
5 5
. 8 8
Transmit Receive = =

Simplex Connection Full-Duplex Connection

The SDA and SCL pins connect
a pullup resistor externally or an
internal pullup resistor by setting

the register.

194

[ 12C

Figure 5-1-3 Asynchronous Mode Connections

Mode ]

The seria interface can connect to slave transmitters or slave receivers.

MN102H55D/55G/F55G

ki

SDA yy A
SCL E
Master _ \ 4 \4 \4 v
Tran;mlt/ Slave Slave
Receive Transmit/ Transmit/
Receive Receive

Figure 5-1-4 I2C 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 Divisor
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
BOSC (HZ) Transmission/reception is pos-
Baud Rate = sible within +/- 2 % of baud rate

16x(Timer Divisor) errors.

Asynchronous Serial Timing Charts
8-hit charater length, no parity, two stop bits

Transmission

SBO |ST[bo|b1[b2][b3|b4|b5[b6]b7|SPiSP:

Data write H

TXBUSY

Transmission
end interrupt

g

Figure 5-1-5 Asynchronous Serial Timing (Transmission)

SBI |sT|bo[b1|b2[b3[b4[b5]b6[b7]SPiSP:!
RXBUSY i

Reception end interrupt

RXA

(High when data is received)

Data read

AT

Figure 5-1-6 Asynchronous Serial Timing (Reception)
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Synchronous Serial Timing Charts
8-hit charater length, parity

Transmission

SBO [b0| b1 [b2[b3[b4]bs]b6]b7[PTY|
SBT 1 ,7
Data write |—| I

TXBUSY ! i
]

Transmission
end interrupt

Figure 5-1-7 Synchronous Serial Timing (Transmission)

SBI |00 b1 b2]b3|ba|bs5]b6[b7[PTY]
st JJuUyUuUuUuUuUuUy
Reception end interrupt H
RXA I I
(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 transmissionin

asynchronous mode with the following settings: <|
e Baud rate = 19200 bps ( set transmit clock by timer 5) -
. L Use a 8-bit timer to set the trans-
e 8-bit datatransmission mit clock.
e two stop bits

. See "5-2-3 Serial Clock Opera-
e odd pa”ty tion Example".

The next datais transmitted when a transmission end interrupt occurs.

| PO | | CORE | | D/A Converter | [Pé |
W | Interrupt | | AID Converter | [P7]
[P2] [ sobitTimer |—=| Seriall/F |+ P8}~ SBO3 pin
[P3] | 16-bitTimer | |  ATC | [Po]
| sbitPwm | | ETC |
[P5] [Pulse Width Counter] | ROM,RAM | [pB]

Figure 5-2-1 Asynchronous Transmission Block Diagram

Datatransmission starts when the datais 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 dataiis 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.

MN102H55D/55G/F55G 197



Chapter 5 Serial Interface

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.

198 MN102H55D/55G/F55G

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'

7 6 5 4 3 2 1 0

P8 P8 P8 P8 P8 P8 P8 P8
MMD7|MMD6MMD5MMD4|MMD3MMD2MMD1JMMDO|

0 0 0 0 1 1 0 0

m Serial Interface Setting

(1) Selecttimer 5underflow (1/8) asthe 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 L SB first bit order. Set the SC3REN and SC3TEN flags of the
serial 3 control register (SC3CTR) to disable and the reserved flagsto 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 [PTY2IPTY1PTYO| SB S1 | SO
0 0 0 0 0 0 0 1 1 1 1 1 1 1

(2) Enable seria 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 SL | SO
1 0 0 0 0 0 0 1 1 1 1 1 1 1

(3) Enableinterrupts after clearing all existing interrupt requests. At the same time,
set the interrupt level. Thereafter, aserial transmission end interrupt occurs when
the data transfer ends.

SC3TICL: x'00FC9C'
7 6 5 4 3 2 1 0

} ) _|SC3T| ) _|sca3T
IR 1D
0 0



SC2TICH: x'00FC98'

SC3TICH: x'00FC9D'

7

6

5

4

7

6

5

4

SC2T
Lv2

SC2T
LV1

SC2T
LVvO

SC2T
IE

SC3T
IE

1

0

1

(4) Load thefirst transfer data to the serial 3 transmit/receive register (SC3TRB).

Oncethe dataisloaded to the SC3TRB register, transmission starts synchronizing
with timer 5.

(5) Executetheinterrupt service routine when a serial transmission end interrupt oc-

curs. Theinterrupt service routine determines the interrupt group and vector and
clearsthe SC3TIR flag.

(6) Writethe next data. After the dataiswritten, transfer startsin 1 - 2 cycles of the

Figure 5-2-2 illustrates the timing of asynchronous transmission.

Timer 5 underflow

Interrupt request

Interrupt routine

SC3TBSY

SC3TRB write 1 ||

SBO3

transfer base clock (timer 5 underflow).

Chapter 5 Serial Interface

The interrupt level is 5 in this ex-

ample.

Figure 5-2-2 Serial 3 Asynchronous Transmission Timing

' |sT[b0] b1]b2[b3[b4]b5]b6|b7[PT]SP:SP: | |ST[b0]bl]b2][b3]|b4:
o e B e e e
B N A

MN102H55D/55G/F55G
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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 L SB first bit order

e 8-hit data transfer

e 0dd parity

The datais received when a serial reception end interrupt occurs.

[Po] [ CcORE | | DIAConverter | [P6]
[P1] | Interupt | [ A/D Converter | i P7]s— gg%@opg)?n
[P2] [ 8bitTimer | [ Serial I/F
[P3] | 16-bitTimer | [ ATC |
| s-bitPwMm | | ETC |
[P5] [Pulse Width Counter] | ROM,RAM | |pB]

Figure 5-2-3 Synchronous Reception Block Diagram



In synchronous mode, the datainput 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 datainto
the SCNTRB register in thetransmitter. 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 Read received data

- - »| SCnTRB
SCnTRB SBOnN SBIn

Clock Generation' SBTn SBTrT

Transmitter Receiver

(2) Generate SBTn Clock in Receiver

Read received data after

Write transmitted data writing dummy data

> > » SCnTRB
SCnTRB SBOn SBIn
SBTn SBTn | Clock Generation
Transmitter Receiver

Figure 5-2-4 Clock Generation in Synchronous Reception

Chapter 5 Serial Interface
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m Port 7 Setting

(1) Set P7LMD[2:0] flags and P7TLMD[4:3] flags of the port 7 mode register
(P7LMD) to '001' and '01' respectively. This setting allows to input SBTO and
SBIO0 of serial interface.

P7LMD: x'00FFFA'
7 6 5 4 3 2 1 0

Ppr|pPr | PT|PT | PT|PT|PT|PT
LMD7L MDGLMDSMDALMD3LMDZLMD1LMDO

0 0 0 0 1 0 0 1

m Serial Interface O Setting

(1) Set the operating conditions in the serial 0 control register (SCOCTR). Select
SBTO pin asthe clock source, 8-hit datatransfer, odd parity, and reception enable.
Set the reserved flags of the seria 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) Enableinterrupts after clearing all existing interrupt requests. At the same time,
set theinterrupt 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 1D
0 0

SCORICH: x'00FC93'
7 6 5 4 3 2 1 0

Thereafter, an interrupt occurs when the serial dataisreceived.



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 thisexample, select 1/8 asthe serial clock source and 8 times of
baud rate as the transfer clock.

The serid Interface determinesthe 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 abaud rate of 19200 bps, since BOSC/2 = 15 MHz with a 30-MHz
oscillator,

15 MHZz/98/8 = 19132.65 bps

This means the timer 5 underflow is divided by 98.
In this example, timer O is divided by 49 and timer 5 by 2.

| PO CORE | | D/A Converter | [P6 |
W | Interrupt | | AID Converter | [P7]
[P2] 8-bit Timer |—=| Serial IF |
(P3| | 16-bitTimer | | ATC | [P9]
| sbitpwMm | | ETC |
[P5] [Pulse Width Counter] [ ROM,RAM | [pB]
Figure 5-2-5 Serial Clock Block Diagram
Table 5-2-1 Transfer Clock Setup Example
ng:jg)(gﬁ;'; 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 O 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 0 and divisor
of 4 using timer 5.

Chapter 5 Serial Interface
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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.

(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.

204 MN102H55D/55G/F55G

m Timer 0 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) Setthetimer Odivisor. Sincetimer O divides BOSC/2 by 49, set the timer O base
register (TMOBR) to 48 (x'30"). (Thevalid range for TMOBR is 0 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 S1 | 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 0 binary counter reaches 0 and loads the value 1 from the timer 0 base
register at the next count, atimer O underflow interrupt request will be sent to the CPU.



m Timer 5 Setting
(5) Set timer 5 counting stop with the timer 5 mode register (TM5MD).

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

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

(6) Setthetimer 5divisor. Sincetimer 5 divides BOSC/2 by 2, set the timer 5 base
register (TM5BR) to 1. (Thevalid range for TM5BR is0 to 255.)

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

0 0 0 0 0 0 0 1

(7) Load TM5BR value to the timer 5 binary counter (TM5BC). At the same time,
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

(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.

When the timer 5 binary counter reaches 0 and loads the value 1 from the timer 5 base
register at the next count, atimer 5 underflow interrupt request will be sent to the CPU.

The serial interface operates synchronizing with the timer 5 underflow output.

Chapter 5 Serial Interface

This setting is unnecessary after
areset.

Setting TM5EN and TM5LD to O
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.

¢

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.
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BOSC/2

TMOBR [_00 [40: ; L ; |

; : I\ I\ : ) : ) A\ ) ) \ A\ \
T™MoBC [ 00 : [ 40 /00]40/00[40/00]40//00[40/00]40//00]40//00]40/00]40//00]40//00]40]

T ! \ \ A\ 1\ \ \ \C 1\ \C \C
TMO output P N [ A N O N 0 N O BN 3N EE 0 N 3 N O S 2
TM5BR [ 00 [ 01 |

TM5BC | 00 | o1 | o0 | 01 00 | o1 | 00 | 00

— ; — . ¥ v v

Timer 5 underflow ﬂ ﬂ ﬂ ﬂ_

(to serial I/F)

206 MN102H55D/55G/F55G

22 means the omission.

Figure 5-2-6 Serial Clock Timing



5-2-4 I°C Transmission

This section describes the 12C transmission using the serial interface 3.
Master transmission is operated using SDA3 and SCL 3 pins.

m [nitial Setting
(1) Set the SDA and SCL pins to open drain with the port 8 mode control registers
(PBMMD, P8LMD).

P8MMD: x'00FFFD' P8LMD: X'00FFFC'

7] 6[s]4][3]2]1]o0 7|6 |5s5[4]3]2]1]o0
P8 | P8 | P8 | P8 | P8 | P8 | P3| P8 | | || Ps| || P
MMD7|MMD6|MMD5|MMD4MMD3MMD2(MMD1|MMDO 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 length, 12C
protocol, 12C mode on. The parity bit is set to 1 to enable both transmission and
reception enable flags, disable the break and set the ACK output 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 |PTY2IPTY1|PTYO| SB Sl | SO
1 1 0 0 1 1 1 1 1 0 1 0 0 1

m Start Sequence Transmission

(3) Write 1 to the 12C sequence output flag (SC311C) of the SC3CTR register. This
sets the SDA3 pin output to low. When the start sequence occurs correctly, the
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 datato the serial 3 transmit/receive buffer (SC3TRB). Thisallowsthe
datato output. The SDA3 pin output changes with a 1/8 cycle delay of thefalling
edge of the SCL 3 pin output.

(5) After transmission ends, SDA3 pin output and SCL 3 pin output stay low.

Chapter 5 Serial Interface

ACK is set by the parity bits. To
output '1' to ACK, select 1 by the
parity bits. To output '0' to ACK,
select 0 by the parity bits. To
output none to ACK, select none
by the parity bits.

Enabling transmission detects
the start sequence.
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Verify that transmission ends by
an interrupt (either a serial 3
transmission end interrupt or a
serial 3 reception end interrupt)
or polling the received data flag
of the serial 3 status register.
Polling the reception busy flag is
not allowed during 1°C mode.

(6) Read the dummy data of the serial 3 transmit/receive buffer (SC3TRB) after trans-
mission ends.

(7) Verify that a parity error occurs by reading the serial 3 status register (SC3STR).
When a parity error occurs, this means the slave responds normally. When a
parity error does not occur, this means the slave does not respond. (Thisstepis
unnecessary for the system without ACK.)

m Data Transmission 2
(8) Repeat steps (4) to (7) if the datais transmitted continuously.

m Stop Sequence
(9) Write 0 to the SC3IIC flag of the SC3CTR register to end the data transmission.
Do not write during transmission.

(10) Set the SCL3 pin output to high as soon as the SC311C flag iswritten. Onecycle
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.

(11) Setthe SC3REN flag to disable onceimmediately after the stop sequence occurs.

12C sequence

[ —

output bit

Write to SC3TRB [ [ ¢

SDA3 pin output | \5|b7|b6|b5|b4|b3|b2|b1|bo|ACK| i[b7[bs[b5[ba[b3[b2]b1]bofack] || S|
! Transmission H Transmission
! interrupt request H interrupt reques

SCL3 pin output v

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  I°C Reception

This section describes the 12C reception using the serial interface 3.
Master reception is operated using SDA3 and SCL3 pins.

To enter the master reception mode, thefirst 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 "5-2-4 12C
Transmission" for master transmission.

m [nitial Setting
(1) Enable the reception enable flag (SC3REN) of the serial 3 control register
(SC3CTR) during the serial transmission end interrupt service routine.

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 Sl | SO
1 1 0 0 1 1 1 1 1 0 1 0 0 1

m Data Reception
(2) Load the dummy datax'FF' to the serial 3 transmit/receive buffer (SC3TRB). This
starts master reception by setting SDA3 pin output to high.

(3) Retrievethe data by reading the SC3TRB register during the seria reception inter-
rupt serviceroutine. (A seria transmission end interrupt can be served as a seria
reception end interrupt.)

(4) Load the dummy data x'FF' to the SC3TRB register if the next datais received
continuously.
m Stop Sequence

(5) Write 0to 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
seguence is output, disable the reception enable flag and initialize the reception.

Chapter 5 Serial Interface

This step is not required when
reception is enabled by the initial
setting.

This step can be omitted if it is
the same setting in transmis-
sion.

ACK is set by the parity bits. To
output '1' to ACK, select 1 by the
parity bits. To output '0' to ACK,
select 0 by the parity bits. To
output none to ACK, select none
by the parity bits.

Write the dummy data x'FF' al-
ways.

Verify that reception ends by an
interrupt (either a serial 3 trans-
mission end interrupt or a serial
3 reception end interrupt) or poll-
ing the received data flag of the
serial 3 status register. Polling
the reception busy flag is not al-
lowed during I1°C mode.
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I2C sequence
output bit

Write to SC3TRB [ ¢

>

SDAS pin output

[b7]b6]b5]b4[b3[b2[b1]boJACK]|

Dummay data transmission for reception
ol \
i[b7]b6]b5[ba]b3[b2]b1]bolAcK] |

SCL3 pin output

START detection bit =1

MN102H55D/55G/F55G

L

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 MN102H55D/55G/F55G contains a 10-bit charge redistribution A/
D converter which processes up to 8 channels. Using the clock selec-
tion bits, the clock source for A/D converter is selected to BOSC/2,
BOSC/4, BOSC/8 or BOSC/16. When BOSC is 30 MHz, the clock
source must be set to BOSC/8 (conversion time = 3.73 s) or higher.

The voltage between Vref+ and Vref- must be input to each analog input pin. Set the
voltages of Vref+ pin and Vref- pin asfollows:
Vss< Vref- < Vref+ < Vop

Vref+ l

ANO —* ' ANOBUF
ANl ——— M ; AN1BUF
AN2 ————™ 110-bit AN2BUF

AN3 ———*™

| ive- AN3BUF
> S/H isuccessive
‘approximation = AN4BUF

AN4 ————*

ANs ——| X 'ADC ANSBUF
AN ——— 3 ANGBUF
AN7 ——— 1 AN7BUF
Vref- T

Figure 6-1-1 Analog Interface Configuration

m Notices When Using A/D Converter

(1) Set theimpedance of the analog signal for A/D conversion to 8 kQ or less.

(2) If theimpedance of the analog signal cannot be set to 8 kQ or 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 potentia 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 MN102H55D/55G/F55G
R
1 A/D Input Pin
7_ —cC
777 777

R < 8kQ Or C = 2000 pF
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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 2.83 pusor more per channel, 3.73 s per channel with a 30-MHz external oscillator
Clock Source Internal Clock BOSC divided by 2, 4, 8, 16
Operating Mode 30 operating modes:

Single conversion of channel 0to n (n=1to 7)
Single conversion of channel m (m=0to 7)
Continous conversion of channel 0ton (n=1to07)
Continous conversion of channel m (m=0to 7)

Converstion Start Timer 3 underflow or register setting

Interrupts Aninterrupt 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 asthe A/D conversion timeis 2.8 s or more at 10-bit resolution and 2.4 s or more
at 8-bit resolution.
Calculate the A/D conversion time as follows:
Conversion time (s) (10-bit resolution) = [14 x BOSC cycle/Clock Source]/ch
Conversion time (s) (8-bit resolution) = [12 x BOSC cycle/Clock Source]/ch
For example, when the A/D converter clock sourceis selected to BOSC/8, the conver-
sion time is BOSCx112 cycles (10-hit 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 ‘ ‘ ‘
mecon| 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 MHZz/BOSC frequency]
For example, select BOSC/8 or BOSC/16 with a 30-MHz external oscillator since
Clock Source <5 MHZz/30 MHz.
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m Single Channel/Single Conversion Timing

When the operating mode selection bits (ANMDJ[1:0]) are set to single channel/single
conversion, the A/D converter convertsone AN input signal once. 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 and clears O when
the conversion ends.

Interrupt request H

Nch
State conversion
ANEN

Figure 6-1-3 Single Channel/Single Conversion Timing




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 signalsonce. 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
isset 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 and clears 0 when
the conversion ends. AN1CH[2:0] show the number of channel being converted and
they clear to 0 when the conversion sequence ends.

Start

Stop

Interrupt request H
|
|

Och 1ch 2ch
State onversionLonversionLonversion

Figure 6-1-4 Multiple Channels/Single Conversion Timing

Chapter 6 Analog Interface
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m Single Channel/Continuous Conversion Timing

When the operating mode selection bits (ANMD[1:0]) are set to single channel/con-
tinuous conversion, the A/D converter convertsone 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 O to the ANEN flag.

Interrupt request H H H H

Nch
conversion

Nch ‘
conversion

Nch
conversion

Nch
conversion

Figure 6-1-5 Single Channel/Continous Conversion Timing



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. AN1CH[2:0] show the number of channel being
converted and they clear to O when the conversion sequence ends.

Start j
Stop H

Interrupt request H H
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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—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

AN4
AN5 M
AN6 U
AN7 X
BOSC
MN102H55D/55G/F55G

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 (ANNBUF) corre-
sponded to AN7 pin to ANO pin.

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

ANn | ANn | ANn | ANn | ANn | ANn | ANn | ANn | ANn | ANn
BUF | BURS | BUF7 | BUF6 | BUFS | BUM | BUF3 | BUR2 | BUFL | BUFO

Rest: 0 0 0 0 0 0 UndefinedUndefinedUndefinedUndefinedlUndfinedUndfinedUndefinedUndefinedUndfinedUndefined

ANNBUF

At 8-bit resolution, the ANnBUF[7:0] bits hold the data and the ANNBUF[9:8] bits
become 0. At 10-bit resolution, the ANNBUF[9:0] bits hold the data. At reset the data
is undefined.

MN102H55D/55G/F55G
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ANCTR: x'00FFO00'

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

MN102H55D/55G/F55G

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 Addres R/W Function
ANCTR X'00FF00' R/W A/D Converter Control Register
ANOBUF x'00FF08' R A/D 0 Conversion Data Buffer
AN1BUF 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
AN6BUF 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.
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6-2 A/D Converter Setup Examples

6-2-1  Single Channel A/D Conversion

The ANG6 pin inputs an analog voltage (Vref- to Vref+) and obtains the
10-bit A/D conversion results.

MN102H55D/55G/F55G
Vref+ ---mmmmmmmmm e
— > | P26
Vref- - e T e
Figure 6-2-1 Analog Voltage Input Example
[ CORE | [DIAConverter |
[ Interrupt | |—>| A/D Converter | Vrefs
[ s-bitTimer | | SerialllF | Vref-
[ 16-bitTimer | | ATC |
ANG6 (P46) —| [ ebitPwm | | ETC |
[Pulse Width Counter] [ ROM, RAM |

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
asthe 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
ANI1CH[2:0] hits to the number of channel to be converted.

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

NCH2INCH1INCHO 1CH2|1CH1{1CHO| EN | TC |[DEC| ~ |CK1|CKO[MD1|{MDO
0 0 0 0 0 1 1 0 0 0 1 0 1 0 0 0




(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 flagis set. The conversion time
is 14 cycles of the A/D converter clock (3.73 ps, 3.73 pusto 4.0 s 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-
age between Vref- and Vref+ into 1024, and the conversion result is avalue from

0to 1023.

ANGBUF: x'00FF14'

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

ANG | ANG
BUF9(BUF8

ANG6
BUF7

ANG6
BUGF

ANG6
BUF5

ANG6
BUF4

ANG | AN6 | ANG
BUF3{BUF2|BUF1

ANG6
BUFO

Chapter 6 Analog Interface

The CPU can read the result
value by generating an interrupt.
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.

ANCTR Setup _L

ANEN ‘
State ANG6 Conversion in Progress
Conversion Clock
1 2 3 4 5 6 12 1 13 ' 14
AN6BUF ‘ i i ‘ i ‘ ] i

AN6BUF Read

Interrupt

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 pinsinput 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

A/D Conversion Data Buffers
Y

Underflow

Timer 3

e .

MN10200
CPU Core

Figure 6-2-4 3-channel A/D Conversion Configuration

[Po] | CORE | |[D/AConverter | [P6]

| Interrupt | | A/D Converter |<‘| P7]

[P2] [ 8-bitTimer | | Seriall/F | 2“% Egggg
[P3] [ 16-bitTimer | |  ATC | |{P9|—ANO (P94)
| sbitpwm | [ ETC | ¥£§I*
[P5] [Pulse width Counter] | ROM,RAM | [pB]

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.

P9HMD: 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] flagsto channel 0 and
the ANNCHJ[2:0] flagsto the number of the final channdl 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) Setthedivisor for timer 3. To divide BOSC/2 by 256, write 255 to the timer 3 base
register (TM3BR). (Thevalid rangeis0to 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

Do not change the clock source.
Selecting the clock source while
controlling the count operation
will corrupt the value in the bi-

(4) Load the value of the TM3BR register to the timer 3 binary counter (TM3BC).

TM3MD: x'00FE23'
7 6 5 4 3 2 1 0

TM3|TM3| ) ) _ | TM3|TM3 nary counter.
EN | LD S1 | SO
0 1 0 0
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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, atimer 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 // //4

Figure 6-2-6 3-channel A/D Conversion Timing
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6-3 Summary of D/A Converter

6-3-1 Overview

The MN102H55D/55G/F55G contains two 8-bit redistribution R-2R D/
A converters. Each D/A converter has one output channel and one 8-bit
dataregister. When the D/A converter is unused, turning the ladder
resistor off reduces the power current.

DAC[1:0] pins output the voltage (the difference between Vref+ and Vref-) divided by
256 when the dataregister changes 1 LSB. Set the voltages of Vref+ pin and Vref- pin

asfollows:

Vss< Vref- < Vref+ < Vop

Vref +

DAOBUF

DA1BUF

D/A Conversion Data Buffers

i e
[omer |

D/A Converter Control Registers

DAOCTR

R-2R 8-bit DAC :’: DACO
R-2R 8-bit DAC :‘: DAC1

DAICTR

Vref -
Figure 6-3-1 D/A Converter Configuration
Table 6-3-1 D/A Converter Functions
Feature R-2R 8-bit D/A Converter

Conversion Resolution

8-bit
The voltage corresponding to the value set in DAnBUF (n=0,1) between Vref+
and Vref- is output.

Conversion Time

Maximum of 6.0 us (External load capacitance 70 pF)

MN102H55D/55G/F55G
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6-3-2 Control Registers

The D/A converter contains the D/A converter control registers
(DANCTR) and the D/A conversion data buffers (DAnNBUF) corre-
sponding to DAC1 and DACO pins.

DANCTR
7 6 5 4 3 2 1 0
DAO
ON

Reset: 0 0 0 0 0 0 0 0

T

D/A Conversion Start
0: Disable
1: Enable

DAnBUF

7 6 5 4 3 2 1 0

DAO | DAO | DAO | DAO | DAO | DAO | DAO | DAO
BUF7 | BUF6 | BUF5 | BUF4 | BUF3 | BUF2 | BUF1 | BUFO

Reset: 0 0 0 0 0 0 0 0

The DANBUF register stores 8-bit D/A conversion data

Table 6-3-2 List of D/A Converter Control Registers

Register Address R/W Function
DIAO DAOCTR X'00FF40' R/W D/A 0 Converter Control Register
DAOBUF x'00FF41' R/W D/A 0 Conversion Data Buffer
DIAL DA1CTR X'00FF42' R/W D/A 1 Converter Control Register
DA1BUF x'00FF43' R/W D/A 1 Conversion Data Buffer

The D/A converter control registers (DANCTR) set the D/A conversion operating con-
ditions. The D/A conversion data buffers (DAnBUF) input and store the conversion
data for channels 1 and 0 (DAC1 and DACO pins).
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6-4  D/A Converter Setup Examples

6-4-1  D/A Conversion Using DAO Channel

This section describes D/A conversion circuit operation. The D/A con-
verter setup procedure is the same for DAO channel and DA 1 channel.
The conversion datais set in the D/A conversion data buffer and the
DACO pin (P80) outputs the analog voltage. 1 LSB data set in the D/A
conversion data buffer corresponds to the difference between Vref+
and Vref- divided by 256.

MN102H55D/55G/F55G

DACO(P80) ——m

Figure 6-4-1 Analog Voltage Output Example

vref+ | [P9) |__CORE | |—>| D/A Converter |5 [P6 ]
Vref- | _interrupt | [ A/D Converter | | [P7]
[P2] [ s-bitTimer | | SerialiF | P8}~ DACO(PSO)
[P3] | 16-bitTimer | |  ATC |
| sbitPwm | | ETC |
[P5] [Pulse Width Counter] | ROM,RAM | |pB]

Figure 6-4-2 D/A Conversion Block Diagram Using DAO Channel
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m Port Output and D/A Converter Setup

(1) Set D/A 0O conversion to start in the D/A 0 converter control register (DAOCTR).
This applies the voltage to the ladder resistor for the D/A 0 conversion circuit and
increases the power current. To reduce the power current, this setting is not al-
lowed when the D/A conversion is performed.

DAOCTR: x'00FF40'
7 6 5 4 3 2 1 0

DAO
ON

(2) Set the datato be converted to the D/A 0 conversion data buffer (DAOBUF).

DAOBUF: x'00FF41'
7 6 5 4 3 2 1 0

DAO|DAO| DAO| DAO|DAO|DAO|DAO|DAO
BUF7|BUF6|BUF5|BUF4|BUF3BUF2|BUF1BUFO

(3) Set DACO (P80) of the port 8 to DACO output using the PBLMD register.

P8LMD: X'00FFFC'
7le[s5]a4a[3][2]1]o0

P8 | PB | PB | P8 | P8
LMD4|LMD3LMD2LMD1LMDO

1

The DACO pin outputs the D/A conversion data.
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7-1 Summary of ATC

7-1-1 Overview

The MN102H55D/55G/F55G 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 datatransfer end isthe total of the bus acquisition and the datatrans-
fer time.

The datatransfer time changes depending on the number of waitsin the transfer source
and the transfer destination. The time required for bus acquisition is a minimum of
1.75 x internal operating cycle(s) after the ATC receives a data transfer request. For
example, if theinternal operating cycleis66.7 ns (with a 30-MHz external oscillator),
the time for bus acquisition is 116.725 ns.

Internal Operating Cycle

>
'

sosc | | |||

Data Transfer Request J |

Bus Acquisition \

Figure 7-1-1 ATC Bus Acquisition Timing

o
Bus Acquisitipn

After busisacquired, the time required for the data transfer is calculated as follows:
(4+Ws+Wd) x m x interna operating cycle(s)
where m: the number of data transfer words
Ws: the number of waitsin the source
W(d: the number of waits in the destination

After thetransfer 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 asfollows:

ATCO>ATC1>ATC2>ATC3>CPU



Table 7-1-1 ATC Functions

Chapter 7 ATC, ETC

Mode Operation Memory Operation by ATC Transfer
Main ATC Interrupt
Program Transfer Program
o
c g \/\
= g Interrupt
=3 [
= ] wp
1} o
% s |\ Interrupt program
= < is activated only
N ﬁ when the last transfer
c ends. N
O
Main ATC Interrupt
B Program Transfer Program
>
@
= ~"" ) ~"" )
(o))
£
3 2
- S
o @ #
@ Interrupt
E Interrupt program
< is activated only I~ I~
g when the transfer
ends.
Main ATC Interrupt
Program Transfer Program
ko
] ~"" )
C
Q o
E =
©
e | 5 Mo —) [ ]
5 s
® g
s | &
= © I~
ol c
= o]
a)

Interrupt program activation can be set optionally.

shows one instruction.
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15

ATNnCTR

14

13

12

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
(ATNnSRC) and the destination address pointers (ATnDST).

11

10

9

8

3 2 1 0

ATn
EN

ATn
MD1

ATn
MDO

ATn
BW

ATn
DB8

ATn
DI

ATn
SB8

ATn
Si

ATn | ATn [ ATn | ATn
1Q3 | 102 | 1Q1 | 10

Reset:

0

o

_ 0

0

0

0

]

0

0 0 0 0

L

ATC Activation Factor Settings

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

A/D conversion end interrupt

1111

Key interrupt

Note: This example is ATCO. Please refer to List of
Registers for ATC1-ATC3 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

16-bit

8-bit (only when 8-bit bus width
for external memory is selected)

Increment Control Flag
for Destination Address Pointer

Fixed

Increment by 1 in the byte transfer,
by 2 in the word transfer

ATnDB8

Destination Bus Width

16-bit

8-bit (only when 8-bit bus width
for external memory is selected)

Transfer Unit

Word (disable when 8-bit bus width
for external memory is selected)

Byte

ATnMD

[1:0]

Transfer Mode

00

One byte/word transfer

01

Burst Transfer

10

Two bytes/words transfer
(available in the byte transfer)

11

Reserved

Note: 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.

MN102H55D/55G/F55G

ATNnEN

Transfer Start/Busy Flag

0

Disable

1

Transfer start/Transfer in progress

Note: Do not activate ATC by an interrupt and write O to
ATNEN flag by the user program simultaneously.
Omitting this procedure causes the CPU to stop.

Set the applicable register not to generate an interrupt
for ATC activation factor before writing 0 to ATnEN flag.



Reset:

Reset:

Reset:

Reset:

Reset:
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R _ R R 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 0 0 0 undefined unddfined unddfined undfined  undfined  undfined  Undfined undefined  unofined undefined unofined - undiefined
<"
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 | ATn | ATn | ATn | ATn | ATn ATNSRC
SRCI15 | SRC14 | SRC13 | SRC12 | SRC11 | SRC10| SRCY | SRC8 | SRC7 | SRC6 | SRC5 | SRCA | SRC3 | SRC2 | SRCL | SRCO
undfined unddfired  undefined  undiined undefined  undefined  ndfined  undefined undefined ndefined  undefined undefined undefined  undfined undefined undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
: R } ; R ; R R ATn | ATn | ATn | ATn | ATn | ATn | ATn | ATn
SRC23 | SRC22 | SRC21 | SRC20 | SRCI9 | SRC18 | SRC17 | SRC16
0 0 0 0 0 0 0 0  uddined uddfined undefined undefined  undefined  undefined  undefined - undfined
<"
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.
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 ATn ATn ATn ATn ATNDST
DST15 | DST14 | DST13 | DST12 | DST11 | DST10 | DST9 | DST8 | DST7 | DST6 | DST5 | DST4 | DST3 | DST2 | DST1 | DSTO
unddfined unddfired  undefined  undifined undefied  undefined  ndifined  undefined  undefined undiefined  undefined undfined undefined  undifined undefined - undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R _ B R _ B _ _ ATn ATn ATn ATn ATn ATn ATn ATn
DST23 | DST22 | DST21 | DST20 | DST19 | DST18 | DST17 | DST16
0 0 0 0 0 0 0 0  uddined undefined undefined unddfired ndefined  undfined undefined  undefined
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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'00FD0O4' 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
ATI1DST Xx'00FD18' ATC 1 Dedtination Address Pointer
AT2CTR X'00FD20' ATC 2 Control Register

ATC2 AT2CNT x'00FD22' ATC 2 Transfer Word Count Register
AT2SRC Xx'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
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7-2  ATC Setup Examples

7-2-1  Serial Reception

Chapter 7 ATC, ETC

The serial interface O 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.

1

2

P3

P4

P5

| [ D/A Converter |

SBIO (P71)

15

[ CORE

[ Interrupt [ AID Converter |
I 8-bit Timers l I Serial I/F

I 16-bit Timers l ATC

[ sbitpwm | | ETC

|

IPuIseWidth Counterl I ROM, RAM I

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
and store each byte data 0x'8001'

0x'8002'
0x'8003'
0x'8004'

on the memory.

/\_/

0x'8000'

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

MN102H55D/55G/F55G
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The space for 5 bytes is from
x'008000' to x'008004".

238
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m ATC Setup
(1) Set the address x'00FD82' of the serial O reception buffer to the ATCO source
address pointer (ATOSRC).

ATOSRC: x'00FDO04'
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 | ATO | ATO | ATO | ATO
SRCI5RC14 RC13RCI2|RCILYRCI0 SRCI|SRCB|SRC7|SRCH| SRC5| SRC4|{SRC3(SRC2[SRC1{SRCO

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

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

0 0 0 0 0 0 0 0

(2) Securethe space for the 5-byte serial 0 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 9 8 7 6 5 4 3 2 1 0

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
DSI'15DSI'14|DST13DST12DST]_’LDST10DSTQ DST8|DST7|DST6|DST5|DST4|DST3|DST2|DST1{DSTO

1 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

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
DST23DST22|DST21|DST20|DST19|DST18{DST17|DST16

0 0 0 0 0 0 0 0

(3) Set the bytesto be transferred automatically. Inthisexample, 5-byte dataistrans-
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 8 7 6 5 4 3 2 1 0

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
CNT11{CNT10| CNT9 [ CNT8 | CNT7 | CNT6 | CNT5| CNT4 | CNT3 | CNT2 | CNT1 | CNTO

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
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(4) Setthe ATCO control register (ATOCTR). Select aserial 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 and Select 16-bit source bus width

destination bus width. and 16-bit destination bus width.
Select 8-hit source bus width -bit
source bus width and 8-bit desti-

ATOCTR: X'00FDO0O* . ) )
nation bus width only when 8-bit

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 .
bus width for the external

ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO _ _ _ ATO | ATO | ATO | ATO memory space is selected.
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. The interrupt level is 5 in this ex-

ample.
ATOICH: X'00FCA9'
7 6 5 4 3 2 1 0

_ |ATO|ATO|ATO| | | _ |ATO
LV2 [LV1|LVO IE
1 o0 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 aserial 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

SCOR
IE

(7) Select serial reception mode. Refer to "Seria Interface Setup Examples' for de-
tails.
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(1

If this setting is omitted, the
4096-byte data is transferred
because the ATOCNT value is
X'OFFF'.

240 MN102H55D/55G/F55G

m ATC Reset
(8) Process the 5-byte serial O 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| SI 1Q3|1Q2|1Q1|1Q0
0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0
Buyyflag Hold Hold Hold Hold Hold Hold Hold Reset after 5-byte data
indication transfer

ATOCNT: X'OFFF' (Thisvalue is always set regardless of the bytes to be transferred.)
ATOSRC: x'00FD82' (The last valueis 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'00FD02'
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
C]\lT]_'I.|O\lT10 CNTY|CNT8ICNT7|CNTE/CNT5CNTA(CNT3|CNT2|ICNTLCNTO

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

(11) Set the ATCO control register (ATOCTR). Reselect a serial O 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 thefirst byte datatransfer by software). The data after
the second byte istransferred automatically with the serial reception end interrupt.



7-3  Summary of ETC

7-3-1 Overview

The MN102H55D/55G/F55G contains an external transfer control
(ETC). The ETC has two channels to transfer the data between the
external memory and the external device. The data transfer request oc-
curs when DMAREQ[1:0] become low. DMAACK][1:0] become low
when the ETC accepts the datatransfer request. Thetime required from
the datatransfer request until the data transfer end is the total of the bus
acquisition and the data transfer time.

The datatransfer time changes depending on the number of waitsin the transfer source
and the transfer destination. The time required for bus acquisition is a minimum of
1.75 x internal operating cycle(s) after the ETC receives a data transfer request. For
example, if theinternal operating cycleis66.7 ns (with a 30-MHz external oscillator),
the time for bus acquisition is 116.725 ns.

Internal Operating Cycle

Data Transfer Request _| T

Bus Acquisition f \

Figure 7-3-1 ETC Bus Acquisition Timing

'
—

Bus Acquisitipn

After busisacquired, the time required for the data transfer is calculated as follows:
(4+Ws+Wd) x m x interna operating cycle(s)
where m: the number of data transfer words
Ws: the number of waitsin the source
W(d: 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 NM1 occurs during transfer, the ETC stops the transfer and executes
the interrupt service routine.

The bus acquisition priority isETCO > 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-A0 D15-D0 RE CS D15-D0 WE
A
DMAREQN A23-A0 D15-DO0 RE CS DMAACKnN
MN102H55D/55G/F55G
Bus Master External Memory External Device
A23-A0 D15-D0 WE CS D15-D0 RE
A
DMAREQnN A23-A0 D15-D0 WE CS DMAACKnN

MN102H55D/55G/F55G
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ETC stops executing the CPU's program and transfers the data automatically between
the external memory and the external device when low level isinput to DMAREQn
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 adevice (such as SRAM) that has address input pins, datainput/
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 waits.

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 isinput to RE and read the data when a
signal isinput to WE. When waits are required for accesses, the number of waitsis 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 O O O O O O O O O O O 0 0 O
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
244 MNZ102H55D/55G/F55G




Reset:

Reset:

Reset:

Reset:

Reset:

Chapter 7 ATC, ETC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
; 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
0 0 0 0 undefined unddfined unddfined undfined  undfined  undfined  Undfined undefined  unofined undefined unofined - undiefined
<"
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 ETnSRC
SRCI15 | SRC14 | SRC13 | SRC12 | SRC11 | SRC10| SRCY | SRC8 | SRC7 | SRC6 | SRC5 | SRCA | SRC3 | SRC2 | SRCL | SRCO
undfined unddfired  undefined  undiined undefined  undefined  ndfined  undefined undefined ndefined  undefined undefined undefined  undfined undefined undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
: R } ; R ; R R ETn ETn ETn ETn ETn ETn ETn ETn
SRC23 | SRC22 | SRC21 | SRC20 | SRCI9 | SRC18 | SRC17 | SRC16
0 0 0 0 0 0 0 0  uddined uddfined undefined undefined  undefined  undefined  undefined - undfined
<"
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.
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 ETnDST
DST15 | DST14 | DST13 | DST12 | DST11 | DST10 | DST9 | DST8 | DST7 | DST6 | DST5 | DST4 | DST3 | DST2 | DST1 | DSTO
unddfined unddfired  undefined  undifined undefied  undefined  ndifined  undefined  undefined undiefined  undefined undfined undefined  undifined undefined - undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R _ B R _ B _ _ ETn ETn ETn ETn ETn ETn ETn ETn
DST23 | DST22 | DST21 | DST20 | DST19 | DST18 | DST17 | DST16
0 0 0 0 0 0 0 0  uddined undefined undefined unddfired ndefined  undfined 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 Xx'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 Xx'00FD58' ETC 1 Destination Address Pointer

MN102H55D/55G/F55G
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7-4  ETC Setup Examples

7-4-1  Transfer from External Memory to External Device

DMAREQO input from bus master is an activation factor. Each byte-
dataistransferred from the external memory to the external device.

- | CORE
I Interrupt

|
|
A7-A0 F— 8-bit Timers l I Serial I/IF
3] |
|

|
A15-A8 k—ﬂ [ 16-bit Timers | | | ::II__-: %ﬁ%%g{g
| . [PA]

[ D/A Converter | —» RE (P61)

[ A/D Converter ]

A23-A16 = P4] 8-bit PWM [PA]
TS0 (P50) =——] P5 |- [Pulse Width Countel] [ ROM, RAM |

Figure 7-4-1 ETC External Memory — External Device Transfer Block Diagram

Y

External Memory External Device

Data
(8-bit)

External Memory External Device

/_\/ Address | RE cs DMAACKO(WE)

x'100000" dataA \I:l
x'100001' dataB —

MN102H55D/55G/F55G - 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
SRCI5RC14 RC13RCI2|RCIYRCI0 SRCI|SRCB|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 bytesto betransferred automatically. Inthisexample, 2-byte dataistrans-
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| 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 source pointer to increment by 1. Select the transfer directionis

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| SI ) ) ) ) " |DIR| EN

0 0 1 1 0 0 1 1 0 0 0 0 0 0 1 1
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® 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 DMAREQO becomes low by bus mas-
ter. After the ETCO transfer ends, an ETCO transfer end interrupt occurs. Each ETCO
register value is set asfollows:

ETOCNT: X'OFFF (Thisvalueis aways 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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Chip Operation

1 Wait Access

1 Wait Access

ETC Internal  ETC Internal

Chip Operation

Progess

Progess

ETC Internal ETC Internal
, ) Proqess , . ) ] . Progess i

BOSC

BIBT2

BIBT1

c
.2
.~ 22
o
©
\\\\\\\\\\ V\Oll\: SN SRR
=
‘\ E
— — — —
3 3 3 >3
Qo o (o8 (o8
c - - -
= > >3 >3
c o o o
o 2 |2 8
@ —
< °
T
= <
[a]

ETC bus acquisition interval

External memory data output

DMAACKn

Rise PMAREQN
after falling

DMAACKnN output
(External device WE)

=2

Note: the number of external memory waits = 1, the number of data transfer bytes

Figure 7-4-3 ETC External Memory - External Device Burst Transfer Timing
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7-4-2

(Burst Transfer)

Transfer from External Device to External Memory

/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

|  atc | DMAREQO (P92)
DMAACKO (P93)
7 [Pa]

memory.
[ _core | [DiAConversion] (~{p6 [~ %%%23))
| interrupt | | [A/D Conversion]
A7A0 =~——{P2| [ 8bitTimers || [ SerialF |
A15-A8 k— | 16-bit Timers | =
A23-A16 = | 8bitPWM |
TS0 (P50) ~—| [Pulse Width Counter] | ROM, RAM |

Figure 7-4-4 ETC External Device - External Memory (Burst)Transfer Block Diagram

External Memory

External Memory External Device

N\

dataA
dataB

x'100000'
x'100002'

TN

External Device

Data
(16-bit)
Address | /WE /CS /DMAACKO(/RE)
MN102H55D/55G/F55G ~
/DMAREQO

Each 16 bits of the data is transferred
from external device to external memory.

Figure 7-4-5 ETC External Device - External Memory (Burst) Transfer Connection

Bus Master

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.

MN102H55D/55G/F55G
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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 4 3 2 1 0

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO
DST15|DST: 141DSI'13 DST12|DST11|DST10| DST9 | DST8| DST7 | DST6 | DST5 | DST4 | DST3 | DST2 | DST1 | DSTO

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
DST23 DST22|DST21|DST20{DST19|DST 18|DST 17|DST 16

0 0 0 1 0 0 0 0

(2) Set the words to be transferred automatically. In this example, 2-word datais
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 5 4 3 2 1 0

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 isfrom external device to external memory. Set the transfer start/busy flag to
disable.

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 0 0 1 0 0 0 0 0 0 0 0 0 1
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® Interrupt Setup
(4) Enable an ETCO transfer end interrupt.

ETOICL: X'00FDA5'

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 mas-
ter. After the ETCO transfer ends, an ETCO transfer end interrupt occurs. Each ETCO
register valueis set as follows:

ETOCNT: X'OFFF' (Thisvalueis always set regardless of the bytesto be transferred.)

ETODST: x'100004' (The result incremented by 1 is set after the last transfer is
completed.)

MN102H55D/55G/F55G 253
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ETC Internal
Progess

1 Wait Access

ETC Internal
Proqess

1 Wait Access

PI’D(‘:ESS ,

ETC Internal  ETC Internal
Progess

Chip Operation

OSClI
BIBT2
BIBT1

Chapter 7 ATC, ETC

Address output

ETC bus acquisition interval

WE output

Rise PMAREQnN
after falling DMAACKn

CS output

External device data output

DMAACKDnN output
(External device RE)

2

1, the number of data transfer bytes

Note: the number of external memory waits
Figure 7-4-6 ETC External Device — External Memory Burst Transfer Timing
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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 dataistransferred from the external deviceto the external memory.

[ CORE | [ D/A Converter | 4’ %((FI;ZZB))
| interrupt | | [ A/D Converter |
A7-A0 = P2] [ 8-bit Timers | | [ Serial IF |
A15-A8 k—ﬂ [ 16-bitTimers | | | ATC m O (P
p23-Al6 < P4l [ sbitPwm |4  ETC
CSO (P50) = [Pulse Width Counter] [ ROM,RAM |
Figure 7-4-7 ETC External Device - External Memory (One Byte) Transfer Block Diagram

External Memory < External Device

Data

(16-bit)
External Memory External Device .
/\/ Address | WE cS DMAACKO(RE)
¥100000' | dataA A—‘—‘
MN102H55D/55G/F55G - Bus Master
DMAREQO

Each 16 bits of the data is transferred
from external device to external memory.

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.

Figure 7-4-8 ETC 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 5 4 3 2 1 0

ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO
DST15|DST: 141DSI'13 DST12|DST11|DST10| DST9 | DST8| DST7 | DST6 | DST5 | DST4 | DST3 | DST2 | DST1 | DSTO

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
DST23 DST22|DST21|DST20{DST19|DST 18|DST 17|DST 16

0 0 0 1 0 0 0 0

(2) Set the words to be transferred automatically. In this example, 1-word datais
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 5 4 3 2 1 0

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’

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 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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® Interrupt Setup
(4) Enable an ETCO transfer end interrupt.

ETOICL: X'00FDA5'

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 mas-
ter. After the ETCO transfer ends, an ETCO transfer end interrupt occurs. Each ETCO
register valueis set as follows:

ETOCNT: X'OFFF' (Thisvalueis always set regardless of the bytesto 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

DMAREQnN input

ETC bus acquisition interval

Address output

WE output

CS output

External device data output

MAREQn
after falling DMAACKn

Rsie

DMAACKnN output
(External device RE)

:O’
=1

Note: the number of external memory waits
the number of data transfer bytes

Figure 7-4-9 ETC External Device - External Memory (One Byte) Transfer Timing
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Chapter 8 Ports

Peripheral Function
Output

Peripheral Function
Input

Peripheral Function
Direction Control

260 MN102H55D/55G/F55G

8-1 Summary of Ports

8-1-1 Overview

The MN102H55D/55G/F55G contains twelve /O ports. Functions can
be switched depending on the selected mode pins. Pleaserefer to"11-2-
3 Pin Functions' for details.

Internal Data Bus

PnPLU[W] Programmable pull-up
PnPLU Cl

PNPLU[R] g

PNOUT[W]

l

PnOUT
W Pin
PnOUTIR] »—D
0
g MUX »@—{

—) 1

PNMD[W]
PnMD

PNMD[R] ;

1

PnIN[R] |
ﬁ\ \I

Input Level
v Schumitt Input

PnDIR[W] (LVTTL level at 3.3 V of voltage)
PnDIR 0

l

PNDIR[R]

Figure 8-1-1 1/0O Port Configuration



8-1-2  Control Registers

Chapter 8 Ports

The MN102H55D/55G/F55G contains the port output register
(PnOUT), the port input registers (PnIN), the port mode registers
(PnMD), the port input/output control registers (PNnDIR) 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
OUT7|0UT6|OUTS|OUT4|OUT3|0UT2|OUT1|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
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

Ph|Phn| PP |Pn| Pn| Pn| Pn
MD7 | MD6 | MD5 | MD4 | MD3 | MD2 | MD1 | MDO
Reset:
7 6 5 4 3 2 1 0
Ph | Pn|Pn|Pn|Pn|Pn|Pn|Pn
DIR7|DIR6|DIR5|DIR4|DIR3|DIR2|DIR1|DIRO
Reset: 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Ph | Pn|{Pn|Pn|Pn|Pn|Pn|Pn
PLU7|PLUG(PLUS5|PLU4{PLU3|PLU2[PLU1|PLUO
Reset: 0 0 0 0 0 0 0 0

PnOUT
PnIN
PnLMD
PnMD PnMMD
PnHMD
0: Input
PnDIR 1: Output
0: Pull-up off
PPLU 1: Pull-up on

MN102H55D/55G/F55G

261



Chapter 8 Ports

262

MN102H55D/55G/F55G

Table 8-1-1 List of Port Control Registers

Register Address R/W Function
POPLU x'00FFBO' R/W | Port 0 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'00FFFO! 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
P30UT 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
P50UT x'00FFC5' R/W | Port 5 QOutput Register
P5IN X'00FFD5' R/W | Port 5 Input Register
P5DIR X'00FFES' 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
P6MD X'00FFFF R/W | Port 6 Mode Register




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'00FFES' 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'00FFBY' Port 9 Pull-up Control Register
POOUT X'00FFC9' Port 9 Output Register

PIIN x'00FFD9Y' Port 9 Input Register

PODIR x'00FFEY 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

Chapter 8 Ports
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8-1-3  Port Block Diagram

The MN102H55D/55G/F55G containstwelve /O portsof POto 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 peripheral
function. The function can be switched by each port mode register.
When the input/output pin of the peripheral function is selected, setting
each port mode register determines the input/output direction automati-
cally. 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 direction control reg-
Ister setup.

Table 8-1-2 Port Block Diagram (1/12)

Port Pin Name Block Diagram
Port O PO7 to POO
D07 to DOO
AQ7 to AOO
POPLU[7:0] -—— | Register ~\O
POOUTI7:0] <—>> Selector
Address/Data Output A
(AO7 - AQD) [}
(D07 - DOO)
ooy ] regr | ——
o—{ |Po7-Poo
Y
PODIR[7:0] Selector
Address/Data r»
Input/Output Control
POIN[7:0] ]
(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
Portl | P17to P10
D15to D08
Al15to AO8 P1PLU[7:0] <—— | Register >~ x}
TM8I0B
TM11I0A P1OUT[7:0] —= 4’{ Register [ |
TM1110B Address/Data Output
(A15 - AO8) >
TM11IC (015 - D0B)
Selector
TM12I0A TMSIOB Output (P10)
TM11I10A Output (P12)
TM1210B TMLLIOB Output (PL3)
TM 12| C TM12I0A Output (P15)

TM12I0B Output (P16)

P1LMD[6:0]
P1HMDI[7:0]

PADIR[7:0]

Address/Data
Input/Output Control

TMBIOB Input/Output Control (P10)
TM11I0A Input/Output Control (P12)
TM11I0B Input/Output Control (P13)

TM11IC Input Control (P14)
TM12I0A Input/Output Control (P15)
TM12I0B Input/Output Control (P16)

TM12IC Input Control (P17)

P1IN[7:0]
(Port Input)

TMS8IOB Input (P10)
TM11I0A Input (P12)
TM11I0B Input (P13)

TM11IC Input (P14)
TM12I0A Input (P15)
TM12I0B Input (P16)

TM12IC Input (P17)

Data Input
(D15 - D08)

e

Y
]

Selector

IH P17 - P10

Note : The set value of the P1DIR register is valid only when the port function

is selected by the P1LMD register or PIHMD register.

The input or output direction of TMnIOA, TMnIOB and TMnIC is
determined by setting the P1LMD register or PLHMD register.

MN102H55D/55G/F55G
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Table 8-1-2 Port Block Diagram (3/12)

Port Pin Name Block Diagram
Port 2 P27 to P20
AQ7 to AOO
SBT2 P2PLU[7:0] <—>@ > x)
SBO2
SBI2 P20UT[7:0] <—>>
— e |
TM151A [
Address Output _ | Selector
(AO7 - A0O) g
SBT2 Output (P20) N
SBO2 Output (P22)
1
P2MD7, [5:2], 0 <—> ]
\
P2DIR[7:0] <—> o—{ P27 - P20
Address Output Control > Selector
SBT2 Input/Output Control (P20)
SBI2 Input Control (P21)
SBO2 Output Control (P22)
TM15IA Input Control (P24)
P2IN[7:0] < ®
(Port Input)
o% P6MD[2:0]
(P20) ( (E <’—«
SBT2 Input
(PE0) i P60 Pin
P8LMD[4:2]
(P21) @ P < '—4'
SBI2 Input
(P82) i P82 Pin
I P24) o—b P5HMD[4:2] A
nput b b ‘ ~
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)

Port Pin Name Block Diagram

Port 3 P37 to P30
A15to AO8
K17 toKIO

P3PLU[7:0] - Register
P30UT[7:0
[ ] Selectori ———————

Address Output A
(A15 - AD8)

P3LMDI[7:0] <—>w
P3HMDI[7:0]
P3DIR[7:0] Selector

Address Output Control

Y
O/

o |pa7-P30

P3IN[7:0] ‘ L ]
(Port Input)

KI7-KIO = ‘
(Key Input Interrupt) ‘

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 K17 to KIO is determined automatically
by setting the P3LMD register or the P3HMD register.
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Table 8-1-2 Port Block Diagram (5/12)

Port Pin Name Block Diagram
Port4 | P47 to P40
A23to Al16
STOP
WDOUT P4PLU[7:0] <+—— | Register ‘E
AN7to AN4
P40OUT[7:0] <—>
>
Address Output _
(A23 - A16) " | selector
STOP Output (P46) -
WDOUT Output (P47) - o—{ |Pa7-pPao
A
PALMD[7:0] - b
P4HMD[3:0]
Y
P4DIR[7:0] <—>
Address Output Control -
Selector
STOP Output Control (P46) >
WDOUT Output Control (P47) -
P4IN[7:0] >
(Port Input)
AN7 - AN4 =
(A/D Input)
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 PAHMD register.
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Table 8-1-2 Port Block Diagram (6/12)

Chapter 8 Ports

Port Pin Name Block Diagram

Port 5 P57 to P50
TM130A
TM130B
TM140A PSPLU[7:0] <————| Register }\O
TM140B
TM15IA P50UT[7:0] W
CS3to CS0O TM130A Output (P50) -
SS=A CSO0 Output (P50) >
BREQ TM130B Output (P51) >
BRACK CS1 Output (P51) -
SoroE TM140A Output (P52) »| Selector
BSTRE CS2 Output (P52) >
ALE TM140B Output (P53) >
ALE CS3 Output (P53) ;

BRACK Output (P55)
BSTRE Output (P56)
ALE,ALE Output (P56)

P5LMD[7:0] 4—.41
PSHMDI[4:0]

CS3 - CS0 Input/Output Control >
(P53 - P50)

TM130A,TM130B,TM140A,TM140B  — | Selector

Input/Output Control (P53 - P50)
ALE, ALE, BSTRE Output Control (P56) ——————»

BRACK, BREQ Input/Output Control
(P55,P54)

TM15IA Input Control (P56) -

P5IN[7:0]

o[ |ps7-pso

(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 P5SHMD register.
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Table 8-1-2 Port Block Diagram (7/12)

Pin Name

Block Diagram

Port 6 P63 to P60
SBT2

RE

WEL
WEH

WAIT

P6PLU[3:0] +— | Register

Y
O/

Y

P60UT[3:.0] <———>| Register

SBT2 Output (P60) >

RE Output (P61)
WEL Output (P62)
WEH Output (p63)

_ | Selector

P6MD[5:0] <+ > Register

\

P6DIR[3:0] <«—— Register

SBT2 Input/Output Control (P60) >
'RE,WEL,WEH Output Control >

Selector

(P61 - P63)

P6IN[7:0] _

(Port Input)

WAIT Input (P60)

(Handshake Input)

SBT2 Input (P60) o

(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)

Chapter 8 Ports

Port Pin Name Block Diagram
Port 7 P75 to P70
SBTO
SBIO :
SBOO P7PLU[5:0] <+— | Register X)
SBT1
P70UT[5:0] W
SBI1 >
SBO1
DBAC SBTO Output (P70)
RAS RAS oﬂtpﬁt (P70)
LCAS Output (P71)
ﬁ S CAS oﬂtpﬁt (P72) Selector
CAS SBOO Output (P72) >
I UCAS Output (P72)
UCAS SBT1 Output (P73)
_ DMUX Output (P73)
DMUX SBOL Output (P74)
NMI (P76) o |p75-P70

P7LMD[6:0]
P7HMD[6:0]

P7DIR[5:0]

SBTO Input/Output Control (P70)
RAS Output Control (P70)
LCAS Output Control (P71)
CAS Output 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)

P7IN[5:0]
(Port Input)

NMI(P7ING)
(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.

o

Y

Selector
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Table 8-1-2 Port Block Diagram (9/12)

Port Pin Name Block Diagram
Port 8 P87 to P80
DACO
DAC1 P8PLU[7:0] < Register >¥>
TMOIO
TM 4IO P8OUT[7:0] <—M—> |
TM7I10 TMOIO Output (P82) 1
SBT3 Output (P82)
TMOIOA SCL3 Output (P82)
TMA4IO Output (P83)
TM9IOB TM7IO Output (P84)
SBO3 Output (P84) Selector
T™IC SDA3 Output (P84) >
TM9IOA Output (P85)
SBl2 SBT4 Output (P85)
SBO2 SBL4 Output (P85)
SBO2 Output (P85)
SBT3 TM9IOB Output (P86)
SBO4 Output (P87) o—{ |Ps7-Pso
SCL3 SDA4 Output (P87) y
SBI3 P8LMD[4:0]
SBO3 P8MMDI[7:0] ‘—'—0
P8HMD[3:0]
SDA3
SBT4 P8DIR7 - 0 <—>
SCL4
SBl4 TMOIO,TM4I0,TM710, TM9IOA, TM9IOB, TMIIC
Input/Output Control (P82 - P87)
SBO4 Selector
SBI2,SBI3,SBl4 SBO2,SBO3,SBO4,
SDA4 SBT2,SBT3,SBT4,SCL3,SCL4, —*
SDA3,SDA4 Input/Output Control (P82 - P87)
DACO, DACL1 Output Control (P80, P81) >
DACO(P80)
DAC1(P81)
Analog Switch
PBIN[7:0]
(Port Input)
TMOIO,TM4I0,TM7IO,
TMYIOA, TMIIOB,TMIIC
Input (P82 - P87)
SBI2,SBI3,SBI4,SBT2,
SBT3,SBT4,SCL3,SCL4
SDA3,SDA4 Input
(P82,P84 - P87)
Note : The set value of the P8DIR register is valid only when the port function
is selected by the P8LMD register, the P8HMD register.
The input or output direction of D/A function, timer function and serial function
is determined automatically by setting the P8LMD register or the P8HMD register.
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Table 8-1-2 Port Block Diagram (10/12)

Chapter 8 Ports

Port Pin Name Block Diagram
Port 9 P97 to PO
TM8IOA
TM1010A P9PLU[7:0] <— | Register —x)
TM1010B
TM10I1C POOUT[7:0] W :
BIBT1
BIBT2 TMB8IOA Output (P90)
DMAREQ]. BIBT1 Output (P90)
—_ =" TM10IOA Output (P91) Selector
DMAREQO BIBT2 Output (P91) >
DMAACK 1 DMAACK1 Output (P91)
- TM10IOB Output (P92)
DMAACKO DMAACKO Output (P93)
AN3to ANO

POLMD[7:3],[1:0]
PYHMDI5:0]

BIBT1,BIBT2 Output Control (P90,P91)

e
PIDIR[7:0] <—>

TMB8IOA, TM10I0A, TM1010B,TM10IC
Input/Output Control (P90 - P93)

DMAREQO,DMAREQ1,DMAACKO,DMAACK1
Input/Output Control (P90 - P93)

AN3 - ANO Input Control (P97 - P94)

AN3 - ANO Input
(P97 - P94)

TM8IOA, TM10I0A, TM10IOB,
TM10IC Input (P90 - P93)
DMAREQL,DMAREQO Input
(P90,P92)

P9IN[7:0] Input
(Port Input)

A

Y

Selector
—_—

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.

o—{ |Po7-Po0

MN102H55D/55G/F55G
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Table 8-1-2 Port Block Diagram (11/12)

Pin Name

Block Diagram

Port A

PA5 to PAO
IRQ4 toIRQOD
TM15IB
ADSEP

PAPLU[5:0] <-— | Register

Y
O/

PAOUT[5:0] <———> Register

PAMD[4:0] <+ *| Register ————

PADIR[5:0] <—— Register

PAIN[5:0] _

o—| |Pas-pPao

(Port Input)

IRQ4 - IRQO Input

(PA4 - PAO)

TM15IB Input

(PA4)

ADSEP Input

(PAS5)

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.

274
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Table 8-1-2 Port Block Diagram (12/12)

Chapter 8 Ports

Port Pin Name Block Diagram

PortB | PB1toPBO
BIBT1
BIBT2 PBPLU[L:0] <——|@ >
BOSC XJ
Xl PBOUTI[1:0] <—>
XO BIBT1 Output (PBO) A

BIBT2 Output (PBO)
BOSC Output (PBO)

PBMD[2:0]

PBDIR[1:0]

BIBT1,BIBT2,BOSC Output Control
(PBO)

Xl Input Control (PB1)

PBIN[1:0]
(Port Input)

Xl Input
(Low-speed Oscillation Input)

Note : The set value of the PBDIR register is valid only when the port function

Selector

A

o

o—{ |PB1-PBO

Y

Y

Selector

STOP Control

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.
The Xl pin can be used as the port B1 when this pin is not used

as the low-speed oscillation pin.

{]xo
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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 isconnected to the switch and P70 is connected
tothe LED. Inthisconfiguration, the LED is on when the switchison
while the LED is off when the switch is off.

470 Q<< 10k Q%

MN102HF55G

P70
P71

O
% sw

V4

Figure 8-2-1 General-purpose Port Setup Example

(1) Both P71 pin and P70 pin are set to input by theinitial 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|Pr| P | PP |PT|PT|PT|PT P7 | P7 | P7|PT | P7T|PT|PT|PT
DIR?| DIR6| DIRS| DIR4|DIR3| DIRZ| DIR1|DIRO| [LMD7|LMDGLMDSLMD4LMDLMDZLMD1LMDO

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 1is'0', set
POOUT to x'00'.

P70UT: X00FFC7' P7IN: X00FFD7'

7]6]5]4[3]2]1]0 76 [5][4[3[2]1]o0
P7 | P7 | P7 | P7T|PT|PT|P7|PT P7 | P7 | P7 | P7T|P7T|PT|PT|PT
OUT70UTEOUTEOUT40UT30UT20UTLOUTO IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO

0 0 0 0 0 0 0 0



On the contrary, if bit 1is'l’, set P7TOUT to x'01".

P70UT: xX'00FFC7'

7

6 5 4 3 2 1 0

P7
OUT7

P7|P7r|PT| PP |P7T|PT|PT
OUTEOUTEOUTA0UT30UT20UTLOUTO

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 isoutput to P70 pinif the switch is off resulting that the light-emitting diode
ison or off. Thereafter, reading the P71 pin statusis 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 PnAMDm 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
tothe PnNOUTmM 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=0or 1 |

| 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 |

| PnOUTmM= Set Value|

Figure 8-2-3 Basic Flowchart of
General-purpose Port Output

Chapter 8 Ports
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8-3  Summary of Byte-swapped Registers

8-3-1 Overview

The MN102H55D/55G/F55G contains byte-swapped registers for
pointers and long-word data. Each written datais 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
e
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 MN102H55D/55G/F55G has no byte-swapped registers for theword 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'00FFCE') and read the data from LBSWPL
(X'00FFCC) or vice versa.

MN102H55D/55G/F55G
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(1

In the MN102HF55G (Flash
ROM version) or ICE, this func-
tion cannot be used. In addition,
in the MN102H55D/55G, the ad-
dress break 0/1 generation flags
of the address break control reg-
ister 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 Winterrupt rou-
tine service.

(

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.

280 MN102H55D/55G/F55G

-1 Address Break

9-1-1 Overview

The MN102H55D/55G/F55G generates aNMI interrupt before execut-
ing the instruction located on an arbitrary address. The MN102H55D/
55G/F55G has two registers of the address break 0 address pointer and
the address break 1 address pointer specifying the address where an in-
terrupt is generated. When the address of the instruction fetch matches
the address of either the address break 0 address pointer or the address
break 1 address pointer, the CPU generates aNMI interrupt by replac-
ing itsinstruction code into the undefined instruction (x'FF'). Thisfunc-
tion can debug the software or correct mask ROM under the production
process.

Instruction Fetch

CPU

Address Break

Address Pointer Address Bus

Register i
Comparison

\Jrcuit

Address Bus

ROM, RAM,
Peripheral Register

Match 'FF' Data Bus
Address Break 7D— XFF' Generator | | (nsvucton 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' .
Instruction 1

x'80100' i Address Break 0
x'80101' Instruction 80100 Address Pointer Register
Instruction 2 ;;
Al Break 1
X'80102' 80200 ddress Brea

Instruction 2 j— 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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9-1-2  Control Registers

The MN102H55D/55G/F55G contains the address break address point-
ers (ADBn) and the address break control register (ADBCTL).

ADBCTL: x'0O0FCDA'
7 6 5 4 3 2 1 0

ADB1/ADBO|ADB1/ADBO .
ON | ON | ck | ck | Address Break Control Register

Atreset:. 0 0 0 0 0 0 0 0

In the MN102H55D/55G, the
ADBOCK | Address Break 0 Generation ADBOCK and ADB1CK flags do
0 Do not generate not Operate Correctly. Compare
1 Generated the return address to the ADBO
register or ADB1 register to
ADBI1CK | Address Break 1 Generation check the address break inter-
rupt generation. The return ad-
0 Do not generate p is th ) |
1 Generated ress is the ADBO register value
plus 1 or the ADB1 register
- value plus 1.
ADBOON | Address Break 0 Operation
0 OFF
1 ON

ADB1ON | Address Break 1 Operation

0 OFF
1 ON

ADBO: xX'00FCD2'
ADB1: x'00FCD6'

15 14 183 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| Address Break n
Al5 | Al4 | A13 | AI2 | A1l | AJ0 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | A0 | Address Pointer

At reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 14 183 12 11 10 9 8 7 6 5 4 3 2 1 0

ADBN|ADBNn|ADBn|ADBN|ADBN|ADBn|ADBn|ADBN

At reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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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
MN102H55D/55G/F55G. Then the CPU accesses the nonvolatile memory from the
main routine after reset. Finally, the CPU loads the address where the instruction
execution is halted and the substitute program on the register or the internal RAM
when the address break functionisrequired. Inthisexample, execute the subroutine
2 on theinternal 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
i to the subroutine 2 on the internal RAM
using the JMP instruction.
4. Return to the main routine using the RTS
instruction.

Subroutine 1 ia

Internal .
RAM Subroutine 2 4

- Original Flow
— Alternative Flow using address
break function

Figure 9-1-3 Program Flow of Address Break Setup

m AddressBreak Setup
(1) Set the first address of the subroutine to the address break 0 address pointer
(ADBO).

(2) Set 1tothe ADBOON hit of the address break control register.

ADBCTL: x'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, aNMI interrupt occurs when the CPU executes the address set in the step
D).



m NMI Interrupt Service Routine

(3) Jump to the address x'80008' when the address break occurs. The value of the
IAGR register at thispointis8. Verify that the ADBOCK flag of the address break
control register (ADBCTL) is 1 during the interrupt service routine. This deter-
mines whether aNM 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-
caly.

ADBCTL: x'0O0FCDA'
7 6 5 4 3 2 1 0

ADB1/ADBOJADB1{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 0.

16 bits
Stack Pointer —m Q 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.

Chapter 9 System Control

In the MN102H55D/55G, the
ADBOCK and ADB1CK flags do
not operate correctly. Compare
the return address to the ADBO
register or ADB1 register to
check the address break inter-
rupt generation. The return ad-
dress is the ADBO register value
plus 1 or the ADB1 register
value plus 1.
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9-2  System Related Register Protection

9-2-1 Overview

The MN102H55D/55G/F55G contains the system control register
which prohibits programming the system related registers by the erro-
neous 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'00FCDO'

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

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 MN102H55D/55G/F55G 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.
Using these modes effectively helps to reduce power consumption.

Reset

: CPU is stopped.

--— : The oscillation stabilization wait is inserted.

OSCI : Clock for high-speed operation

Sample programs for program
*1 to program *5 are described
on the following pages.

286 MN102H55D/55G/F55G

Xl : Clock for low-speed operation

Figure 10-1-1 CPU Operating Mode Changes

) 4 N N
STOP Mode
HALT Mode NORMAL Mode
Interrupt Interrupt
HALTO = NORMAL STOPO
OSCl:Oscillation OSCl:Oscillation OSCl:Halt
:Oscillati ~ Xl :Oscillation ™ Xl :Halt
Xl :Oscillation Program *1 Program *2
I}
\§ J
Program *5
|
IDLE
OSCl:Oscillation
Xl :Oscillation
T Program *3
Program *4
4 N
\j
Interrupt Interrupt
HALTO » SLOW £ STOP1
OSCl:Halt OSCI:HaItl ) OSCl:Halt
Xl :Oscillation Xl :Oscillation > X|  :Halt
Program *1 Program *2
SLOW Mode
. J G J . J




The MN102H55D/55G/F55G contains two oscillation circuits for system clock.
OSCl isthe pin for high-speed operation (in NORMAL mode) while X1 is the pin for
low-speed operation (in SLOW mode). The CPU mode control register (CPUM) con-
trols the transitions between NORMAL mode and SLOW mode or from NORMAL/
SLOW mode to standby mode. A normal reset or an interrupt recovers the CPU from
standby mode. The oscillation stabilization 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 totheleve input to this pin externally or set the pinto input. For input pins, high
or low level isfixed externally.

Chapter 10 Low-power Modes
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*1 The CPU transits from NOR-
MAL mode to HALTO mode and
from SLOW mode to HALT1
mode.

*2 The CPU transits from NOR-
MAL mode to STOPO mode and
from SLOW mode to STOP1
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.

¢

Set only '00' to the WDM flags in
the MN102HF55G.

288

10-1-2 Control Registers

The CPU mode control register (CPUM) controls each mode transition.

CPUM: x'00FCO00’

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|OSC1/OSCO|
RST| 1 0
Reset : 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
System clock monitor flag J |
y Y Y Y
Operating OScCl/ 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
SLOW 0 0 1 1 Stop Oscillation XIIXO Operation
HALTO (*1) 0 1 0 0 | Oscillation| Oscillation | OSCI/OSCO Stop
HALT1(*1) | © 1 1 1 Stop | Oscillation XI/XO Stop
STOPO (*2) 1 0 0 0 Stop Stop Stop Stop
STOP1 (*2) 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

s o | O | oo
0 0 217 Cycles 217x (Ufoscl)
0 1 25 Cycles 25 x (Ufoscl)
1 0 212 Cycles 212 x (1/foscl)
1 1 215 Cycles 25 x (1/foscl)

WDM hbitsreduce 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 = 2% x (1/fosci)
For example, tosciw = 3.85506 ms when fosci is 34 MHz.

MN102H55D/55G/F55G



10-1-3 Transferring between SLOW Mode and NORMAL Mode

The MN102H55D/55G/F55G has two CPU operating modes, NOR-
MAL and SLOW. The CPU needs to go through IDLE mode when
switching from SLOW mode to NORMAL mode.

The system clock monitor flag (OSCID) finds out whether the system clock for the
existing peripheral function is the high-speed oscillation clock or the low-speed oscil-
lation clock. Setting OSCID to 0 means that the high-speed oscillation clock is se-
lected while setting OSCID to 1 means that the low-speed oscillation clock is selected.

m Transferring from NORMAL modeto SLOW mode

The CPU can switch from NORMAL mode to SLOW mode by setting only the CPU
mode control register because the low-speed oscillation clock operates stably. Inthis
case, the CPU does not need to go through IDLE mode. Thefollowing isthe program
example of switching from NORMAL mode to SLOW mode.

Program *3
mov  Oxfc00, al
mov (al), do ; Read CPUM register
or 0x3, do ; Set SLOW mode
mov do, (al)

Chapter 10 Low-power Modes
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The CPU operates based on
low-speed oscillation clock in
IDLE mode.

(

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.

290 MN102H55D/55G/F55G

m Transferring from SLOW modeto NORMAL mode

When the CPU transits from SLOW mode to NORMAL mode, the CPU needsto wait
in IDLE mode with the program until the high-speed oscillation clock starts oscillation
and becomes stable (It takes at least 3.9 mswhen the CPU switches from SLOW mode
to NORMAL mode (at 34 MHz operation)). The following isthe program example of
switching from SLOW mode to NORMAL mode.

Program *4
mov  Oxfc00, al
mov (al), do ; Read CPUM register
and Oxfffd,d0 ; Set IDLE mode
mov do, (al)
Program *5
mov 21, d0 ; Thisisthe loop of waiting for 3.9 ms
LOOP add -1,dO ; in 32-kHz clock operation to switch
bne LOOP ; from 32-kHz clock operation to 34-

; MHz clock operation.

mov  0xfc00,al ; Not required when the program
; continues from program *4

mov (al), do ; Read CPUM register
and Oxfff0,d0 ; Set NORMAL mode
mov do, (al)




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 the
interrupt enable flag (xxIE) of the maskable interrupt control register (xxICH) to
disable all interrupts temporarily.

(2) Specify interrupt vector for returning from standby mode to the CPU operating
mode and set only appropriate xxIE. In addition, set the | E flag of PSW.

NORMAL/
SLOW Mode

Disable all interrupts

|

Enable interrupt
for return vector

|

Set HALT/STOP
Mode

Clear |E flag of PSW and all xxIE flags
of maskable interrupt control registers

Set xxIE for return vector and |E of PSW

STOP Mode

(When returning from STOP mode, \ .
wait for oscillation stabilization.

<—I"— Generate an interrupt for return vector

NORMAL/ ( HALT: The watchdog timer restarts counting. )
SLOW Mode STOP: The watchdog timer is disabled.

|

Interrupt Acceptance
Cycle

\

Figure 10-1-3 Sequence of Switching to/from Standby Mode

Chapter 10 Low-power Modes

(1

The CPU cannot recover to the
CPU operating mode when in-
terrupt is enabled and the inter-
rupt priority level is higher than
the mask level set in PSW be-
fore switching to the CPU oper-
ating mode.

STOP: The watchdog timer is reset.

[ HALT/ ] (HALT: The watchdog timer stops counting.

The process shown in parenthe-
ses is controlled by hardware.
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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.

(1

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.

292 MN102H55D/55G/F55G

m Switchingto HALT mode

The CPU switches from NORMAL mode to HALTO mode and from SLOW modeto
HALT1 mode. In both cases, only CPU stops keeping oscillation status. When the
CPU switches to HALT mode while the watchdog timer is enabled, the watchdog
timer stops counting. The following is the program example of switchingto HALT
mode.

Program *1
mov (al), d0 : Read CPUM
or Ox4, do ; Set HALT mode
jump  stp_hit » Branch unconditionally to an even ad-
dign 2 ; dress to erase the difference of operating

» conditions.

stp_hit mov do, (al)
nop ; Insert more than three nops to execute a
nop ; few instructions in the state of pipeline
nop ; after writing to CPUM.

m Returning from HALT mode

An interrupt or areset recoversthe 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 and from SLOW mode to
STOP1 mode. In both cases, the oscillation and the CPU stop. When the CPU
switches to STOP mode, the watchdog timer isreset. The following is the program
example of switching to STOP mode.

Program *2
mov  Oxfc00, al
mov (al), do : Read CPUM
or 0x8, do ; Set STOP mode
jump  stp_hit » Branch unconditionally to an even ad-
dign 2 » dress to erase the difference of operating

» conditions.

stp_hit mov  dO, (al)
nop ; Insert more than three nops to execute a
nop ; few instructions in the state of pipeline
nop ; after writing to CPUM.

m Returning from STOP mode
An interrupt or areset recovers the CPU from STOP mode. At reset, the watchdog
timer becomes disabled after operating as the oscillation stabilization wait counter.
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11-1 Electrical Characteristics

11-1-1 MN102H55D/55G

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 Vbp -03to+4.6 \
A2 [Input pin voltage Vi -0.3to Vop +0.3 \Y
A3 [Output pin voltage Vo -0.3to Voo +0.3 \
a4 | Mputoutput pin Vo  [-03toVon+03 v
voltage
A5 Operating ambient Topr -A0t0+85 o
temperature
A6 |Storage temperature Tstg -55 to + 125 C
Note:

1. Absolute Maximum Ratings are stress ratings not to cause damage to the device.
Operation at these ratings is not guaranteed.
2. All of the \bp and Vss pins are external pins. Connect them directly to the power source and ground.
3. To prevent latch-up tolerance, connect more than one by-pass condenser between power supply pins
and ground. Use at least (2 condenser.
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B. Operating Conditions

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 \
Crystal Oscillator 1 (OSCI)
B2 [Oscillator frequency Foscl 4 34 MHz
Crystal Oscillator 2 (XI)
B3 |Oscillator frequency | Fosc2 32 166 kHz
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C. Electrical Characteristics

1. DC Characteristics
Vop=3.3V
Vss=0V
Ta=-40 °C to +85 °C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

Vi=Vbp or Vss

Power supply current |1 | £oce1 = 34 MHz 50 mA

Cl during operation

Output pins open

Vi=Vop or Vss

co |Power supply current in

SLOW mode Iop2 |Fosc2 = 32 kHz 5 mA

Output pins open

Oscillator stop
Iop3 70 A
All functions stop

c3 Power supply current in
STOP mode

Foscl = 34 MHz
Ibp4 23 mA
Fosc2 = 32 kHz

c4 Power supply current in
HALTO mode

Foscl = oscillator stop
IbpS 1 mA
Fosc2 = 32 kHz

c5 Power supply current in
HALT1 mode
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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, P82-P87, P90-P93, PAQO-PA5, PBO(BOSC)
C6 [Input high voltage VIH1 2.2 \Y
C7 |Input low voltage ViLl 0.6 \Y
. loH=-2.0mA
C8 [Output high voltage VOH1 Vo =33V 2.4 \Y
loL=2.0mA
C9 [Output low voltage VoLi Vo =33V 0.4 \Y
C10 |Output leakage current | ILo1  [Vo =Hi-z -10 10 WA
) Vi=Vss
C11 |Pullup resistance PpPu1 Vob =3.3V 10 30 90 kQ
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Vop=3.0Vto3.6V
Vss=0V
Ta=-40°C to +85 °C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

Input/Output Pins 2
< Output pushpull/Input CMOS level schmidt trigger/Programmable pullup/Analog pins >

P44-P47(AN4-7), P8O-P81(DACO-1), P94-P97(ANO-3)

C12 |Input high voltage ViH2 Vobpx0.8 \
C13 |Input low voltage ViL2 VpDx0.2 \Y
C14 |Output high voltage VOH2 {?;02-52 $A VDD-0.6 Y%
C15 |Output low voltage VoL2 l\;);D::Z;ngA 0.4 v
C16 [Output leakage current | ILo2 |Vo=Hi-Z -10 10 VA
C17 |Pullup resistance Ppu2 x; \=/33$3 v 10 30 90 kQ
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Vob=3.0Vto3.6V
Vss=0V
Ta=-40°Cto +85 °C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

Input Pins
< Input CMOS level schmidt trigger >

/NMI, MODE, /RST

C18 [Input high voltage VIH3 VbDx0.9 \

C19 |Input low voltage ViL3 Vobx0.1 \Y
Vop=3.6 V

C20 |Input leakage current VOH3 |1/ _\/ss 10 VD -10 10 HA

OSClI pin, Xl pin (at external clock input) : crystal, ceramic self-excited oscillation
See Figure 1-4-10 to Figure 1-4-11

C21 |Input high voltage ViH4 VbDx0.8 VoD \

C22 |Input low voltage ViLa Vss VbDx0.2 \Y

Pin Capacitance

C23 |Input pin CiN 7 15 pF
C24 |Output pin Coutr [Ta=25°C 7 15 pF
C25 |Input/output pin Cio 7 15 pF
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D. A/D Converter Characteristics
Vob=AVbp=3.3V

Vss=AVss=0V
Ta=25°C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
D1 |Resolution LsB1 10 Bits
. VREF+=3.3 V
D2 |Zero-scale transition voltage Vzs VREF-=0 V -16.1 16.1 mV
. VREF+=3.3 V
D3 |Full-scale transition voltage VFs1 VREF-=0 V 3.28 3.32 Vv
. . VREF+=3.3 V
D4 |Non-linearity error NLE1 VREF-20 V -4 4 LSB
D5 |Differential non-linearity error DNLEL VREF+=3.3V -4 4 LSB
VREF-=0 V
Lo Fosc=34 MHz
D6 |A/D conversion time TsETL At 10-bit resolution 3.29 us
. Fosc=34 MHz
D7 |A/D conversion cycle TseT2 At 10-bit resolution 3.29 us
D8 |Analog input voltage VIA VREF- VREF+ \"

Note: 1. Always set in relation of VDD >= AVDD >= VREF+ > VREF- >= AVSS >= VSS.
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E. D/A Converter Characteristics

Vbb=AVbD=3.3V

Vss=AVss=0V
Ta=25°C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
E1 |Resolution LsB2 8 Bits
: : VREF+=3.3 V
- + +
E2 |Non-linearity error NLE2 VREF-=0 V +2.0 +3.0 LSB
. . . ) VREF+=3.3 V
- + +
E3 |Differential non-linearity error DNLE2 VREF-=0 V +2.5 +3.5 LSB
E4 |Settling time Tsers |CL=70pF 3 6 us
E5 [Reference voltage VREF+ 2.0 VDD \%
VREF- Vss 1.0 Vv
Reference voltage pin B
E6 input leakage current ILo7 10 10 WA
E7 [Analog output resistance Rout 3 12 20 kQ
Note: The capacitance values of E2, E3 are operational umter VRer+ = 3.3V, Vss = REF =0 V.
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F. AC Characteristics

Input Timing Conditions

Vop=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)
F1 |External clock input cycle time texceye 29.4 ns
t
F2 |external clock input high pulse width| ~ texcw lExccyc -3 ns
2
. i X tEXCeyc
F3 [External clock input low pulse width |  texcL Fig 11-1-1 — -3 ns
2
F4 [External clock input rise time texcr 3 ns
F5 [External clock input fall time texcr 3 ns
Reset Input Timing
F6 |Reset signal pulse width (/RST) trstw | Fig 11-1-2 4 texceye
Power Rise Timing
. . 2
F7 |Vob-Vep setup time tvop Fig 11-1-3 (Note) ms

Note: \bp-Vprsetup timetyor) is the capacitance only for MN102HF55G.




Voo=3.0Vto36V

Input Timing Conditions Vss=0V
a=-40°Cto+85°C
Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max
Data Transfer Signal Input Timing
F8 Data acknowledge signal setup time tws . 12 ns
(WAIT) Fig 11-1-5
i i Fig 11-1-9
F9 Data acknowledge signal hold time tun 0 ns
(WAIT)
Data Transfer Signal Input Timing
Fig 11-1-4 541 |
F10 |Read data setup time (D15-00) tros Fig 11-1-5 XS c*yc ns
Flg 11-1-6 RE
Fig 11-1-8
F11 |Read data hold time (D15-00) tow | Fig11-1-9 |-oyc ns
Fig 11-1-10 | *Sre
Bus Authority Request Input Timing
Bus authority request signal setup time
F12 tereqs 0 ns
(/BREQ) Fig 11-1-12
Bus authority request signal hold time
0
F13 (BREQ) {BREQH ns
Interrupt Signal Input Timing
Nonmaskable interrupt signal pulse 10
F14 1width (M) b 1101 | (Note) feve
External interrupt signal pulse width 4
F15 (IRQ4~0) tirow (Note) teye

Note : An interrpt may occur when the noise of thpegified time or less is put.
* SRe means /RE short mode.R&0, 0.5, 1, 1.5)
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Vop=3.0Vt0o3.6V
Input Timing Conditions Vss=0V
Ta=-40°Cto+85°C

Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max

Serial Interface Related Signal Timing (Synchronous Serial Reception)

F16 [Data reception setup time (SBI4-0) trxps 17 ns
Flg 11-1-17

F17 [Data reception hold time (SBI4-0) trxDH 17 ns

F18 Transfer clock input high pulse width tscH teyoxd ns

(SBT4-0) Fig 11-1-16

Transfer clock input low pulse width Fig 11-1-17

F19 (SBT4-0) tscL tcycx4 ns

Timer/Counter Signal Input Timing

Timer external input clock low pulse
width (TMnlIO: n=0, 4, 7)

(TMnIOA, TMnIOB, TMnIC: n=8-12)
(TMnlA, TMnIB: n:13'15) Fig 11-1-18

F20 trecwke 2 teye

Timer external input clock high pulse
width (TMnlO: n=0, 4, 7)

(TMnIOA, TMnIOB, TMnIC: n=8-12)
(TMnlIA, TMnIB: n=13-15)

F21 trecikH 2 teye
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G. 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
333
Gl (BOSC) teye ns
System clock output low pulse width 1
.65
G2 (BOSC) teL ns
System clock output high pulse width Fig 11-1-1 11.65
3 |@osc) r | Eg111at011| ns
G4 |System clock output rise time (BOSC) ter 5 ns
G5 |System clock output fall time (BOSC) ter 5 ns
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Vop=3.0Vto3.6V

Output Signal Characteristics Vss=0V
Ta=-40°Cto+85°C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 1
) Fig 11-1-4
Address delay time 1 .
G6 tap1 Fig 11-1-5 5 ns
(A23-0), (A23-16), (AD15-0) Fig 11-1-8 10 11
Address hold time 1 Fig 11-1-4 N
G7 | (n23.0), (A23-16) b Fig 11-1-8 foyoxS ns
ALE late 0, long 0 mode
AD long 1 mode 20
g |Address hold time 2 o Fig 11-1-8 ns
(AD15-0) z
Other Modes teyex(Lao-
Fig 11-1-8 Late-1)*
Write data delay time Fig11-1-4t0 5
9 |(D15-0), (AD15-0) oot Fig 11-1-7 s ns
Write data hold time Fig11-1-4t0 5
G10 | p15.0) tovi Fig 11-1-7t0 10 | teyexS ns

* S means /WE short mode. (5=0,0.5,1,1.5)

LAD means AD long mode. (LAD=1,2,3)
LALE means ALE long mode. (LALE=0,0.5,1,1.5)




Output Signal Characteristics

Vop=3.0Vt03.6V

Vss=0V

Ta=-40°Cto+85°C

Chapter 11 Appendix

CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 2
Chip-select signal fall delay time
G11 tcsore 6 ns
(/CS3-0), (/CS3-1) Fig 11-1-4t0 5
612 Chip-select signal rise delay time tesort Fig11-1-8109 9 ns
(/CS3-0), (/CS3-1)
Chip-select signal hold time .
G13 (CS3-0) tes Fig 11-1-4 | {cyexs ns
G14 Address latch signal rise delay time taert | Fig 11-1-8 to 11 10 ns
(ALE)
G15 Address latch signal fall delay time taert | Fig 11-1-8 o 11 5 ns

(ALE)

* S means /WE short mode. (S=0,0.5,1,1.5)
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Output Signal Characteristics

Voo=3.0V1to3.6V

Vss=0V

Ta=-40°Cto+85°C

MN102H55D/55G/F55G

CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ | Max
Data Transfer Signal Output Timing 3
Late 0.5 mode 05
Read enable signal fall delay time 1 Fig 11-1-4t0 6 ns
G16 (RE) tREDF1
Other modes 10
Fig11-1-4t0 6 ns
ALE late 0, long 0 mode
AD long 1 mode 20
G17 Read enable signal fall delay time 2 theor2 Fig 11-1-8t09 ns
(/RE)
Other modes
Fig11-1-8109 10
Gis Read enable signal rise delay time tRepR1 Fig 11-1-410 6 10 ns
(/RE)
Late 1 mode
Fig 11-1-4 to 20
. . . 5
Write enable signal fall delay time 1
G19 | \WEH, WEL) WEDF ™ Other modes ns
Fig11-1-4t0 5 8
Fig 11-1-7t0 9
Late 1 mode teye x
Fig11-1-4t0 5 (2W-L-5+2)
Write enable pulse width time Fig11-1-7t09 | -20*
G20 twepw ns
(IWEH, WEL) Other modes feyex
Fig11-1-4t05 (@W-L-8+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. (5=0,0.5,1,1.5)




Vop=30Vto3.6V

Output Signal Characteristics Vss=0V
Ta=-40°Cto+85°C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min | Typ | Max
Serial Interface Signal Output Timing (Synchronous Serial Transmission)
Transfer data delay time Fig 11-1-14Nomal 15 ns
G21 |(SBO4-0) tnop  |Fig 11-1-15
Fig 11-1-1¢{ 1IC toyexd | NS
Transfer data hold time (transfer in .
G22 progress) (SBO4-0) trxom Fig 11-1-14 0 ns
Transfer data hold time
G23 |(Transfer end timing at SBT input) trxoHz Fig 11-1-15 (thfo‘{; ns
(SB0O4-0)
Transfer data hold time tsortsaL
G24 |(Transfer end timing at SBT output) | trxoms Fig 11-1-16 — ns
(8SBO4-0) ! l

Note: Set SBO4-0 output hold time to BOSC cycle or more in SCnCTR (n=4-0) register.
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11-1-2 MN102HF55G

Structure CMOS integrated circuit
Application General purpose
Function 16-bit microcontroller
Pin Configuration Figure 1-4-1 to Figure 1-4-9
External Dimensions Figure 1-4-14

A. Absolute Maximum Ratings

Vss=0V
Parameter Symbol |Rating Unit
Al [Power supply voltage Vop -03to+4.6 \%
a2 |VPP power supply Vee  |-03t0+60 v
voltage
A3 |Input pin voltage Vi -0.3to Voo +0.3 \Y
A4 |Output pin voltage Vo -0.3to Voo +0.3 \
A5 |Iputioutput pin Vio |-03toVon+0.3 v
voltage
A6 Operating ambient Topr A0t0+85 o
temperature
A7 |Storage temperature Tstg -55t0 + 125 C
Note:

1. Absolute Maximum Ratings are stress ratings not to cause damage to the device.
Operation at these ratings is not guaranteed.
2. All of the \bp and Vss pins are external pins. Connect them directly to the power source and ground.
3. To prevent latch-up tolerance, connect more than one by-pass condenser between power supply pins
and ground. Use at least iR condenser.
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B. Operating Conditions

Vss=0V
Ta=-40°Cto+85°C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
B1 |Power supply voltage | Vbp 3.0 33 3.6 \
Crystal Oscillator 1 (OSCI)
B2 [Oscillator frequency Foscl 4 30 MHz
Crystal Oscillator 2 (XI)
B3 [Oscillator frequency Fosc2 32 166 kHz
Operating Conditions for Flash EEPROM Version
Vss=0V
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
B4 [Power supply voltage [ Vop 3.0 3.3 3.6 Vv
B5 | VPP POWer supply Vep 45 | 50 | 55 v
voltage
B6 Operating ambient Ta 0 25 50 o
temperature
B7 Programmmg 10 times
operations
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C. Electrical Characteristics

1. DC Characteristics

Vob=3.3V
Vss=0V
Ta=-40°Cto +85 °C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

Vi=Vop or Vss
Power supply current

c1 during operation

Iopl |Foscl =30 MHz 50 mA
Output pins open

Vi=Vbp or Vss

c2 Power supply current in

SLOW mode Iop2 |Fosc2 =32 kHz 5 mA

Output pins open

Oscillator stop
Iop3 70 HA
All functions stop

c3 Power supply current in
STOP mode

Foscl = 30 MHz
ca Power supply current in Iopd

HALTO mode 23 mA
Fosc2 = 32 kHz
' Foscl = oscillator stop
c5 Power supply current in 1505 1 mA

HALT1 mode
Fosc2 = 32 kHz
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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, P82-P87, P90-P93, PAQO-PA5, PBO(BOSC)
C6 [Input high voltage VIH1 2.2 \Y
C7 |Input low voltage ViLl 0.6 \Y
. loH=-2.0mA
C8 [Output high voltage VOH1 VoD =3.3V 2.4 \%
loL=2.0mA
C9 [Output low voltage VoLi VoD =33V 0.4 \Y
C10 |Output leakage current | ILo1  [Vo =Hi-z -10 10 WA
) Vi=Vss
C11 |Pullup resistance PpPu1 VDD =33V 10 30 90 kQ
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Vop=3.0Vto 3.6V
Vss=0V
Ta=-40°Cto +85 °C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

Input/Output Pins 2
< Output pushpull/input CMOS level schmidt trigger/Programmable pullup/Analog pins >

P44-P47(AN4-7), P80-P81(DACO-1), P94-P97(ANO-3)

C12 |Input high voltage VIH2 \V/DDX0.8 \
C13 [Input low voltage ViL2 VDDx0.2 \Y
C14 |Output high voltage VoH2 {7;;;;'.2 \TA VbD-0.6 \Y
C15 |Output low voltage VoL2 l;)DLDZZZé?smVA 0.4 v
C16 |Output leakage current | 1Lo2  |Vo=Hi-Z -10 10 YA
C17 |Pullup resistance Ppu2 x; \=/53$3 v 10 30 90 kQ
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Vob=3.0Vto3.6V
Vss=0V
Ta=-40°Cto +85 °C

Capacitance
Parameter Symbol Conditions Unit
Min Typ Max

Input Pins
< Input CMOS level schmidt trigger >

/NMI, MODE, /RST

C18 [Input high voltage VIH3 VbDx0.9 \

C19 |Input low voltage ViL3 Vobx0.1 \Y
Vop=3.6 V

C20 |Input leakage current VOH3 |1/ _\/ss 10 Voo -10 10 HA

OSClI pin, Xl pin (at external clock input) : crystal, ceramic self-excited oscillation
See Figure 1-4-10 to Figure 1-4-11

C21 |Input high voltage ViH4 VbDx0.8 VoD \

C22 |Input low voltage ViLa Vss VbDx0.2 \Y

Pin Capacitance

C23 |Input pin CiN 7 15 pF
C24 |Output pin Coutr [Ta=25°C 7 15 pF
C25 |Input/output pin Cio 7 15 pF
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D. A/D Converter Characteristics
Vob=AVbb =33V

Vss=AVss=0V
Ta=25°C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
D1 |Resolution LsB1 10 Bits
- VREF+=3.3V
D2 |Zero-scale transition voltage Vzs VREF-=0 V/ -16.1 16.1 mvV
" VREF+=3.3V
D3 [Full-scale transition voltage VFs1 VREF-20 V 3.28 3.32 \
. . VREF+=3.3 V
D4 [Non-linearity error NLE1 VREF-=0 -5 5 LSB
. . . . VREF+=3.3V
D5 |Differential non-linearity error DNLEL VREE-=0 V -5 5 LSB
Lo Fosc=30 MHz
D6 |A/D conversion time TseT1 At 10-bit resolution 3.73 Hs
. Fosc=30 MHz
D7 |A/D conversion cycle TseT2 At 10-bit resolution 3.73 us
D8 |Analog input voltage Via VREF- VREF+ \"

Note: 1. Always set in relation of VDD >= AVDD >= VREF+ > VREF- >= AVSS >= VSS.
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E. D/A Converter Characteristics

Vbb=AVDD =33V

Vss=AVss=0V
Ta=25°C
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
E1 [Resolution LsB2 8 Bits
. . VREF+=3.3 V
- + +
E2 [Non-linearity error NLE2 VREF-=0 V +2.0 +3.0 LSB
. . . . VREF+=3.3 V
- + +
E3 [Differential non-linearity error DNLE2 VREF-=0 V +2.5 +3.5 LSB
E4 |Settling time TseT3 |CL=70pF 3 6 us
E5 [Reference voltage VREF+ 2.0 VDD \
VREF- Vss 1.0 \Y
Reference voltage pin B
E6 input leakage current ILo7 1o 1o WA
E7 [Analog output resistance Rout 3 12 20 kQ
Note: The capacitance values of E2, E3 are operational umter VRer+ = 3.3 V, Vss = REF =0 V.

Chapter 11 Appendix

MN102H55D/55G/F55G

317



318

MN102H55D/55G/F55G

Chapter 11 Appendix

F. AC Characteristics

Input Timing Conditions

Vop=3.0Vto3.6V
Vss=0V
Ta=-40°Cto +85°C
Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max
External Clock Input Timing (Foscl = 30 MHz)
F1 |External clock input cycle time texceye 33.3 ns
t
F2 |external clock input high pulse width| ~ texch | EXCore 5 ns
2
. . . tEXCceyc
F3 |External clock input low pulse width |  texcL Fig 11-1-1 - ns
2
F4 |External clock input rise time texcr 3 ns
F5 |External clock input fall ime texcr 3 ns
Reset Input Timing
F6 |Reset signal pulse width (/RST) trsTw Fig 11-1-2 4 texceye
Power Rise Timing
) ) 2
F7 |Vob-Vee setup time tvop Fig 11-1-3 (Note) ms
Note: \bD-VPpPsetup time {tp) is the capacitance only for MN102HF55G.




Voo=3.0Vto36V

Input Timing Conditions Vss=0V
a=-40°Cto+85°C
Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max
Data Transfer Signal Input Timing
F8 Data acknowledge signal setup time tws . 12 ns
(WAIT) Fig 11-1-5
: ; Fig 11-1-9
F9 Data acknowledge signal hold time tun 0 ns
(WAIT)
Data Transfer Signal Input Timing
Fig 11-1-4 | |
F10 |Read data setup time (D15-00) tros Fig 11-1-5 XS c*yc ns
Flg 11-1-6 RE
Fig 11-1-8
F11 |Read data hold time (D15-00) ton | Fig11-1-9 |-oyc ns
Fig 11-1-10 | XSRE
Bus Authority Request Input Timing
Bus authority request signal setup time
F12 tsrEQS 0 ns
(/BREQ) Fig 11-1-12
Bus authority request signal hold time
0
F13 (BREQ) terEQH ns
Interrupt Signal Input Timing
Nonmaskable interrupt signal pulse 10
F14 width (NMI) tnviw Fig 12.1.13 | (Note) teye
External interrupt signal pulse width 4
F15 | IrQ4-0) trow (Note) teye

Note : An interrpt may occur when the noise of thpegified time or less is put.
* Sre means /RE short mode.®&0, 0.5, 1, 1.5)
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Vop=3.0Vt03.6V
Input Timing Conditions Vss=0V
Ta=-40°Cto+85°C

Capacitance
Parameter Symbol | Conditions Unit
Min Typ Max

Serial Interface Related Signal Timing (Synchronous Serial Reception)

F16 |Data reception setup time (SBI4-0) trxps 17 ns
Fig 11-1-17

F17 |Data reception hold time (SBI4-0) trRxDH 17 ns

Transfer clock input high pulse width tsch toyoxd ns

F18
(SBT4-0) Fig 11-1-16

Transfer clock input low pulse width Fig 11-1-17

F19 (SBT4-0) tscL tcycxd ns

Timer/Counter Signal Input Timing

Timer external input clock low pulse
width (TMnIO: n=0, 4, 7)

(TMnIOA, TMnIOB, TMnIC: n=8-12)
(TMnlA, TMnIB: n:l3'15) F|g 11-1-18

F20 trecike 2 teye

Timer external input clock high pulse
width (TMnlO: n=0, 4, 7)

(TMnIOA, TMnIOB, TMnIC: n=8-12)
(TMnlIA, TMnIB: n=13-15)

F21 trecikH 2 teye
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G. 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
33.3
Gl (BOSC) tcyc ns
System clock output low pulse width
11.65
G2 (BOSC) teu ns
System clock output high pulse width Fig 11-1-1 1165
3 1Bosc) | g 11141011 | ns
G4 |System clock output rise time (BOSC) ter 5 ns
G5 |System clock output fall ime (BOSC) ter 5 ns

Chapter 11 Appendix

MN102H55D/55G/F55G

321



Chapter 11 Appendix

322

Output Signal Characteristics

Voo=3.0Vto36V
Vss=0V
Ta=-40°Cto +85°C

CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 1
: Fig 11-1-4

Address delay time 1 .
G6 taps Fig 11-1-5 5 ns

(A23-0), (A23-16), (AD15-0) Fig 11-18 10 11

Address hold time 1 Fig 11-1-4 .
G7 | (A23-0), (A23-16) b Figii1g | oS ns

ALE late 0, long 0 mode
AD long 1 mode 20

Address hold time 2 Fig 11-1-8

G8 (AD15-0) tane ns
Other Modes teyex(Lao-
Fig 11-1-8 Late-1)*

Write data delay time Fig 11-1-4t0 5
9 |(D15-0), (AD15-0) Yoot Fig 11-1.7 5 ns

Write data hold time Fig 11-1-4t05
G101 D15.0) b Eg 71010 | tovexs ns

* § means /WE short mode. (5=0,0.5,1,1.5)
LAD means AD long mode. (LAD=1,2,3)
LALE means ALE long mode. (LALE=0,0.5,1,1.5)
MN102H55D/55G/F55G




Output Signal Characteristics

Vop=3.0Vt03.6V

Vss=0V

Ta=-40°Cto+85°C

Chapter 11 Appendix

CL=70pF
Capacitance
Parameter Symbol Conditions Unit
Min Typ Max
Data Transfer Signal Output Timing 2
Chip-select signal fall delay time
Gl1 tesora 6 ns
(ICS3-0), (/CS3-1) Fig 11-1-4t05
612 Chip-select signal rise delay time tesoR1 Fig11-1-8109 9 ns
(/CS3-0), (/CS3-1)
Chip-select signal hold time .
G13 (CS3-0) tesH Fig 11-1-4 | {cyexs* ns
c14 Address latch signal rise delay time taert | Fig 11-1-8 10 11 10 ns
(ALE)
G15 Address latch signal fall delay time taert | Fig 11-1-8 0 11 5 ns

(ALE)

* S means /WE short mode. (S=0,0.5,1,1.5)

MN102H55D/55G/F55G
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MN102H55D/55G/F55G

Output Signal Characteristics

Voo=3.0Vt0o36V

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 25
Read enable signal fall delay time 1 Fig 11-1-410 6 ns
G16 (RE) treoF1
Other modes 10
Fig 11-1-4t0 6 ns
ALE late 0, long 0 mode
AD long 1 mode 20
G17 Read enable signal fall delay time 2 treor Fig 11-1-8t09 ns
(IRE)
Other modes
Fig 11-1-8t09 10
Gi8 Read enable signal rise delay time thepRt Fig 11-1-4106 10 ns
(/RE)
Late 1 mode
Fig 11-1-4t05 20
a1 |Write enable signal fal delay time 1 i Fig 11-1-7109 ns
(IWEH, WEL) WEDF1 Other modes
Fig11-1-4to 5 8
Fig11-1-7t0 9
Late 1 mode teyc x
Fig 11-1-4t0 5 (2W-L-S+2)
i idth ti Fig11-1-7t0 9 -20*
G20 Write enable pulse width time twerw g ns
(/WEH, WEL) Other modes teyex
Fig11-1-4t05  |(2W-L-5+2)
Fig11-1-7t0 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. (8=0,0.5,1,1.5)
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Voo=3.0Vt03.6V

Output Signal Characteristics Vss=0V
Ta=-40°Cto+85°C
CL=70pF
Capacitance
Parameter Symbol Conditions Unit

Min | Typ | Max

Serial Interface Signal Output Timing (Synchronous Serial Transmission)

Transfer data delay time Fig 11-1-14Normal 15 ns
G21 |(SBO4-0) trxoo  |Fig 11-1-15
Fig 11-1-16 ’C {eycxs ns
Transfer data hold time (transfer in )
G22 progress) (SBO4-0) trxomt Fig 11-1-14 0 ns
Transfer data hold time
G23 |(Transfer end timing at SBT input) trxoH2 Fig 11-1-15 (tbfo{:) ns
(SB0O4-0)
Transfer data hold time t
o X sch+iscL
G24 |(Transfer end timing at SBT output) | trxons Fig 11-1-16 — ns

(SBO4-0) | |

Note: Set SBO4-0 output hold time to BOSC cycle or more in SCnCTR (n=4-0) register.
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AC Timing Voltage Level

' Cycle Time

Input Signal - /i Voox0.9 XVDDXOQ  / Voox0.9
Voox0.1 7 ‘X Voox0.1  Vppx0.14

Pulse Width High

Fall Time Rise Time
L Cycle Time o
t o
| |
| |
Output Signal | /1 Voox0.9 \ Veox0.9 : /' Voox0.9
Voox0.1 7 | \_Voox0.1  Voox0.17 |
| ! ! i
! PpulseWidthHigh | |  Pulse Width Low | |
i e —
| )
Fall Time Rise Time

Vopx0.5 \

Output Signal Delay Time

Vopox0.5 \

(Both setup time and hold time are Vopx0.5)
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texceyc

s N/ N/

O texcL | :
- -

texcr — B . —p - tEXCR

gosc /N [/ N\ /

3 fcL

P

—» - fCF —P - fCcR

Figure 11-1-1 System Clock Timing

RST
/1

|
! trRsTW !
|

Figure 11-1-2 Reset Timing

VPP 7{
VDD f

Figure 11-1-3 Voltage Rise Timing

Note: VDD-VPP setup time (tvDp) is the capacitance value only for
MN102HF55G.
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BOSC 7 N / X
UG E—
' teL it tcH 1
A23-A00 a{:
taD1 <> AD1
tAHL
CS3-CS0 /£
4—?[\ tcspr1
tcspbr1
"] Tiesn
<read>
D15-D00 Data
— trps " | " |[tRDH !
RE _
(Late 0.5, short 0 mode) /
tREDF1 {REDR1
<write>
D15-D00 { Data
! e 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)
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N =2(W-1) (W:the number of waits 1.5, 2, 2.5, ....7)

teve teve teve teyexn teve
BOosC T—{ — _— — _—
fcr fco
\
A23-A00 j( g jc
taD1 taD1
CS3.CS0 I \ i
7 fesoF < ] tCSDRr1
WAIT J \_J \_4{4 T )\ T
<Read> tws twH tws twH
D15-D00 2 { Data ‘?»
trRDS | trRoH
RE
(Late 0.5, short 0 mode j ) T_
7 {REDF1 ( ~ tREDRL
<Write> .
D15-D00 Data 2 —
top1 *7TDH1
WEH, WEL
(Late 1, short 0 mode) \ /
\ ) /
tWEDIFl (
| twepw
Figure 11-1-5 Data Transfer Signal Timing
(Address/Data Separate, With Wait (1.5 or More), Read/Write)
MN2102H55D/55G/F55G
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N =2(W-1) (W:the number of waits 1.5, 2, 2.5, ....7)

teve teve tcye tcvexn teve

\
A
A
A
\
[
Y

BOsC | }_f _— _— _— —
A—WV T

RE
(Late 0.5 mode) )
- (
J— {REDF1
RE

(Late 1 mode)

N—

- _»‘)}EDFl
RE
(Late 2 mode) I 2

VY 1T )

J— tREDF1
RE
(Late 3 mode) 2
E ~ tREDFL
(Short 0 mode) \
( ]
J— {REDR1
RE

(Short 0.5 mode)

tREDRL

RE
(Short 1 mode)

o tREDRL
RE
(Short 1.5 mode)

- — — -
v

=,
S

REDR1

D15-D00 8 Data

trRDH

tros

Figure 11-1-6 Data Transfer Signal Timing
(Address/Data 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)

teve teve teve teyexn teve
«— 1 p|a > |- > (- »> |- >
BOSC L N — N N
tcH | fcr
WEH WEL . —
(Late 1 mode)
\ 2 /
R — “iweort twepw
WEH,WEL —
(Late 2 mode) \
\ ) /
_ z ( twepw g
WEH,WEL tWEDF1
(Late 3 mode) \ /
\ 2 /
W,M - : twepw > L
(Short 0 mode) \ tweFL /]
\ ) /
—_— = t (\ tDH1
WEH,WEL WEPW
(Short 0.5 mode) \\ \ /
- N Pa— (\7 >| TDH:L
WEH,WEL /
(Short 1 mode) \
\ ) /
- - i ( > toHL
WEH,WEL WEPW /
(Short 1.5 mode) \
\ (\ /
: twepw g toH
tweDF1
D15-D00 Data >—
4 top1

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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tcyc tcyc
BOSC T ,f
tcH tcL
A23-A16 Address —
taD1 taD1
taH1
CS3-CSso /
— tcsoFy tesort
tcsH
ALE |
(Long 0, Late 0 mode)= TaLERL T T talerL
<Read> i .
taH2
<8-bit Bus Mode>
AD15-AD8 Adldress
(AD long 1 mode)
tabp1
AD7-ADO E
Data
(AD long 1 mode) Afldress
tap1 tRDS troH
<16-bit Bus Mode>
AD15-ADO0O Address N Data| | )—
(Late 1, short 0 mode)
tab1 tRDS tRDH
RE
(Late 0.5, short 0 mode) T
<Write> 1 T trepFz T ™ tRepre
<8-bit Bus Mode>
AD15-AD8 Address
(AD long 1 mode)
tabp1
AD7-ADO Address < Data —
(AD long 1 mode)
tab1 T ™ ton
<16-bit BUS Mode>
AD15-ADO Address < Data —
(Late 1, short 0 mode) 4
taD1 toH1
WEH,WEL I
(Late 0.5, short 0 mode) 7
]
- WEDF1|
twepw

Figure 11-1-8 Data Transfer Signal Timing
(Address/Data Shared, Without Wait, Read/Write)
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AD23-AD16 —

CS3-CS0 ——

—»

teve

teve
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N =2(W-1) (W:the number of waits 1.5, 2, 2.5,..., 7)

tevexn

teve

Address

o~ —

™ taD1

WAIT

ALE
(Late 0, long 0 mode) ]

<Read>
<8-bit Bus Mode>

AD15-AD8 —
(AD long 1 mode)  _,J

AD7-ADO
(AD long 1 mode)

<16-bit Bus Mode>
AD15-AD0

tcsore

(AD long 1 mode)

RE

Late 0.5, short 0 mode)
<Write>
<8-bit Bus Mode>

AD15-AD8 —
(AD long 1 mode)  _,J

AD7-ADO
(AD long 1 mode

) —»

<16-bit Bus Mode>
AD15-AD0

(AD long 1 mode)

WEH,WEL

(Late 1, short 0 mode)

J \_ / T\ 2\\ 7(
ol |
tws | twh tws | twh
tALERL tALEFL (
1 TAHz
Address 2
Address 2 DateAT
trRDS F;D
Address ) Data)
(
trDS thJH
i \
FtREDFZ ( ™ tREDRL
Address 2
Address Data 2 j»
\
T ¢tDH1
Address Data 2 >r
\

Mon
A /
\ ) /
tREDFL (
twepw
Figure 11-1-9 Data Transfer Signal Timing
(Address/Data Shared, 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 tcve tcyexn tcve

BosC ‘ 7(_7( N N N _—

ALE

(Late 0, long O mode) ] tALEF1

ALE | }
(Late O, long 0.5 mode) ™ tALEFL

ALE |/ ] &
(Late O, long 1 mode) tALEF1

ALE

(Late 0O, long 1.5 modey TALERL

ALE
(Late 0.5, long 1.5 mode) ™ ftALERl

ALE
(Late 1, long 1.5 mode) T Ttaers

/V
P N TN A AN N A~

ALE
(Late 1.5, long 1.5 mode) ™ Ttaere tALEFL

<8-bit Bus Mode>

AD15-AD8 Address
(AD long 1 mode)

AN—

AD7-ADO
(AD long 1 mode)

Data —

Address

N

AD15-AD8 Address
(AD long 1.5 mode)

AD7-ADO Address
(AD long 1.5 mode)

Data —

— e

AD15-AD8 Address
(AD long 2 mode)

Data —

AD7-ADO Address
(AD long 2 mode)

AN o~
I

AD15-AD8 Address >— )
(AD long 3 mode) <

AD7-ADO Address — ) Data] —
(AD long 3 mode) (

<16-bit Bus Mode>

AD15-ADO
(AD long 1 mode)

Address Dataj —

AD15-ADO Address
(AD long 1.5 mode)

Datg —

Data| —

AD15-ADO Address
(AD long 2 mode)

Dataj —

AD15-ADO Address
(AD long 3 mode)

AN o~ N o~

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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N = 2(W-1) (W: the number of waits 1.5, 2, 2.5,...7)

tcve tcve tcve tcyexn tcve

BOSC

ALE _
(Late 0, long 0 mode) tALEF1

ALE | }
(Late O, long 0.5 mode) ] tALEF1

ALE |/ ] >
(Late O, long 1 mode) tALEFL

ALE | \
(Late 0O, long 1.5 mode) TALERL

ALE
(Late 0.5, long 1.5 mode) T Ttaere
ALE
(Late 1, long 1.5 mode) T Ttaers

ALE
(Late 1.5, long 1.5 mode) T T T T

<8-bit Bus Mode>

e

o~ N N N N o~

AD15-AD8 Address
(AD long 1 mode)

~N—

AD7-ADO
(AD long 1 mode)

Address >< Data e —

AD15-AD8 Address
(AD long 1.5 mode)

AN—

AD7-ADO
Address |
(AD long 1.5 mode) >< Data 2

AD15-AD8 Address
(AD long 2 mode)

Data —

A~ TN

AD7-ADO Address ><
(AD long 2 mode)

AD15-AD8 Address >— )
(AD long 3 mode) <

AD7-ADO Address ><_ 2 Data —
(AD long 3 mode) —

<16-bit Bus Mode>

AD15-ADO
Add Dat: —
(AD long 1 mode) ress >< ata Data

AD15-ADO Address >< Data { —
(AD long 1.5 mode)

AD15-ADO Address >< 2 Data |
(AD long 2 mode)

AD15-ADO ><: |
(AD long 3 mode) Address 2

toH1

Figure 11-1-11 Data Transfer Signal Timing
(Address/Data Shared, With Wait (1.5 or More), ALE late, long mode, /AD long mode, Write)
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vy

BRACK 7/ \ / —
BRACK ﬁ//_% \ W
BREQ I I j
tBREQS tBREQH

Figure 11-1-12 Bus Authority Request Signal Timing

NMI T T
/.
7/

tNMIw

IRQ4-IRQO

//.
7/

tirRQw

Figure 11-1-13 Interrupt Signal Timing

SBT4-SBTO N / \ 72

|-
tTXDD tTXDH 1

SB0O4-SBOO X
e

Figure 11-1-14 Serial Interface Signal Timing 1
(Synchronous Serial Transmission: Transfer in Progress)

SBT4-SBTO \ a

SBO4-SBOO0
- -

trxpD 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-SBTO 7 N

tscH tscL

SB0O4-SBOO
‘4—» e e E—

tTxpD tTXDH 3

Figure 11-1-16 Serial Interface Signal Timing 3
(Synchronous Serial Transmission: Transfer End Timing at SBT Output)

SBT4-SBTO Vi /
D R e
tscL tscH
SBI4-SBIO }E ,XL
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) \ f !
TMnIOB(n=8-12) ; / A\
TMnIA (n=13-15) ;
TMnIB (n=13-15)

TMnIC (n=8-12)

treeike tTccLkH

Figure 11-1-18 Timer/Counter Signal Timing
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11-2 Data Appendix

11-2-1 List of Special Registers
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Chapter 11 App

endix

About This Section

m Description of Each Page
Each page of this chapter describes one or more registers. Each page lists the register name, address,
register access, bit map, flag explanation of each bit number and supplementary explanation. The
following is the layout and definition of this section.

Bit Map

Register Name

Bit Number
Flag Name Chapter 9 Apglendix
Access
R: Read onIy s u|B]r[ufwo][oe[s[7][e6[s5][4]3]2]1]o0 AT3CTR :
. AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 AT3 | AT3 | AT3 | AT3 . . Addre$
W: Write only EN |MD1|mDo| BW |DBS| DI |SB8| s 13 | 1Q2 | 101 | 10 X'00FD30" -
. : RIW | RIW | RIW | RW | RIW |RW [RW [RW | R | R | R | R |RW |RW |RW | RW ATC 3 Control
RIW: Read/Write o|JofJof[of]o]o]Jo]o]o]Jo|]o]JoJo]o][o]o
o1]o1|o1]orforfor|orfor] o 0 0 0 |01 |o1]|o1]on Reglster
_ ) Register Access
Value at reset 16-bit access register
al 15 Transfer Busy/Start Flag 0: Disable ‘ Sets the ATC3 operating control
Reaj vaue 1: Transfer start/transfer in progress conditions.
0: Always0 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
10: Two bytes/words transfer " . Suppl emental
address in the first word forcibly
11: Reserved becomes 0, and the LSB of the EXpI ana“ on
address in the second word
12 Transfer Units 0: Byte forcibly becomes 1.
1: Word
Selecting word as the unit is not
. 11 / Destination Bus Width 0: 16-bit allowed when 8-bit bus width is
Blt Number 1: 8-bit allowed in the external memory
- ! space.
FI ag Descrl ptl fo 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.
8 Source Pointer Increment 0: Fixed When destination pointer incre-
ment or source pointer incre-
1: Increment ment is selected, the pointer in-
crements by 1 in byte access
3-0  ATC Activation Factor Setup 0000: Software Initialization and by 2 in word access.
0001: /DMAREQ1 pin input
0010: External interrupt 2 The AT3IQO ~ 3 bits are cleared
0011: External interrupt 3 to 0 by the ATC3 transfer end
0100: Timer 2 underflow interrupt interrupt.
0101: Timer 6 underflow interrupt
0110: Timer 8 capture B interrupt
0111: Timer 10 underflow interrupt
1000: Timer 11 capture A interrupt
1001: Timer 12 capture B interrupt
1010: Serial 2 transmission end interrupt
1011: Serial 2 reception end interrupt
1100: Serial 3 transmission end interrupt
1101: Serial 3 reception end interrupt
1110: A/D conversion end interrupt
1111: Key interrupt
MN102H55D/55G/F55G 9-69
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15|14 | 13|12 |11 | 10| 9 8 7 6 5 4 3 2 1 0 CPUM :
WD | WD | WD | - - - - - - - - | OsC |STOP|HALT|0SC1|0SCo , ,
RST | M1 | Mo D X'00FCO0O0
RW|RW|RW| R| R|R|R|R|R|R| R |RW|RW|RW|RW|RW CPU Mode Control
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 o101 o 0 0 0 0 0 0 0o [o1|o1|on]|on]|on Regi ster
15 Watchdog Timer Enable 0: Enable 1: Disable and clear 16-bit access register
14:13 Watchdog Timer Count * 00: 27 CPUM CO,erIS the CPU modes
and oscillator for watchdog
01: 25 i
timer.
10: 218
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 is 00 2Y7 cycles 2V (1/fosci)
used for setting both values. Setthe | 01 21530310"% 215; ((1]/JfOSCi))
. 10 2% cycles 28x (Ufosci
WDREG register to extend the 1 25 cycles 215 (1/fosci)
watchdog timer interrupt cycle addi-
tionally. * In the MN102HF55G, set
these bits to only '00".
4 System Clock Monitor 0: OSCl input
1: Low-speed clock input
3:2  CPU Operating Control STOP HALT OSC1 OSCO| CPUMode | CPU | Clock | OSCID Value
0 0 0 0 | NORMAL on 0oscl 0
0 0 1 1 sLow on Xl 1
1:0 Oscillator Control 0 1 0 0 HALTO On 0osCl 0
0 1 1 1 HALT1 on Xl 1
1 0 0 0 STOPO Off - -
1 0 1 1 STOPL Off - -

The following describes programming rules and precautions in the STOP/HALT mode.

Paints 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 AO 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 |09 |8 | 7|6 |5 ]| 4] 3|2 1|0 EFCR :
STEN|QDEC] \ \
x'00FCO08
R R R R RIR R_|RW|RW Expansion Control
0 ol oo ool o 0 o[ o] o
0o o0 o 0 0 0 0 |o1|on Register
16-bit access register
1 Saturation Operation 0: Disable (normal operation)
. . EFCR sets 2-byte/1-cycle de-
Setup 1: Enable (saturation operation when
) ) code mode.
the ST flag of the PSW register is 1.)
0 2 bytes/1 cycle Decode  0: Disable (Decode at the same cycles
Setup in the MN102L00 series.
1: Enable (Decode the 2-byte instruc-
tion at high speed.)
1514|1312 12109 |8 |7 ]|6/|5]|4]|3]|2 1] o0 IAGR :
GN5 | GN4 | GN3 | GN2 | GN1 | GNO . .
X'00FCOE
RRRRRRRRRRRRRRRR|nterruptAccept
olofJof[ofo]Jo]Jo|lo|]o|]o[]o]o|]of[o]o]o
ool of]ofo]o]o|o|or|or|[ort]ort|or|[or]| o] o Group Register
16-bit access register
7:2  Returns the group number
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multiplied by 4
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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.



Chapter 11 Appendix

6 5 4 3 2 1 0 NMICR
e x'00FC40'
R RIW Nonmaskable Interrupt
0 0 0 0 0 0 0 .
olofloflololofom Control Register

8-bit access register

Nonmaskable Interrupt 0: No interrupt detected
Detect Flag 1: Interrupt detected NMICR verifies a nonmaskable
interrupt.
6 | 5] 4] 3] 2] 1]o0 WDICR :
- |woiD
X'00FC42'
R R |RW Watchdog Interrupt
0 0 ool o _
0o lo o] oo oo Control Register
8-bit access register
Watchdog Interrupt 0: No interrupt detected
Detect Flag 1: Interrupt detected WDICR verifies a watchdog in-
terrupt.
6 | 5] 4]3]2]1]o UNICR :
UNID ' '
R LR RW Undefined Instruction
0o loJo]o|o|o]o .
ololofololofom Interrupt Control Register
8-bit access register
Undefined Instruction 0: No interrupt detected
Interrupt Detect Flag 1: Interrupt detected UNICR verifies an undefined in-

struction interrupt.
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7 5 4 3 2
R R

0 0 0 0

0 0 0 0 0
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EIICR :
xX'00FC46'

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".
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6 | 5|4 ]3] 2]1]o0 IQOICL :
- - Q0 | - - - 1Q0 ' '
= o xX'00FC50
RIRIRWIRIRIR]R External Interrupt O
o | olo]o|olo]o]|o
0] oloi] o] o] oo Control Register

8-bit access register

External Interrupt O 0: No interrupt requested
IQOICL requests and verifies an
Request Flag 1: Interrupt requested . .
external interrupt O interrupt.
External Interrupt 0 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use MOVB instruc-
tion to set the data.
6 5 | 4 | 3 2 1 0 IQOICH :
1Q0 | 1Q0 | 1Q0 | - - - | 1Qo ' '
LV2 | LV1 | LVO IE x'00FC51
RWRWIRWL R | R | R RW External Interrupt 0
o|lo|lo|of[of|o0o]o]oO
o1 o1 |o1| 0|0 |0 |o1 Control Register
8-bit access register
External Interrupt O Set the level from 0 to 6
IQOICH sets an external inter-
Level Setup

rupt O interrupt level and en-

ables an interrupt.
External Interrupt O Interrupt 0: Disable

Enable Flag 1: Enable This register allows only byte-
accesses. Use MOVB instruc-
tion to set the data.
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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
TMOU TMOU
IR ID
R RIW R R
0 0
o1] o 0 01
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 R RIW
0 0 0
0 0/1
0 Timer 0 Underflow Interrupt
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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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c[s[afafz[1T0 TM8UICL :
. - |tM8u| - - YD
IR ID X'00FC54"
R;W RIRIR i Timer 8 Underflow
o1l ol olo o 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.
6lsj4alslal1}o TM8UICH :
- - - - - - |[Tm8u , \
IE X'00FC55
R’OW Timer 8 Underflow
o1 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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0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

7 6 5 4 3 2 1 0
TM8A TM8A
IR ID
R RIW R R
0 0
o1] o 0 01
4 Timer 8 Capture A Interrupt
Request Flag
0 Timer 8 Capture A Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM8A
IE
R R R RIW
0 0 0
0 0/1
0 Timer 8 Capture A Interrupt
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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.
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6 5 4 3 2 1 0 | Q 1 | C L :
- - Q1 | - - - 1Q1 ' '
R D x'00FC58
RIRIRWIRIRIR]R External Interrupt 1
0 0 0 0 0 0 0 0
0] oloi] o] o] oo Control Register

8-bit access register

External Interrupt 1 0: No interrupt requested
IQ1ICL requests and verifies an
Request Flag 1: Interrupt requested . .
external interrupt 1 interrupt.
External Interrupt 1 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use MOVB instruc-
tion to set the data.
6 | 5| 4 | 3|2 1] o0 IQ1ICH :
QL | 1Q1 [ 1Q1 | - - - Qe ' '
LV2 | LV1 | LVO IE x'00FC59
RW RWIRWL R | R | R RW External Interrupt 1
o|lo|lo|of[of|o0]o0o]oO
o1 o1 |o1| 0|0 |0 |o1 Control Register
8-bit access register
External Interrupt 1 Set the level from 0 to 6
IQ1ICH sets an external inter-
Level Setup

rupt 1 interrupt level and en-

ables an interrupt.
External Interrupt 1 Interrupt 0: Disable

Enable Flag 1: Enable This register allows only byte- T
accesses. Use MOVB instruc-

tion to set the data.
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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
R RIW R R
0 0
o1] o 0 01
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 R RIW
0 0 0
0 0/1
0 Timer 1 Underflow Interrupt
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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 :
xX'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.
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6|5 /413812110 TM8BICL :
_ - |T™8B| - - - |T™M8B
IR ID X'00FC5C'
il HE Hl Ea Timer 8 Capture B
o1l ol olo o Interrupt Control Register

8-bit access register

Timer 8 Capture B Interrupt 0: No interrupt requested
TMB8BICL requests and verifies
Request Flag 1: Interrupt requested ) .
a timer 8 capture B interrupt.
Timer 8 Capture B Interrupt 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use MOVB instruc-
tion to set the data.
6lsj4alslal1}o TM8BICH :
- R . - - - |TmsB ' '
IE x'00FC5D
R’OW Timer 8 Capture B
o1 Interrupt Control Register
8-bit access register
Timer 8 Capture B Interrupt 0: Disable '
Enable Flag 1: Enable 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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0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

7 6 5 4 3 2 1 0
TM9U TMOU
IR ID
R RIW R R
0 0
o1] o 0 01
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 R RIW
0 0 0
0 0/1
0 Timer 9 Underflow Interrupt
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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 :
xX'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.
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6 5 4 3 2 1 0 |Q2|CL :
- - Q2 | - - - 1Q2 ' '
= b x'00FC60
RIRIRWIRIRIR]R External Interrupt 2
0 0 0 0 0 0 0 0
0] oloi] o] o] oo Control Register

8-bit access register

External Interrupt 2 0: No interrupt requested
IQ2ICL requests and verifies an
Request Flag 1: Interrupt requested . .
external interrupt 2 interrupt.
External Interrupt 2 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use MOVB instruc-
tion to set the data.
6 | 5| 4 | 3|2 1] o0 IQ2ICH :
1Q2 | 1Q2 [ 1Q2 | - - - |12 ' '
LV2 | LV1 | LVO IE x'00FC61
RW RWIRWL R | R | R RW External Interrupt 2
o|lo|lo|of[of|o0]o0o]oO
o1 o1 |o1| 0|0 |0 |o1 Control Register
8-bit access register
External Interrupt 2 Set the level from 0 to 6
1Q2ICH sets an external inter-
Level Setup

rupt 2 interrupt level and en-

ables an interrupt.
External Interrupt 2 Interrupt 0: Disable

Enable Flag 1: Enable This register allows only byte- T
accesses. Use MOVB instruc-

tion to set the data.
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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
TM2U TM2U
IR ID
R RIW R R
0 0
o1] o 0 01
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 R RIW
0 0 0
0 0/1
0 Timer 2 Underflow Interrupt
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TM2UICL :
xX'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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6|5 /413812110 TMOAICL :
_ - |[TMOA| - - - [TM9A
IR ID X'00FC64'
il HE Hl Ea Timer 9 Capture A
o1l ol olo o 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.
6lsj4alslal1}o TMOAICH :
- - - - - - [TM9A ' '
IE x'00FC65
R’OW Timer 9 Capture A
o1 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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0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

7 6 5 4 3 2 1 0
TM9B TM9B
IR ID
R RIW R R
0 0
o1] o 0 01
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 R RIW
0 0 0
0 01
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.
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6 | 5|4 ]3] 2]1]o0 IQ3ICL :
- - Q3 | - - - 1Q3 ' '
= o x'00FC68
RIRIRWIRIRIR]R External Interrupt 3
o | olo]o|olo]o]|o
0] oloi] o] o] oo Control Register

8-bit access register

External Interrupt 3 0: No interrupt requested
IQ3ICL requests and verifies an
Request Flag 1: Interrupt requested . .
external interrupt 3 interrupt.
External Interrupt 3 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use MOVB instruc-
tion to set the data.
6 5 | 4 | 3 2 1 0 IQ3ICH :
1Q3 | 1Q3 [ 1Q3 | - - - |13 ' '
LV2 | LV1 | LVO IE x'00FC69
RW RWIRWL R | R | R RW External Interrupt 3
o|lo|lo|of[of|o0]o0o]oO
o1 o1 |o1| 0|0 |0 |o1 Control Register
8-bit access register
External Interrupt 3 Set the level from 0 to 6
IQ3ICH sets an external inter-
Level Setup

rupt 3 interrupt level and en-

ables an interrupt.
External Interrupt 3 Interrupt 0: Disable

Enable Flag 1: Enable This register allows only byte- T
accesses. Use MOVB instruc-

tion to set the data.
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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
TM3U TM3U
IR ID
R RIW R R
0 0
o1] o 0 01
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 R RIW
0 0 0
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 :
xX'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.
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6 | 5| 4|3 |2]1]o0 TM10UICL :

. - tMlou| - - - [T™M10U
IR ID X'00FCo6C'
R;W RIRIR i Timer 10 Underflow
o1l oo oo Interrupt Control Register

8-bit access register

Timer 10 Underflow Interrupt 0: No interrupt requested
TM210UICL requests and veri-

R Fl :
equest Flag 1: Interrupt requested fies a timer 10 interrupt.
Timer 10 Underflow Interrupt 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use the MOVB in-
struction to set the data.
L B LT B T A TM10UICH :
- - ; - - - [TM10U ' '
& Xx'00FC6D
R’OW Timer 10 Underflow
o1 Interrupt Control Register

8-bit access register
Timer 10 Underflow Interrupt 0: Disable

Enable Flag 1: Enable 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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0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

7 6 5 | 4 | 3 2 0
TM10A TM10A
IR ID
R RIW R R
0 0
01| o 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 0
TM10A
IE
R R R RIW
0 0 0
0 0/1
0 Timer 10 Capture A Interrupt
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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.
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6 5 4 3 2 1 0 |Q4|CL :
- - Q4 | - - - 1Q4 ' '
R D x'00FC70
RIRIRWIRIRIR]R External Interrupt 4
0 0 0 0 0 0 0 0
0] oloi] o] o] oo Control Register

8-bit access register

External Interrupt 4 0: No interrupt requested
IQ4ICL requests and verifies an
Request Flag 1: Interrupt requested . .
external interrupt 4 interrupt.
External Interrupt 4 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use the MOVB in-
struction to set the data.
6 5 | 4 | 3 2 1 0 IQ4ICH :
1Q4 | 1Q4 | 1Q4 | - - e . '
LV2 | LV1 | LVO IE x'00FC71
RW RWIRWL R | R | R RW External Interrupt 4
o|lo|lo|of[of|o0]o0o]oO
o1 o1 |o1| 0|0 |0 |o1 Control Register
8-bit access register
External Interrupt 4 Set the level from 0 to 6
1Q4ICH sets an external inter-
Level Setup

rupt 4 interrupt level and en-

ables an interrupt.
External Interrupt 4 Interrupt 0: Disable

Enable Flag 1: Enable This register allows only byte- T
accesses. Use the MOVB in-

struction to set the data.
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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
TM4U TM4U
IR ID
R RIW R R
0 0
01| o 0 01
4 Timer 4 Underflow Interrupt
Request Flag
0 Timer 4 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM4U
IE
R R R RIW
0 0 0
0 0/1
0 Timer 4 Underflow Interrupt
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TMA4UICL :
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.

TMA4UICH :
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.
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6|5 /413812110 TM10BICL :
_ - [TM10B| - - - [TM108
IR ID X'00FC74'
il HE il Eal Timer 10 Capture B
o1l oo oo Interrupt Control Register

8-bit access register
Timer 10 Capture B Interrupt 0: No interrupt requested

TM10BICL ts and verifi
Request Flag 1: Interrupt requested requests and verifies

a timer 10 capture B interrupt.

Timer 10 Capture B Interrupt 0: No interrupt detected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use the MOVB in-
struction to set the data.

GO 2 R T T N TM10BICH :

- - - - - - [TM10B
I x'00FC75'
R’OW Timer 10 Capture B
o1 Interrupt Control Register

8-bit access register
Timer 10 Capture B Interrupt 0: Disable

Enable Flag 1: Enable 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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0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

7 6 5 4 3 2 0
TM11U TM11U
IR ID
R RIW R R
0 0
o1] o 0 0/1
4 Timer 11 Underflow Interrupt
Request Flag
0 Timer 11 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 0
TM11U
IE
R R R RIW
0 0 0
0 0/1
0 Timer 11 Underflow Interrupt
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TM11UICL :
xX'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.



716 |5 | 4] 3]2 1] o0
Kl KI
IR ID
R|R|R|RW|R|R|R]|R
o|loflo|of[of|o0]o0o]oO
o[ o] ofor]ofof] oo
4 External Key Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 External Key Interrupt 0: No interrupt detected
Detect Flag 1: Interrupt detected
716 |5 | 4] 3]2 1] o0
KI | K| K KI
LV2 | LV1 | LVO IE
R |[RW|RW|RW| R | R | R |RW
ojfofo|of[o0o]o0o]|o0]oO
0o [onfor|or]| oo oot
6:4  External Key Interrupt Set the level from 0 to 6
Level Setup
0 External Key Interrupt 0: Disable
Enable Flag 1: Enable
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KIICL :
x'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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0: No interrupt requested
1: Interrupt requested

0: No interrupt detected
1: Interrupt detected

7 6 5 4 3 2 1 0
TM5U TM5U
IR ID
R RIW R R
0 0
01| o 0 01
4 Timer 5 Underflow Interrupt
Request Flag
0 Timer 5 Underflow Interrupt
Detect Flag
7 6 5 4 3 2 1 0
TM5U
IE
R R R RIW
0 0 0
0 0/1
0 Timer 5 Underflow Interrupt
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TM5UICL :
X'00FC7A'

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 :
xX'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.
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6| 51413121110 TM11AICL :

- - [TM11A] - - - [TM11A
IR ID X'00FC7C’
il HE il Eal Timer 11 Capture A
o1l oo oo Interrupt Control Register

8-bit access register
Timer 11 Capture A Interrupt 0: No interrupt requested

TM11AICL ts and verifi
Request Flag 1: Interrupt requested requests and verifies

a timer 11 capture A interrupt.

Timer 11 Capture A Interrupt 0: Interrupt undetected This register allows only byte-
Detect Flag 1: Interrupt detected accesses. Use the MOVB in-
struction to set the data.

G 2 L T T N TM11AICH :

- - - - - - [TM11A
I xX'00FC7D'
R’O W Timer 11 Capture A
o1 Interrupt Control Register

8-bit access register
Timer 11 Capture A Interrupt 0: Disable

Enable Flag 1: Enable 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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0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

7 6 5 | 4 | 3 2 0
TM11B TM11B
IR ID
R RIW R R
0 0
01| o 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 0
TM11B
IE
R R R RIW
0 0 0
0 0/1
0 Timer 11 Capture B Interrupt
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TM11BICL :
x'00FC7E'

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.
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6 5 4 3 2 1 0 AD'CL :
AD | - | - - | AD ' '
R o X'00FC80
R|RI|RWIR|]R|RIR AD Conversion End
0 0 0 0 0 0 0 0
0] o]or] o] o] o]on Interrupt Control Register

8-bit access register
AD Conversion End Interrupt 0: No interrupt requested

ADICL ts and verifi
Request Flag 1: Interrupt requested requests and verifies an

AD conversion end interrupt.

AD Conversion 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 | 5] 4] 32110 ADICH :
AD AD AD - - - AD 1 1
LV2 | LV1|LVO IE X 00FC81
RW|RWIRW| R | R | R |RW AD Conversion End
0 0 0 0 0 0 0 0
o1 o1 |o1| 0] 0| 0 |on Interrupt Control Register

8-bit access register

AD Conversion End Interrupt Set the level from 0 to 6

ADICH sets an AD conversion
Level Setup

end interrupt level and enables
an interrupt.

AD Conversion End Interrupt 0: Disable

Enable Flag 1: Enable This register allows only byte-
accesses. Use the MOVB in-

struction to set the data.

MN102H55D/55G/F55G 369



Chapter 11 Appendix

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

7 6 5 4 3 2 1 0
TM6U TM6U
IR ID
R RIW R R
0 0
o1] o 0 01
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 R RIW
0 0 0
0 0/1
0 Timer 6 Underflow Interrupt
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TMG6UICL :
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.
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6 | 5| 41312 ]1]0 TM12UICL :
- - [TM12U| - - - [TM12U
IR ID X'00FC84'
R;W RIRIR i Timer 12 Underflow
o1l oo oo Interrupt Control Register

8-bit access register

Timer 12 Underflow Interrupt 0: No interrupt requested
TM12UICL requests and veri-

R Fl :
equest Flag 1: Interrupt requested fies a timer 12 interrupt.
Timer 12 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.
6 | 5] 43 ][2]1]o0 TM12UICH :
- - . - - - [TM12U ' '
I x'00FC85
R’OW Timer 12 Underflow
o1 Interrupt Control Register

8-bit access register
Timer 12 Underflow Interrupt 0: Disable

Enable Flag 1: Enable 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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0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

7 6 5 | 4 | 3 2 0
TM12A TM12A
IR ID
R RIW R R
0 0
01| o 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 0
TM12A
IE
R R R RIW
0 0 0
0 0/1
0 Timer 12 Capture A Interrupt
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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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c[s[afafz[1T0 TM7UICL :
. - [tM7u| - - - [tM7U
IR ID X'00FC88'
R;W RIRIR i Timer 7 Underflow
o1l ol olo o Interrupt Control Register

8-bit access register

Timer 7 Underflow Interrupt 0: No interrupt requested
TM7UICL requests and verifies
Request Flag 1: Interrupt requested ) .
a timer 7 interrupt.
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.
6lsj4alslal1}o TM7UICH :
TM7U[TM7U[TM7U| - - - [TM7U , \
Lv2 | LVl | LVO IE x'00FC89
R’(;’V R’S’V Rg"’ RIR IR R’;"’ Timer 7 Underflow
onflorlor] oo ofon Interrupt Control Register
8-bit access register
Timer 7 Underflow Interrupt Set the level from 0 to 6
TM7UICH enables a timer 7 in-
Level Setup
terrupt.
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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0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

7 6 5 | 4 | 3 2 0
TM128 TM12B
IR ID
R RIW R R
0 0
01| o 0 0/1
4 Timer 12 Capture B Interrupt
Request Flag
0 Timer 12 Capture B Interrupt
Detect Flag
7 6 5 | 4| 3 2 0
TM12B
IE
R R R RIW
0 0 0
0 0/1
0 Timer 12 Capture B Interrupt
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TM12BICL :
xX'00FCB8A'

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.



scoT scoT
IR ID
R|R|R|RW|R|R|R]|R
o|loflo|of[of|o0]o0o]oO
o[ o] ofor]ofof] oo
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 scoT
LV2 | LV1 | LVO IE
R |[RW|RW|RW| R | R | R |RW
o|lo|lo|of[of|o0]o0o]oO
0o [onfor|or]| oo oot
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- T
accesses. Use the MOVB in-

struction to set the data.

MN102H55D/55G/F55G 375



Chapter 11 Appendix

7 6 5 4 3 2 0
SCOR SCOR
IR ID
R RIW R R
0 0
0/1 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

SCORICL :
x'00FC92'

4 Serial 0 Reception End
Interrupt Request Flag
0 Serial 0 Reception End
Interrupt Detect Flag
7 6 5 4 3 2 0
SCOR
IE
R R R RIW
0 0 0
0 0/1
0 Serial 0 Reception End
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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.



SC1T SC1T
IR ID
R R R |[RW| R R R R
0 0 0 0 0 0 0 0
0 0 0 0/1 0 0 0 0/1

Serial 1 Transmission End
Interrupt Request Flag

Serial 1 Transmission End
Interrupt Detect Flag

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

7 6 5 4 3 2 1 0
SC1T
IE
R R R R R R R | RIW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 [ on
Serial 1 Transmission End 0: Disable
Interrupt Enable Flag 1: Enable
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SCI1TICL :
xX'00FC94'

Serial 1 Transmission End
Interrupt Control Register

8-bit access register

SCITICL requests and verifies
a serial 1 transmission end inter-
rupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SCI1TICH :
x'00FC95'
Serial 1 Transmission End
Interrupt Control Register

8-bit access register

SCI1TICH 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 6 5 4 3 2 0
SC1R SC1R
IR ID
R RIW R R
0 0
0/1 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

SCI1RICL :
x'00FC96'

4 Serial 1 Reception End
Interrupt Request Flag
0 Serial 1 Reception End
Interrupt Detect Flag
7 6 5 | 4 | 3 2 0
SCIR
IE
R R R RIW
0 0 0
0 01
0 Serial 1 Reception End
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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.

SCI1RICH :
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.



sca2T scat
IR ID
R|R|R|RW|R|R|R]|R
o|loflo|of[of|o0]o0o]oO
o[ o] ofor]ofof] oo
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 | SC2T | scaT sc2T
LV2 | LV1 | LVO IE
R |[RW|RW|RW| R | R | R |RW
o|lo|lo|of[of|o0]o0o]oO
0o [onfor|or]| oo oot
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 6 5 4 3 2 0
SC2R SC2R
IR ID
R RIW R R
0 0
0/1 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

SC2RICL :
xX'00FC9A’

4 Serial 2 Reception End
Interrupt Request Flag
0 Serial 2 Reception End
Interrupt Detect Flag
7 6 5 | 4 | 3 2 0
SC2R
IE
R R R RIW
0 0 0
0 01
0 Serial 2 Reception End
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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.



SC3T SC3T
IR ID
R R R |[RW| R R R R
0 0 0 0 0 0 0 0
0 0 0 0/1 0 0 0 0/1

Serial 3 Transmission End
Interrupt Request Flag

Serial 3 Transmission End
Interrupt Detect Flag

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

7 6 5 4 3 2 1 0
SCaT
IE
R R R R R R R | RIW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 [ on
Serial 3 Transmission End 0: Disable
Interrupt Enable Flag 1: Enable
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SC3TICL :
xX'00FC9cC'

Serial 3 Transmission End
Interrupt Control Register

8-bit access register

SC3TICL requests and verifies
a serial 3 transmission end inter-
rupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

SC3TICH :
x'00FC9D'

Serial 3 Transmission End

Interrupt Control Register

8-bit access register

SC3TICH 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 6 5 4 3 2 0
SC3R SC3R
IR ID
R RIW R R
0 0
0/1 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

SC3RICL :
x'00FC9E'

4 Serial 3 Reception End
Interrupt Request Flag
0 Serial 3 Reception End
Interrupt Detect Flag
7 6 5 4 3 2 0
SC3R
IE
R R R RIW
0 0 0
0 0/1
0 Serial 3 Reception End
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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.



SCA4T scaT
IR ID
R|R|R|RW|R|R|R]|R
o|loflo|of[of|o0]o0o]oO
o[ o] ofor]ofof] oo
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
SCAT | SCAT | scaT SC4T
LV2 | LV1 | LVO IE
R |[RW|RW|RW| R | R | R |RW
o|lo|lo|of[of|o0]o0o]oO
0o [onfor|or]| oo oot
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 :
x'00FCAQ0Q'

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 6 5 4 3 2 0
SC4R SC4R
IR ID
R RIW R R
0 0
0/1 0 0 0/1

4 Serial 4 Reception End
Interrupt Request Flag

0 Serial 4 Reception End
Interrupt Detect Flag

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

SC4RICL :
x'00FCAZ2'

7 6 5 4 3 2 0
SC4R
IE
R R R RIW
0 0 0
0 0/1

0 Serial 4 Reception End
Interrupt Enable Flag
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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'00FCAZ'

Serial 4 Reception End
Interrupt Control Register

8-bit access register

SC4RICH 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.



6 5 4 3 2 1 0
ETCO ETCO
IR 1D
RIW R
0 0
0/1 0/1

ETC 0 Transfer End Interrupt
Request Flag

ETC 0 Transfer End Interrupt
Detect Flag

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

6 5 4 3 2 1 0
ETCO
IE
RIW
0
0/1
ETC 0 Transfer End Interrupt
Enable Flag

0: Disable
1: Enable
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ETCOICL :
x'00FCA4'

ETC 0 Transfer End

Interrupt Control Register

8-bit access register

ETCOICL requests and verifies
a ETC 0 transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

ETCOICH :
X'00FCA5'

ETC 0 Transfer End
Interrupt Control Register

8-bit access register

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 ETC1
IR ID
R RIW R R
0 0
0/1 0 0 0/1

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

ETC1ICL :
x'00FCA®G'

4 ETC 1 Transfer End Interrupt
Request Flag
0 ETC 1 Transfer End Interrupt
Detect Flag
7 6 5 4 3 2 1 0
ETC1
IE
R R R RIW
0 0 0
0 0/1
0 ETC 1 Transfer End Interrupt
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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.



7 6 5 | 4 | 3 2 1 0
ATO ATO
IR ID
R|R|R|RW|R|R|R]|R
o|loflo|of[of|o0]o0o]oO
o[ o] ofor]ofof] oo
4 ATC 0 Transfer End Interrupt 0: No interrupt requested
Request Flag 1: Interrupt requested
0 ATC 0 Transfer End Interrupt 0: Interrupt undetected
Detect Flag 1: Interrupt detected
7 6 5 | 4 | 3 2 1 0
ATO | ATO | ATO ATO
LV2 | LV1 | LVO IE
R |[RW|RW|RW| R | R | R |RW
o|lo|lo|of[of|o0]o0o]oO
0o [onfor|or]| oo oot
6:4  ATC 0 Transfer End Interrupt Set the level from 0 to 6
Level Setup
0 ATC 0 Transfer End Interrupt 0: Disable
Enable Flag 1: Enable
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ATOICL :
x'00FCAS8'

ATC 0 Transfer End
Interrupt Control Register

8-bit access register

ATOICL requests and verifies an
ATC 0 transfer end interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

ATOICH :
x'00FCAY9'

ATC 0 Transfer End
Interrupt Control Register

8-bit access register

ATOICH sets an ATC 0 transfer
end interrupt level and enables
an interrupt.

This register allows only byte-
accesses. Use the MOVB in-
struction to set the data.

MN102H55D/55G/F55G 387



Chapter 11 Appendix

7 6 5 4 3 2 1 0
AT1 AT1

IR ID

R RIW R R

0 0

0/1 0 0 0/1

4 ATC 1 Transfer End Interrupt
Request Flag

0 ATC 1 Transfer End Interrupt
Detect Flag

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

7 6 5 4 3 2 1 0
AT1

IE
R R R RIW

0 0 0

0 0/1

0 ATC 1 Transfer End Interrupt
Enable Flag

388 MN102H55D/55G/F55G

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 :
x'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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s[s[afafz[sT0 AT2ICL :
- - AT2 - - - AT2
IR ID X'0O0FCAC’
R;W RIRIR i ATC 2 Transfer End
o1l ol olo o Interrupt Control Register

8-bit access register
ATC 2 Transfer End Interrupt 0: No interrupt requested

AT2ICL ts and verifi
Request Flag 1: Interrupt requested requests and verifies an

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.

olefajslafr]o AT2ICH :

I R x'00FCAD'
R’O 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

R RIW R R

0 0

0/1 0 0 0/1

4 ATC 3 Transfer End Interrupt
Request Flag

0 ATC 3 Transfer End Interrupt
Detect Flag

0: No interrupt requested
1: Interrupt requested

0: Interrupt undetected
1: Interrupt detected

7 6 5 4 3 2 1 0
AT3

IE
R R R RIW

0 0 0

0 0/1

0 ATC 3 Transfer End Interrupt
Enable Flag
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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 :
x'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 12|10 9 8 7 6 5 | 4 3 2 1|0 IRQTRG :
1Q4 | 1Q4 | 1Q3 | 1Q3 | 1Q2 | 1Q2 | 1QL | 1QL | 1QO | 1QO0 . .
TGL | TGO | TG1 | TGO | TG | TGO | TG1 | TGO | TG1 | TGO x'00FCBO
R RW | RIW | RW | RW | RIW | RW | RW | RIW | RIW | RIW External Interrupt
olo|lo]J]o|]o|]o|]o|]o]J]o|]o|]o]o]o|]oOo]o]oO - .
o JoJo[oloJoJom|or[or[or|or]or [oi]or]|or[on Condition Setup Register
16-bit access register
9:8  Set Trigger Conditions for IRQ4 Pin Interrupt
IRQTRG sets the trigger condi-
) . [— 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)
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15:14 Set Trigger Conditions for KI7 Pin Interrupt

13:12 Set Trigger Conditions for KI6 Pin Interrupt

11:10 Set Trigger Conditions for KI5 Pin Interrupt

9:8

7:6

5:4

3.2

1:0

392

Set Trigger Conditions for K14 Pin Interrupt

Set Trigger Conditions for KI3 Pin Interrupt

Set Trigger Conditions for KI2 Pin Interrupt

Set Trigger Conditions for KI1 Pin Interrupt

Set Trigger Conditions for KIO 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)
MN102H55D/55G/F55G

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

KI7 | KI7 | KI6 | KI6 | KI5 | KI5 | KI4 | KI4 | KI3 | KI3 | KI2 | KI2 | KI1 | KI1 | KIO | KIO ' '
TG1 | TGO | TGL [ TGO | TG | TGO | TG1 | TGO | TGL | TGO | TGL | TGO | TGL | TGO | TGL | TGO x'00FCB2
RW | RW [ Rw [ Rw [ Rw | Rw [ Rw | Riw | RW | RW | Rw | Riw | RwW | RiW | RiW | Riw External Key Interrupt

o lo]o]o|loJo]o|lo]o|o|o|]o|o|o]|o]oO - _

o1 o1 o1 o1 o1 o1 | o1 o1 |ot]|or|ot|or|ot|ot]|ol]| ot Condition Setup Register

16-bit access register

KEYTRG sets the trigger condi-
tions for external key interrupts.
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14 | 13|12 |11 |10] 9 8 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|RW|RW|RW|RW|RW | RW External Key Interrupt
0 0 0 0 0 0 0 0 0 0 0 0 0 :
o ol ool o] ol o or|or|or]or]|or|os]or]on Enable Register
16-bit access register
Set OR Pin for KI7 Pin 0: Don't set
KEYCTR enables an external
1: Set .
key interrupt.
Set OR Pin for KI6 Pin 0: Don't set When OR pin is selected, a key
1: Set interrupt is generated by trigger-
ing the condition set in the
Set OR Pin for KI5 Pin 0: Don't set KEYTRG register.
1: Set
Set OR Pin for K14 Pin 0: Don't set
1: Set
Set OR Pin for KI3 Pin 0: Don't set
1: Set
Set OR Pin for KI2 Pin 0: Don't set
1: Set
Set OR Pin for KI1 Pin 0: Don't set
1: Set
Set OR Pin for KIO Pin 0: Don't set
1: Set
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15 |14 | 13| 12|11 |10 9 8 7 6 5 | 4 | 3 2 0 WDREG
| w X'00FCB6
RW RW | RIW | RIW R RW Watchdog Interrupt
0 0| o 0 0 0
o1 o1 [ o1 on 0 0 0 o1 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
Generation Time register x 1
001: Watchdog time set in CPUM The extended watchdog
register x 4 counter count during those set-
010: Watchdog time set in CPUM ting time.
register x 16
011: Watchdog time set in CPUM
register x 64
100: Watchdog time set in CPUM
register x 256
101: Watchdog time set in CPUM
register x 1024
110: Watchdog time set in CPUM
register x 4096
0 Watchdog Timer Reset 0: Don't reset

394
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7] 6 5] 4a]3]2]1]o0 SYSCTL -
svs|svs|svs|svs|sys|svs|sys|sys , ,
c7|ce|cs|calca|ce|ct|co x'00FCDO

RW | R'W | R'W | RIW | RIW | RI'W | RIW | RIW System Contl’0| RegIS'[er

01 |01 |01 |01 ] 01| 01]01] 01

8-bit access register

7:0  Programming Disable of 7D: Enable all register programming SYSCTL disabl )
. . . YSCTL
Registers Related to System Others: Disable programming for the . isables programming
. ) . of registers related to system
Operations following registers 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-
ters when the CPU runs errone-
DRAMMD1 !
ous operations.
DRAMMD2
Ports POMD, P1LMD, PIHMD

P1MD, P3LMD, P3HMD
P4LMD, P4AHMD

P5LMD, P5SHMD, P6MD
P7LMD, P7THMD

P8LMD, PSMMD, P8HMD
POLMD, P9HMD

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|ADBO0|ADBO|ADBO|ADBO|ADBO|ADBO|ADBO|ADBO|ADBO|ADBO|ADBO|ADBO|ADBO '00ECD2"
Al15 | Al4 | A13 | A12 | A11 [ A10 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | ALl | AD X
RW |RW |RW |RW |RIW | R/W | RI'W | R'W | RI'W | R'W | RIW | RI'W | R/IW | RIW | RIW | RIW A d d ress B re ak 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
or (o1t |or]or|or|or]or|or oot |or|ot|or|or|ol]on 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|ADBO|ADBO|ADBO|ADBO] address break 0 operation
A23 | A22 | A21 | A20 | A19 | A18 | AL7 | Al6 P '
R R R R R R R R |RW |RW |RW | RW | RIW | RW | RIW | RIW Thi ) ) v 24-bi
o o o o o o o o o o o o o o o o is register wrltes only 24-bit
data or 16-bit data. Use the
0 0 0 0 0 0 0 0 |oa o1 ot |oa|or|or]|or]|on MOV instruct 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 '‘00ECDS6'
Al15 | Al4 | A13 | A12 | A11 [ A10 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | ALl | AD X
RW | RW |RIW | RIW | RIW | R'W | RI'W | R'W | RIW | R'W | RIW | RIW | RIW | RIW | RIW | RIW A d d ress B re ak 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O1 |01 | o1 |01 |01 | O |01 | 0L |01 | 01| 0| 01| 0| o | ol | ol 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 | A17 | Al6 P ’
R R R R R R R |RW |RW |RW | RIW | RIW | RIW | RIW | RIW ) ) ) )
0 0 o 0 o o 0 o o o o 0 o 0 o o This register ertes only 24-bit
data or 16-bit data. Use the
0 0 0 0 0 0 0 0 |oa o1 ot o |or|or]|or]|on MOV instruct the MOVX
instruction or the
instruction to set the data.
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6 | 5|4 ]3] 2]1]o0 ADBCTL -
ADB1|ADBO|ADB1|ADBO : :
ON | oN | ck | cK x'00FCDA
RIW | RIW | RIW | RIW Address Break

o loflolofo]o]o _

o J o ofor]or]or]on Control Register

8-bit access register

Address Break 1 On/Off 0: Off
1: On ADBCTL selects the address
' break function and verifies the
address break is generated.
Address Break 0 On/Off 0: Off
1:0n
Address Break 1 Generation 0: Not generated

1: Generated

Address break 0 Generation 0: Not generated
1: 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 | 1QO0 x'00FDO0O0
RW |RW | RIW | RIW | RW | RW | RW | RW | R R |RW | RW | RW | RIW ATC 0 Control

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

o1 [o1 o1 |or|or|or|or|or| o 0 0 o o1 o1 |o1|on Register

15 Transfer Busy/Start Flag

14:13 Transfer Mode

12 Transfer Units

11 Destination Bus Width

10 Destination Pointer

Increment

9 Source Bus Width

8 Source Pointer Increment

3:0 ATC Activation Factor Setup

398 MN102H55D/55G/F55G

0: Disable
1: Transfer start/transfer in progress

00: One byte/word transfer
01: Burst transfer

10: Two bytes transfer

11: Reserved

o

: Word
1: Byte

0: 16-bit
1: 8-bit

0: Fixed
1: Increment

0: 16-bit
1: 8-bit

0: Fixed
1: Increment

0000: Software Initialization

0001: DMAREQO pin input

0010: External interrupt 0

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 B 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: A/D conversion end interrupt
1111: Key interrupt

16-bit access register

ATOCTR sets the ATCO operat-
ing control conditions.

Selecting the two bytes transfer
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 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 'OOFDOZI
CNT1UCNTLIQCNTO|CNT8|CNT7|CNT6|CNT5|CNT4|CNT3|CNT2|CNT1|CNTO X
R R R R RW | RW | RW |RW |RIWW | RIW | R'W | RR'W | RIW | R/'W | RIW | RIW ATC O Transfer Word
0 0 0 0 | undefined| undefined | undefined | undefined [undefined {undefined | undefined | undefined |undefined | undefined | undefined | undefined
0 0 0 ol or|or|or|or|or|or|or|os|on|or|or]|on Count Register
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 ,OOFDO4,
ISRC15[SRC14{SRC13SRC12SRC11ISRC10| SRC9 | SRC8 | SRC7 | SRC6 | SRC5 | SRC4 | SRC3 | SRC2 [ SRC1 | SRCO X
RW |RW |RW |RW | RIW | RIW | R'W | RI'W | RIW | R'W | RIW | R'W | RIW | RIW | RIW | RIW ATC O Source
undefined |undefined |undefined |undefined | undefined |undefined | undefined | undefined |undefined |undefined |undefined | undefined | undefined | undefined | undefined | undefined
o1 |01 |01 ]| 01| 01 01|01 |01 ]| 01| 01 01|01 |01 | 01| 01| 01 Address POlnter

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
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.

- - - - - - - - ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO
ISRC23ISRC22/ISRC21ISRC20SRC19SRC18SRC17|SRC16

R R R R R R R R R/W | R'W | R'W | RIW | R'W | R'W | R/W | RIW
undefined | undefined |undefined |undefined {undefined | undefined | undefined| undefined

0 0 0 0 0 0 0 0 01|01 |01 |01 |01]| 01|01 |01

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 ATODST :
ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO | ATO '00FDO08'
DST15DST14DST13DST12DST11DST10,DST9 | DST8|DST7 | DST6|DST5 | DST4 |DST3|DST2|DST1|DSTO X
RW |RW |RIW |RW |RIWW | RI'W [ RIW | R'W | RI'W | R/'W | R'W | RIW | R/'W | R/IW | RIW | RIW ATC 0 Destination
undefined |undefined |undefined |undefined |undefined | undefined [undefined {undefined | undefined | undefined |undefined | undefined {undefined | undefined | undefined| undefined
01| o1 | 01| 01| oL |01 | 0L | oL |01 oL oL|ot| oL oL|ot]|on Address 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-
) i ) i ) i ) - | ATO| ATO | ATO | ATO | ATO | ATO | ATO | ATO nation address. When the desti-
DST23DST22DST21DST20DST19DST18DST17DST 16 ) . N o
nation pointer increment bit is
R R R R R R R R |RW |RW |RW|RW |RW|RW |RW | RW .
- - - - - - - - set to be fixed, the transfer
0 0 0 0 0 0 0 O |undefined |undefined |undefined | undefined | undefined| undefined |undefined |undefined|
o | ol oo o[ oo o or|or]or|ot|or]|or]|or]|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.
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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1514131212109 8 7 6 5 4 3 2 1 0 ATICTR :
AT1 | AT1 | ATL1 | ATL | ATL | AT1 | AT1 | AT1| - - - - |ATL|ATL| AT1| ATL , ,
EN |MD1|MDO|BW [DB8| DI | SB8| SI 1Q3 | 1Q2 | 1Q1 | 1Q0 x'00FD10
RW | RIW | R'W |RW |RW |RW |[RW [RW | R | R | R | R |RW |RW | RW | RW ATC 1 Control

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 o1 o1 oo |or|or|or]| o 0 0 o [o1|o1|o1|on Register

16-bit access register

15 Transfer Busy/Start Flag 0: Disable ATICTR sets the ATC1 operat-
1: Transfer start/transfer in progress ing control conditions.
14:13 Transfer Mode 00: One byte/word transfer 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-

01: Burst transfer
10: Two bytes transfer
11: Reserved

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 destinati inter i -
8 Source Pointer Increment 0: Fixed en destination pc.Jm e .mcre
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: DMAREQL1 pin input
0010: External interrupt 2 The AT1IQ[3:0] bits are cleared
0011: External interrupt 3 to 0 by the ATC1 transfer end in-

0100: Timer 0 underflow interrupt terrupt.

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 0 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
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15 | 14 | 13 | 12| 11 | 10 9 8 7 6 5 4 3 2 1 0 ATI1ICNT :
- - - - | AT1| AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 '00FD12"
CNT1ICNT10CNT9|CNT8|CNT7|[CNT6|CNT5|CNT4|CNT3|CNT2|CNT1|CNTO X
R R R R | R'W|RW |[RW |RW |RW | RIW | R'W | RI'W | R'W | R/'W | R/W | RIW ATC 1 Transfer WOI'd
0 0 0 O | undefined| undefined [undefined {undefined |undefined |undefined {undefined | undefined |undefined| undefined {undefined | undefined
0 0 0 o | o1]|or|or|or|o1|o1|or|or|or|or]|or]|on Count Reg|ster
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 AT1SRC :
AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 '00ED 14"
ISRC15SRC14SRC13[SRC12|[SRC11|SRC10| SRC9 [ SRC8 | SRC7 | SRC6 | SRC5 | SRC4 | SRC3| SRC2 | SRC1 | SRCO X
RW | RIW | R'W [ R'W | R/W | R'W | R'W | RIW | RIW | RIW | R'W | RIW | RIW | RIW | RI'W | RIW ATC 1 Source
undefined [undefined {undefined |undefined |undefined {undefined |undefined | undefined |undefined [undefined | undefined | undefined |undefined | undefined | undefined | undefined
o1 |01 |01 |01 (01|01 |01 |01 | 01|01 01|01 |01 | 01| 01 0/1 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
- - - - - - - - | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 source address. When the
ISRC23SRC22/SRC21|SRC20[SRC19SRC18SRC17/SRC16 . o o
source pointer increment bit is
R|R|R|R|R|R|R| R |RW|RW|RW|RW|RW|RW|RW|RW t to be fixed. the t ;
0 0 0 0 0 0 0 0O |undefined |undefined |undefined | undefined |undefined | undefined |undefined | undefined| Set to be fixed, € transter
ool oo o[ oo o or|or]|or ot |or]|or]|or]|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.
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 ' O 0 F D l 8,
DST15DST14DST13DST12DST11DST10 DST9 |DST8|DST7 |DST6|DST5|DST4|DST3|DST2|DST1|DSTO X
RW |RIW |R/W |R/IW | RIW | R/IW | R'W | RI'W | RIW | R'W | RIW | R'W | RI'W | RIW | R/'W | RIW ATC 1 Destl n atl on
undefined |undefined undefined {undefined | undefined |undefined | undefined {undefined {undefined | undefined | undefined |undefined {undefined | undefined |undefined | undefined
01 |01 |01 |01 |01 |01 | o1 | o1 | o1 | o1 | o1 | o1 o1 o1 o1 on 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
source address do not change.

- - - - - - - - AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1 | AT1
DST23DST22DST21DST20DST19DST18DST17DST16
R R R R R R R R RW | R'W | RIW | R'W | RIW | RIW | RIW | RIW
undefined |undefined | undefined |undefined {undefined {undefined |undefined | undefined

0 0 0 0 0 0 0 0 01|01 |01 |01 |01 ]| 01|01 |01

o
o
o
o
o
o
o
o

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 AT2CTR :
AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 AT2 | AT2 | AT2 | AT2 , ,
EN |MD1|MDO|BW [DB8| DI | SB8| SI 1Q3 | 1Q2 | 1Q1 | 1QO0 x'00FD20
RW |RW | RIW | RIW | RW | RW | RW | RW | R R |RW | RW | RW | RIW ATC 2 Control

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

o1 [o1 o1 |or|or|or|or|or| o 0 0 o o1 o1 |o1|on Register

15 Transfer Busy/Start Flag

14:13 Transfer Mode

12 Transfer Units

11 Destination Bus Width

10 Destination Pointer

Increment

9 Source Bus Width

8 Source Pointer Increment

3:0 ATC Activation Factor Setup

404 MN102H55D/55G/F55G

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-bit
1: 8-bit

0: Fixed
1: Increment

0: 16-bit
1: 8-bit

0: Fixed
1: Increment

0000: Software Initialization

0001: DMAREQO pin input

0010: External interrupt 0

0011: External interrupt 1

0100: Timer 1 underflow interrupt
0101: Timer 5 underflow interrupt
0110: Timer 8 capture A interrupt
0111: Timer 9 capture B interrupt
1000: Timer 11 underflow interrupt
1001: Timer 12 capture A interrupt

1010: Serial 1 transmission end interrupt

1011: Serial 1 reception end interrupt

1100: Serial 2 transmission end interrupt

1101: Serial 2 reception end interrupt

1110: Serial 4 transmission end interrupt

1111: Serial 4 reception end interrupt

16-bit access register

AT2CTR sets the ATC2 operat-
ing control conditions.

Selecting the two bytes transfer
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 AT2I1Q[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 ,OOFD22,
CNT1UCNTLIQCNTO|CNT8|CNT7|CNT6|CNT5|CNT4|CNT3|CNT2|CNT1|CNTO X
R R R R RW | RW | RW |RW |RIWW | RIW | R'W | RR'W | RIW | R/'W | RIW | RIW ATC 2 Transfer Word
0 0 0 0 | undefined| undefined | undefined | undefined [undefined {undefined | undefined | undefined |undefined | undefined | undefined | undefined
0 0 0 ol or|or|or|or|or|or|or|os|on|or|or]|on Count Register
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 ,OOFD24,
ISRC15[SRC14{SRC13SRC12SRC11ISRC10| SRC9 | SRC8 | SRC7 | SRC6 | SRC5 | SRC4 | SRC3 | SRC2 [ SRC1 | SRCO X
RW |RW |RW |RW | RIW | RIW | R'W | RI'W | RIW | R'W | RIW | R'W | RIW | RIW | RIW | RIW ATC 2 Source
undefined |undefined |undefined |undefined | undefined |undefined | undefined | undefined |undefined |undefined |undefined | undefined | undefined | undefined | undefined | undefined
o1 |01 |01 ]| 01| 01 01|01 |01 ]| 01| 01 01|01 |01 | 01| 01| 01 Address POlnter

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
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
ISRC23ISRC22/ISRC21ISRC20SRC19SRC18SRC17|SRC16

R R R R R R R R R/W | R'W | R'W | RIW | R'W | R'W | R/W | RIW
undefined | undefined |undefined |undefined {undefined | undefined | undefined| undefined

0 0 0 0 0 0 0 0 01|01 |01 |01 |01]| 01|01 |01

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 AT2DST :
AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 '00FD28'
DST15DST14DST13DST12DST11DST10,DST9 | DST8|DST7 | DST6|DST5 | DST4 |DST3|DST2|DST1|DSTO X
RW |RW |RW |[RW |RIWW | RI'W | RIW | R'W | RI'W | R'W | R'W | RIW | R/'W | R/IW | R/W | RIW ATC 2 Destination
undefined |undefined |undefined |undefined |undefined | undefined [undefined {undefined | undefined | undefined |undefined | undefined {undefined | undefined | undefined| undefined
01| o1 | 01| 01| oL |01 | 0L | oL |01 oL oL|ot| oL oL|ot]|on Address 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-
) i ) i ) i ) © | AT2] AT2 | AT2 | AT2 | AT2 | AT2 | AT2 | AT2 nation address. When the desti-
DST23DST22DST21DST20DST19DST18DST17DST 16 ) . N o
nation pointer increment bit is
R R R R R R R R |RW |RW |RW|RW |RW|RW |RW | RW .
- - - - - - - - set to be fixed, the transfer
0 0 0 0 0 0 0 O |undefined |undefined |undefined | undefined | undefined| undefined |undefined |undefined|
o | ol oo o[ oo o or|or]or|ot|or]|or]|or]|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.
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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1514131212109 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 1Q3 | 1Q2 | 1Q1 | 1Q0 x'00FD30
RW | RIW | R'W |RW |RW |RW |[RW [RW | R | R | R | R |RW |RW | RW | RW ATC 3 Control

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

o1 o1 o1 oo |or|or|or]| o 0 0 o [o1|o1|o1|on 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

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-

01: Burst transfer
10: Two bytes transfer
11: Reserved

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 destinati inter i -
8 Source Pointer Increment 0: Fixed en destination pc.Jm e .mcre
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: DMAREQL1 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 '00FED32"
CNT1ICNT10CNT9|CNT8|CNT7|[CNT6|CNT5|CNT4|CNT3|CNT2|CNT1|CNTO X
R R R R RW | RW |RW |RW |RW|RW|RW|RW|RW|RW|RW|RW ATC 3 Transfer WOI’d
0 0 0 O | undefined| undefined [undefined {undefined |undefined |undefined {undefined | undefined |undefined| undefined {undefined | undefined
0 0 0 o or|o1|or|or|ot|or|or|ot|or|or|or]|on 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 '00ED34"'
ISRC15SRC14SRC13[SRC12|[SRC11|SRC10| SRC9 [ SRC8 | SRC7 | SRC6 | SRC5 | SRC4 | SRC3| SRC2 | SRC1 | SRCO X
RW | RIW | R'W [ R'W | R/W | R'W | R'W | RIW | RIW | RIW | R'W | RIW | RIW | RIW | RI'W | RIW ATC 3 Source
undefined [undefined {undefined |undefined |undefined {undefined |undefined | undefined |undefined [undefined | undefined | undefined |undefined | undefined | undefined | undefined
o1 |01 |01 |01 (01|01 |01 |01 | 01|01 01|01 |01 | 01| 01 0/1 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
- - - - - - - - | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 source address. When the
ISRC23SRC22/SRC21|SRC20[SRC19SRC18SRC17/SRC16 . o o
source pointer increment bit is
R|R|R|R|R|R|R| R |RW|RW|RW|RW|RW|RW|RW|RW t to be fixed. the t ;
0 0 0 0 0 0 0 0O |undefined |undefined |undefined | undefined |undefined | undefined |undefined | undefined| Set to be fixed, € transter
ool oo o[ oo o or|or]|or ot |or]|or]|or]|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.
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 ATBDST .
AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 ' O 0 F D 3 8,
DST15DST14DST13DST12DST11DST10 DST9 |DST8|DST7 |DST6|DST5|DST4|DST3|DST2|DST1|DSTO X
RW |RIW |R/W |R/IW | RIW | R/IW | R'W | RI'W | RIW | R'W | RIW | R'W | RI'W | RIW | R/'W | RIW ATC 3 Destl n atl on
undefined |undefined undefined {undefined | undefined |undefined | undefined {undefined {undefined | undefined | undefined |undefined {undefined | undefined |undefined | undefined
01 |01 |01 |01 |01 |01 | o1 | o1 | o1 | o1 | o1 | o1 o1 o1 o1 on 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
source address do not change.

- - - - - - - - AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3 | AT3
DST23DST22DST21DST20DST19DST18DST17DST16
R R R R R R R R RW | R'W | RIW | R'W | RIW | RIW | RIW | RIW
undefined |undefined | undefined |undefined {undefined {undefined |undefined | undefined

0 0 0 0 0 0 0 0 01|01 |01 |01 |01 ]| 01|01 |01

o
o
o
o
o
o
o
o

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 ETOCTR :
ETO ETO | ETO | ETO | ETO | ETO | ETO ETO | ETO . .
FLG MDO| BW |DB8| DI | SB8 | SI DIR | EN x'00FD40
RW| R |RW|RW |[RW|RW|RW|RW]| R R R R R R | RW | RW ETC 0 Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 )
01] o o1 |o1|o1|o1|or|or]| o] o | o o] o] o0 ]for]on Register
16-bit access register
15 Transfer Busy/Start Flag 0: Disable ETOCTR sets the ETCO operat-
1: 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
1: Burst transfer ACK input function and the ex-
ternal memory.
12 Transfer Units 0: Word Selecting word as the unit is not
1: Byte allowed Yvhen 8-bit bus width is
allowed in the external memory
o ) ) space.
11 Destination Bus Width 0: 16-bit
1: 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 1: Increment width is selected in the external
memory space.
9 Source Bus Width 0: 16-hit o ) )
1: 8-bit When destination pointer incre-
-6l ment or source pointer incre-
ment is selected, the pointer in-
8 Source Pointer Increment 0: Fixed crements by 1 in byte access
1: Increment and by 2 in word access.
1 Transfer Direction 0: External device — external memory
1: External memory - external device
0 ETCT ter Enabl 0: Disabl The ETOEN flag is cleared to O
ranster Enable - Disable by the ETCO transfer end inter-
1: Enable

410
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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 | ETO | ETO | ETO | ETO | ETO | ETO | ETO ,OOFD42,
CNT1ICNTIQCNTO|CNT8|CNT7|CNT6|CNT5|CNT4|CNT3|CNT2|CNT1|CNTO X
R R R R RW | RIW | R\W | RIW | RIW | RI'W | R'W | R'W | RIW | R/'W | RIW | RIW ETC 0 Transfer Word
0 0 0 0 | undefined| undefined | undefined |undefined [undefined {undefined | undefined | undefined |undefined | undefined | undefined | undefined
0 0 0 ol or|or|or|or|or|or|or|or|on|or|or]|on Count Register
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 | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO ,OOFD44,
ISRC15[SRC14{SRC13SRC12SRC11ISRC10| SRC9 | SRC8 | SRC7 | SRC6 | SRC5 | SRC4 | SRC3 | SRC2 [ SRC1 | SRCO X
RW |RW |RW |RW | RIW | RIW | R'W | RI'W | RIW | R'W | RIW | R'W | RIW | RIW | RIW | RIW ETC 0 Source
undefined |undefined |undefined |undefined | undefined |undefined | undefined | undefined |undefined |undefined |undefined | undefined | undefined | undefined | undefined | undefined
o1 |01 |01 ]| 01| 01 01|01 |01 ]| 01| 01 01|01 |01 | 01| 01| 01 Address POlnter

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 | ETO | ETO | ETO | ETO
ISRC23SRC22/SRC21{SRC20SRC19SRC18SRC17|SRC1§
R R R R R R R R |RW |RW |RW |RW | RIW | RW | RIW | RIW
undefined | undefined [undefined [undefined |undefined | undefined {undefined | undefined|
o | ol oo o[ o] o] oot |or]or|or|or]|or]|or]|on 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 ETODST :
ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO | ETO '00FD48'
DST15DST14DST13DST12DST11DST10,DST9 | DST8|DST7 | DST6|DST5 | DST4 |DST3|DST2|DST1|DSTO X
RW |RW |RIW |RW |RIW | RI'W | RIW | R'W | RI'W | R/'W | R'W | RIW | R/'W | R/IW | R/W | RIW ETC O Destination
undefined |undefined |undefined |undefined |undefined | undefined [undefined {undefined | undefined | undefined |undefined | undefined {undefined | undefined | undefined| undefined
01| o1 | 01| 01| oL |01 | 0L | oL |01 oL oL|ot| oL oL|ot]|on 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-
) i ) i ) i ) - | ETO| ETO | ETO | ETO | ETO | ETO | ETO | ETO nation address. When the desti-
DST23DST22DST21DST20DST19DST18DST17DST 16 ) . N o
nation pointer increment bit is
R R R R R R R R |RW |RW |RW|RW |RW|RW |RW | RW .
- - - - - - - - set to be fixed, the transfer
0 0 0 0 0 0 0 O |undefined |undefined |undefined | undefined | undefined| undefined |undefined |undefined|
o | ol oo o[ oo o or|or]or|ot|or]|or]|or]|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.
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 | ET1 | ET1 ET1 | ET1 . .
FLG MDO| BW [ DB8 | DI | SB8 | SI DIR | EN x'00FD50
RW| R |RW |RW|RW|RW|RW|RW]| R R R R R R | RW | RW ETC 1 Control
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 )
01 ] o Joa|o1|o1|ot|or|or]| o] o | o o] o] o0 o1]on Register
16-bit access register
15  Transfer Busy/Start Flag 0: Disable ETLCTR sets the ETC1 operat-
1: 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
1: Burst transfer ACK input function and the ex-
ternal memory.
12 Transfer Units 0: Word Selecting word as the unit is not
1: Byte allowed when 8-bit bus width is
allowed in the external memory
o . . space.
11 Destination Bus Width 0: 16-bit P
1: 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 1: Increment width is selected in the external
memory space.
9 Source Bus Width 0: 16-bit o _ )
1: 8-bit When destination pc?lnter .|ncre-
ment or source pointer incre-
) ) ment is selected, the pointer in-
8 Source Pointer Increment 0: Fixed crements by 1 in byte access
1: Increment and by 2 in word access.
1 Transfer Direction 0: External device - external memory
1: External memory - external device
. The ET1EN flag is cl t
0 ETC Transfer Enable 0: Disable © agisc eareq 00
by the ETC1 transfer end inter-
1: Enable

MN102H55D/55G/F55G
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15 | 14 | 13 | 12| 11 | 10 9 8 7 6 5 4 3 2 1 0 ET1CNT :
- - - - | ETL| ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 '00FD52"
CNT11CNT10CNT9|CNT8|CNT7[CNT6|CNT5|CNT4|CNT3|CNT2|CNT1|CNTO X
R R R R | R'W| RW |RW | RIW | RI\W | R'W | R'W | RIW | R/'W | R/'W | R/W | RIW ETC 1 Transfer Word
0 0 0 O | undefined undefined {undefined {undefined |undefined |undefined {undefined | undefined |undefined| undefined {undefined | undefined
0 0 0 o or|or|or|or|or|or|or|ot|or|or|or]|on 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 ET1SRC :
ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 '00ED54"
ISRC15SRC14SRC13[SRC12|[SRC11|SRC10| SRCI [ SRC8 | SRC7 | SRC6 | SRC5 | SRC4 | SRC3| SRC2 | SRC1 | SRCO X
RW | RIW | R'W [ R/W | R/W | R'W | R'W | RIW | RIW | RIW | R'W | R'W | RIW | RIW | RIW | RIW ETC 1 Source
undefined [undefined {undefined |undefined |undefined {undefined |undefined | undefined |undefined [undefined | undefined | undefined |undefined | undefined | undefined | undefined
o1 |01 |01 |01 (01|01 |01 |01 | 01|01 01|01 |01 | 01| 01 0/1 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 | ET1 source address. When the
ISRC23SRC22/SRC21|SRC20[SRC19SRC18SRC17/SRC16 . o o
source pointer increment bit is
R|R|R|R|R|R|R| R |RW|RW|RW|RW|RW|RW|RW|RW t to be fixed. the t ;
0 0 0 0 0 0 0 0O |undefined |undefined |undefined | undefined |undefined | undefined |undefined | undefined| Set to be fixed, € transter
ool oo o[ oo o or|or]|or ot |or]|or]|or]|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.
This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.
414 MN102H55D/55G/F55G



Chapter 11 Appendix

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 ET1DST :
ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 | ET1 '‘00ED58"
DST15DST14DST13DST12DST11DST10 DST9|DST8|DST7|DST6 | DST5|DST4|DST3|DST2 | DST1|DSTO X
RW |RW |RW |RW |RW |RW |RW |RW|RW]|RW]|RW|RW|RW]|RW]|RW]|RW ETC 1 DeSti n ation
undefined |undefined [undefined |undefined | undefined [undefined {undefined | undefined | undefined [undefined [ undefined | undefined {undefined {undefined |undefined | undefined
0L | 01|01 |01 | 01|01 | 01| oL | oL |on| oL ot |ot| oL ot on 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-
i i i i i i i - |ET1]ETL) ETLET1|ETL) ETL | ETL | ETL nation address. When the desti-
DST23DST22DST21|DST20DST19DST18DST17DST16 ) o >
nation pointer increment bit is
R R R R R R R R |RW |RW|RW|RW |RW|RW |RW | RW .
- - - - - - - - set to be fixed, the transfer
0 0 0 0 0 0 0 0 |undefined |undefined |undefined |undefined |undefined |undefined |undefined | undefined
o] oo |o] o] o o] o ot |or]|or|or|or]|or]|or]|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.

This register writes only 24-bit
data or 16-bit data. Use the
MOV instruction or the MOVX
instruction to set the data.

MN102H55D/55G/F55G 415



Chapter 11 Appendix

01 (01 |01 |01 01 0 01|01 |01 |01 |01 |01 |01 0 0/1

0/1

15 Transmit Enable 0: Disable
1: Enable

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-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 SBOO Output Hold Time 0: More than BOSC cycles
1: More than timer 1 underflow cycles

1:0  Serial 0 Clock Source 00: SBTO pin
Selection 01: Timer 1 underflow (1/8)
10: Timer 2 underflow (1/2)
11: Timer 2 underflow (1/8)

416 MN102H55D/55G/F55G

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

SCO | SCO | SCO |reserv|reserv| - SCO |reserv| SCO | SCO | SCO | SCO | SCO - SCO | SCo ' '

TEN | REN | BRE | ed ed OD | ed | LN [PTY2|PTY1|PTYO| SB S1 | SO x'00FD80

RW |RW |RW|RW|RW| R |RW|RW|RW|RW|RW|RW|RW| R |[RW]|RW Seri a| 0 Control Reg iSter
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16-hit access register

SCOCTR sets serial 0 operating
conditions.

The SBOO output hold time is
extended only when SBTO pin is
selected as serial 0 clock
source.
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7 6 5 4 3 2 1 0 SCOTRB
sco | sco | sco | sco | sco | sco | sco | sco , ,
TRB7|TRB6|TRB5|TRB4|TRB3|TRB2|TRB1|TRBO X OOFD82
RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW Serial 0 Transmit/
o] olo]o]olo]olo
o1 | o1 | o1 | oL | ot ot ot on 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 |reserv| SCO |reserv|reserv| SCO [ SCO
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 | o1 | o |oa| o1 | o | oon|on

7 Transmission Busy Flag

6 Reception Busy Flag

5 Reserved

4 Received Data

3:2 Reserved

1 Parity Error

0 Overrun Error

418
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0: Ready to transmit
1: Transmission in progress

o

: Ready to receive
: Reception in progress

[EY

o

: No received data
: Received data

[EY

o

: No error
: Error

[EnY

o

: No error
: Error

[EnY

SCOSTR :
x'00FD83'

Serial 0 Status

Register

8-bit access register
(16-bit access is posible
from even address)

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 | SC1 |reserv|reserv SC1 |reserv| SC1 | SC1 | SC1 | SC1 | SC1 - SC1 | SC1 ' '
TEN |REN |[BRE | ed | ed OD | ed | LN |PTY2|PTY1|PTYO| SB Sl | s0 x'00FD88
RW |RW |R'W |RW |RW | R |RW |RW |[RIW |RW |RW |RW |[RW | R |RW | RW Serial 1 Control Register
olo|lo|lo|l]o|]o|]o]|]oOo|]oOo|OoO|O|]O]|]oO]|]oO]|]O]|oO
o1 |o1for|{or|{or| o |o1|oL|or|or|or|oL|oL| 0 |O0L|oO0n
16-hit 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.)
8 Reserved Setto O
7 Character Length 0: 7-bit
1: 8-bit
6:4 Parity Bit Selection 000: None
100: O (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
1.0  Serial 1 Clock Source 00: SBT1 pin The SBO1 output hold time is

Selection

01: Timer 1 underflow (1/8)
10: Timer 2 underflow (1/2)
11: Timer 2 underflow (1/8)

extended only when SBT1 pin is

selected as serial 1 clock

source.

MN102H55D/55G/F55G
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SC1TRB :
x'0O0FD8A'

7 6 5 4 3 2 1 0
SC1 | sc1|sci|sci|sct|scl|sct|sct
TRB7|TRB6|TRB5|TRB4| TRB3|TRB2| TRB1|TRBO
RIW | RIW | RIW | RIW | R'W | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 o1 |oa| o1 |or|on|on
7:0 Serial Transmit/Receive Data

420
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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.
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7|6 |5 | 4|3 ]2|1]0 SC1STR :
SC1 | SC1 |reserv| SC1 |reserv|reserv| SC1 | SC1 ' '
TBY |[RBY | ed [RXA| ed | ed | PE | OF x'00FD8B
R/ZRIRIRJIRIRJIRIR Serial 1 Status
o J]olo|Jo]o]o]|o]oO ]
01 | o1 | o/l | 0/1 | 0/ | 0| 01| 01 Register

8-hit access register

. . (16-bit access is posible
7 Transmission Busy Flag 0: Ready to transmit from even address)

1: Transmission in progress
SCI1STR reads the status for se-

. rial interface 1.
6 Reception Busy Flag 0: Ready to receive

1: Reception in progress
5 Reserved

4 Received Data 0: No received data
1: Received data

: ed .
32 Reserv A parity error occurs when the

parity bit is 1 although it is set to

1 Parity Error 0: No error 0, when the parity bit is 0 al-
1: Error though it is set to 1, when the

parity bit is odd although it is set

0 Overrun Error 0: No error to even, and when the parity bit
1: Error 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 poll the SC1RBY flag to
verify the reception end in clock
synchronous mode. Generate a
serial 1 reception end interrupt
or poll the SC1RXA flag to verify
the reception end.
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01 (01 |01 |01 01 0 01|01 |01 |01 |01 |01 |01 0 0/1

0/1

15 Transmit Enable 0: Disable
1: Enable

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-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 SBO2 Output Hold Time 0: More than BOSC cycles
1: More than timer 4 underflow cycles

1:0  Serial 2 Clock Source 00: SBT2 pin
Selection 01: Timer 4 underflow (1/8)
10: Timer 5 underflow (1/2)
11: Timer 5 underflow (1/8)
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 SC2CTR :

SC2 | SC2 | SC2 |reserv|reserv| - SC2 |reserv| SC2 | SC2 | SC2 | SC2 | SC2 - SC2 | sC2 ' '

TEN | REN | BRE | ed ed OD | ed | LN [PTY2|PTY1|PTYO| SB S1 | SO x'00FD90

RW |RW |RW|RW|RW| R |RW|RW|RW|RW|RW|RW|RW| R |[RW]|RW Seri a| 2 Control Reg iSter
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16-hit access register

SC2CTR sets serial 2 operating
conditions.

The SBO2 output hold time is
extended only when SBT2 pin is
selected as serial 2 clock
source.
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7 6 5 4 3 2 1 0 SCZTRB

SC2 | SC2 | SC2 | SC2 | SC2 | SC2 | sC2 | sCc2 ' '
TRB7|TRB6|TRB5|TRB4|TRB3|TRB2|TRB1|TRBO X OOFD92
RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW Serial 2 Transmit/

0 0 0 0 0 0 0 0

o1 | oL | o1 | o1 | o1 |on| ot ot 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 |reserv| SC2 |reserv|reserv| SC2 | SC2
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 | o1 | o |oa| o1 | o | oon|on

7 Transmission Busy Flag

6 Reception Busy Flag

5 Reserved

4 Received Data

3:2 Reserved

1 Parity Error

0 Overrun Error
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0: Ready to transmit
1: Transmission in progress

o

: Ready to receive
: Reception in progress

[EY

o

: No received data
: Received data

[EY

o

: No error
: Error

[EnY

o

: No error
: Error

[EnY

SC2STR :
x'00FD93'

Serial 2 Status
Register

8-bit access register
(16-bit access is possible
from even address)

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 poll the SC2RBY flag to
verify the reception end in clock
synchronous mode. Generate a
serial 2 reception end interrupt
or poll the SC2RXA flag to verify
the reception end.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 SC3CT R .
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 X 00FD98

RW |RW |RW |RW|RW| R |RW|RW|RW|RW|RW|RW|RW| R |RW|RW Serla|3C0ntI’0| RegISteI’

0/1

01 | 01 | 01 |01 0 0/1

0/1

01 |01 | 01| 01|01 0 0/1

0/1

16-hit 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 O.
1: Start sequence output when changing this bit
from O to 1.
11 Protocol Selection 0: Asynchronous mode
1: Clock synchronous mode, I°C mode
9 Bit Order Selection 0: LSB first
1: MSB first (select only when the character length
is 8-bit.)
8 I)C mode Selection 0: I>)C mode off 1: I>°C mode on
7 Character Length 0: 7-bit 1: 8-hit
6:4  Parity Bit Selection 000: None
100: O (output low)
101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved S
3 Stop Bit Selection 0: 1-bit 1: 2-hit
(asynchronous mode) The SBO3 outbut hold fime |
e output no ime IS
SBO3 Output Hold Time 0: More than BOSC cycles P -
] extended only when SBT3 pin is
(clock synchronous mode) 1: More than timer 4 underflow cycles selected as serial 3 clock
source.
1:0  Serial 3 Clock Source Asynchronous mode, I°C mode
Selection 01: Timer 4 underflow (1/8)
11: Timer 5 underflow (1/8)
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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SC3TRB :
x'0O0FD9A’

7 6 5 4 3 2 1 0
SC3 | SC3 | Sc3 | sc3 | Sc3 | sc3 | sc3 | sc3
TRB7|TRB6|TRB5|TRB4| TRB3|TRB2| TRB1|TRBO
RIW | RIW | RIW | RIW | R'W | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 o1 |oa| o1 |or|on|on
7:0 Serial Transmit/Receive Data
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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.



7 6 5 4 3 2 1 0
SC3 | SC3 | SC3 | SC3 | SC3 | SC3 | SC3 | sc3
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 | 01| o1 | o1 |on| o1 | o1 on
7 Transmission Busy Flag
6 Reception Busy Flag
5 I’C Stop Sequence Detect
4 Received Data
3 I°C Start Sequence Detect
2 Framing Error
1 Parity Error
0 Overrun Error

: Ready to transmit
: Transmission in progress

0: Ready to receive
: Reception in progress

0: Undetected
: Detected

0: No received data
: Received data

0: Undetected
: Detected

0: No error
: Error

0: No error
: Error

0: No error
: Error

Chapter 11 Appendix

SC3STR :
x'00FD9B'

Serial 3 Status
Register

8-bit access register
(16-bit access is possible
from even address)

SC3STR reads the status for se-
rial interface 3.

This bit is cleared by the read or
write operation of the SC3TRB
register. Set 1 to the SC3REN
bit.

This bit is cleared by the read or
write operation of the SC3TRB
register. Set 1 to the SC3REN
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 (SC3TRB). Over-
run error data is updated when-
ever the last data bit (seventh or
eighth bit) is received.

Do not poll the SC3RBY flag to
verify the reception end in clock
synchronous mode. Generate a
serial 3 reception end interrupt
or poll the SC3RXA flag to verify
the reception end.
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15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0 SCACTR
SC4 | SC4 | SC4 | SC4|SCa| - |SCa|SCa|sca|sca|scal|scalscal - |scal|sca . .
TEN |REN | BRE | IIC | PTL OD |ICM | LN |PTY2|PTY1|PTYO| SB Ss1 | S0 x'00FDAO
RW |RW |[RW |[RW |RW | R |RW |RW|RW |RW |RW|RW|RW| R |RW|RW Serial 4 Control Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 o1 |or|or|or| o [o1|oar|or|o1|oar|or|o1| 0o |o1|on
16-hit 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

11 Protocol Selection

9 Bit Order Selection

8 I°C mode Selection

7 Character Length

6:4  Parity Bit Selection

3 Stop Bit Selection
(asynchronous mode)
SBO4 Output Hold Time
(clock synchronous mode)

1.0 Serial 4 Clock Source
Selection

428 MN102H55D/55G/F55G

0: Stop sequence output when changing this

bit from 1 to O.

1: Start sequence output when changing this

bit from O to 1.

0: Asynchronous mode
1: Clock synchronous mode, I°C mode

0: LSB first

1: MSB first (select only when the character

length is 8-bit.)

0: I°C mode off 1: I>C mode on

0: 7-bit 1: 8-hit
000: None

100: 0 (output low)

101: 1 (output high)
110: Even (1s are even)
111: Odd (1s are odd)
Others: Reserved

0: 1-bit 1: 2-bit

0: More than BOSC cycles

1: More than timer 1 underflow cycles

Asynchronous mode, I°C mode
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)

Change when transmission or
reception is not in progress.

The SBO4 output hold time is
extended only when SBT4 pin is
selected as serial 4 clock
source.
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7 6 5 4 3 2 1 0 SC4TRB :
sca | sca | sca | sca|scal|scal|scalsca . '
TRB7|TRB6|TRB5|TRB4|TRB3|TRB2|TRB1|TRBO X OOFDA2
RIW | RIW | RW | RIW | RIW | RIW | RIW L RW Serial 4 Transmit/
o] olo]o]olo]olo
o1 | o1 | o1 | oL | ot ot ot on 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 | SC4 | SC4 | SC4 | SC4 | sC4
TBY |RBY | ISP |RXA | IST | FE | PE | OE
R|R|R|R|R|R|R|R
0 0 0 0 0 0 0 0
o1 | o1 | o1 |on|o1|or]|on]|on
7 Transmission Busy Flag
6 Reception Busy Flag
5 I>)C Stop Sequence Detect
4 Received Data
3 I2C Start Sequence Detect
2 Framing Error
1 Parity Error
0 Overrun Error
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0: Ready to transmit
1: Transmission in progress

0: Ready to receive
1: Reception in progress

0: Undetected
1: Detected

0: No received data
1: Received data

0: Undetected
1: Detected

0: No error
1: Error

0: No error

1: Error

0: No error

1: Error

SC4STR :
x'00FDAS'

Serial 4 Status
Register

8-bit access register
(16-bit access is possible
from even address)
SC4STR 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 poll the SC4ARBY flag to
verify the reception end in clock
synchronous mode. Generate a
serial 4 reception end interrupt
or poll the SC4RXA flag to verify
the reception end.
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TMOBC :
x'00FEOQ’

Timer 0 Binary

Counter

8-bit access register

TMOBC operates timer 0 count-
ing.

TM1BC :
x'00FEO1’

Timer 1 Binary
Counter

8-hit access register
(16-bit access is possible
from even address)

TM1BC operates timer 1 count-
ing.

TM2BC :
x'00FEOQ02'

Timer 2 Binary

Counter

8-bit access register

TM2BC operates timer 2 count-

TM3BC :
x'00FEOQO3'

7 6 5 4 3 2 1 0
TMO | TMO | TMO | TMO | TMO | TMO | TMO | TMO
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO

R R R R R R R R

0 0 0 0 0 0 0 0

0101 |01 |01]| 01| 0101|001

7 6 5 4 3 2 1 0
TM1|TM1 | TM1 | TM1 | TM1 | TM1 | TM1 | TM1
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO

R R R R R R R R

0 0 0 0 0 0 0 0
01|01 |01 |01]| 01| 01|01]| 01

7 6 5 4 3 2 1 0
TM2 | TM2 | TM2 | TM2 | TM2 | TM2 | TM2 | TM2
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO

R R R R R R R R

0 0 0 0 0 0 0 0
01]|01 |01 |01]| 01| 0101|001

7 6 5 4 3 2 1 0
TM3 | TM3 | TM3 | TM3 | TM3 | TM3 | TM3 | TM3
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO

R R R R R R R R

0 0 0 0 0 0 0 0

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

Timer 3 Binary

Counter
8-bit access register

(16-bit access is possible
from even address)

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 | BC1 | BCO
R R R R R R R R
0 0| o 0| o 0| o 0
o1 |on o1 o1 o ]or|or]|on
7 6 5 [ 4 3 2 1 0
TM5 [ TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO
R R R R R R R R
0 0| o 0| o 0| o 0
o1 o1 o1 o1 |or oo on
7 6 5 [ 4| 3 2 1 0
TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6 | TM6
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO
R R R R R R R R
0 0| o 0| o 0| o 0
ot |on ot o1 |or|or|or]|on
7 6 5 | 4 | 3 2 1 0
TM7 [ TM7 | TM7 | TM7 | TM7 | TM7 | TM7 | TM7
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO
R R R R R R R R
0 0| o 0| o 0| o 0
o1 |on o1 ot |or|or|or]|on
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TM4BC :
x'00FEO04'

Timer 4 Binary

Counter

8-bit access register

TM4BC operates timer 4 count-
ing.

TM5BC :
x'00FEOS’

Timer 5 Binary
Counter

8-bit access register
(16-bit access is possible
from even address)

TM5BC operates timer 5 count-
ing.

TM6BC :
x'00FEOQO6'

Timer 6 Binary

Counter

8-bit access register

TM6BC operates timer 6 count-
ing.

TM7BC :
x'00FEOQ7'

Timer 7 Binary

Counter

8-bit access register
(16-bit access is possible
from even address)

TM7BC operates timer 7 count-
ing.
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15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TMS8BC :

TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 '0O0FES2"
BC15 |[BC14 |BC13|BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO X

R R R R R R R R R R R R R R R R TimerSBinary

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

01|01 |01 |01]|01]|01|01|01]| 01|01 |01]|01]|01]|01]|01] 01 Counter

16-bit access register
TMB8BC operates timer 8 count-
ing.

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM9BC :

TM9 | TM9 | TM9 | TMO | TMO | TMO [ TMO [ TMO | TMO | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 '00FE92'
BC15 |[BC14 |BC13|BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO X

R R R R R R R R R R R R R R R R TimergBinary

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

01|01 |01 |01|01 |01 |01 |01)| 01|01 |01]|01]|01]|01]|01] 01 Counter

16-bit access register
TMO9BC operates timer 9 count-
ing.

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM10BC :
TM10|{TM10|TM10({TM10{TM10|TM10|TM10{TM10|{TM10|TM10|TM10|TM10|TM10|TM10|{TM10| TM10 '0O0EEA2'
BC15 |[BC14 |BC13 |BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO X

R R R R R R R R R R R R R R R R Timer 10 Binary

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
01|01 |01 |01]|01 |01 |01 |01)| 01|01 |01]|O01]|01|01|01]| 01 Counter

16-hit access register
TM10BC operates timer 10
counting.

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 TM11BC :
TM11|{TM11|TM11|TM11|TM11|TM11|TM11|TM11|TM11|TM11{TM11{TM11|{TM11|TM11|TM11|TM11 '0O0FEB 2’
BC15 [BC14 |BC13 |BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO X

R R R R R R R R R R R R R R R R Timer 11 Binary

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
01|01 |01 |01]|01]|01 |01 |01]| 01|01 |01]|01]|01]|01]|01] 01 Counter

16-hit 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|TM12|TM12|TM12|TM12|TM12|TM12|TM12|TM12|TM12|TM12 ' '
BC15|BC14 |BC13|BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO X 00 F ECZ

R 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

01|01 |01 |01]|01]|01 |01 |01]| 01|01 |01]|O01]|01]|01]|01] 01 CO unter

16-bit access register

TM12BC operates timer 12
counting.
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7 6 5 4 3 2 1 0 T M 13 B C -
TM13|{TM13({TM13|TM13|TM13|TM13|TM13|TM13 ' f
BC7 | BCs | BC5 | BC4 | BC3 | BC2 | BC1 | BCO x'00FEO8

RIRIRIRIRIRIRIR Timer 8 Binary

0o lo | o] o]o|o| o] o

01 | oL | o1 | oL | oL | ot | ot | oL Counter

8-bit access register

TM13BC operates timer 8

counting.
7 6 5 4 3 2 1 0 TM14BC :
TM14|TM14|TM14|[TM14| TM14|TM14| TM14| TM14 . ,
BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO x'O0FEO09

Timer 14 Binary

o1 |01 | 01|01 | 01| 01| 01| 01 Counter

8-hit access register
(16-bit access is possible
from even address)

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 TM15BC :
TM15|TM15|TM15(TM15|TM15|TM15|TM15{TM15|TM15|TM15[TM15|TM15|TM15|TM15|TM15| TM15 '00FED?2"
BC15|BC14|BC13|BC12|BC11|BC10| BC9 | BC8 | BC7 | BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO X

R R R R R R R R R R R R R R R R Timer 15 Binary

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
01|01 |01 |01]|01]|01 |01 |01]| 01|01 |01]|O01]|01]|01]|01] 01 Counter

16-bit access register
TM15BC operates timer 15
counting.
TM15BC is cleared on the rising
of TM15IA pin.

436 MN102H55D/55G/F55G



Chapter 11 Appendix

7 6 5 4 3 2 1 0 TMOBR .

TMO | TMO | TMO | TMO | TMO | TMO | TMO | TMO ' '
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO X OOFElo

RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW Timer 0 Base Register
0 0 0 0 0 0 0 0

01|01 |01 |01]| 01|01 ]|01]|01

8-hit 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 TM l B R -
TM1|TM1|TM1 | TM1 | TM1 | TM1 | TM1 | TM1 ' '
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO X OOFEll
RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW Timer 1 Base Register

0 0 0 0 0 0 0 0
01|01 |01 |01]| 01|01 ]|01]|01

8-bit access register
(16-bit access is possible
from even address)

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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™2
BR7

™2
BR6

™2
BR5

™2
BR4

™2
BR3

TM2 | TM2 | TM2
BR2 | BR1 | BRO

RIW

R/W

RIW

R/W

RIW

R/W | RIW | RIW

0/1

0/1

0/1

0/1

0/1

01 | 01

0/1

T™3
BR7

T™3
BR6

T™3
BR5

T™3
BR4

T™3
BR3

TM3 | TM3
BR2 | BR1

T™3
BRO

RIW

RIW

RIW

R/W

RIW

R/W | RIW

RIW

0/1

0/1

0/1

0/1

0/1

01 | 01

0/1
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TM2BR :
x'00FE12'

Timer 2 Base Register

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
(16-bit access is possible
from even address)

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 TM4BR .

TM4 [ TM4 | TM4 | TM4 [ TM4 | TM4 | TM4 | TM4 ' '
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO X 00FE14

RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW Timer 4 Base Register
0 0 0 0 0 0 0 0

0/1 0/1 0/1 0/1 0/1 0/1 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 TMSBR .

TM5 [ TM5 | TM5 | TM5 | TM5 | TM5 | TM5 | TM5 ' '
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO X OOFE15

RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW Timer 5 Base Register
0 0 0 0 0 0 0 0

01 (01|01 |01 |01]|01]|01]| 01

8-bit access register
(16-hit access is possible
from even address)

TM5BR 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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TM6 | TM6 | TM6 | TM6 | TM6
BR7

BR6 | BR5 | BR4 | BR3

TM6 | TM6 | TM6

BR2 | BR1

BRO

RIW

R/W | R'W | RIW | R'W

RIW | RIW

RIW

0/1

01 | 01| 01| 01

01 | 01

0/1

™7
BR7

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

™7
BRO

RIW

R/W | R'W | RIW | R'W | RIW | RIW

RIW

0/1

01 (01 |01 |01 |01 |01

0/1
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TM6BR :
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
(16-bit access is possible
from even address)

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|TM13 ' f
BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO X 00FE18
RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW Timer 13 Base Register
0 0 0 0 0 0 0 0
01|01 |01 |01]| 01| 01]|01]|01

8-hit 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 0 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 | BR2 | BR1 | BRO X OOFElg
RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW Timer 14 Base Register
0 0 0 0 0 0 0 0
0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1

8-bit access register
(16-bit access is possible
from even address)

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 TMO | TMO
EN | LD Sl | S0
RW [ RW | R R R RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 | o 0 0 o | o1 |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 | TM1 TM1 | TM1
EN | LD Sl | S0
RW |RW | R R R R | RW | RW
0 0 0 0 0 0 0 0
o1 | o1 | o 0 0 o |01 |on
7 TM1BC Count 0: Disable
1: Enable
6 Load TM1BR to TM1BC 0: Disable
1: Enable
Reset the 1/2 divisor circuit.
1.0 Clock Source Selection 00: BOSC/2
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01: Timer O underflow
10: Timer 0 cascade
11: Timer 4 underflow

TMOMD :
x'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
(16-bit access is possible
from even address)

TM1MD sets the timer 1 operat-
ing conditions.



7 6 5 4 3 2 1 0
T™M2 | TM2 TM2 | TM2
EN | LD S
RW |RW | R R R R |RW | RW
0 0 0 0 0 0 0 0
o1 | o1 o 0 0 0 [ o1 | on
7 TM2BC Count 0: Disable
1: Enable
6 Load TM2BR to TM2BC 0: Disable
1: Enable
Reset the 1/2 divisor circuit.
1.0 Clock Source Selection 00: BOSC/2
01: Timer O underflow
10: Timer 1 cascade
11: Timer 4 underflow
7 6 5 4 3 2 1 0
TM3 | TM3 TM3 | TM3
EN | LD S
RW |RW | R R R R | RW | RW
0 0 0 0 0 0 0 0
o1 o1 o 0 0 0 [ o1 | on
7 TM3BC Count 0: Disable
1: Enable
6 Load TM3BR to TM3BC 0: Disable
1: Enable
Reset the 1/2 divisor circuit.
1.0 Clock Source Selection 00: BOSC/2

01: Timer O underflow
10: Timer 2 cascade
11: Timer 4 underflow

Chapter 11 Appendix

TM2MD :
xX'00FE22'

Timer 2 Mode Register

8-hit access register

TM2MD sets the timer 2 operat-
ing conditions.

TM3MD :
xX'00FE23'

Timer 3 Mode Register

8-bit access register
(16-bit access is possible
from even address)

TM3MD sets the timer 3 operat-
ing conditions.
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7 6 5 4 3 2 1 0
TM4 | TM4 TM4 | TM4
EN | LD Sl | S0
RW [ RW | R R R RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 | o 0 0 o | o1 |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 O underflow
10: Timer 3 cascade
11: TM4IO pin input
7 6 5 4 3 2 1 0
TM5 | TM5 TM5 | TM5
EN | LD Sl | S0
RW |RW | R R R R | RW | RW
0 0 0 0 0 0 0 0
o1 | o1 | o 0 0 o |01 |on
7 TM5BC Count 0: Disable
1: Enable
6 Load TM5BR to TM5BC 0: Disable
1: Enable
Reset the 1/2 divisor circuit.
1.0 Clock Source Selection 00: BOSC/2
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01: Timer O underflow
10: Timer 4 cascade
11: BOSC

TM4MD :
x'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
(16-bit access is possible
from even address)

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 5 4 3 2 1 0
TM6 | TM6 TM6 | TM6
EN | LD S
RW |RW | R R R R |RW | RW
0 0 0 0 0 0 0 0
o1 | o1 o 0 0 0 [ o1 | on
7 TM6BC Count 0: Disable
1: Enable
6 Load TM6BR to TM6BC 0: Disable
1: Enable
Reset the 1/2 divisor circuit.
1.0 Clock Source Selection 00: Xl/4
01: Timer O underflow
10: Timer 5 cascade
11: Timer 4 underflow
7 6 5 4 3 2 1 0
T™M7 | TM7 TM7 | TM7
EN | LD S
RW |RW | R R R R | RW | RW
0 0 0 0 0 0 0 0
o1 o1 o 0 0 0 [ o1 | on
7 TM7BC Count 0: Disable
1: Enable
6 Load TM7BR to TM7BC 0: Disable
1: Enable
Reset the 1/2 divisor circuit.
1.0 Clock Source Selection 00: Xl/4

01: Timer O underflow
10: Timer 6 cascade
11: TM7IO pin input
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TM6MD :
xX'00FE26'

Timer 6 Mode Register

8-hit access register

TM6MD sets the timer 6 operat-
ing conditions.

TM7MD :
xX'0O0FE27'

Timer 7 Mode Register

8-bit access register
(16-bit access is possible
from even address)

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 T M 8 M D .

TM8 | TM8 - - TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 ,OOFE8O,

EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 SO X

RW |RW | R R |RW |RW|RW|RW|RW|RW]|RW|RW|RW|RW]|RW|RW T|mer 8 MOde RegIS'[er
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

01 | 01 0 0 0O1]01 |01 |01 |01|01|01)|01]| 01|01 ]|01] 01

16-hit 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.to 0
Operation 1: Operate TM8BC, 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 TMB8IOA pin is high,

down when TM8IOA pin is low
11: Up when TMB8IOB pin is high,
down when TM8IOB pin is low

9 Count Start External Trigger 0: Disable
Enable 1: Start counting on the falling edge of
TMBIOB pin
8 Counter Operating Mode 0: Repeat 1: One-shot counting During repeat counting, hold the
Selection TMS8EN flag state. During one-
shot counting, set the TM8EN
. . . flag to 0 when TM8BC=TMS8CA.
7.6 TM8CA, TM8CB Operating 00: Compare register (single buffer) ag to 0 when
Mode Selection 01: Compare register (double buffer)

10: Capture A when TM8IOA 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

5 TMB8BC Clear 0: Don't clear 1: Clear
4 TM8BC Count Range 0: 0to FFFF 1:0to TM8CA
3 TMB8IOA 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 O underflow

001: Timer 4 underflow

010: TM8IOB pin

011: BOSC/2

100: Two-phase encoder (4x) of TM8IOA
pin, TM8IOB pin

101: Two-phase encoder (1x) of TM8IOA
pin, TM8IOB pin

110: TM8IC pin
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TM8 | TM8 | TM8
IC | 10B | IOA
R R R R R | RW | RIW | RIW
0 0 0 0 0 0 0 0
0 0 0 0 0 01| 01 | 01

TM8IC Pin Input Edge Select

TMB8IOB Pin Output

TMB8IOA Pin Output

0: Change TMB8IOB pin output on the ris-
ing edge
1: Change TM8IOB pin outputonthe  fall-
ing edge

0: Positive
1: Negative

0: Positive
1: Negative

Chapter 11 Appendix

TM8MD?2 :
x'0O0FES8E’

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 TM9 | TMO [ TM9O | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 , .
EN |NLD UD1 | UDO | TGE | ONE | MD1 | MDO [ECLR| LP [ASEL| S2 | SL | SO x'00FE90
RW |RW| R | R |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW |RW |RW Timer 9 Mode Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
oL |o1| o 0 |or|o1|or|or|o1|or|oL|oL|or|oL|or|on ] ]
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
TM9IOB 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, TMICB Operating 00: Compare register (single buffer) flag to 0 when TMOBC=TMSCA.
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: 0to FFFF 1: 0to 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 O underflow
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001: Timer 4 underflow

010: TM9IOB pin

011: BOSC/2

100: Two-phase encoder (4x) of TMOIOA
pin, TM9IOB pin

101: Two-phase encoder (1x) of TMOIOA
pin, TM9IOB pin
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76| 5] 4 ]3|2]1]o0 TMOMD?2 :
™9 | TM9 , ,
BC | 1B xX'O0FE9E
RIR I RIRIR IR RWRW Timer 9 Mode
o | o|o]o o o]|o]|o
0 oo ]| o] oo o1|on Register 2

8-bit access register

1 TM9BC Clear Using TM9IOB 0: Don't clear N
Pin | t 1: Clear TM9MD?2 sets the conditions to
ninpu ' clear the timer 9 binary counter.
0 TMOIB Pin Input Polarity 0: Positive
1: Negative
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM 1OM D .
TM10|{TM10 TM10{TM10|TM10{TM10|{TM10{TM10|TM10{TM10|TM10{TM10|TM10| TM10 ,OOFEAO,
EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 SO X
RW |RW | R R |RW |RW|RW|RW|RW|RW]|RW|RW|RW|RW]|RW|RW T|mer 10 Mode RegISter
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
01 | 01 0 0 0o1]01 |01 |01 |01]|01|01)|01]|01|O01]|01] 01

15

14

TM10BC Count

TM10BC, T.F.F., RS.F.F.
Operation

11:10 Up/Down Counter Mode

Selection (Ignored when two-
phase encoding is selected.)

9 Count Start External Trigger

Enable

8 Counter Operating Mode
Selection

7:6  TM10CA, TM10CB Operating
Mode Selection

5 TM10BC Clear

4 TM10BC Count Range

3 TM10IOA Pin Output

2:0  Clock Source Selection
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16-bit access register

0: Disable 1: Enable TM10MD sets the timer 10 oper-
ating conditions.
0: Set TM10BC, T.F.F,,RS.F.F.t0 0

1: Operate TM10BC, T.F.F., RS.F.F.

00: Up counter

01: Down counter

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

0: Disable

1: Start counting on the falling edge of TM10I0B

pin

0: Repeat 1: One-shot counting During repeat counting, hold the

TM1OEN flag state. During one-
shot counting, set the TM10EN
flag to 0 when TM10BC =

00: Compare register (single buffer) TM10CA

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

0: Don't clear
1: Clear (when external synchronization is used)

0: 0 to FFFF 1: 0to TM10CA

0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)

The TM10IOB pin edge is set in
the TM10MD?2 register.

000: Timer O underflow

001: Timer 4 underflow

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
pin, TM10IOB pin



TM10{TM10

IB1 | 1BO
R|R|R|R|R| R |RW|RW
o|lof|o|o|o0o]|]o0o]|o0]oO
o|ofof|ofo]ofor]|on
1:0 TM10IB Pin Input Edge

00: Rising edge
01: Falling edge
10: Both edges

Chapter 11 Appendix

TM10MD2 :
x'00FEAE'

Timer 10 Mode
Register 2

8-bit access register

TM10MD2 sets the TM10IB pin

input edge.

MN102H55D/55G/F55G

451




Chapter 11 Appendix

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM 1 1 M D .
TM11|TM11 TM11|TM11|TM11(TM11|{TM11|TM11|TM11|TM11|TM11|TM11|TM11|TM11 ,OOFEBO,
EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO |ECLR| LP |ASEL| S2 S1 SO X
RW |RIW | R RW | RIW | RIW | R'W | R'W | R/'W | RIW | R'W | RI'W | R/IW | RIW | RIW T|mer 11 MOde Reglster
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
01 | 01 0 0 01|01 |01 |01]|01]|01|01)|01]|01|O01]|O01]| 01

15

14

TM11BC Count

TM11BC, T.F.F., RS.F.F.
Operation

11:10 Up/Down Counter Mode

Selection (Ignored when two-
phase encoding is selected.)

9 Count Start External Trigger

Enable

8 Counter Operating Mode
Selection

7:6 TM11CA, TM11CB Operating
Mode Selection

5 TM11BC Clear

4 TM11BC Count Range

3 TM11I0A Pin Output

2:0  Clock Source Selection
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16-hit access register

0: Disable 1: Enable TM11MD sets the timer 11 oper-
ating conditions.
0: Set TM11BC, T.F.F.,RSF.F.t100

1: Operate TM11BC, T.F.F., RS.F.F.

00: Up counter

01: Down counter

10: Up when TM11IOA pin is high,
down when TM11I0A pin is low

11: Up when TM11IOB pin is high,
down when TM11IO0B pin is low

0: Disable

1: Start counting on the falling edge of TM11I0B

pin

0: Repeat 1: One-shot counting During repeat counting, hold the

TM11EN flag state. During one-
shot counting, set the TM11EN
flag to 0 when TM11BC =

00: Compare register (single buffer) TML1CA

01: Compare register (double buffer)

10: Capture A when TM11IOA pin is high,
Capture B when TM11I0A pin is low

11: Capture A when TM11IOA pin is high,
Capture B when TM11IOB pin is high

0: Don't clear
1: Clear (when external synchronization is used)
0: 0to FFFF 1: 0to TM11CA

0: RS.F.F. output (one-phase PWM)
1: T.F.F. output (two-phase PWM)

000: Timer O underflow

001: Timer 4 underflow

010: TM11I0B pin

011: BOSC/2

100: Two-phase encoder (4x) of TM11I0A
pin, TM11IOB pin

101: Two-phase encoder (1x) of TM11I0A
pin, TM11IOB pin

The TM10IOB pin edge is set in
the TM10MD?2 register.



Chapter 11 Appendix

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 ™™™ 12MD .
T™M12|TM12| - - |TM12|TM12|TM12|TM12|TM12|TM12|TM12|TM12|TM12|(TM12|TM12| TM12 ,OOFECO,
EN | NLD UD1 | UDO | TGE | ONE | MD1 | MDO [ECLR| LP |ASEL| S2 S1 SO X
RW |RW | R R |RW |RW|RW|RW|RW|RW]|RW|RW|RW|RW]|RW|RW Timer 12 MOde Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 | 01 0 0 o101 (01|01 |01 |01 |01 )|01]|01|O01]|O01]| 01

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. 100
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 TM12IOA pin is high,

down when TM12IOA pin is low
11: Up when TM12IOB pin is high,
down when TM12IOB pin is low

9 Count Start External Trigger 0: Disable
Enable 1: Start counting on the falling edge of TM12I0B
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
7:6  TM12CA, TM12CB Operating 00: Compare register (single buffer) :;ﬁzt(;o when TM12BC =
Mode Selection 01: Compare register (double buffer) '

10: Capture A when TM12IOA pin is high,
Capture B when TM12I0A pin is low

11: Capture A when TM12IOA 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: TM12I0B pin

011: BOSC/2

100: Two-phase encoder (4x) of TM12I0A
pin, TM12IOB pin

101: Two-phase encoder (1x) of TM12I0A
pin, TM12IOB pin
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TM13|TM13|TM13| - - |TM13|TM13|TM13
EN | LD |CLR OB | OA | S
RW |RW | RW | R R |RW |RW | RW
0 0 0 0 0 0 0 0
o1 o1 fo1]| o 0 | o1 | o1 |on
7 TM13BC Count

6 Load TM13BR to TM13BC

5 TM130A, TM130B Signal

Level

2 TM130B Output Edge Select

1 TM130A Output Edge Select
0 Clock Source Selection

7 6 5 4 3 2 1 0
TM14|TM14|TM14| - - |TM14|TM14|TM14
EN | LD |CLR OB | OA | S
RW [RW | R R R R | RW | RIW
0 0 0 0 0 0 0 0
o1 | o1 | o 0 0 o | o1 |on
7 TM14BC Count
6 Load TM14BR to TM14BC
5 TM140A, TM140B Signal
Level

2 TM140B Output Edge Select
1 TM140A Output Edge Select
0 Clock Source Selection
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0: Disable

0: Disable

0: Disable
1: Enable *

0: Positive logic

0: Positive logic

0: BOSC/2

1: Timer O underflow

0: Disable

0: Disable

0: Disable
1: Enable *

0: Positive logic

0: Positive logic

0: BOSC/2
1: Timer O underflow

1: Enable

1: Enable

1: Negative logic

1: Negative logic

1: Enable

1: Enable

1: Negative logic

1: Negative logic

TM13MD :
x'00FE28'

Timer 13 Mode Register

8-bit access register

TM13MD sets the timer 13 oper-
ating conditions.

* Whenever the timer 13 count-
ing is stopped, TM130A and
TM130B signals go low when
the positive logic is selected as
output edge, while these signals
go high when the negative logic
is selected as output edge.

TM14MD :
x'00FE29'

Timer 14 Mode Register

8-bit access register

TM14MD sets the timer 14 oper-
ating conditions.

* Whenever the timer 14 count-
ing is stopped, TM140A and
TM140B signals go low when
the positive logic is selected as
output edge, while these signals
go high when the negative logic
is selected as output edge.
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15 | 14| 1312|110 |10]| 9 8 7 6 5 4 3 2 1 0 TM15MD :
TM15 |reserv TM15|TM15 . .
BC | ed CLK1|CLKO x'00FEDO
RWIRW] R | R JRIRIRIRIRIRIR R RIW | RIW Timer 15 Mode Register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 |o1]| o 0 0 0 0 0 0 0 0 0 0 o | o1|on ] )
16-hit 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
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15

14

13

12

11

10

T™8
CA15

T™8
CA14

T™8
CA13

T™8
CA12

T™8
CAl11l

T™M8
CA10

T™8
CA9

T™8
CA8

T™8
CA7

T™8
CA6

T™8
CA5

T™8
CA4

T™8
CA3

T™8
CA2

T™8
CAl

T™8
CAO

TM8CA :
x'00FE84'

RIW

R/W

RIW

RIW

RIW

RIW

R/W

RIW

R/W

RIW

R/W

RIW

R/W

R/W

RIW

R/W

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

15

14

13

12

11

10

T8C
AX15

T8C
AX14

T8C
AX13

T8C
AX12

T8C
AX11

T8C
AX10

T8C
AX9

T8C
AX8

T8C
AX7

T8C
AX6

T8C
AX5

T8C
AX4

T8C
AX3

T8C
AX2

T8C
AX1

T8C
AXO0

Timer 8 Compare/
Capture Register A
16-hit 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'0O0FE86’
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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 0 T M 8 C B -
TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 | TM8 ,00FE88,
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO X
R/W | R'W [ R/W | R/W | R'W | R'W | R'W | R/'W | RIW | R'W | R/W | RIW | RIW | RIW | RIW | RIW Timer 8 Com pare /

Capture Register B
16-hit access register

01 (01|01 |01 |01 |01)|01 |01 |01)01|01]|01)|01]|01]| 01|01

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 | TBC [ TBC | T8C | TBC | TBC | T8BC | T8C | T8C | T8C | TBC | T8C | T8C | T8C | T8C | T8C ' 0 0 F E 8 A '
BX15|BX14|BX13|(BX12|BX11|BX10| BX9 | BX8 | BX7 | BX6 | BX5 | BX4 | BX3 | BX2 | BX1 | BX0 X

S I N N N NS N (N NS AN A NN N N ) M Timer 8 Compare/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .

- - - - - - - - - - - - - - - - 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.
TMB8CBX 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

™9
CA15

T™9
CA14

T™9
CA13

™9
CA12

T™9
CAl11l

™9
CA10

T™9
CA9

™9
CA8

T™9
CA7

™9
CA6

™9
CA5

T™9
CA4

™9
CA3

™9
CA2

™9
CAl

™9
CAO

TMOCA :
x'00FE94’

RIW

R/W

RIW

RIW

RIW

RIW

R/W

RIW

R/W

RIW

R/W

RIW

R/W

R/W

RIW

R/W

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

15

14

13

12

11

10

T9C
AX15

T9C
AX14

T9C
AX13

T9C
AX12

T9C
AX11

T9C
AX10

T9C
AX9

T9C
AX8

T9C
AX7

T9C
AX6

T9C
AX5

T9C
AX4

T9C
AX3

T9C
AX2

T9C
AX1

T9C
AXO0

Timer 9 Compare/
Capture Register A
16-hit access register

TMOCA sets the timer 9 count-
ing cycle.

The timer 9 binary counter counts
the cycle of the TM9CA value +1.
TMOICA 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 :
Xx'00FE96’
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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 0 T M 9 C B -
TM9 | TMO | TMO | TM9 | TMO | TMO | TM9 | TM9 [ TM9 [ TMO | TM9 | TM9 | TM9 | TM9 | TM9 | TM9 ,00FE98,
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO X
R/W | R'W [ R/W | R/W | R'W | R'W | R'W | R/'W | RIW | R'W | R/W | RIW | RIW | RIW | RIW | RIW Timer 9 Com pare /

Capture Register B
16-hit access register

01 (01|01 |01 |01 |01)|01 |01 |01)01|01]|01)|01]|01]| 01|01

TM9CB 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 [ TOC [ TO9C | T9C | T9C | T9C | T9C | T9C | T9C | T9C | T9C | T9C | T9C | T9C | T9C | T9C ' 0 0 F E 9 A '
BX15|BX14|BX13|(BX12|BX11|BX10| BX9 | BX8 | BX7 | BX6 | BX5 | BX4 | BX3 | BX2 | BX1 | BX0 X

S I N N N NS N (N NS AN A NN N N ) M Timer 9 Compare/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .

- - - - - - - - - - - - - - - - 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.

TMICBX 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

TM10
CA15

T™M10
CA14

T™M10
CA13

TM10
CA12

T™M10
CAl11l

TM10
CA10

T™M10
CA9

TM10
CA8

T™M10
CA7

T™M10
CA6

TM10
CA5

T™M10
CA4

TM10
CA3

T™M10
CA2

T™M10
CAl

T™M10
CAO

TM10CA :
X'00FEA4’

RIW

RIW

RIW

RIW

RIW

RIW

R/W

RIW

R/W

RIW

R/W

RIW

R/W

R/W

RIW

RIW

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

15

14

13

12

11

10

T10C
AX15

T10C
AX14

T10C
AX13

T10C
AX12

T10C
AX11

T10C
AX10

T10C
AX9

T10C
AX8

T10C
AX7

T10C
AX6

T10C
AX5

T10C
AX4

T10C
AX3

T10C
AX2

T10C
AX1

T10C
AXO0

Timer 10 Compare/
Capture Register A
16-hit access register

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.

TM10CAX :
x'00FEAG'
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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 10CB -
TM10(TM10(TM10|/TM10|TM10{TM10({TM10|TM10(TM10({TM10|TM10|TM10|(TM10({TM10|TM10|TM10 IOOFEA8'
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO X
RW |RW |R/W |RIW | RIW | RIW | RIW | R'W | R/W | RIW | R'W | RIW | R/IW | RIW | R/W | RIW T|mer 10 Comp are/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ca ture Re |Ster B

01|01 |01 |01 |01 |01)|01|01|01]|01)|01]| 01| 01| 01| 01|01 p g

16-hit 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 TM lOCBX :
T10C|T10C|T10C |(T10C|T10C|T10C|T10C|T10C|T10C|T10C|T10C|T10C|T10C|T10C|T10C|T10C ' '
BX15|BX14|BX13(BX12(BX11|BX10| BX9 | BX8 | BX7 | BX6 | BX5 | BX4 | BX3 | BX2 | BX1 | BXO0 X OOFEAA

S I N N (N NN NN AN NN NN A A N N R Timer 10 Compare/

SR N IR N N N N A I 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

T™M11
CA15

T™M11
CA14

T™M11
CA13

T™M11
CA12

T™M11
CAl11l

T™M11
CA10

T™M11
CA9

T™M11
CA8

T™M11
CA7

T™M11
CA6

T™M11
CA5

T™M11
CA4

T™M11
CA3

T™M11
CA2

T™M11
CAl

T™M11
CAO

TM11CA :
x'O0FEB4'

RIW

RIW

RIW

RIW

RIW

RIW

R/W

RIW

R/W

RIW

R/W

RIW

R/W

R/W

RIW

RIW

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

15

14

13

12

11

10

T11C
AX15

T11C
AX14

T11C
AX13

T11C
AX12

T11C
AX11

T11C
AX10

T11C
AX9

T11C
AX8

T11C
AX7

T11C
AX6

T11C
AX5

T11C
AX4

T11C
AX3

T11C
AX2

T11C
AX1

T11C
AXO0

Timer 11 Compare/
Capture Register A
16-hit 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.

TM11CAX :
x'O0FEBG'
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Timer 11 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 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 -
T™™M11|{TM11|{TM11|TM11|TM11|TM11|TM11|TM11|TM11|TM11|TM11|(TM11|TM11|TM11|TM11|TM11 'OOFEB 8'
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO X
R/W | R'W [ R/W | R/W | R'W | R'W | R'W | RIW | RIW | R'W | R/W | RIW | RIW | RI'W | RIW | RIW Timer 11 Comp are/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .

01|01 |01 |01)|01|01]|01|01)|01]|01|01]|01)|01]|01]|01]| 01 Capture RegISter B

16-hit 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. A timer 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|T11C|T11C|T11C|T11C|T11C|T11C|T11C|T11C|T11C|T11C|T11C|T11C|T11C|T11C ,OOFEBA,
BX15|BX14|BX13|BX12|BX11|BX10| BX9 | BX8 | BX7 | BX6 | BX5 | BX4 | BX3 | BX2 | BX1 | BX0 X

S I A N NS N N NS NN A NS R N N N Timer 11 Compare/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .

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

™12
CA15

™12
CA14

T™12
CA13

™12
CA12

T™™12
CAl11l

™12
CA10

T™12
CA9

™12
CA8

™12
CA7

™12
CA6

™12
CA5

™12
CA4

™12
CA3

™12
CA2

™12
CAl

™12
CAO

TM12CA :
x'00FECA4’

RIW

RIW

RIW

RIW

RIW

RIW

R/W

RIW

R/W

RIW

R/W

RIW

R/W

R/W

RIW

RIW

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

15

14

13

12

11

10

T12C
AX15

T12C
AX14

T12C
AX13

T12C
AX12

T12C
AX11

T12C
AX10

T12C
AX9

T12C
AX8

T12C
AX7

T12C
AX6

T12C
AX5

T12C
AX4

T12C
AX3

T12C
AX2

T12C
AX1

T12C
AXO0

Timer 12 Compare/
Capture Register A
16-hit 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.

TM12CAX :
x'00FECG’
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Timer 12 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 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(TM12|TM12|(TM12|(TM12|TM12|TM12|(TM12(TM12|TM12|TM 12 ,00FEC8|
CB15|CB14|CB13|CB12|CB11|CB10| CB9 | CB8 | CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO X
RW |RW |R/W |RIW | RIW | RIW | RIW | R'W | R/W | RIW | R'W | RIW | R/IW | RIW | R/W | RIW T|mer 12 Comp are/

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .

01|01 |01 |01 |01 |01)|01|01|01]|01)|01]| 01| 01| 01| 01|01 Capture RegISter B

16-hit 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|T12C|T12C|T12C |T12C|T12C|T12C|T12C|T12C|T12C|T12C|T12C|T12C|T12C|T12C f '
BX15|BX14|BX13|BX12|BX11|BX10| BX9 | BX8 | BX7 | BX6 | BX5 | BX4 | BX3 | BX2 | BX1 | BX0 X OO F E CA
T - -Tr-1-1T-1T-1T-1T-71- Timer 12 Compare/
clojololojolol0l0l0}0l010101010 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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CA7

TM13|TM13

CA6

T™M13

CA5

T™13
CA4

T™M13
CA3

T™13
CA2

T™13
CAl

T™M13
CAO

R/W

RIW

RIW

RIW

RIW

R/W

RIW

R/W

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

T™M13
CB7

T™13
CB6

T™13
CB5

T™13
CB4

™13
CB3

T™13
CB2

T™13
CB1

™13
CBO

RIW

RIW

RIW

RIW

RIW

RIW

RIW

RIW

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1
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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

CA7

CA6

T™M14

CA5

™14
CA4

™14
CA3

™14
CA2

™14
CAl1l

™14
CAO

R/W

RIW

R/W

RIW

R/W

R/W

RIW

R/W

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1
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TM14CA :
x'0O0FEOB'

™14
CB7

™14
CB6

™14
CB5

™14
CB4

™14
CB3

™14
CB2

™14
CB1

™14
CBO

RIW

RIW

RIW

RIW

RIW

RIW

RIW

RIW

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

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'0O0FE1B'
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.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 TM 15CA .
TM15(TM15|TM15|TM15|TM15|TM15(TM15|TM15|TM15(TM15|TM15|TM15(TM15(TM15|TM15|TM15 ,OOFED4,
CA15|CA14|CA13|CA12|CA11|CA10| CA9 | CA8 | CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CAl1 | CAO X
RIW | RIW | R'W | RIW | RIW | RIW | RIW | RIW | RIW | R'W | RIW | RIW | RIW | RIW | RIW | RIW Timer 15 Capture

o|lo|lo|o|o|o|]o|o]|]o]|]o|O]|]o|]Oo]|oOo]o]|oO RegisterA

o1 o1 o1 |on o1 |or|on|or|or|or|ot|or|or|or]|or|on ] )

16-hit 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 4 3 2 1 0 ANCTR .
AN | AN | AN AN | AN | AN [ AN | AN | AN AN | AN | AN | AN ' '
NCH2|NCH1|NCHO 1CH2|{1CH1|1CHO| EN | TC |DEC CK1 | CKO [ MD1| MDO X OOFFOO
R |RW [RW |[RW | R |RW |RW |RW |RIW | RIW | RW RIW | RW | RIW | RIW A/D Converter
olofJof[ofJoJoJolo]Jo[o]o[oJo]o|]ofo
0 [or]or[or]| o [orfor|ot]|or|or o] o [or]or]ot]on Control Register

14:12 Channel Selection for
Multiple Channel Conversion

10:8 Channel Selection for
Single Channel Conversion

7

Flag

6

5

3.2

1.0

Conversion Start/Execution

Conversion Start at Timer 3
underflow

AD Converter Resolution

Clock Source Selection

Operating Mode Selection

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

000: Convert ANO
001: Convert AN1
010: Convert AN2
011: Convert AN3
100: Convert AN4
101: Convert AN5
110: Convert AN6
111: Convert AN7

0: No conversion
1: Conversion in progress

0: Disable
1: Enable

0: 8-hit
1: 10-bit

00: BOSC/2
01: BOSC/4
10: BOSC/8
11: BOSC/16

00: Single channel, single conversion

01: Multiple channels, single conversion

10: Single channel, continuous conversion
11: Multiple channels, continuous conversion

MN102H55D/55G/F55G

16-bit access register

ANCTR sets the A/D converter
operating conditions.
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15

14

13

12

11

10

9

3

2

0

ANO
BUF9

ANO
BUF8

ANO
BUF7

ANO | ANO
BUF6

BUF5

ANO

BUF4

ANO

ANO

BUF3|BUF2

ANO
BUF1

ANO
BUFO

ANOBUF :
x'00FF08'

o\

[=RPv)

[=3Pv)

R

R

R

R

R

R

o

o

o

Undefined|U

1ed | Ur

Undefined

Undefined

Undefined

Undefined| Undefined|

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

15

14

13

12

11

10

9

8

6

3

2

0

AN1

AN1

BUF9|BUF8

AN1

BUF7

AN1

AN1

BUF6|BUF5

AN1
BUF4

AN1
BUF3

AN1
BUF2

AN1
BUF1

AN1
BUFO

ANO Conversion Data
Buffer

16-hit 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 |Undefined

Undefined

Undefined |Undefined

Undefined

Undefined

Undefined

Undefined

Undefined|

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1
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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 0 AN2BUF :
- - - - - - | AN2 | AN2 | AN2 | AN2 | AN2 | AN2 | AN2 | AN2 [ AN2 | AN2 . '
BUF9|BUF8|BUF7|BUF6 |BUF5|BUF4|BUF3|BUF2|BUF1|BUFO x'00FFOC
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 |Undefined |Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined BUffer
0 0 0 0 0 0 o1 | 01| 01| 01 01|01 |01 | 01| 01 0/1 . .
16-hit 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|BUF6|BUF5 |BUF4|BUF3|BUF2|BUF1|BUFO x'00FFOE
R/ R|IR|R|IR|R|R|R|R|R|R|R|JR|R|JR]|R AN3 Conversion Data
0 0 0 0 0 0 |Undefined |Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined BUffer
0 0 0 0 0 0 01| 01| 01| 01 01|01 |01 01| 01| 01

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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15

14

13

12

11

10

9

4

3

2

1

0

AN4
BUF9

AN4
BUF8

AN4
BUF7

AN4 | AN4
BUF6

BUF5

AN4

BUF4

AN4

AN4

BUF3|BUF2

AN4
BUF1

AN4
BUFO

AN4BUF :
x'00FF10'

ol

R

R

R

R

R

R

o

o

[=3Pv)

o

o

Undefined|U

1ed | Ur

Undefined

Undefined

Undefined

Undefined| Undefined|

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

15

14

13

12

11

10

9

8

6

3

2

0

ANS

ANS

BUF9|BUF8

ANS

BUF7

ANS

BUF6|BUF5

ANS

ANS
BUF4

ANS
BUF3

ANS
BUF2

ANS
BUF1

ANS
BUFO

AN4 Conversion Data
Buffer

16-hit 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

o

o

o

o

o

Undefined |Undefined

Undefined

Undefined |Undefined

Undefined

Undefined

Undefined

Undefined

Undefined|

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1
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ANS5 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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15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0 ANG6BUF :
- - - - - - | AN6 | AN6 | AN6 | AN6 | ANG | AN6 | AN6 | AN6 | ANG | ANG . .
BUF9|BUF8|BUF7|BUF6 |BUF5|BUF4|BUF3|BUF2|BUF1|BUF0 x'00FF14

R|R|R|R|R|R|R|R|R|R|R|R|R|RJRIR ANG6 Conversion Data

0 0 0 0 0 O |Undefined |Undefined |Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined BUffer

0 0 0 0 0 0 o1 | 01| 01| 01 01|01 |01 | 01| 01 0/1 . .
16-hit 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|BUF6|BUF5 |BUF4|BUF3|BUF2|BUF1|BUFO x'00FF16

R|R|R|R|R|IR|R|R|R|R|R|R|R|R|R]JR AN7 Conversion Data

0 0 0 0 0 O |Undefined |Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined BUffer

0 0 0 0 0 0 o1 | 01| 01| 01 01|01 |01 | 01| 01| 01

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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7 6 5 4 3 2 1 0
DAO
ON
R R R R R R R | RIW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0o | on
0 DAO Conversion Start 0: Disable
1: Enable
7 6 5 4 3 2 1 0
DAO | DAO | DAO | DAO | DAO | DAO | DAO | DAO
BUF7 |BUF6 |BUF5|BUF4 |BUF3|BUF2 |BUF1|BUFO
RW | RW | R'W | RW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 | o1 |on o1 | o |on|on
7 6 5 4 3 2 1 0
DA1
ON
R R R R R R R | RIW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 | o1
0 DA1 Conversion Start 0: Disable
1: Enable
7 6 5 4 3 2 1 0
DALl | DAL | DA1 | DAl | DAL | DAL | DAL | DAL
BUF7 |BUF6 |BUF5|BUF4 |BUF3|BUF2|BUF1|BUFO
RW | RIW | R'W | RW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 o |on o1 | o |on|on
474 MN102H55D/55G/F55G

DAOCTR :
x'00FF40'

DAO Converter
Control Register
8-bit access register

DAOCTR controls DAO conver-
sion.

DAOBUF :
X'00FF41"
DAO Conversion

Data Buffer

8-bit access register
(16-hit access is possible
from even address)

DAO conversion data

DA1CTR :
X'00FF42'

DA1 Converter
Control Register
8-bit access register

DAIL1CTR controls DAL conver-
sion.

DA1BUF :
X'00FF43'
DA1 Conversion

Data Buffer

8-bit access register
(16-bit access is possible
from even address)

DAL conversion data
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 E XW M D .
EW |EW | EW | EW | EW | EW | EW | EW | EW | EW | EW | EW | EW | EW | EW | EW ' '
33 32 31 30 23 22 21 20 13 12 11 10 03 02 01 00 X 0 0 FF 8 0

RW |R'W | R'W | R/IW | R'W | R'W | RIW | R'W | R'W | RIW | R/IW | R'W | RI'W | R/IW | RIW | RIW EXtel’nal Memory

o1 o1 | o1 o1 | o1 | o1 o1 |01 | o1 o1 o1 | ot | o1 oL ot ot Wait Register

16-bit access register

15:12 Wait Setting for External Memory Space 3 *
EXWMD sets the external
) ) memory wait cycles.
11:8 Wait Setting for External Memory Space 2 *

* Please refer to Figure 2-1-1

7.4 Wait Setting for External Memory Space 1 * Address Space on page 52 for
address allocation of external
3:0  Wait Setting for External Memory Space 0 * memory spaces.

Setting Waits Cycles

0 0000 0.0 10

1 0001 0.5 15

2 0010 10 2.0 0.5 wait cycle corresponds to

3 0011 15 25 BOSC 1 cycle. 1 wait cycle cor-
responds to 1 cycle of instruc-

4 0100 20 3.0 tion. With a 34-MHz oscillator,

5 0101 25 35 0.5 wait cycle = 29.4 ns

6 0110 3.0 4.0 1 wait cycle = 58.8 ns

7 0111 35 45

8 1000 4.0 50

9 1001 4.5 55

10 1010 50 6.0

11 1011 55 6.5

12 1100 6.0 7.0

13 1101 6.5 7.5

14 1110 7.0 8.0

15 1111 perform handshake mode

by WAIT pin
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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 /O
Space

476 MN102H55D/55G/F55G

00: 16-bit bus width

01: 8-hit bus width

10: Reserved

11: 8-bit bus width when A8 is high,

16-bit bus width when A8 is low

15 |14 [ 13 |12 | 11 | 10 8|7 |6 |5|4|3|2]1]0 MEMMD1 :
EB | EB | EB | EB | EB | EB | EB | EB |BRS|BRS|BRC|BRC|BRC|BRC|IOW |IOW. \ ,
31|30 |21 |20|1|10]|ot]oo|1|0o|3|2|1]0|1]o0 X'O0FF82
R/W |R/W |R/W [R/W |[R/W |RIW |R/W [R/W |RIW |R/W |R/W |[R/IW |RIW |RIW | R/W | RIW
Memory Mode Setup 1
Si nglechip Mode 0 0 0 0 0 0 0 |[ndefined O 0 0 0 0 0 1 1 Reg |Ster
Vmory Expardon tode 16-hit access register
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
(16-bit bus width)
Memory Expansion Mode MEMMDL1 sets the bus width for
0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 K
(8-bit bus widith) 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
0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1
(8-bit buswicth) area and other areas consecu-
0/1|01({01|01|01|01|{01|01|01|01[021|01|01]|01]|01]|01 tively.

* 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

0: Disable
: Enable

: Disable
: Enable

0: Disable
: Enable

0: Disable
: Enable

00: 1.0 wait cycle

01: 1.5 wait cycles
10: 2.0 wait cycles
11: 3.0 wait cycles

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

4 bytes
8 bytes
16 bytes
32 bytes

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 |12]10]| 9 8 7 6 5 | 4 | 3 2 1 0 MEMMD?2 :
HS2 | HS1 | HSO re:e(;rv re:’v stl' BfT B§T X'OOFF84'
R|R|R|R| R |RW|RW|RW| R RW |RW | R |RW |RW |RW Memory ModeSetup2
o|lofjo|o|o|o|]o|o|o|o|oO|oO]O|]O]|]oO]oO Register
o|of|of|ofofor|or|or|o | o o |or| o /|o1]|o1]|on
16-hit 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
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

MN102H55D/55G/F55G
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 DRAMMD1 :
ARE | ARE | ARE | ARE |[MMD [MMD |[ASEN| SEL | SEL | SEL | CAS | CAS | CAS | RAS | RAS | RAS ' '
3 2 1 0 1 0 2 1 0 2 1 0 2 1 0 X 0 0 FF 9 0
RW |R/W | RIW | RIW | R'W | RIW | RIW | R'W | R'W | RIW | R'W | RI'W | R/IW | RIW | RIW | RIW DRAM Contl’0| 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
o1 (01 |01 |01 |01 |01 |01 |01 01|01 |01]|01)|01]|01]| 01|01 Reg Ister

16-bit access register

15 DRAM Operation 0: Disable

DRAMMD1 sets the DRAM
for External Memory Space 3 * 1: Enable sets the

modes.
14 DRAM 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 Operation 0: Disable memory spaces.
for External Memory Space 1 * 1: Enable
12 DRAM Operation 0: Disable
for External Memory Space 0 * 1: Enable
. H H . H MMD(1:0) Setti 00 01 10
11:10 Shift Size of DRAM Address 00: 8-hit (1:0) Setting s oo amiio
01 g-blt Pin Name |ROW Address Output | COL Address Output
’ P46 A22 - (A11) (A11)
10: 10-hit P45 A21 - (A10) (A10)
P44 A20 - (Lo) Al10
11: Reserved 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 Al3 A5 A4 A3
P34 Al2 A4 A3 A2
P33 All A3 A2 Al
P32 Al0 A2 Al A0
P31 A9 Al AO (A0)
P30 A8 A0 - -
9 Shift Setting from Row 0: Don't shift
addresses of AD15-ADO 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 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
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 DRAM Access Method
Selection
14 Clock Source Selection for

DRAM Refresh

13:11 Reserved

10 DRAM Refresh Enable

9:6  Cycle Setting at Refresh

5:3  Timing Setting of CAS Falling
Edge

2.0  Timing Setting of RAS Falling

Edge

0: 2WE method
1: Reserved

0: Timer 12 underflow
1: Timer 10 underflow

Setto 0

0: Disable
1: Enable *

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

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 DRAMMD?2 :
DRAMDRAM|reserv |reserv reserv| RON | RCY | RCY | RCY | RCY | RCS | RCS | RCS | RRS | RRS | RRS ' '
ACC| TM | ed ed ed 3 2 1 0 2 1 0 2 1 0 x'00FF92
RW |R'W | R'W | R/IW | RIW | R'W | RIW | R'W | R'W | RI'W | R/IW | R'W | R'W | R/IW | RIW | RIW DRAM Contro | 2

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
01 (01 |01 |01 |01 |01)|01 |01 01|01 |01]|01)|01]|01]| 01|01 Reg Ister

16-bit access register

DRAMMD2 sets the DRAM
modes.

Use only 2WE method in DRAM
mode. Do not use 2CAS
method.

* DRAM is refreshed once when
a timer 10 or 12 underflow inter-
rupt occurs. At 256 times/8 ms,
the refresh interval is 31.25 ps
or less.
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15(14 1312|1120 9| 8|7 |6 |54 |3|2|1]0 REEDGE :
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 |01 |00 x'00FF86
RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW [R/W [RIW RE Waveform Control
Processor Mode oyjojojofojojofojojo|jofojoj1jyo0]o Reg ister
Other Modes ojofojofofo|OofO|O|O|O|O|O|O|O]oO 16-bit -
O/1|0/1|0/1|01|0A|01|01|01|01|01|01|01]|01][01]|01]|0/1 -DIt acCess register

00: RE Short 0 Mode (Reset)
01: RE Short 0.5 Mode

10: RE Short 1 Mode

11: RE Short 1.5 Mode

15:14 RE Short 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

13:12 RE Late Mode in CS3 Space

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

00: RE Late 0.5 Mode (Reset)
01: RE Late 1 Mode
10: RE Late 2 Mode
11: RE Late 3 Mode

9:8 RE Late Mode in CS2 Space

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

00: RE Short 0 Mode

01: RE Short 0.5 Mode (Reset)
10: RE Short 1 Mode

11: RE Short 1.5 Mode

3:2  RE Short Mode in CSO Space

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

480 MN102H55D/55G/F55G

REEDGE sets the RE waveform
control modes.

The RE short mode and the RE
late mode do not affect the
BSTRE pin connecting burst
ROM.
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151 |w3]2]ufw]o s 7]6]s]a]3]2T]1]o WEEDGE :
WEES|WEES|WEEL WEEL |WEES|WEES|WEEL |WEEL |WEES|WEES|WEEL [WEEL |WEES|\WEES|WEEL |WEEL '‘00FF88"
31 |3 | 3 |30 |20 |2 | 2|2 | 11|10 |22|10] 0 |00 | 01| 00 X
RW |RW | R'W | RIW | R'W | RIW | R'W | RIW [ RIW | RI'W | RIW | RIW | RIW | RIW | RIW | RIW WE Waveform Contr0|
olofloflo]oJo|lo]olo]olo|lo]o]o|ofo .
o1 o1 |on [or|or|or|or|or|or]|or|or|or]|or|or]|or]on Reg I.Ster _
16-hit access register
15:14 WE Short Mode in CS3 Space 00: WE Short 0 Mode (Reset) WEEDGE sets the WE wave-

13:12

11:10

9:8

7.6

5.4

3.2

1.0

WE Late Mode in CS3 Space

'WE Short Mode in CS2 Space

WE Late Mode in CS2 Space

WE Short Mode in CS1 Space

WE Late Mode in CS1 Space

'WE Short Mode in CS0 Space

'WE Late Mode in CSO Space

01: WE Short 0.5 Mode
10: WE Short 1 Mode
11: WE Short 1.5 Mode

00: WE Late 1 Mode (Reset)
01: WE Late 2 Mode

10: WE Late 3 Mode

11: Reserved

00: WE Short 0 Mode (Reset)
01: WE Short 0.5 Mode

10: WE Short 1 Mode

11: WE Short 1.5 Mode

00: WE Late 1 Mode (Reset)
01: WE Late 2 Mode

10: WE Late 3 Mode

11: Reserved

00: WE Short 0 Mode (Reset)
01: WE Short 0.5 Mode

10: WE Short 1 Mode

11: WE Short 1.5 Mode

00: WE Late 1 Mode (Reset)
01: WE Late 2 Mode

10: WE Late 3 Mode

11: Reserved

00: WE Short 0 Mode (Reset)
01: WE Short 0.5 Mode

10: WE Short 1 Mode

11: WE Short 1.5 Mode

00: WE Late 1 Mode (Reset)
01: WE Late 2 Mode

10: WE Late 3 Mode

11: Reserved

form control modes.

MN102H55D/55G/F55G 481




Chapter 11 Appendix

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 | 3 | 3 |3 |20 |2 | 20| 2| 11|10 |1 |10 |0 |0 o0 |00 x'00FF8A
RW | RW | RW | RW | R'W | RW | RW | RIW | R'W | RIW | RW | RW | RIW | RIW | RIW | RIW ALE Waveform Control
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 .
o1 ot | o | o1 |or o |or|or|or|or|or|or|or|or|or|on Reg I_Ster ]
16-hit 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  ALELong Mode 00: ALE Long 0 Mode
in CS0 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: ALE Late 0.5 Mode
10: ALE Late 1 Mode (Reset)
11: ALE Late 1.5 Mode
482 MNZ102H55D/55G/F55G
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15 | 14| 13|12 12|10 9 8 7 6 5 | 4 3 2 1|0 MPXADR :
ADL | ADL | ADL| ADL | ADL | ADL | ADL | ADL , .
31| 3 |21 |2 |11 | 10 | 01 | 00 x'00FF8C
R R R R R R R R |RW |RW|RW|RW |RW |RW |RW | RIW Address Output Time
o|lo|lo|o|o|O|oO|O|]O]|]O|O]|]oO]|]O]|oO 1 1 :
o|o|o|of|o|o0o]| o] o0 |or|oL|o1|oOr]|o0L|OL]|0L|O1 Conle RegISter_
16-hit 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 CS0 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|12]10] 9 8 7 6 5 4 3 2 1 0 PBSW :
PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS | PBS '‘00EEBC'
W15 | W14 | wi3 | wi2 w1l |w10 | w9 | ws | w7 | we | w5 | w4 | w3 | w2 | w1 | wo X
RW |RW |RW |R/W |RIW | RIW | R'W | R'W | RIW | R'W | RI'W | R/'W | R'W | RIW | R/W | RIW Pointer Byte Swap
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .
o1 | o1 o1 |onr|or ot o |or|or]or|or|or|or|or]|or]on Register
16/24-bit access register
15|14 | 13|12 |11 |10] 9 8 7 6 5 4 3 2 1 0
- - - - - - - - |PBS|PBS|PBS|PBS|PBS|PBS|PBS|PBS PBSW writes 24-bit pointer
W23 | W22 | w21 | w20 | W19 | wis | w17 | W16 data.
R|R|R|R|R|R|R|R |RW|RW|RW|RW|RW|RW|RW|RW
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 During read operations, the up-
0 0 0 0 0 0 0 o o1 ot |or|or|or]or]or]|on per 8-bit data and the lower 8-bit
data are inverted. The middle 8-
bit remains.
. XOOFFBE' | xOOFFBD' |  XOOFFBC' |
123 16:15 817 0!
Write
7 16
Read
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 L B SWL .
LBS|(LBS|LBS|LBS|LBS|LBS|LBS|LBS|LBS|LBS|LBS|LBS|LBS|LBS|LBS|LBS ,OOFFCC,
WL15(WL14|(WL13|WL12|WL11|WL10| WL9 | WL8 | WL7 | WL6 | WL5 | WL4 | WL3 | WL2 | WL1 | WLO X
RW [RW | R\W | R/IW [ R'W | R'W | R/IW | R'W | R'W | R'W | R/IW | R'W | RI'W | R/W | RIW | RIW Long Word Byte Swap

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .

01|01 |01 |01)|01|01]|01|01)|01]|01|01|O01)|01]|01]|01]| 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|1n|w0| 9|8 |7 |6 |5][a][3]2]1]o0 LBSWH :
LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS | LBS '00FECE®
WH15\WH14|WH13[WH12|WH11|WH10| WH9 | WH8 | WH7| WH6 | WH5 | WH4 | WH3 | WH2 | WH1 | WHO X

RIW | RIW | RIW | RIW | RW | RIW | RIW | RIW | RIW | RIW | RW | RIW | RIW | RIW | RIW | RIW Long Word Byte Swap

Register H

01|01 |01 |01|01 |01 |01 |01 |01 |01 |01]|O01]|O01 |01 |O01]|O01

8/16-bit access register

LBSWH writes 16-bit data.

During read operations, bits[7:0]
read bits[15:8] of the LBSWL
register, and bits[15:8] read bits
LBSWL Write [7:0] of the LBSWL register.

X'00FFCF' | xX'00FFCE' '@ x'00FFCD' § X'00FFCC' |
15 87 0i15 87 0

LBSWH

LBSWL § LBSWH Read
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PLU7|[PLU6 |PLU5|PLU4|PLU3|PLU2|PLU1|PLUO
R/W | R'W | RIW | RIW | R'W | RIW | R/IW | RIW

01 (01 |01 |01 |01 |01 |01 01

7:0  Port 0 Pullup Resistor 0: Off
1:On

P1 P1 P1 P1 P1 P1 P1 P1
PLU7|[PLU6 |PLU5|PLU4|PLU3|PLU2|PLU1|PLUO

R/W | R'W | RIW | RIW | R'W | RIW | R/IW | RIW

01 (01 |01 |01 |01 |01 |01 01

7:0  Port 1 Pullup Resistor 0: Off
1:On

P2 P2 P2 P2 P2 P2 P2 P2
PLU7|[PLU6|PLU5|[PLU4|PLU3|PLU2|PLUL|PLUO

RW | RIW | RIW | R'W | R'W | RIW | RIW | RIW

01|01 |01 |01]| 01| 01|01 |01

7:0  Port 2 Pullup Resistor 0: Off
1:On

PLU7|PLU6|PLUS [PLU4|PLU3|PLU2|PLU1|PLUO
RW | RIW | RIW | R'W | R'W | RIW | RIW | RIW

01|01 |01 |01]| 01| 01|01 |01

7:0  Port 3 Pullup Resistor 0: Off
1:On
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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 :
x'00FFB2'

Port 2 Pullup
Control Register

8-bit access register

P2PLU controls the port 2 pullup
resistor.

P3PLU :
x'00FFB3'

Port 3 Pullup
Control Register

8-bit access register

P3PLU controls the port 3 pullup
resistor.



7 6 5 4 3 2 1 0
P4 | P4 | PA | P4 | P4 | P4 | P4 | P4
PLU7 [PLU6 | PLUS|PLU4|PLU3|PLU2|PLU1|PLUO
RW | RW | RW | RW | RIW | RW | RIW | RIW
0 0 0 0 0 0 0 0
o1 |01 |01 |o1|or|o1|on|on
7:0  Port 4 Pullup Resistor 0: Off
1: On
7 6 5 4 3 2 1 0
Ps | P5 | P5 | P5 | P5 | P5 | P5 | P5
PLU7 [PLU6 | PLUS|PLU4|PLU3|PLU2|PLU1|PLUO
RW | RW | RW | RW | RIW | RW | RIW | RIW
0 0 0 0 0 0 0 0
o1 |01 |01 |o1|or|o1|onl|on
7:0  Port 5Pullup Resistor 0: Off
1:On
7 6 5 4 3 2 1 0
P6 | P6 | P6 | P6
PLU3|PLU2|PLU1|PLUO
R | R | R | R |RW|RW|RW|RW
0 0 0 0 0 0 0 0
0 0 0 0 | o1 |o1|on|on
3.0 Port 6 Pullup Resistor 0: Off
1:On
7 6 5 4 3 2 1 0
P7 | PT | PT | PT | P7T | P7
PLU5|PLU4 |PLU3 |PLU2|PLUL|PLUO
R | R |RW|RW|RW |RW |RW |RW
0 0 0 0 0 0 0 0
0 0 |o1|o1|or|o1|o1]|on
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 :
x'00FFB5'

Port 5 Pullup
Control Register

8-bit access register

P5PLU controls the port 5 pullup
resistor.

P6PLU :
x'0O0FFB6'

Port 6 Pullup
Control Register

8-hit access register

P6PLU controls the port 6 pullup
resistor.

P7PLU :
x'00FFB7'

Port 7 Pullup
Control Register

8-hit access register

P7PLU controls the port 7 pullup
resistor.
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7 6 5 4 3 2 1 0
P8 | P8 | P8 | P8 | P8 | P8 | P8 | P8
PLU7|PLU6 |PLU5|PLU4|PLU3|PLU2|PLUL|PLUO
RW | RIW | RIW | RW | RIW | RIW | RW | RIW
0 0 0 0 0 0 0 0
o1 |or o1 |o1|or|or|or|on
7:0  Port 8 Pullup Resistor 0: Off
1:On
7 6 5 4 3 2 1 0
PO | P9 | PO | PO | PO | PO | PO | PO
PLU7|PLU6 |PLU5|PLU4|PLU3|PLU2|PLUL|PLUO
RW | RW | RIW | RW | RIW | RIW | RW | RIW
0 0 0 0 0 0 0 0
o1 |or o1 |o1|or|or|or|on
7:0  Port 9 Pullup Resistor 0: Off
1:On
7 6 5 4 3 2 1 0
PA | PA | PA | PA | PA | PA
PLUS|PLU4|PLU3|PLU2|PLUL|PLUO
R | R |RW|RW|RW|RW|RW|RW
0 0 0 0 0 0 0 0
0 0 |o1|o1|or|o1|or]|on
5:0 Port A Pullup Resistor 0: Off
1:On
7 6 5 4 3 2 1 0
reserv |reserv |reserv| PB PB
ed | ed | ed |PLUL|PLUO
R RW | RW | RW | RW | RIW | RIW
0 0 0 0 0 0 0 0
0 0 |o1|o1|or|o1|o1]|on
4:2 Reserved Setto 0
1:0  Port B Pullup Resistor 0: Off
1: On
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P8PLU :
x'00FFBS8'

Port 8 Pullup
Control Register

8-bit access register

P8PLU controls the port 8 pullup
resistor.

POPLU :
x'00FFB9’

Port 9 Pullup
Control Register

8-bit access register

PI9PLU 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.



OUT7|0OUT6|OUT5{0OUT4|OUT3|0UT2{OUT1|OUTO
R/W | R'W | R'W | R/IW | R'W | RIW | R/IW | RIW

01 (01 |01 |01 |01 | 01| 01|01

7:0  Port 0 Output 0: Output low
1: Output high

P1 P1 P1 P1 P1 P1 P1 P1
OUT7|0UT6|0OUT5|OUT4|OUT3|OUT2|OUT1|OUTO

R/W | R'W | RIW | R/IW | RIW | R'W | RIW | RIW

01 (01 |01 |01 |01 | 01| 01|01

7:0  Port 1 Output 0: Output low
1: Output high

P2 P2 P2 P2 P2 P2 P2 P2
OUT7|0UT6|0OUT5|OUT4|OUT3|OUT2|OUT1|OUTO

RW | R'W | R'W | RIW | RIW | RIW | RIW | RIW

01|01 |01 |01]| 01| 01]|01]| 01

7:0  Port 2 Output 0: Output low
1: Output high

OUT7|0UT6|0OUT5|OUT4|OUT3|OUT2|OUT1|OUTO
RW | R'W | R'W | RIW | RIW | R'W | RIW | RIW

01|01 |01 01|01 ]| 0101|001

7:0  Port 3 Output 0: Output low
1: Output high
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POOUT :
xX'00FFCO’

Port 0 Output
Register

8-bit access register

POOUT sets the data output to
the port 0.

P1OUT :
x'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-hit 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.
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P4 | P4 | P4 | P4 | P4 | P4 | P4 | Pa
OUT7|0UT6|0UT5|0UT4|OUT3|OUT2|OUTL|{OUTO

RW | RIW | RIW | R'W | R'W | RIW | R/W | RIW

01 (01 |01 |01 |01 | 01| 01]| 01

7:0  Port 4 Output 0: Output low
1: Output high

P5 P5 P5 P5 P5 P5 P5 P5
OUT7|{0OUT6|0OUT5|{0OUT4|OUT3|OUT2|OUT1{OUTO

R/W | RIW | RIW | R'W | R'W | RIW | R/W | RIW

01 (01 |01 |01 |01 | 01| 01]| 01

7:0  Port 5Output 0: Output low
1: Output high

OUT3|0OUT2|0UT1|{OUTO

o
o
o
o
o
o
o
o

0 0 0 0 01| 01 | 01| 01

3:0  Port 6 Output 0: Output low
1: Output high

- - | Pt | P | P7T | P7T| PT|P7
OUT5[0UT4|0UT3|0UT2|0UT1|{0OUTO

R R |RW |RW | RW | RIW | R'W | RIW

o
o
o
o
o
o
o
o

0 0 01|01 |01 |01]| 01|01

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 output to
the port 6.

P70OUT :
xX'00FFC7'

Port 7 Output
Register

8-bit access register

P70UT sets the data output to
the port 7.



P8 P8 P8 P8 P8 P8 P8 P8
OUT7|0UT6|0OUT5|OUT4|OUT3|OUT2|OUT1|OUTO

R/W | R'W | R'W | R/IW | R'W | RIW | R/IW | RIW

01 (01 |01 |01 |01 | 01| 01|01

7:0  Port 8 Output 0: Output low
1: Output high

OUT7|0UT6|0OUT5|OUT4|OUT3|OUT2|OUT1|OUTO
R/W | R'W | RIW | R/IW | RIW | R'W | RIW | RIW

01 (01 |01 |01 |01 | 01| 01|01

7:0  Port 9 Output 0: Output low
1: Output high

PA | PA | PA | PA | PA | PA
OUT5|0UT4|0OUT3|{0OUT2|0OUT1|{OUTO

o
o
o
o
o
o
o
o

0 0 01|01 |01 |01]| 01|01

5:0  Port A Output 0: Output low
1: Output high

reserv reserv reserv| PB | PB
ed ed ed |OUT1{OUTO

R R R |RW|RW |RW|RW|RW

o
o
o
o
o
o
o
o

0 0 01|01 | 01| 01| 01

4:2 Reserved Setto 0

1:.0 Port B Output 0: Output low
1: Output high
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P8OUT :
x'00FFC8'

Port 8 Output
Register

8-bit access register

P8OUT sets the data output to

the port 8.

POOUT :
xX'00FFC9'

Port 9 Output
Register

8-bit access register

POOUT sets the data output to

the port 9.

PAOUT :
x'00FFCA'

Port A Output
Register

8-hit 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.
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7 6 5 4 3 2 1 0
PO | PO | PO | PO | PO|PO| PO | PO
IN7 | IN6 | INS | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R]|R
Port | Port | Port | Port | Port | Port | Port | Port
o1 |01 |01 |02 | 01| 01| 01| o1
7:0  PortOlInput 0: Input low
1: Input high
7 6 5 4 3 2 1 0
PL | PL|PL|PL|PL|PL|PL|PL
IN7 | IN6 | INS | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R]|R
Port | Port | Port | Port | Port | Port | Port | Port
o1 |01 |01 |01 | 01| 01| 01| o1
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 | INS | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R|R
Port | Port | Port | Port | Port | Port | Port | Port
o1 | o1 | O0/1 | O | 01 | O/L | 01 | 01
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| P3
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R]J|R
Port | Port | Port | Port | Port | Port | Port | Port
o1 | o1 | O0/1 | O | 01 | O/L | O | 01
7:0 Port 3 Input 0: Input low
1: Input high
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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.



7 6 5 4 3 2 1 0
P4 | P4 | P4 | P4 | P4 | PA | P4 | P4
IN7 | IN6 | INS | IN4 | IN3 | IN2 | INL | INO
R|R|R|R|R|R|R]|R
Port | Port | Port | Port | Port | Port | Port | Port
o1 |01 |01 | o1 | 01| 01| 01| 01
7:0  Port4Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
Ps | P5 | PS5 | P5 | P5 | PS5 | P5 | P5
IN7 | IN6 | INS | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R]|R
Port | Port | Port | Port | Port | Port | Port | Port
o1 |01 |01 | O | 01| 01| 01|01
7:0 Port 5 Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
P6 | P6 | P6 | P6
IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R]|R
0 0 0 0 Port | Port | Port | Port
0 0 0 0 |01 |01 |o01|on
3.0 Port 6 Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
P7 | P7 | PT | P7T | PT | PT | P7
IN6 | INS | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R]|R
0 | Port | Port | Port | Port | Port | Port | Port
0 o1 |01 |01 | 01|01 ]|o01]|o01
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 :
x'00FFD5'

Port 5 Input
Register

8-bit access register

P5IN reads the port 5 data.

P6IN :
x'00FFD6'

Port 6 Input
Register

8-hit access register

P6IN reads the port 6 data.

P7IN :
xX'00FFD7'

Port 7 Input
Register

8-hit access register

P7IN reads the port 7 data.

Reading P76 pin identifys the

status input NMI.
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7 6 5 4 3 2 1 0
P8 | P8 | P8 | P8 | P8 | P8 | P8 | P8
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R|R
Port | Port | Port | Port | Port | Port | Port | Port
o1 | 01| 01|01 |01 01| 01|01
7:0  Port 8Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
PO | PO | PO | PO | PO | PO | PO | PO
IN7 | IN6 | IN5 | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R|R
Port | Port | Port | Port | Port | Port | Port | Port
o1 | 01| 01|01 |01 01| 01|01
7.0 Port 9 Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
- - | PA|PA|PA|PA|PA|PA
INS | IN4 | IN3 | IN2 | IN1 | INO
R|R|R|R|R|R|R|R
0 0 Port | Port | Port | Port | Port | Port
0 0 0 0 | o1 |o1|on| o1
5:0 Port A Input 0: Input low
1: Input high
7 6 5 4 3 2 1 0
- - - |reservreserv| - | PB | PB
ed | ed IN1 | INO
R|R|R|R|R|R|R|R
0 0 0 Port | Port 0 Port | Port
0 0 0O |o1|o1| 0 |01 |01
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

PIIN reads the port 9 data.

PAIN :
x'0O0FFDA'

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.



7 6 5 4 3 2 1 0
PO | PO | PO | PO | PO|PO| PO | PO
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIRL | DIRO
RW | RW | RIW | RIW | RIW | RIW | RW | RIW
0 0 0 0 0 0 0 0
o1 |01 |01 |01 | 01| 01| 01|01
7:0  Port 0 Input/Output 0: Input
1: Output
7 6 5 4 3 2 1 0
PL | PL|PL|PL|PL|PL|PL|PL
DIR7 | DIR6 | DIRS | DIR4 | DIR3 | DIR2 | DIRL | DIRO
RW | RIW | RIW | RIW | RIW | RIW | RW | RIW
0 0 0 0 0 0 0 0
o1 | 01 | 01 |02 | 01| 01| 01| 01
7:0  Port 1 Input/Output 0: Input
1: Output
7 6 5 4 3 2 1 0
P2 | P2 | P2 | P2|P2|P2|P2|PR
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIRL | DIRO
RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 | o1 o1 |oL|o1|on|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| P3
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIRL | DIRO
RW | RW | RIW | RIW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 | o1 o1 |01 |o1|on| o1
7:0 Port 3 Input/Output 0: Input
1: Output
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PODIR :
xX'00FFEOQ'

Port O Input/Output
Control Register

8-bit access register

PODIR controls the port 0 input/
output.

P1DIR :
xX'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-hit access register

P2DIR controls the port 2 input/
output.

P3DIR :
X'00FFES3'

Port 3 Input/Output
Control Register

8-bit access register

P3DIR controls the port 3 input/
output.
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0: Input
1: Output

0: Input
1: Output

0: Input
1: Output

7 6 5 4 3 2 1 0
P4 | P4 | P4 | P4 | P4 | PA| P4 | P4
DIR7 | DIR6 | DIRS | DIR4 | DIR3 | DIR2 | DIRL | DIRO
RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 o1 |on|o1|o1|on|on
7:0  Port 4 Input/Output
7 6 5 4 3 2 1 0
P5 | Ps | P5 | P5 | P5 | P5 | P5 | P5
DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIR1 | DIRO
RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 | o1 o1 |o1|o1|on| o1
7:0  Port 5 Input/Output
7 6 5 4 3 2 1 0
P6 | P6 | P6 | PB
DIR3 | DIR2 | DIRL | DIRO
R|R| R | R |RW|RW|RW|RW
0 0 0 0 0 0 0 0
0 0 0 0 |o1|o1|on|on
3:0 Port 6 Input/Output
7 6 5 4 3 2 1 0
P7 | P7 | PT | P7T | PT | PT
DIRS | DIR4 | DIR3 | DIR2 | DIR1 | DIRO
R | R |RW|RW|RW|RW|RW|RW
0 0 0 0 0 0 0 0
0 0 |o1|o1|o1|o1|or]|on
5:0 Port 7 Input/Output
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0: Input
1: Output

PADIR :
X'00FFE4'

Port 4 Input/Output
Control Register

8-bit access register

P4DIR controls the port 4 input/
output.

P5SDIR :
x'00FFES'

Port 5 Input/Output
Control Register

8-bit access register

P5DIR controls the port 5 input/
output.

P6DIR :
X'00FFEG'

Port 6 Input/Output
Control Register

8-bit access register

P6DIR controls the port 6 input/
output.

P7DIR :
X'00FFE7'

Port 7 Input/Output
Control Register

8-bit access register

P7DIR controls the port 7 input/
output.



P8 | P8 | P8 | P8 | P8 | P8 | P8 | P8

DIR7 | DIR6 | DIR5 | DIR4 | DIR3 | DIR2 | DIRL | DIRO

RW | RW | RIW | RIW | RIW | RIW | RW | RIW

o|lo|lo|o|o|oO0]|]oO]oO

o1 |01 |01 |01 | 01| 01| 01|01
7:0  Port 8 Input/Output 0: Input
1: Output

7 6 5 | 4 | 3 2 1 0

PO | PO | PO | PO | PO | PO | PO | PO

DIR7 | DIR6 | DIRS | DIR4 | DIR3 | DIR2 | DIRL | DIRO

RW | RIW | RIW | RIW | RIW | RIW | RW | RIW

o|lo|lo|o|o|oO0]|]o0]oO

o1 | 01 | 01 |02 | 01| 01| 01| 01
7:0  Port 9 Input/Output 0: Input
1: Output

7 6 5 | 4| 3 2 1 0

PA | PA | PA|PA | PA | PA

DIRS | DIR4 | DIR3 | DIR2 | DIRL | DIRO

R | R |RW|RW|RW|RW|RW|RW

o|lo|lo|of|o|oO0]|]oO0]oO

0 | o |o1|or|o1|o1]|o1|on
5:0  Port A Input/Output 0: Input
1: Output

7 6 5 | 4| 3 2 1 0

reserv reserv |reserv| PB PB

ed | ed | ed |DIRL|DIRO

R | R | R |RW|RW|RW|RW|RW

o|lo|lo|of|o|oO0]|]oO0]oO

o | o | o |or|o1|o1]|or|on
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 :
X'00FFE9'

Port 9 Input/Output

Control Register

8-bit access register

PIDIR controls the port 9 input/

output.

PADIR :
xX'00FFEA'

Port A Input/Output

Control Register

8-hit access register

PADIR controls the port A input/

output.

PBDIR :
x'0O0FFEB'

Port B Input/Output

Control Register

8-bit access register

PBDIR controls the port B input/

output.
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POMD :
x'00FFFO'

7 6 5 4 3 2 1 0
- - - - PO PO
MD1 | MDO

R R R R R R R/IW | RIW
Processor address/data separate mode 0 0 0 0 0 0 0 1
Processor address/data shared mode 0 0 0 0 0 0 1 0
Other modes 0 0 0 0 0 0 0

0 0 0 0 0 0 0/1 | 01

1:0 PO Input/Output Signal Switch 00: Port
01: Data
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10: Address/data shared mode

Port 0 Mode Register

8-bit access register

POMD sets a signal output to the
port 0.
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7 6 5 4 3 2 1 0 P 1 L M D :
- | PL|PL|PL|PL|PL|PL|PL
LMD6(LMD5|LMD4|LMD3|LMD2|LMD1|LMDO X'OOFFle
R |RW|RW | RW |RW | RW| RW | RW POI’t 1 MOde Reglster L
Processor address/data separate mode (16-bit bus width) 0 0 0 0 0 0 0 1
Processor address/data shread mode (8-bit bus width) 0 1 0
Other modes 0 ol olololol o 8-hit access register
0 01| 01| 01 | 01| 01| 01| 01
6:5 P12 Input/Output Signal Switch 00: Port P1LMD sets a signal output to

01: TM11IOA input the port 1.
10: TM11IOA output

4 P11 Input/Output Signal Switch 0: Port
1: Reserved

3:2 P10 Input/Output Signal Switch 00: Port
01: TM8IOB input
10: TM8IOB output

1:0  P1Input/Output Signal Switch 00: Port/each funtion When P1is used as a port or an
input/output pin of each periph-
eral function, always set
P1LMDI[1:0] to 00.

01: Data output
10: Address/data shared mode
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7 6 5 4 3 2 1 0

P1 P1 P1 P1 P1 P1 P1 P1
HMD7HMD6HMD5HMD4HMD3HMD2HMD1HMDO

RW | RIW | RIW | R'W | R'W | RIW | R/W | RIW

0 0 0 0 0 0 0 0

01 (01 |01 |01 |01 | 01| 01]| 01

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

500 MN102H55D/55G/F55G

0: Port
1: TM12IC input

00: Port
01: TM12IOB input
10: TM12IOB output

00: Port
01: TM12IO0A input
10: TM12IOA output

0: Port
1: TM11IC input

00: Port
01: TM11IOB input
10: TM11IOB output

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.



3.2

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 | RIW | RIW | RIW R R/IW
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 01| 01 | 01| 01 0 0/1

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

0: Port
1: TM15IA input
(cannot use P56 as TM15IA input)

0: Port
1: SBO2 output

0: Port
1: SBI2 input
(cannot use P82 as SBI2 input)

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

Chapter 11 Appendix

P2MD :
X'00FFF1'
Port 2 Mode Register

8-hit 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.
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7 6 5 4 3 2 1 0
P3 P3 | P3 P3 | P3 P3 P3 | P3
LMD7|LMD6|LMD5|LMD4(LMD3(LMD2|LMD1|LMDO|
RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
Processor address/data separate mode 0 1 0 1 0 1 0 1
Other modes 0 0 0 0 0 0 0 0

0/1

0/1

0/1

01 |01 | 01 | 01| 01

7:6 P33 Input/Output Signal Switch

5:4 P32 Input/Output Signal Switch

3:2 P31 Input/Output Signal Switch

1:0 P30 Input/Output Signal Switch
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00: Port
01: A11 output
10: KI3 input

00: Port
01: A10 output
10: K12 input

00: Port
01: A9 output
10: KI1 input

00: Port
01: A8 output
10: KIO input

P3LMD :
X'00FFF4'
Port 3 Mode Register L

8-bit access register

P3LMD sets a signal output to
the port 3.



7 6 5 | 4 3 2 1|0
P3 | P3 | P3| P3| P3| P3| P3| P3
HM D7|HMD6HM D5{HM D4HMD3HM D2 HMD1HMDO
RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
Processor address/data separate mode 0 1 0 1 0 1 0 1
Other modes 0 0 0 0 0 0 0 0
o1 |01 | 01| o1 | 01|01 |on|on
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: Al4 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'00FFF5'
Port 3 Mode Register H

8-bit access register

P3HMD sets a signal output to
the port 3.
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7 6 5 4 3 2 1 0
P4 | P4 | PA | P4 | P4 | PA | P4 | P4
LMD7|LMD6|LMD5|LMD4(LMD3(LMD2|LMD1|LMDO|
RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
Processor mode 0 1 0 1 1 1 1 1
Other modes 0 0 0 0 0 0 0 0
01|01 |01 |01 |01 |01 |01 01

7:6 P45 Input/Output Signal Switch

5:4 P44 Input/Output Signal Switch

3 P43 Input/Output Signal Switch

2 P42 Input/Output Signal Switch

1 P41 Input/Output Signal Switch

0 P40 Input/Output Signal Switch
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00: Port
01: A21 output
10: AN5

00: Port
01: A20 output
10: AN4

0: Port
1: A19 output

0: Port
1: A18 output

0: Port
1: A17 output

0: Port
1: A16 output

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 H M D :
- - - - P4 | P4 | P4 | P4 . ,
HMD3HMD2HMD1|HMDOQ X 00FFF7
RIR|R | R |RWIRW|RW]RW Port 4 Mode Register H
Processor mode 0 0 0 0 0 1 0 1
Other modes 0 0 0 0 0 0 0 0 . .
0 0 0 0 o1 | o1 | o1 | o 8-bit access reglster

3:2 P47 Input/Output Signal Switch 00: Port
01: A23 output P4HMD sets a signal output to
10: AN7 the port 4.
11: WDOUT output

1:0 P46 Input/Output Signal Switch 00: Port
01: A22 output
10: AN6
11: STOP output
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7 6 5 4 3 2 1 0
Ps | Ps | P5 | P5s | P5 | P5 | P5 | PS5
LMD7|LMD6|LMD5|LMD4(LMD3(LMD2|LMD1|LMDO|

RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW

Processor mode 0 1 0 1 0 1 0 1

Other modes 0 0 0 0 0 0 0 0
01|01 |01 |01 |01 |01 |01 01

7:6 P53 Input/Output Signal Switch 00: Port

5:4 P52 Input/Output Signal Switch

3:2 P51 Input/Output Signal Switch

1:0 P50 Input/Output Signal Switch

506
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01: CS3 output
10: TM140B output

00: Port
01: CS2 output
10: TM140A output

00: Port
01: CS1 output
10: TM130B output

00: Port
01: CSO0 output
10: TM130A output

P5LMD :
x'00FFF8'
Port 5 Mode Register L

8-bit access register

P5LMD sets a signal output to
the port 5.



P5 P5 P5 P5 P5
HMD4HMD3HMD2HMD1HMDO

R R R R/W | RIW | RIW | RIW | RIW
Processor address/data separate mode 0 0 0 1 1
Processor address/data shared mode 0 0 0 0 1
Other modes 0 0 0 0 0 0

0 0 0

01 | 01|01 | 01] 01

4:2 P56 Input/Output Signal Switch

1 P55 Input/Output Signal Switch

0 P54 Input/Output Signal Switch

000: Port
001: ALE output
010: ALE output
011: BSTRE output
100: TM15IA
(cannot use P24 as TM15IA input)

0: Port
1: BRACK output

0: Port
1: BREQ input

Chapter 11 Appendix

PSHMD :
x'00FFF9'

Port 5 Mode Register H

8-hit access register

P5HMD sets a signal output to

the port 5.
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7 6 5 4 3 2 1 0 P 6 M D :
P6 P6 P6 P6 P6 P6
MD5 | MD4 | MD3| MD2| MD1| MDO X OOFFFF
R | R |RW|RW|RW|RW | RW | RIW Port 6 Mode Register
Processor mode (16-bit) 0 0 1 1 1 0 0 0
Processor mode (8-bit) 0 0 0 1 1 0 . .
Other modes 0 0 0 0 0 0 0 0 8-bit access reglster
0 0 01 |01 |01 | 01| 01| 01

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

508 MN102H55D/55G/F55G

0: Port P6MD sets a signal output to the
1: WEH (WE) output port 6.
0: Port

1: WEL output

0: Port
1: RE output

000: Port
001: WAIT input
010: SBT2 input
(cannot use P20 as SBT2 input)
011: SBT2 output
100: SBT2 half-duplex output



716 |5 | 4] 3]2 1] o0
P7 | PP | PT | PT | PT | PT | PT
LMD6|LMD5|LMD4|LMD3|LMD2|LMD1{LMDQ

R |RW |RW | RW | RW | RW | RW | RIW

olof|o|o|o0o]|]o]|o0]oO

0 o1 | o1 |o1|o1|o1|oL]|on

6:5 P72 Input/Output Signal Switch

4:3 P71 Input/Output Signal Switch

2:0 P70 Input/Output Signal Switch

00: Port
01: SBOO output
10: UCAS output

00: Port

01: SBIO input
10: LCAS output
11: CAS output

000: Port

001: SBTO input

010: SBTO output

011: SBTO half-duplex output
101: RAS output

Chapter 11 Appendix

P7LMD :
X'00FFFA'
Port 7 Mode Register L

8-bit access register

P7LMD sets a signal output to
the port 7.
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7|16 | 5|43 |2]1]0
P7 | P | PT | PT | PT | PT | PT
HM D6HM D5{HMD4HMD3HMD2JHMD1HMDO)

R |RW |RW |RW | RW | RW | RIW | RIW

o|lof|o|o|o0o]|]o0o]|o0]oO

0 o1 |o1|o1|o1|o1|or]|on

6:5 P75 Input/Output Signal Switch

4:3 P74 Input/Output Signal Switch

2:0 P73 Input/Output Signal Switch

510
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00: Port
01: SBO1 output

00: Port
01: SBI1 input

000: Port

001: SBT1 input

010: SBT1 output

011: SBT1 half-duplex output
100: DMUX output

P7HMD :
X'O0FFFB'

Port 7 Mode Register H

8-bit access register

P7HMD sets a signal output to
the port 7.



P8

LMD4|LMD3|LMD2|LMD1{LMDO|

R | R | R |RW|RW|RW|RW|RW
o|lof|o|o|o0o]|]o0o]|o0o]o
o | o | o |o1|or]|o1]|or]|on
4:2 P82 Input/Output Signal Switch

1

0

P81 Input/Output Signal Switch

P80 Input/Output Signal Switch

000: Port
001: TMOIO input, SBT3 input
010: TMOIO output
011: SBT3 output
100: SBT3 half-duplex output
101: SCL3 open drain output
110: SBT2 input
(cannot use P21 as SBI2 input)

0: Port
1: DAC1 output

0: Port
1: DACO output

Chapter 11 Appendix

P8BLMD :
x'00FFFC'
Port 8 Mode Register L

8-bit access register

P8LMD sets a signal output to
the port 8.
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6 5 4 3 2 1

P8

P8 P8 P8 P8 P8 P8

P8

MMD7MMDEMMD5MMD4MMD3MMD2MMDIMMDO
RW | RW | RW | RIW | RIW | RIW | RIW | RIW
0 0 0 0 0 0 0 0
o1 | o1 o1 |on|o1|or]|on|on

7:5 P85 Input/Output Signal Switch

4:2 P84 Input/Output Signal Switch

1:0 P83 Input/Output Signal Switch

512
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000: Port

001: TMOIOA input, SBT4 input
010: TM9IOA output

011: SBT4 output

100: SBT4 half-duplex output
101: SCL4 open drain output
110: SBO2 output

000: Port

001: TM7IO input

010: TM71O output

011: SBO3 output

100: SBD3 open drain input/output

00: Port

01: TM4IO input, SBI3 input
10: TM4IO output

11: Reserved

P8MMD :
X'00FFFD'
Port 8 Mode Register M

8-bit access register

P8MMD sets a signal output to
the port 8.



2

P8 | P8 | P8 | P8
HMD3HMD2HMD1/HMDO
R|R| R | R |RW|RW|RW|RW
0 0 0 0 0 0 0 0
0 0 0 o |o1|o1]|on|on
3:2 P87 Input/Output Signal Switch
1:0 P86 Input/Output Signal Switch

00: Port

01: SBO4 output

10: SBD4 open drain output, SBD4 input
11: TM9IC input

00: Port
01: TM9IOB input, SBI4 input
10: TM9IOB output

Chapter 11 Appendix

P8HMD :
X'00FFFE'
Port 8 Mode Register H

8-bit access register

P8HMD sets a signal output to
the port 8.
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LMD7|LMD6|LMD5(LMD4({LMD3 LMD1|LMDO|

RW |RW |RW |RW|RW| R | RW|RW

01 (01 |01 |01 01 0 01 | 01

7:6 P92 Input/Output Signal Switch

5:3 P91 Input/Output Signal Switch

1:0 P90 Input/Output Signal Switch

514 MN102H55D/55G/F55G

POLMD :
x'00FFEC'
Port 9 Mode Register L

8-bit access register

00: Port

01: TM10IOB input, DMAREQO input

10: TM10IOB output PILMD sets a signal output to
the port 9.

000: Port

001: TM10IOA input
010: TM10IOA output
011: BIBT2 output
100: DMAACK output

00: Port

01: TM8IOA input, DMAREQ1 input
10: TM8IOA output

11: BIBT1 output



HMD5HMD4|{HMD3{HMD2/HMD1{HMDO)|

R | R |RW|RW|RW|RW|RW |RW
o|lof|o|o|o0o]|]o0o]|o0o]oO
0 | o [o1|o1|o1]|o1]|or]|on

5 P97 Input/Output Signal Switch

4 P96 Input/Output Signal Switch

3 P95 Input/Output Signal Switch

2 P94 Input/Output Signal Switch

1:0 P93 Input/Output Signal Switch

0: Port
1: AN3 input

0: Port
1: AN2 input

0: Port
1: AN1 input

0: Port
1: ANO input

00: Port
01: TM10IC input
10: DMAACKO output

Chapter 11 Appendix

POHMD :
X'00FFED'

Port 9 Mode Register H

8-bit access register

POHMD sets a signal output to

the port 9.
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7 6 5 | 4 | 3 2 1 0

PA | PA | PA | PA | PA

MD4 | MD3 | MD2 | MD1 | MDO

R | R | R |RW|RW|RW|RW|RW

0| o 0| o 0 0| o 0

0| o 0 |o1|o1|on|o1| o1
4 PA4 Input/Output Signal Switch
3 PA3 Input/Output Signal Switch
2 PAZ2 Input/Output Signal Switch
1 PA1 Input/Output Signal Switch
0 PAO Input/Output Signal Switch

7 6 5 | 4| 3 2 1 0

reserv reserv |reserv |reserv| PB PB PB

ed | ed | ed | ed [MD2|MD1|MDO

R |RW |RW | RW | RIW | RIW | RIW | RIW

0| o 0| o 1 1| o0 1

0 |o1|o1|or|o1|or|or|on

6:4  Reserved
3 Reserved

2 PB1 Input/Output Signal Switch
1:0 PBO Input/Output Signal Switch

516
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0: Port
1: IRQ4 input or TM15IB input

0: Port
1: IRQ3 input

0: Port
1: IRQ2 input

0: Port
1: IRQ1 input

0: Port
1: IRQO input

Setto 0
Setto 1

0: Port
1: Xlinput

00: Port

01: BOSC output
10: BIBT1 output
11: BIBT2 output

PAMD :
x'00FFDC'

Port A Mode Register

8-bit access register

PAMD sets a signal output to the
port A.

PBMD :
x'00FFDD'

Port B Mode Register

8-bit access register

PBMD sets a signal output to the
port B.



Chapter 11 Appendix

MN102H55D/55G/F55G 517



Chapter 11 Appendix

"pa103[8s SI suonauUNy WMd aY1 uaym Jaisibal aredwod sy Jo JaPNg 3|gnop € Se pasn si JaisiBal SIy] “S1lUM Jou peal Jayisu Jouues Jaisibal siyL : [
“uonaNNSUl XAOIN 841 40 uonannsul AOW 8yl asn  uonelado aum BuLnp $s829e G-z 10 10-9T : [
‘uononNsSul AOW 8yl asn uonesado ajm Buunp ssaooe 1g-97T : [
‘uononNsul GAOW 8yl s SS8208 11G-8 : [
¥10v0S m_mmt\om mmkwqom ! pansesal PaAIaSal 1 PanIasal m m 0vYa400.x
30epialU| elas 410208 m__ummom ! mkmwow ¥L10EDS mﬁmum mmhmmow .060400.X
d.1000S g4100S ' d1S00S ! ! 41o10S gay1T0S ! d1STOS ! ! ,08Aa400.X
O ' 0 " : 0 0 : :
" HLSQTL3 | " |
[ 8Lous [ ANOTL3 n 1ousTi3 HOYSTL3 | 0 usdris ' " | ,05a400.X
o3 H1S@0.3
[ ¥Lo013 0 NooL3 n 1ousol3 HOYS0L3 : 0 118dol3 ' " 07a400.x
] HLSQELY ! j
0 dLOELY n Inoely ) 1ouseLy _._ommmz" g LSdelY SQELY | " " ,0£a400.X
" H1SAzLY | " ;
q ¥Lozy o NozLy o TouszLy HOYSZLY | p usaely Sde " " " .02a-400.x
oLy ILSATLY HLSOTLY | !
0 1011V 0 AINOTLY 0 104STLY HOYSTLY : 0 ' ! ' ,0TA400.X
7 ¥Lo0LY 7 NoOLY g TousoLy HOUSOLY | j Tsaotv HLSQOLY | 000400X
[0u0 Wwajsks Juosts o8 Hosay | g e HT8aY | ._DBM_Q ; : m 002400
OULOYI OULAD NTEYEN 93UaAM | : m .092400X
DILPOS | HOLLYOS | 101S | HORMYOS | 1010013 | HOI0D13 | 1DITOLT | HOITOL3 | IDI0LY ! HOIOLY | TOITLY | HOITLY | DIZLY | HOIZLY | TDIELY | HOIELY OY9400X
0 'O o 0 0 s 0 [ 0o 0 o 0 O L 0 o .0 _ _
70110S | HOILOOS [ TD1¥0DS | HOMOOS | TOILTOS | HOILTOS | TOIMTOS | HOITOS | T01LZDS | HOILZOS | T0ZOS | HORIZOS | TOILEDS | HOILEDS | TOIMEDS | HOIIEDS 069400X
0 0 0 0 O 0 0 0 o .0 O 0 0 ' 0 0 0 : _
0IaY | HOIQY | 1DINIWL | HIINOWL [1DINZTINLHOINZTWL| TDIVZTWLIHOIVZTINL| TINZINL | HOINZWL | TOI8ZTNLIHOISZTINL : ! 089400
seisibsy |0 1 o :0 0 i0 0 i@ 0 D 0 0 " m _ _
10AUOD MBI 58 Ho1pd1 | T0INPIL | HOINPINL [TOIB0TWLIHOISOTNATOINTINLHOINTIWY 101+ HOIY | T0INSIAL | HOINGIL OVTIHLHOVTIW ToETTALHOETIAY ) oy
0 iq 0 !0 0 !0 0 i 0 g 0 i 0D 0 0 : _
701201 | HOIZOI | 1DINZAL | HOINZWL | TOIVBINL | HOIVEIL | 1DI86IL | HOIBNL | TDIEDI | HOIEDI | TOINEIL } HOINENL [TOINOTILIHOINOTIL| 1DIVOTILHOIVOTAL 099400
] v 0 O 0 0 ' 0 0 v 0 0 ' 0 g ' 0 g g 0 v 0 ' '
01001 ! HOIODI | TOINOWL | HOINOW.L | TDINSIALL } HOINBWL | TOIVBIL | HOIVBINL | TOITOI | HOITDI | TOINTIAL | HOINTWL | TOIEBIL | HOIBBINL | TOINGINL | HOINGINL 059400
0 g 0 IO 0 g 0 i 0 g 0 0 0 0 0 0 _ _
HOIAN m panlesal | ¥OIaM m panesal | ¥OINN m paniesal | ¥OI3 m panIasal ponesal ponIasal " ' OYOH00X
a ! 0 ' 0 ! 0 ' ' H
w\_wgw_mwm 10J1U0YD [eulalu| WNNdD paniasal paniasal panasal ¥o43 paniasal paniasal HovI ,000400.X
\ \ \ j j j j j suq 0z Jeddn
0 T z 1€ v oiog 9 1 ¢ 8 | 6 v | 8 o5 . a oA

SNg ¥ 1amo

deN ssauppy 9G54/9GS/ASSHZOTNIN  2-2-TT

MN102H55D/55G/F55G

518



Chapter 11 Appendix

S)g ¥ Jomo]

"pa108|as S suonouNn} M 8yl uaym JaisiBal a1edwod ay) Jo Jayng 9|gnop e se pasn si JaisiBal SIYL “S1LIM Jou peal Jaylisu Jouued Jaisibal siyl : [
“uonoNASUl XAQIN 8Y Jo uononnsul AOW 8yl 8sn  uoresado a1um BuLnp $s809e 1g-Z 10 1G-9T : [
‘uononasul AOW 8yl 8sn  uoielado ajum Buunp sssooe 1G-9T : [
‘uononasul GAOW 8 SN SS8208 Ig-8 : [
awod | QWzd | OWTTd | QWHTd | QWIed | QWHEd | QWTvd | QWHY | OWISd | QWHSd | OWTZd | QWHZd | QNT8d | QWW8d | dWHed i awed | ,044400.X
0 0 0 0 o 0 o 0 o 0 0 D0 o 0 0 0
¥idod | ¥IATd | MIdzd | MIGEd | MiGbd | MIGSd | Mid9d | ¥IdLd | Midsd i MId6d | Midvd | MIdSd | QWI6d | QWH6d 034400
o 0 D O 0 0 0 'O o 0 0 s O 10 "
[ONUOD MOd | Niod | NITd | Ned | Nied | Niwd ! NSd | Ned ! Nid | Nigd | NI6d | Nivd | Nigd | QAvVd | awad .0a4400.X
0 'O 0 g 0 0 0 ' 0 g 'O 0 i 0 0 !
1n00d | 1NOTd | 1nOzd ! 1NOgd | INOvd ! 1NOSd | 1No9d | LNOid | 1nosd ! 1NOed | Lnovd | 1nogd Mmsal HMSE 004400X
d 0 d 0 d 0 ]  d d ' 0 a 0
M1dod | NIdTd | Nded : Nlded | Nldvd © NIdSd | Nd9d | Ndid | Nd8d : N1déd | Nidvd | Nidad msed HMSEd | .094400.X
d 0 0 0 0 0 0 0 d VO 0 0 i
TAWWvYda DNQE_zdin_ m m m m paniasal paAniasal .064400.X
jonuod |_H " : : : _
AlowsN NdD 0 AnMx3 DE_zs_m_z 0 ZANWAN 0 39033y 0 39033m Dmoomm._< m_mo<xn__>_ H ,084400.X
paAlasal panasal pansasal panasal paAlasal panasal pansasal panasal ,0.4400.X
JBUBAUOD VYA | ¥LO0Va i 4ngova | ¥10Tva | 4ndTva i i . i . ,04400.X
0 v 0 v O i i , 1 i i
JNgrNY 4NFSNY ANFINY 4N8INY .0T4-400X
1a1aAu0D Ay i : : : :
MLONY : pansasal m ANE0NY 4N8INY 4ngzNY angeny .004400.X
QWSTINL 295TINL VOSTIL " .0a3400X
AWZTINL J9ZTINL VOZTINL [ XvOzTAL 80¢TINL [X80TTAL paniasal ! ,003400.X
ANTTAL J9TTINL VOTTINL 0 XVOTTAL 90TTNL Dxmoaasc. paniasal m ,093400.X
1
siawil 1g-9T aWoTIL O80TIL VOOTNL [ XVOOTAL 800TINL [X800TNL panIasal N_un__zoﬁ_\,F. .0v3400.X
ANBL 361 VOBINL 0 XVOBNL 9061 0 XEO6NL panlasal _Mn__zms_._.m ,063400.X
ansL og8NL VOBAL [ XVO8AL LRy [ X808NL paniasal mn__zws_t .083400.X
" m m m m m m m 0E3400X
QWOWL ! QWTWL | QWZWL! QWEWL | QWPWL! QWSWL| QWOWL: QWZWL | QWETWL! QWPTINL : : %
0 'O 0 'O 0 0 o 0 0 ' D " " : 023400,
o | MEOWL ! METAL | ¥EZNL | ¥ESWL | MEvWL ! ¥ESWL | MEOWL ! NA/WL | MEETWL! ¥SyTWL| SOSTAL! SOPTAL X
SIBWILUGS | Lo 0 0 o 0 o 0 0 0 0 L0 " " 01300
OHOWL | OSTAL | OSZAL: DSEWL | OBYWL | OSSNL | DSOAL ' DSLAL | DSETAL! DSVTWL| VOSTWL! VOVTAL : 003400.X
0 i 0 g 0 g 0 o 0 gD O s " " _ _
j ] j ] j ] | ' Sha 0z Jaddn
o ! 1 ¢ € v S 9 ¢ 8 | 6 v 4 SO ¢ a4 3 . 4

519

MN102H55D/55G/F55G



Chapter 11 Appendix

11-2-3 List of Pin Functions

EO = External Oscillation

Pin Name Input Level |Output Level| Schumitt Pull-up RNI(E)tSeElT ?\E{C’eEZT T\lEtSeE; BREQ="L" STOP/HALT
1 P60,WAIT TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a
2 P61,/RE TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at /RE Hi-Z at |RE
3 P62,/WEL TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at WEL Hi-Z at /WEL
4 P63,/WEH TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at \WEH Hi-Z at WEH
5 P50,/CS0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at /CS0 Hi-Z at /CS0
6 P51,/CS1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at /CS1 Hi-Z at /CS1
7 P52,/CS2 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at /CS2 Hi-Z at /CS2
8 P53,/CS3 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z at /CS3 Hi-Z at /CS3
9 P54,/BREQ TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Low u
10 P55,/BRACK TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Low u]
11 |psg,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 0
13 P20,A00 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at AOO Hi-Z at AOO
14 P21,A01 TTL CMOS Yes Programmable Hi-Z Undefined Hi-Z Hi-Z at AO1 Hi-Z at AOL1
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 A03 Hi-Z at A03
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) 0 Note 5
22 VDD - - - - - - - - -
23 OSCl CMOS - - - - - - - -
24 0Sco - - - - High (EO) High (EO) | High (EO) 0 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 A11 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 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a
49 P81,DAC1 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z O a
50 P82,TM2I0 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 a
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51 P83,TM3I0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0

52 P84,TM4I10 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

53 P85,TM5I0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z ] 0

54 Vref+ - - - - - - - - -

55 P86,TM6I0A TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0

56 P87,TM610B TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

57 P90,TM6IC TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z ] 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 0 0

60 P93,TM7IC TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a 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 a a

64 P96,AN2 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

65 P97,AN3 Analog,CMOS CMOS Yes Programmable Hi-Z Hi-Z Hi-Z ] 0

66 VDD(VPP) - - - - - - - - -

67 P70,SBTO TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

68 P71,SBIO TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

69 P72,SBO0 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0

70 P73,SBT1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z ] ]

71 P74,SBI1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

72 P75,SBO1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

73 Pull-up - - - - - - - - -

74 Pull-up - - - - - - - - -

75 INMI CMOS - Yes No INMI INMI INMI INMI INMI

76 PAO,/IRQO TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z * u]

77 PA1,/IRQ1 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z 0 0

78 PA2,/IRQ2 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z o o

79 PA3,/IRQ3 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

80 PA4,/IRQ4 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z a a

81 PA5,ADSEP TTL CMOS Yes Programmable Hi-Z High (Input) | Low (Input) o o

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 PO1
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,D12,AD12 TTL CMOS Yes Programmable Hi-Z Hi-Z Hi-Z Hi-Z excapt P14 | Hi-Z excapt P14
98 P15,D013,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

MN102H55D/55G/F55G

521



Chapter 11 Appendix

522 MN102H55D/55G/F55G

11-3 Initialization Program

The initialization program must be executed first after reset release.
The initialization program should be allocated on x'80000' in single-
chip mode, memory expansion mode or processor mode.

; Initialization Program

stat equ * ; X'080000'
jmp init
init equ *

; Register Initialization
sub  d0,d0
mov d0,dl
mov  dO0,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,dO

mov  dO,(Exwmd)
mov  MEMZ_INIT,dO
mov  dO,(Memmd1l)

mov  MEMZ2_INIT,dO
mov  dO,(Memmd2)

mov DRAML INIT,dO
mov  dO,(Drammdl) —

mov DRAMZ2_INIT,dO
mov dO,(Drammd2) —

; Other Setting

; Interrupt Enable
mov INIT_PSwW,d0
mov  dO,psw

Clear register to 0. Execute
this operation although this
step is not always required.

Set the initial value of the
stack pointer. (Always set
the even address.)

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 MN102HF55G replaces the MN102H55G mask ROM with the
128-kbyte EEPROM which is an electrically erasable/programmable
memory. The MN102HF55G has two modes: PROM writer mode
which uses a dedicated writer (either aDATA-I/O LabSite writer or a
Minato Electronics Model 1930 writer) and onboard serial program-
ming mode which the CPU controls.

The 128-kbyte flash memory is divided into three spaces as follows:

1. Load program area (1 kbyte: x'80000' - x'803FF")
This area stores the load program for serial programming.

2. Fixed user program area (5 kbytes: x'80400' - x'817FF")
This area stores the user program. It is programmed only in PROM writer mode.

3. User program area (122 kbytes: x'81800' - X'9FFFF")
This area stores the user program. It is programmed in both PROM writer mode

and onboard serial programming mode.

The operation is guaranteed with up to ten programming.

X'80000" . Load Program Area
Blockl: 6 kbytes Fixed User Program Area

Block?2 : 10 kbytes
Block3 : 8 kbytes
Block4 : 8 kbytes
Block5 : 8 kbytes
Blocké : 8 kbytes
Block7 : 8 kbytes
Blocks : 8 kbytes User Program Area
Block9 : 8 kbytes
Block10: 8 kbytes
Block11: 8 kbytes
Block12: 8 kbytes

Block13: 16 kbytes
Block14: 14 kbytes
Block15: 1 kbyte
X'OFFFF' Block16: 1 kbyte

Figure 11-4-1 Memory Map for Flash EEPROM Version
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11-4-2 Flash EEPROM Programming

The following figure shows the steps of flash memory programming.

Write '0' to entire memory A
Erase '
(ERASE Process) Erase Routine

Rev*erse v

User Data Program

Figure 11-4-2 Flash EEPROM Program Flow

Asthe above figure shows, programming starts after erasing is completed. Thewhole
erase routine consists of three steps:

1. Programming process which writes x'0000' to flash EEPROM before the actual
€erase process occurs

2. Erase process which operate the actua erasing

3. Reverse process.

11-4-3 PROM Writer Mode

In this mode, the MN102HF55G allows a PROM writer to program the flash
EEPROM. The MN102HF55G uses a dedicated adaptor, which connects to the
DATA-1/O's LabSite PROM writer or the Minato Electronics Model 1930 writer.
(Using the dedicated adaptor selects PROM writer mode automatically.)

MN102H55D/55G/F55G

525



Chapter 11 Appendix

11-4-4 Onboard Serial Programming Mode

The serial programming mode is used to program the flash ROM in the
MN102HF55G that is installed on the board. The following sections describe the
MNZ102HF55G hardware, system configuration, protocol for this programming mode.

When using Y DC dedicated writer, please refer to its user manual. The load program
is attached to the serial writer.

11-4-5 Hardware Used in Serial Programming Mode

m Interface
The MN102HF55G incorporates the following functions as I/F for serial program-
ming.

e One 8-bit Serid Interface
¢ Data transmission/reception synchronizing external clock or internal clock
¢ Bit order: LSB first, MSB first
¢ Maximum transfer speed: 7.5 Mbps (at 30-MHz oscillation)
¢ Positive input/output logic

e Two Input/Output Pins
¢ SBT, SBD reserved for serial interface

m |/F Block Diagram

—®=1 RXD TXD J—V SBD (73pin)

8-bit Serail I/F
RXC,TXC |- D SBT (74pin)

Figure 11-4-3 8-bit Serial Interface Block Diagram for Serial Writer
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m Memory Space of Internal Flash EEPROM

Address Size Area
x'80000' - X803FF' | 1 kbytes Loaiegiig‘:\;ﬂ:e/:rea
X'80400' - X'817FF' 5 kbytes Fixed User Program Area
x'81800 - x'81807" 8 bytes Security Code
X'81808' - x'8180F' 8 bytes Reserved Area
o0 xoioir | ssyes | | Bh ISl
x81818" - x'8181F 8 bytes to |ntlzrr?:;thslzitirggtggutine
122 kbytes
x'81820' - X'9FFFF' to User Program Area
32 bytes

Figure 11-4-4 Flash EEPROM Memory Space

Serial Writer Load Program Area

¢ The 1-kbyte area from x'80000" stores the load program for serial writer.
¢ Inonboard seria programming mode, the erasing/programming in this area
isprotected. (Programming is possible by using the parallel writer.)

Fixed User Program Area

¢ The 5-kbyte area from x'80400' stores the fixed user program.

¢ Inonboard seria programming mode, the erasing/programming in this area
isprotected. (Programming is possible by using the parallel writer.)

Security Code

¢ The area stores the security code for the serial writer password.
¢ Enter 8-character ASCII code.

Reserved Area
+ Do not writein thisarea.

Chapter 11 Appendix
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e Branch Instruction to Reset Start Service Routine
+ Normally, the reset start address is x'80000', but the program branches into
x'81820" with the soft branch instruction in the serial writer loader. In
this area, the IMP instruction to the actual reset service routine is stored.

e Branch Instruction to Interrupt Service Routine
+ Normally, the jump address at interrupt is x'80008'", but the program
branches into x'81818' with the soft branch instruction in the serial writer
loader. Inthisarea, the IMP instruction to the actual interrupt service
routineis stored.

e User Program Area

¢ Thisarea stores the user program.
¢ Size= 122kbytes - 32 bytes
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11-4-6 Connecting Onboard Serial Programming Mode

Use YDC seria writer for flash microcontroller.
All input/output pins must be set to input at reset rel ease.

SBT (To Writer) Pins 73 and 74 must always be
SBD (To Writer)  connected pull-up resistors when using writer or not.

g "% VPP (To Writer)
~© ~ O
~ I~ oo DD
oo 0.0.0.Q ¢ i
ShRRNONERESSI2YReE8ER3a
Zuonwooaoonoo><C<IC<<<<ao0oaonoaoao>000
M
PAORQD —»{76" 50 f4— P82
PALIRQL —w77 49|w— P81
PA2,RQ2 —»{78 48[— P80
PA3,RQ3 —»{79 47|-— WDOUT P47
g PA4,IRQ4 —m[80 46— STOP,P46
_ PA5 —m|81 45— P45
RESET RST —m|82 44 fa— P44
(TO Writer) VDD —=[83 43— VREF-
o e MN1O2HF55G &=
P01 —m|85 41 |=-— P42
P02 —»-86 40— P21
P03 —m-87 (TOP VIEW) 39|=— P40
P04 —m|88 38— P37
P05 —m-|89 37— P36
P06 —m[90 . 36— P35
P07 —»-|91 - Q 35|=— P34
vss —-|o2 100 pIn LQFP 34— AVDD
P10 —m|93 33fw— P33
P11 —»|94 32— P32
P12 —m|95 31 fw— P31
P13 —m|96 30}« P30
P14 —m|97 29[=— P27
P15 —mog 28|=— P26
P16 —m|99 27— P25
P17 —»|100 @ SaNmTne~®eody s wtd[* P4
danmsworood JYGINEERIIINIILE
CHNMONMTINOND N ® %0025
BEREEEREREERRNNNSg¢8=R8838
ml |OO§
|
Py °
Ve

Self-excited or external-excited
(4 MHz to 30 MHz)

Figure 11-4-5 Pin Configuration During Serial Programming

Pins 73, 74 and 82 connect to the serial writer. VDD and Vss connect to the external
power sources of 3.3V and 0V respectively. In addition, the level is detected by the
writer, VDD and V'ss must be output to the writer. OSCI and OSCO must be set to the
self-excited oscillation or external excited oscillation. The input pins with no specifi-
cationsin the above figure are 'don't care’. Fix themto VDD or Vss. The output pins
(BOSC, XI) with no specifications in the above figure must be open.

Chapter 11 Appendix
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11-4-7 System Configuration for Onboard Serial Programming

m System Configuration

AC Adaptor Power Source

?VDD

Target Board
=

I
I RS232C I

J T

Serial Writer

Figure 11-4-6 System Configuration for Onboard Serial Writer

The PC sends the program data to the serial writer through RS-232C. The serial writer
programs the flash memory through serial communication between the serial writer
and the MN102HF55G on the target board. The power is required only when the
power sourceis supplied to the target.

m Pin Connection for Target Board

External Power Source

‘ Target Board
o

VpP 9/07

Serial Writer ~_Vop { r
.
RST

5O RsT VPP
-
>
-

SBT
SBD

-
-

GND

SCL1

SDAL ¢

zj)—<H>—( -
o
e

Figure 11-4-7 Target Board-Serial Writer Connection

m Pin Description

VPP: 5.0 V power supply (supplied from serial writer)

VDD : 3.3V externa power supply

VDD (for level detection) : VDD level detection pin for target board
RST: Reset

SBT : Serial interface clock supply

SBD : Serial interface data supply

GND : Ground

* VDD detects the VDD level on the target board using the serial writer. If the VDD
level is not satisfied, the serial writer outputs an error message.

e The seria writer supplies VPp. VPP for the serial writer and VpPp for external power
source for operation should be selected using switch.

« RST outputs microcontroller reset.

« Connect pullup resistors to RST, SBT and SBD on the target board. The pullup
resistor valueis 10 kQ + 1 kQ.

 RST, SBT and SBD are output from the serial writer through an open collector.

* & & 6 o o o
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m MN102HF55G Clock on the Target Board

» Usetheexisting clock on thetarget board for the clock supply to the MN102HF55G
on the target board. Because of this, the clock frequency of the MN102HF55G dif-
fers depending on each user purpose.

« Thefollowing table shows the clock frequency for the MN102HF55G during serial
programming. The clock frequency for the MN102HF55G is assumed to be 30 MHz
if the clock frequency is not specified in the manual. If the clock frequency for the
MN102HF55G is different from the clock frequency on the target board, the value
should be calculated proportionately depending on the clock frequency of the
MN2102HF55G.

Table 11-4-1 Clock Frequency

Max. Clock Frequency Min. Clock Frequency

30 MHz 4 MHz
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11-4-8 Onboard Serial Programming Mode Setup

m Programming Mode Setup Timing
To set seria programming mode, the microcontroller must be in write mode.
This section describes the pin setup for the serial writer.

Normal Timing Waveform

High

Vpp

RST

SBT

SBD

Timing Waveform
during Serial Programming

VoD

RST

SBT

SBD

T1 T2 T3

Figure 11-4-8 Timing for Onboard Serial Programming Mode



Setup Steps

1. Supply VDD from the external power. At this point, the serial writer detects the
VDD level.

2. Supply VPpat Timing A. At this point, output RST = SBD = Low.

3. Through the serial writer, drive RST for T2 term from Timing B when SBT goes
high while the MN102HF55G ison. The MN102HF55G initializes.

4. Through the serial writer, drive RST for T3 term from Timing C when SBD goes
high while the MN102HF55G ison. Thisinforms that the MN102HF55G is con-
nected to the serial writer.

5. During T3 term, the serial writer makes SBD pin to input low level longer enough

than the MN102HF55G stabilization wait time.

m Load Program
SBT pin ==High
&&
SBD pin ==Low ?
Yes
Wait tWAITL
SBT pin ==High
&&
SBD pin ==Low ?
- ]
Yes
SBT pin ==High
&&
No BD pin ==High 2
Yes
Start serial writer E "
load program Xecute user program
Figure 11-4-9 Load Program Start Flow
Conditions

1. When the load program initializes areset start, SBD = low and SBT = high.
2. The program waits for tWAIT1.

3. SBD must still below and SBT high.

4. Wait that both SBD and SBT become high during tWAIT2.

If any above conditions are not met, the program returns to the user program.

Chapter 11 Appendix
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11-4-9 Branch to User Program

m Branch to Reset Service Routine

( Reset Start J

Serial Writer ?
No

Start serial writer Branch to x'81810"
load program

Execute User Program

Figure 11-4-10 Reset Service Routine Flow

When the reset starts, the serial writer load program initializesonly if SBD islow. The
program branches to the user program at address x'81810'.

m Branch to Interrupt Service Routine

Interrupt Start Address| jmp x'81818' Instruction
x'80008' (3 bytes/2 cycles)

[ Branch to x'81818' ] Write a branch instruction to x'81818"

*

Execute user interrupt service routine
(Generate 2-cycle delay)

Figure 11-4-11 Interrupt Service Routine Flow

Write only the instruction branching to address x'81818' at the interrupt start address
(x'80008).
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11-4-10 Serial Interface for Onboard Serial Programming

m Features
Fixed-length Serial Interface

* Character length

m DataTiming

8 bitsor 7 bits

Transmission bit order  LSB/MSB (can be selected only when the character

Clock source

length is 8 hits.)
External clock, Timer 5 underflow (1/2, 1/8), Timer 1
underflow (1/8)

Maximum transfer speed 7.5 Mbps ( with a30-MHz oscillator)

Error detection
Buffer

Overrun error
Transmit/receive shared buffer
Single transmit buffer, Double receive buffer

SBD

sl [ [ [ [ [ [wss

SBT

Figure 11-4-12 Data Transfer Timing
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11-4-11 PROM Writer/Onboard Serial Programming

START

Vbp=3.0 V,VpPP=5.0 V
I
All"0"Program
|

Reverse

Erase

User Data Program

END

Figure 11-4-13 Programming Flow
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11-5 List of MN102HOO Series Linear Address High-speed Edition Instructions
MN102H00 SERIES INSTRUCTION SET

) ) ) Fla 0
Instruction Mnemonic Operation (EDE VX Tox TRk [ 2x %/F cFINETZF Cs?f: Cycle|Cycle Machine Code
MOV MOV Dm,An DmO An — | — === | === =] 2 1 |F2:30+Dm<<2+An
MOV An,Dm An(Dm el el el el e el el e 1 |F2:FO+An<<2+Dm
MOV Dn,Dm DndDm — | === =] —|— | — 80+Dn<<2+Dm *1
MOV An,Am An0 Am —_ = === | === | = 1 |F2:70+An<<2+Am
MOV PSW,Dn PSWO Dn O |—|—|—|—|—|—|—|— 1 |F3:FO+Dn
MOV Dn,PSW DnO PSW — | e ° . . . ° . . 2 | F3:D0+Dn<<2
MOV MDR,Dn MDRO Dn O |—|—|—|—|—|—|—|— 1 |F3:E0+Dn
MOV Dn,MDR DnJMDR — | == === |—=|—| = 1 |F3:C0+Dn<<2
MOV (An),Dm mem16(An)[] Dm S |—|—|—|—|—|—|—|— 20+An<<2+Dm
MOV (d8,An),Dm mem16(An+d8)L] Dm S |—|—|—|—|—|—|—|— 60+An<<2+Dm:d8
MOV (d16,An),Dm mem16(An+d16)C] Dm S |—|—|—|—|—|—|—|— 1 |F7:CO0+An<<2+Dm:d16-1:d16-h
MOV (d24,An),Dm mem16(An+d24)00 Dm S |—|—|—|—|—|—|—|— 2 | F4:80+An<<2+Dm:d24-l:d24-m:d24-h
MOV (Di,An),Dm mem16(An+Di)lJ Dm S |—|—|—|—|—|—|—|— 1 |F1:40+Di<<4+An<<2+Dm
MOV (abs16),Dn mem16(abs16)0 Dn S |—|—|—|—|—|—|—|— C8+Dn:abs16-l:abs16-h
MOV (abs24),Dn mem16(abs24)0 Dn S |—|—|—|—|—|—|— | — 2 | F4:CO+Dn:abs24-l:abs24-m:abs24-h
MOV (An),Am mem24(An)dJ Am — = === === = 70+An<<2+Am:00 *2
MOV (d8,An),Am mem24(An+d8)[] Am — |- == === |— | = 70+An<<2+Am:d8
MOV (d16,An),Am mem24(An+d16)0] Am el et e e et e B Bl M 2 | F7:BO+An<<2+Am:d16-:d16-h
MOV (d24,An),Am mem24(An+d24)00 Am — |- == === | — | = 3 | F4:FO+An<<2+Am:d24-1:d24-m:d24-h
MOV (Di,An),Am mem24(An+Di)0J Am e et e e et e B Bl M 2 | F1:00+Di<<4+An<<2+Am
MOV (abs16),An mem24(abs16)0] An — |- == === | — | = 2 | F7:30+An:abs16-l:abs16-h
MOV (abs24),An mem?24(abs24)0 An e et e e et e B Rl M 3 | F4:D0+An:abs24-l:abs24-m:abs24-h
MOV Dm,(An) Dm0 mem16(An) — |- === =] —|— | — 00+An<<2+Dm
MOV Dm,(d8,An) Dm[ mem16(An+d8) e et e e et e B Ml M 40+An<<2+Dm:d8

MOV Dm,(d16,An) Dm0 mem16(An+d16) e e el el el el el el

1 | F7:80+An<<2+Dm:d16-1:d16-h

MOV Dm,(d24,An) Dm0 mem16(An+d24) — | === —|—|—|—

2 | F4:00+An<<2+Dm:d24-I:d24-m:d24-h

MOV Dm,(Di,An) Dm0 mem16(An+Di) el et el el e et e 1 |F1:CO+Di<<4+An<<2+Dm

MOV Dn,(abs16) Dnl mem16(abs16) — |- == === |— | = CO+Dn:abs16-l:abs16-h

MOV Dn,(abs24) Dnl mem16(abs24) e et el e et e B Bl M 2 | F4:40+Dn:abs24-l:abs24-m:abs24-h
MOV Am,(An) Am[ mem24(An) — ||| —|—|—]|— 50+An<<2+Am:00 *3
MOV Am,(d8,An) Am mem24(An+d8) e et e e et e B Rl e 50+An<<2+Am:d8
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MOV Am,(d16,An) AmUC mem24(An+d16) — |- === == | — | = 2 | F7:A0+An<<2+Am:d16-1:d16-h
MOV Am,(d24,An) Am mem24(An+d24) e et e e et e B Bl M 3 | F4:10+An<<2+Am:d24-:d24-m:d24-h
MOV Am,(Di,An) AmU mem24(An+Di) — |- == === | — | = 2 | F1:80+Di<<4+An<<2+Am
MOV An,(abs16) An(] mem24(abs16) e et e e et e B Rl M 2 | F7:20+An:abs16-l:abs16-h
MOV An,(abs24) AnlJ mem24(abs24) — |- == === | — | — 3 | F4:50+An:abs24-l:abs24-m:abs24-h
MOV imm8,Dn imm8C Dn S |—|—|—|—|—|—|—|— 80+Dn<<2+Dn:imm8
MOV imm16,Dn imm160 Dn S |—|—|—|—|—|—|—]|— F8+Dn:imm16-1:imm16-h
MOV imm24,Dn imm24[] Dn e el el e e el el e 2 | F4:70+Dn:imm24-l:imm24-m:imm24-h
MOV imm16,An imm160 An O |—|—|—|—|—|—|—|— DC+An:imm16-l:imm16-h
MOV imm24,An imm240 An e el el e e el el e 2 | F4:74+An:imm24-1:imm24-m:imm24-h
MOVX | MOVX (d8,An),Dm mem24(An+d8)[] Dm e e e e e e e e 2 | F5:70+An<<2+Dm:d8
MOVX (d16,An),Dm mem24(An+d16)] Dm — |- == === |—|— 2 | F7:70+An<<2+Dm:d16-1:d16-h
MOVX (d24,An),Dm mem24(An+d24)] Dm e et e e et el B Bl M 3 | F4:BO+An<<2+Dm:d24-1:d24-m:d24-h
MOVX Dm,(d8,An) Dm0 mem24(An+d8) — | -] —=|— | = 2 | F5:50+An<<2+Dm:d8
MOVX Dm,(d16,An) Dm[ mem24(An+d16) e et el e et el B Rl M 2 | F7:60+An<<2+Dm:d16-1:d16-h
MOVX Dm,(d24,An) Dm0 mem24(An+d24) — | - == === | — | — 3 | F4:30+An<<2+Dm:d24-1:d24-m:d24-h
MOVB | MOVB (An),Dm mem8(An)L Dm S |—|—|—|—|—|—|—|— 30+An<<2+Dm:B8+Dn *4
MOVB (d8,An),Dm mem8(An+d8)[J Dm S |—|—|—|—|—|—|— | — 1 |F5:20+An<<2+Dm:d8
MOVB (d16,An),Dm mem8(An+d16)[] Dm S |—|—|—|—|—|—|—|— 1 | F7:D0+An<<2+Dm:d16-l:d16-h
MOVB (d24,An),Dm mem8(An+d24)[] Dm S |—|—|—|—|—|—|— | — 2 | F4:A0+An<<2+Dm:d24-l:d24-m:d24-h
MOVB (Di,An),Dm mem8(An+Di)[] Dm S |—|—|—|—|—|—|—|— 1 | F0:40+Di<<4+An<<2+Dm
MOVB (abs16),Dn mem8(abs16)C] Dn S |—|—|—|—|—|—|—|— CC+Dn:abs16-l:abs16-h:B8+Dn  *5
MOVB (abs24),Dn mem8(abs24)C Dn S |—|—|—|—|—|—|—|— 2 | F4:C4+Dn:abs24-l:abs24-m:abs24-h
MOVB Dm,(An) Dm[ mem8(An) el el Rl Bt et Bl B el 10+Dm<<2+An
MOVB Dm,(d8,An) Dm0 mem8(An+d8) — |- === == | — | = 1 |F5:10+An<<2+Dm:d8
MOVB Dm,(d16,An) Dm[ mem8(An+d16) — | -] —|—|—]— 1 |F7:90+An<<2+Dm:d16-1:d16-h
MOVB Dm,(d24,An) Dm0 mem8(An+d24) — |- === === | = 2 | F4:20+An<<2+Dm:d24-l:d24-m:d24-h
MOVB Dm,(Di,An) Dm[ mem8(An+Di) el el et et e et e e 1 | FO:CO+Di<<4+An<<2+Dm
J Quick decoder : ON
Notes: 1* Itis not possible to specify that Dn=Dm. (This setting cannot be made in this series.)
2* This instruction is supported by the assembler. For "MOV (d8,An),Am" the assembler will generate a bit pattern for d8=0.
3* This instruction is supported by the assembler. For "MOV Am,(d8,An)" the assembler will generate a bit pattern for d8=0.
4* This instruction is supported by the assembler. The assembler generates bit patterns for the two instructions "MOVBU (An),Dm" and "EXTXB Dm".
5* This instruction is supported by the assembler. The assembler generates bit patterns for the two instructions "MOVBU (abs16),Dn" and "EXTXB Dn".
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Instruction Mnemonic Operation op Flag que Cycle Cche Machine Code
EX. | vx | X | NX | zX | VF | CF | NF | zF |Size
MOVB MOVB Dn,(abs16) DnJ mem8(abs16) - - === =] —|—|—] 3 1 C4+Dn:abs16-l:abs16-h
MOVB Dn,(abs24) DnO mem8(abs24) - === == —| =] — 3 2 | F4:44+Dn:abs24-l:abs24-m:abs24-h
MOVBU | MOVBU (An),Dm mem8(An)] Dm o |l—|—|—|—|—|—]|—|—|1 1 30+An<<2+Dm
MOVBU (d8,An),Di mem8(An+d8)J Dm o |—|—|—|—|—|—=|—|—13 2 1 | F5:30+An<<2+Dm:d8
MOVBU (d16,An),D mem8(An+d16)[] Dm o | —|—|—|—|—|—]|—|—| 4 2 1 | F7:50+An<<2+Dm:d16-:d16-h
MOVBU (d24,An),D mem8(An+d24)J Dm o |—|—|—|—|—|—=|—|—15 3 2 | F4:90+An<<2+Dm:d24-1:d24-m:d24-h
MOVBU (Di,An),Dm mem8(An+Di)[0 Dm o |—|—|—|—|—|—]|—|—| 2 2 1 | F0:80+Di<<4+An<<2+Dm
MOVBU (abs16),Dn mem8(abs16)] Dn o |l—|—-|—|—|—|—]—]|—13 1 CC+Dn:abs16-l:abs16-h
MOVBU (abs24),Dn mem8(abs24)] Dn o|—|—|—|—|—|—]|—|—165 3 2 | F4:C8+Dn:abs24-l:abs24-m:abs24-h
EXT EXT Dn If Dn.bp15=0, S| —|—|—|—|—|—|—|—| 2 3 2 | F3:C1+Dn<<2 *6
x'0000'0 MDR
If Dn.bp15=1,
X'FFFF'0 MDR
EXTX EXTX Dn If Dn.bp15=0, S| —|—-|—|—|—]—-]—|—|1 1 BO+Dn *7
Dn&x'00FFFF'0 Dn
If Dn.bp15=1,
Dn | X'FF0000'0 Dn
EXTXU | EXTXU Dn Dné&x'00FFFF'0 Dn o |—|—|—|—|—|—|—]—1]1 1 B4+Dn *8
EXTXB |EXTXB Dn If Dn.bp7=0, - == == =] —=]—1]1 1 B8+Dn *9
Dn&x'0000FF'] Dn
If Dn.bp7=1,
Dn | X'FFFFOO'CI Dn
EXTXBU | EXTXBU Dn Dné&x'0000FF'0 Dn o |—|—|—|—|—|—|—]|—1]1 1 BC+Dn *10
ADD ADD Dn,Dm Dm+DnlJ Dm — | e ° ° . o | o o . 1 1 90+Dn<<2+Dm
ADD Dm,An An+Dm( An — | e ° ° ° ° ° ° . 2 2 1 | F2:00+Dm<<2+An
ADD An,Dm Dm+An0O Dm — | e . ° . ° . . . 2 2 1 | F2:CO+An<<2+Dm
ADD An,Am Am+An Am — | e ° ° ° ° ° ° . 2 2 1 | F2:40+An<<2+Am
ADD imm8,Dn Dn+imm80 Dn S | e ° . . o | o | o ° 2 1 D4+Dn:imm8
ADD imm16,Dn Dn+imm160 Dn S ° ° ° ° ° ° ° ° 4 2 1 | F7:18+Dn:imm16-L:imm16-h
ADD imm24,Dn Dn+imm240 Dn — | e ° ° . o | o | o . 5 3 2 | F4:60+Dn:imm24-l:imm24-m:imm24-h
ADD imm8,An An+imm80 An S . ° ° ° ° . . 0 2 1 DO+An:imm8
ADD imm16,An An+imm160 An S | e ° ° ° o | o | o ° 4 2 1 | F7:08+An:imm16-1:imm16-h
ADD imm24,An An+imm240 An — | e . . ° ° . . ) 5 3 2 | F4:64+An:imm24-l:imm24-m:imm24-h
ADDC ADDC Dn,Dm Dm+Dn+CFO Dm . ° ° ° o | o | o ° 2 2 1 | F2:80+Dn<<2+Dm
ADDNF | ADDNF imm8,An An+imm80 An S|—|—|—|—|—|—|—|—]| 38 2 1 | F5:0C+Animm8 *11
SuUB SUB Dn,Dm Dm-Dn] Dm — | e ° . . ° ° . ) 1 1 A0+Dn<<2+Dm
SUB Dm,An An-Dm( An — | e ° . . . . . ° 2 2 1 | F2:10+Dm<<2+An
SUB An,Dm Dm-An{] Dm — | e ° ° ° ° ° . ° 2 2 1 | F2:D0+An<<2+Dm
SUB An,Am Am-And Am — | e ° . . . . . ° 2 2 1 | F2:50+An<<2+Am
SUB imm16,Dn Dn-imm160 Dn S ° ° ° ° ° ° ° ° 4 2 1 | F7:1C+Dn:iimm16-l:imm16-h
SUB imm24,Dn Dn-imm240 Dn — | e ° . . o | o | o ° 5 3 2 | F4:68+Dn:imm24-l:imm24-m:imm24-h
SUB imm16,An An-imm160] An S . ° ° ° ° ° ° ° 4 2 1 | F7:0C+An:iimm16-l:imm16-h
SUB imm24,An An-imm240 An — | e ° ° . o | o | o ° 5 3 2 | F4:6C+An:imm24-l:imm24-m:imm24-h
SUBC SUBC Dn,Dm Dm-Dn-CFL Dm — | e . ° . . . . . 2 2 1 | F2:90+Dn<<2+Dm
MUL MUL Dn,Dm Dm 0O DnDm — 2|2 2| ?2|0|?2|e e 2 | 12 | 11 | F3:40+Dn<<2+Dm *12
(Dm 0 Dn)>>1600 MDR
MULU MULU Dn,Dm Dm O Dn Dm — | 2?21?22 0] 2 |e | e 2 | 12 | 11 | F3:50+Dn<<2+Dm *13
(Dm O Dn)>>160 MDR
MULQ MULQ Dn,Dm Dm O Dn Dm (H.M.) — |- === | =] === 3 3 2 | F5:60+Dn<<2+Dm:10
(Dm 0 Dn)>>160 MDR
MULQL | MULQL Dn,Dm Dm O DnJ Dm (H.M.) — |- === =] === 3 2 | 1 | F5:40+Dn<<2+Dm:00
MULQL imm8,Dn Dn Oimm80 Dn (H.M.) — - === === —| 4 2 1 | F5:FO+Dn:04:imm8
MULQL imm16,Dn Dn Oimm160 Dn (H.M.) - —|—|—]—|—]|—|—| =15 3 | 2 | F5:F4+Dn:08:imm16-l:imm16-h
MULQH | MULQH Dn,Dm (Dm O Dn)>>160] Dm (H.M.) S|—|—|—|—|—|—|—] —| 3 2 1 | F5:40+Dn<<2+Dm:01
MULQH imm8,Dn (Dn O imm8)>>16L1Dn (H.M.) S|—|—|—|—|—|—|—| —| 4 2 1 | F5:FO+Dn:05:imm8
MULQH imm16,Dn (Dn 0imm16)>>160] Dn (H.M.) S|—|—|—|—|—]| —| —| —| 5 3 | 2 | F5:F4+Dn:09:imm16-l:imm16-h
DIVU DIVU Dn,Dm (MDR<<16+Dm)/Dnl] Dm — | ?2 | ?2|07|e/?]01| ? |e/?2|e/?] 2 | 13 | 12 | F3:60+Dn<<2+Dm *14
...MDR
Notes: 6* 32-bit sign extended word data [ Quick decoder : ON
~ 24'b?t sign extended word data (This setting cannot be made in this series.)
8* 24-bit zero extended word data

9*  24-bit sign extended byte data
10* 24-bit zero extended byte data
11* Addition without changing flag
12* 16x16 = 32 (signed)

13* 16x16 = 32 (unsigned)

14* 32+16 = 16...16 (unsigned)
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) . ) Fla 0
Instruction Mnemonic Operation (E))'Z VX o Thx [ 2x E\;/F CFINETZF (;?Zd: Cycle|cycle Machine Code
CMP | cMP Dn,Dm Dm-Dn...PSW — e e |le e |loe|e]e|e] 22| 1 |F390+Dn<<2+Dm
CMP Dm,An An-Dm...PSW ° ° ° ° ° ° ° ° 2 2 1 | F2:20+Dm<<2+An
CMP An,Dm Dm-An...PSW — | e . . ° ° ° . . 2 2 1 | F2:E0+An<<2+Dm
CMP An,Am Am-An...PSW — | e . . . . ° ° ° 2 2 1 | F2:60+An<<2+Am
CMP imm8,Dn Dn-imm8...PSW S o . . . ° ° . . 2 1 D8+Dn:imm8
CMP imm16,Dn Dn-imm16...PSW S . . . ° . . . . 4 2 1 | F7:48+Dn:iimm16-l:imm16-h
CMP imm24,Dn Dn-imm24...PSW — | e . . . ° ° . . 5 3 2 | F4:78+Dn:imm24-l:imm24-m:imm24-h
CMP imm16,An An-imm16...PSW 0 . . . ° . ° ° . 3 1 EC+An:imm16-l:imm16-h
CMP imm24,An An-imm24...PSW ° . ° . ° ° ° . 5 3 2 | F4:7C+An:imm24-l:imm24-m:imm24-h
AND | AND Dn,Dm DmM&(XFF0000' ID)ODmM | — | — | —| —| —| 0] 0o | e | e | 2| 2 | 1 |F3:00+Dn<<2+Dm *15
AND imm8,Dn Dn&(x'FF0000' | imm8)L] Dn O | —|—|—]1—10 0| e . 3 2 1 | F5:00+Dn:imm8 *15
AND imm16,Dn Dn&(x'FFO000' limm16)bn | — | — | — | — | — | 0 | 0 | e . 4 2 1 | F7:00+Dn:imm16-1:imm16-h *15
AND imm16,PSW PSW&imm160 PSW — | e . . . ° ° . . 4 3 2 | F7:10:imm16-l:imm16-h *15
OR OR Dn,Dm Dm | (Dn&x'00FFFF)0 Dm —|—|—|—=]1—120 0| e . 2 2 1 | F3:10+Dn<<2+Dm *15
OR imm8,Dn Dn | imm8( Dn O |—|—|—|—1]0 0| e . 3 2 1 | F5:08+Dn:imm8 *15
OR imm16,Dn Dn | imm160 Dn — | —]l—]|—]—]10] 0] e . 4 2 1 | F7:40+Dn:imm16-l:imm16-h *15
OR imm16,PSW PSW | imm160 PSW — | e ° ° D ° ° ° ° 4 3 2 | F7:14:imm16-1:imm16-h *15
XOR | XOR Dn.Dm DMA(XOOFFFF&DMOIDM | — | — | — | — | — | 0| 0| e | e | 2 | 2 | 1 |F320+Dn<<2+Dm *15
XOR imm16.Dn DnNimm160 Dn _ -] —]—1—10 0| e ° 4 2 1 | F7:4C+Dn:imm16-L:imm16-h *15
NOT | NOTDn DN"X'00FFFE'] Dn — | l—|_—lo|lo|le|e| 22| 1 |F3E4aDn *15
ASR | AsrRDn Dn.Isbr] CF — =] —=|—=|—|o|e|e|e| 2|2 | 1|Fa3sDn *15
Dn.bpO Dn.bp-1(bp15~1)
Dn.bp150 Dn.bp15
LSR LSR Dn Dn.IsbC] CF —|—|—=|—=|—=|0|e|0]|e]| 2|2 ]| 1 |F33c+Dn *15
Dn.bp0 Dn.bp-1(bp15~1)
00 Dn.bp15
ROR | ROR Dn Dn.Isb0 temp — || =] —=|o0|le|e|e| 22| 1 F334+Dn *15
Dn.bpC Dn.bp-1(bp15~1)
CFODn.bp15
tempd CF
ROL | RoLDn Dn.bp150 temp —|—|—|—=|—|o0|e|e|e| 2|21 |F330+Dn *15
Dn.bpll Dn.bp+1(bp14~0)
CFODn.Isb
tempO CF
BTST | BTST imm8,Dn Dn&imms...PSW 0 | —|—|[—]— 0/0|e| 3|2 | 1 |F504+Dnimms
BTST imm16,Dn Dn&imm16...PSW — = —|— . . 4 F7:04+Dn:imm16-l:imm16-h
BSET | BSET Dm,(An) mem8(An)&Dm...PSW — === 00| e | 2|5 | 4 |F0:20+An<<2+Dm *16
mem8(An) | Dm mem8(An)
BSET imm8,(abs16) mem8(abs16) | imm8 - == == —|—]|—|—15 4 3 | F4:E3:abs16-l:abs16-h:imm8
0 mem8(abs16)
BSET imm8,(abs24) mem8(abs24) | imm8 - == == —|—]|—|—| 6 5 4 | F4:4B:abs24-l:abs24-m:abs24-h:imm8
0 mem8(abs24)
BSET imm8,(d8,An) mem8(An+d8) | imm8 - === = | === —| 4 4 3 | F4:E8+An:d8:imm8
0 mem8(An+d8)
BSET (abs16)bp mem8(abs16) | (1<<bp) — - == =] =] === 4 4 3 | F5:D0+bp:abs16-l:abs16-h
0 mem8(abs16)
BSET (abs24)bp mem8(abs24) | (1<<bp) - -] =] =|—|—]|—| 6 6 5 | F3:FE:DO+bp:abs24-l:abs24-m:abs24-h
0 mem8(abs24)
BSET (d8,An)bp mem8(An+d8) | (1<<bp) — === === |—| = 3 4 3 | F5:90+bp:d8 An=A0
0 mem8(An+d8) 3 4 3 | F5:98+bp:d8 An=A1
4 5 4 |F3:FF:90+bp:d8 An=A2
4 5 4 |F3:FF:98+bp:d8 An=A3
[ Quick decoder : ON
Notes: 15* 16-bit computation
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Instruction| Mnemonic Operation oP Flag que Cycle QICI(DE Machine Code
EX. | VX | CX | NX | ZX | VF | CF | NF | ZF |Size
BCLR BCLR Dm,(An) mem8(An)&Dm...PSW O |—|—|—|—1O 0|0 |e 2 5 4 | F0:30+An<<2+Dm *16
mem8(An)&("Dm)J mem8(An)
BCLR imm8,(abs16) |mem8(absl6)&('imm8) — === == —=|—|— 5 4 3 | F4:E7:abs16-l:abs16-h:imm8
O mem8(abs16)
BCLR imm8,(abs24) |mem8(abs24)&('imm8) — === === |— |— 6 5 4 | F4:4F:abs24-l:abs24-m:abs24-h:imm8
Omem8(abs24)
BCLR imm8,(d8,An) |mem8(An+d8)&(7imm8) — === = | === |— 4 4 3 | F4:EC+An:d8:imm8
O mem8(An+d8)
BCLR (abs16)bp mem8(abs16)& (1<<bhp) — === === |— |— 4 4 3 | F5:D8+bp:abs16-l:abs16-h
[Jmem8(abs16)
BCLR (abs24)bp mem8(abs24)& (1<<bp) — |- —|=|=]|=|=|—|—| 6 6 5 | 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 3 | F5:B0+bp:d8 An=A0
O mem8(An+d8) 3 | 4 | 3 |F5:B8+bp:ds An=A1
4 5 4 | F3:FF:BO+bp:d8 An=A2
4 | 5 4 | F3:FF:B8+bp:d8 An=A3
TBZ TBZ (abs16)bp,label |mem8(abs16)&(1<<bp).PSW | — | — | — | — | — |0 | 0 | O | e 5 | 5/4| 413 | F5:CO+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 | — | — | — | — | — | 0 | O | O | e 7 | 7/6 | 6/5 | F3:FE:CO+bp:abs24-l:abs24-m:
If ZF=1, abs24-h:label
PC+7+d8(label)PC
If ZF=0,
PC+70PC
TBZ (d8,An)bp,label |mem8(An+d8)&(1<<bp).PSW | — | — | — | — | — | O 0|0 |e 4 | 5/4 | 4/3 | F5:80+bp:d8:label An=A0
If ZF=1, 4 | 5/4 | 4/3 | F5:88+bp:d8:label An=A1
PC+4(5)+d8(label)0PC 5 | 6/5| 5/4 | F3:FF:80+bp:d8:label An=A2
If ZF=0, 5 | 6/5| 5/4 | F3:FF:88+bp:d8:label An=A3
PC+4(5)0PC
TBNZ TBNZ (abs16)bp,label | mem8(abs16)&(1<<bp)..PSW | — | — | — | — | — | 0O | 0 | O | e 5 | 5/4| 413 | F5:C8+bp:abs16-l:abs16-h:label
If ZF=1,
PC+50PC
If ZF=0,
PC+5+d8(label)JPC
TBNZ (abs24)bp,label| mem8(abs24)&(1<<bp)..PSW | — | — | — | — | — | 0 | O | O | e 7 | 7/6| 6/5 | F3:FE:C8+bp:abs24-l:abs24-m:
If ZF=1, abs24-h:label
PC+70PC
If ZF=0,
PC+7+d8(label)d PC
TBNZ (d8,An)bp,label | mem8(An+d8)&(1<<bp)..PSW | — | — | — | — | — | O 0|0 |e 4 | 5/4 | 413 | F5:A0+bp:d8:label An=A0
If ZF=1, 4 | 5/4 | 43 | F5:A8+bp:d8:label An=A1
PC+4(5)0PC 5 | 6/5| 5/4 | F3:FF:AO+bp:d8:label An=A2
If ZF=0, 5 | 6/5| 5/4 | F3:FF:A8+bp:d8:label An=A3
PC+4(5)+d8(label) PC
Bcce BEQ label If ZF=1, - == === — | — | — 2 |21 E8:d8 *17
PC+2+d8(label)0 PC
If ZF=0,
PC+20PC
BNE label If ZF=0, — - =] === | — | — | — 2 1211 E9:d8 *18
PC+2+d8(label)d PC
If ZF=1,
PC+20PC
BLT label If (VFANF)=1, — | - =] === |—=|—|—| 2 |21 E0:d8 *19
PC+2+d8(label)J PC
If (VFANF)=0,
PC+200PC
[J Quick decoder : ON
Notes: 16* Performed under thg conditions of bus lock and disabled interrupts. (This setting cannot be made in this series.)
17* src=dest (lower 16 bits)
18* srczdest (lower 16 bits)
19* src>dest (lower 16 bits, signed)
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. . . Flag u] .
Instruction Mnemonic Operation CE))FZ vx | ox x| zx g/F CFINET ZF Cs?jee Cycle|Cycle Machine Code
Bec BLE label If (VFANF) | ZF)=1, — | =] =] =] =] =] =] =] —| 2|21 E3:d8 *20
PC+2+d8(label)d PC
If (VFANF) | ZF)=0,
PC+20PC
BGE label If (VFANF)=0, — | = = =] = = =] = —] 2|21 E2:d8 *21
PC+2+d8(label)0 PC
If (VFANF)=1,
PC+20PC
BGT label If (VFANF) | ZF)=0, — | =] = =] = —| =] =] =] 2|21 E1:d8 *22
PC+2+d8(label)] PC
If (VFANF) | ZF)=1,
PC+20P
BCS label If CF=1, — | =] =] = = —| —|—=|—| 2|21 E4:d8 *23
PC+2+d8(label)] PC
If CF=0,
PC+20PC
BLS label If (CF 1 ZF)=1, — | = = = = = =] —] —| 2|21 E7:d8 *24
PC+2+d8(label)d PC
If (CF | ZF)=0,
PC+20PC
BCC label If CF=0, — | = = =] = = == —| 2|21 E6:d8 *25
PC+2+d8(label) PC
If CF=1,
PC+20PC
BHI label If (CF 1 ZF)=0, — | = = =] = = == —] 2|21 E5:d8 *26
PC+2+d8(label)0 PC
If (CF | ZF)=1,
PC+20PC
BVC label If VF=0, — | —| —| =] —| —| —| —| —| 3 |3/2]|2/1|F5FC:d8 *27
PC+3+d8(label)d PC
If VF=1,
PC+30PC
BVS label If VF=1, — | —| —| =] —| —| —| —| —| 3 |3/2]|2/1|F5FD:d8 *28
PC+3+d8(label)] PC
If VF=0,
PC+30PC
BNC label If NF=0, — | —| =] —| —| —| —| —| —| 3 |32 |21 |F5FEd8 *29
PC+3+d8(label)] PC
If NF=1,
PC+30PC
BNS label If NF=1, —| = =] = —| —| —| —| —| 3 |32 |21 |F5FFd8 *30
PC+3+d8(label)d PC
If NF=0,
PC+30PC
BRA label PC+2+d8(label)d PC - |- - -] == =] —| —] 2 2 EA:d8
Beex BEQX label If ZX=1, — | —| = =] —| —| —| —| —| 3| 32| 21| F5E8d8 *31
PC+3+d8(label)] PC
If ZX=0,
PC+30PC
BNEX label If ZX=0, — | =] =] —| —| —| —| —| —| 3| 38/2| 21| F5:E9:d8 *32
PC+3+d8(label)d PC
If ZX=1,
PC+30PC
O Quick decoder : ON
Notes: 20* srcxdest (lower 16 bits, signed) (This setting cannot be made in this series.)
21* src<dest (lower 16 bits, signed)
22* src<dest (lower 16 bits, signed)
23* src>dest (lower 16 bits, unsigned)
24* srczdest (lower 16 bits, unsigned)
25* src<dest (lower 16 bits, unsigned)
26* src<dest (lower 16 bits, unsigned)
27* VF=0
28* VF=1
29* NF=0
30* NF=1
31* src=dest (24 bits)
32* srczdest (24 bits)
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OoP Flag
EX. | VX | CX | NX | ZX | VF | CF | NF | ZF

Code
Size

Instruction Mnemonic

Machine Code

- O
Operation Cycle/Cycle

Beex BLTX label

If (VX"NX)=1, — | —|—|—|—|—|—|—| —| 38 |32)|21| F5E0:d8 *33
PC+3+d8(label)] PC
If (VX"NX)=0,
PC+30PC

If (WVX"NX) | ZX)=1, — | =] —|—| = —|—]|—]—]| 3 |32|21
PC+3+d8(label)0 PC
If (VX~NX) | ZX)=0,
PC+30PC

If (VXANX)=0, — | =] —| === =] =] —]| 3 |32|21
PC+3+d8(label)0 PC
If (VXANX)=1,
PC+30PC

If ((VXANX) | ZX)=0, — | =] —|—| == =] =] —]| 3 |32|21
PC+3+d8(label)d PC
If (VX NX) | ZX)=1,
PC+30PC

If CX=1, — | =] —|—| == =] =] =] 3] 3221
PC+3+d8(label)0 PC
If CX=0,
PC+30PC

If (CX1ZX)=1, — | =] —|—| = —|—]|—]—| 3] 3221
PC+3+d8(label) PC
If (CX 1 ZX)=0,
PC+30PC

If CX=0, — | =] —|—| = —|—]|—]—]| 3] 3221
PC+3+d8(label)] PC
If CX=1,
PC+30PC

If (CX 1ZX)=0, — | =] —|—| = —=|—]|—]—]| 3] 3221
PC+3+d8(label)0J PC
If (CX 1ZX)=1
PC+30PC

If VX=0, — | == | === =] =] =] 3] 3221
PC+3+d8(label)00 PC
If VX=1,
PC+30PC

If VX=1, — | =] —|—| == =] =] =] 3] 3221
PC+3+d8(label)0 PC
If VX=0,

PC+30PC

If NX=0, — | =] —|—| = —=|—]|—]—]| 3] 3221
PC+3+d8(label)0 PC
If NX=1,
PC+30PC

If NX=1, — | =] —|—| = —| =] =] =] 3] 3221
PC+3+d8(label)d PC
If NX=0,

PC+30PC

BLEX label F5:E3:d8 *34

BGEX label F5:E2:d8 *35

BGTX label F5:E1:d8 *36

BCSX label F5:E4:d8 *37

BLSX label F5:E7:d8 *38|

BCCX label F5:E6:d8 *39

BHIX label F5:E5:d8 *40

BVCX label F5:EC:d8 *41

BVSX label F5:ED:d8 *42

BNCX label F5:EE:d8 *43

BNSX label F5:EF:d8 *44

JMP

JMP label16

PC+3+d16(label16)0 PC

FC:d16-:d16-h

JMP label24

PC+5+d24(label24)0 PC

F4:E0:d24-1:d24-m:d24-h

JMP (An)

An0JPC

FO:An<<2

[J Quick decoder : ON
Notes: 33* src>dest (24 bits, signed) (This setting cannot be made in this series.)
34* srczdest (24 bits, signed)
35* src<dest (24 bits, signed)
36* src<dest (24 bits, signed)
37* src>dest (24 bits, unsigned)
38* srcxdest (24 bits, unsigned)
39* src<dest (24 bits, unsigned)
40* src<dest (24 bits, unsigned)
41* VX=0
42* VX=1
43* NX=0
44* NX=1
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) A ) OoP Flag Code J )
Instruction| Mnemonic Operation ex. | vx| cx| nx| zx| vel cel Nel ze |size CycleCycle Machine Code
JSR JSR labell6 A3-40A3 - == —]|—|—]|—|—13 4 3 |FD:d16-1:d16-h

PC+30 mem24(A3)
PC+3+d16(labell6)] PC
JSR label24 A3-40A3 - - —|—]—|—|—|—]—15 5 4 |FA:E1:d24-:d24-m:d24-h
PC+500 mem24(A3)
PC+5+d24(label24)0 PC
JSR (An) A3-40 A3 — === =] —|—|—|—|2 5 | 4 |FO:01+An<<2
PC+200 mem24(A3)
AnOPC
NOP NOP PC+10PC - - === —|—|—]—11 1 F6
RTS RTS mem24(A3)0 PC [EE NS (NI (UED, NI, QN — — 5 FE
A3+40 A3
RTI RTI mem16(A3)0 PSW — | e . . . o | o . ° 1 6 EB
mem24(A3+2)0 PC
A3+600 A3
PXST PXST Prefix instruction reversing = = == =] =12 2 1 | F3:FC
the following instruction of
addition/subtraction on
saturation operation flag of
PSW

How to Read INSTRUCTION SET

m Explanation of symbols used in the chart
Dn, Dm, Di

An, Am

MDR, PSW, PC

imm8, imm16, imm16-1, imm16-h

imm24, imm24-1, imm24-m, imm24-h

d8, d16, d16-l, d16-h

d24, d24-1, d24-m, d24-h

abs16, abs16-l, abs16-h

abs24, abs24-l, abs24-m, abs24-h

mem8 (An), mem8 (abs16), mem8 (abs24)
mem16 (An), mem16 (abs16), mem16 (abs24)
mem24 (Am), mem24 (abs16), mem24 (abs24)
.bp,.Isb,.msb

&,IN

<<

VX, CX, NX, ZX
VF, CF, NF, ZF
temp
a, ..
H.M.

m OP EX. (Operand Extension)
O zero extension
S sign extension
- not applicable

m Cycle
The minimum number of cycles are specified.

Unit: machine cycle

alb: there are branches in the 'a’ cycle
there are no branches in the 'b' cycle

= Notes

O Quick decoder : ON
(This setting cannot be made in this series.)
Ver.2.01 (2000.5.16)

Data register

Address register

Multiplication and division register, program status word, program counter
Constant

Displacement
Absolute address

8-bit memory data referenced at the address enclosed in parenthesis
16-bit memory data referenced at the address enclosed in parenthesis
24-bit memory data referenced at the address enclosed in parenthesis
Bit specification

Logical AND, logical OR, exclusive OR

Bit reversal, bit shift

Extended overflow flag, extended carry flag, extended negative flag, extended zero flag
Overflow flag, carry flag, negative flag, zero flag

Temporary register inside CPU

Assignment, reflection of computation results

High-speed Multiplication

m Flag m Code Size

. change Unit: byte
no change

0 normally O

1 normally 1

? undefined

m Machine Code
[:] separates the byte units. [<<2] indicates a 2-bit shift.
Dn, Dm, Di, An, Am: register numbers

DO 00 A0 00
D1 01 Al 01
D2 10 A2 10
D3 11 A3 11

¢ Instructions that access 16-bit and 24-bit data must use an even memory address.
« All 8-bit displacements (d8) and 16-bit displacements (d16) are sign extended.
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First byte
Upper/Lower O 1 2 3 4 5 6 7 8 9 A B C D E F
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
BLT BGT BGE BLE BCS BHI BCC BLS BEQ BNE BRA .
E | label | label | label | label | label | label | label | label | label | label | label | R CMP imm16, An
F Extended code| Extended code | Extended code | Extended code | Extended code| Extended code] NOP Extended code] MOV imm16, Dn JMP JSR RTS
A B c D E F G labell6 | labell6
Extended Code A
Second byte (Byte 1: FO)
Second byte
Upper/Lower 0 1 2 3 4 5 6 7 8 9 A B C D E F
0 [P (A0) | ISR (A0) JMP (A1) | JSR (A1) IMP (A2) | JSR (A2) IMP (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
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Extended Code B
Second byte (Byte 1: F1)

Second byte
Upper/Lower 0 1 2 3

0

MOV (Di, An), Am

MOV (Di, An), Dm

MOV Am, (Di, An)

MOV Dm, (Di, An)

Extended Code C
Second byte (Byte 1: F2)

Second byte

Upper/Lower 0 1 2 3
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
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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 MDR EXT DO MDR EXT D1 MDR EXT D2 MDR EXT D3
MOV DO, MOV D1, MOV D2, MOV D3,
D |psw PSW PSW PSW
E MOV MDR, Dn NOT Dn
Extended code| Extended code
E MOV PSW, Dn PXST H :
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)
BSET BCLR
4 MOV Dn, (abs24) MOVB Dn, (abs24) it s inn <24
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
c MQV (abs24), Dn MOVB (abs24), Dn MOVBU (abs24), Dn
D MOV (abs24), An
IMP JSR BSET BCLR . .
E | label24 | label24 it i s BSET immg, (d8,An) BCLR imm8, (d8,An)
E MOV (d24, An), Am
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Extended Code F
Second byte(Byte 1: F5)

Second byte
Upper/Lower 0 1 2 3 4 5 6 7 8 9 A C 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, A0) bp,label TBZ(d8, A1) bp,label
9 BSET(d8, A0) bp BSET(d8, AL) bp
A TBNZ(d8, AO) bp,label TBNZ(d8, Al) 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
BvVC BVS BNC BNS
F Extended Code L label | label | label | label
Extended Code G
Second byte (Byte 1: F7)
Second byte
Upper/Lower 0 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 [ e 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
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Third byte (Byte 1: F3, Byte 2 : FE)

Third byte

Upper/Lower O 1 2 3

Chapter 11 Appendix

0

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/Lower O 1 2

0

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
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Extended Code J
Third byte (Byte 1: F5, Byte 2 : 4n)

Upper/Lower O 1 2 3

MULQL | MULQH
0 Dn,Dm | Dn,Dm

Extended Code K
Third byte (Byte 1: F5, Byte 2 : 6n)

Upper/Lower O 1 2 3

0

MULQ
Dn,Dm
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Extended Code L
Third byte (Byte 1: F5, Byte 2 : Fn)

Upper/Lower O 1 2 3 4 5 6 7 8 9 A B C D E F

MULQL |MULQH MULQL |MULQH

0 imm8,Dn| imm8,Dn imm16,Dn|imm16,Dn

Ver.1.01 (2000.5.16)
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MN2102H55D/55G/F55G User's Manual Record of Changes (Ver. 1.1to Ver. 2.0)

Page | Line Eef'”" Former Version New Version
1on
13to | Note A Unused pins require handling in the circuit (input
21 ‘ pins are connected to Vbb/Vss, output pins leave
= Open, input/output pins are connected to Vbp/Vssor
leave open depending on pin direction setting).
22 Text A The unused pins require handling on the board. The
Line6 input pins are connected to VDD or VSS. The output
pins leave open. The lack of this handling causes the
increase of current and unstable operation.
25 Table| cC Pulling the pin low sets 8-bit bus width while pulling the Pulling the pin_high sets 8-bit bus width while pulling the
Line4 pin high sets 16-hit bus width. pin low sets 16-bit bus width.
39 Table (o] DUMX DMUX
47 Table| C ... In addition, this pin can reads the pin state as the ... In addition, this pin can reads the pin state as the
general-purpose input port PAG. general-purpose input port P76.
62 |Section| A The"2-1-3 Memory Connection Examples' is added.
65 |Section| C m Example of DRAM (2CAS Method) Connection m Example of Burst ROM Connection (8-bit Bus
(16-bit Bus Width, 2 Wait) Width, 4-3-3-3 Waits, Lower 2 bits of Address)
67 |Section[ A The"2-1-4 Access to External Memory" is added.
[Note:Pages 68, 70 and 72 are changed to pages 69,71,and 73]
32’ Table | C | ropie21-4, Table 216, Table 2-1-8 Table 2-1-4, Table 2-1-6, Teble 2-1-8
72 ,
8-bit o 8-bit [
Data Write| WEH /" /[ Data Write| WEH |
69, Table c [Note:Pages 69 and 70 are changed to pages 70 and 71.]
70 A21-0 A23-0
71, Table c [Note:Pages 71 and 72 are changed to pages 72 and 73]
72 A21-0 A22-8
[Note: Page 73 is changed to page 74.]
73 Table C Table 2-1-9 Address/Data Separate Mode (16-bit Bus Table 2-1-9 Address/Data Separate Mode (16-bit Bus
DRAM /UCAS and /LCAS Method) Burst ROM Access)
74 Table Cc Table 2-1-10 Address/Data Separate Mode (8-bit Bus Table 2-1-10 Address/Data Separate Mode (8-bit Bus
DRAM /UCAS and /LCAS Method) Burst ROM Access)

<Definition> A: Add D: Delete C: Change
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MN2102H55D/55G/F55G User's Manual Record of Changes (Ver. 1.1to Ver. 2.0)

Page

Line

Defini-
tion

Former Version

New Version

75

Text
Line4

A

The RE short mode and the RE |ate mode do not affect
the BSTRE pin connecting burst ROM.

82

Section

The "2-4 Activation Sequence” is added.

95,
98,
101

Note

Normally, the program generatestheinterrupt start address
and then branches to that address.

After the program branches to x'080008', the program
generates the interrupt service routine start address and
then branches to that address.

100

Note

The watchdog interrupt is used to detect the CPU errors.
The CPU cannot return to the previous operation before
the watcchdog interrupt occurred after interrupt service
routine is executed. Therefore, the CPU must reset after
the watchdog interrupt occurred.

101

Text

m Watchdog Timer in STOP Mode

When the watchdog timer is enabled and the CPU
switchesto STOP mode, the watchdog timer starts count-
ing after it operates as the oscillation stabilization wait
counter if the CPU returns to the previous mode (either
NORMAL mode or SLOW mode) from STOP maode by
an interrupt. In the MN102HF55G ( Flash EEPROM
version), 21" must be selected as the watchdog interrupt
cycle (WDMO0='0', WDM 1="1") when the CPU movesto
STOP mode.

126

Text

These counters can serve asinterval timers, event counters
(in clock oscillation mode), one-phase PWMs, two-phase
PWMs, one-phase captures, two-phase encoders (1x and
4X), ...

These counters can serve asinterval timers, event counters
(in clock oscillation mode), one-phase PWMs, two-phase
PWMs, two input captures, two-phase encoders (1x and
ax), ...

133

Figure

TMnMD
[1:0]

TMnCA, TMnCB Operating Mode Selection

TMnMD
[1:0]

TMnCA, TMnCB Operating Mode Selection

Compare register (single buffer)

Compare register (single buffer)

01 Compare register (double buffer)

01 Compare register (double buffer)

10 Capture register (TMnlOA pin high and low)

10 Capture register (TMnlOA pin high or low)

11 Capture register
(TMnIOA pin high, TMnIOB pin high)

11 Capture register
(TMnIOA pin or TMnIOB pin high)

142

Text

3) When TM8BC=x'FFFF": al output waveforms consist
of 1.

3) When TM8CB=x"FFFF": all output waveforms consist
of 1.

156
157

Text

Figure 4-4-10 shows 000A-0007=0003, or 3 cycles.

Figure 4-4-12 shows 000A-0007=0003, or 3 cycles.

194

Note

In the duplex (haf-duplex) asynchronous mode, both SBT
pins become input when they are not selected to transmit,
so they required pullup resistors.

<Definition> A: Add D: Delete C: Change
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Page | Line Ei'”" Former Version New Version
195 Note A Transmission/reception is possible within +/-2 % of baud
rate errors.
208 Text A (6) Read the dummy data of the serial 3 transmit/receive
c buffer (SC3TRB) after transmission ends.

(7) Verify that aparity error occurs by reading the serial 3
status register (SC3STR). When a parity error oc-
curs, thismeansthe slave responds normally. When
a parity error does not occur, this means the slave
does not respond. (This step is unnecessary for the
system without ACK.)

m Data Transmission 2 ® Data Transmission 2

(6) Repeat steps (4) to (7) if the datais transmitted con- | (8) Repeat steps (4) to (7) if the data is transmitted con-
tinuously. tinuously.

m Stop Sequence m Stop Sequence

(7) Write 0'to the SC3IIC flag of the SC3CTR registerto | (9) Write 0tothe SC3I1C flag of the SC3CTR register to
end the datatransmission. Do not write during trans- end the data transmission. Do not write during
mission. transmission.

(8) Set the SCL3 pin output to high assoon asthe SC3IIC | (10) Set the SCL3 pin output to high as soon as the
flag is written. One cycle later, set the SDA3 pin SC3IIC flag is written. One cycle later, set the
output to high to start the stop sequence transmis- SDA3 pin output to high to start the stop sequence
sion. The SC3ISP flag of the SC3STR register be- transmission. The SC3ISP flag of the SC3STR reg-
comes 1. (Reception must be enabled to detect the ister becomes 1. (Reception must be enabled to de-
stop sequence.) Clear the SC3IST and SC3ISP flags tect the stop sequence.) Clear the SC3IST and
of the SC3STR register by writing to or reading from SC3ISP flags of the SC3STR register by writing to
the SC3TRB regjister. or reading from the SC3TRB register.

(11) Set the SC3REN flag to disable once immediately
after the stop sequence occurs.

209 | Text c 15 [14 [13]12]11[10[ 9 [ 8 15 [14 [13[12]11[10] 9 [8
SC3 [ SC3 | SC3 |reser| SC3| _ | SC3 | reser SC3 [ SC3 | SC3 |reser| SC3| _ | SC3 | reser
TEN |REN | BRE | ved | PTL oD | ved TEN [REN |BRE| ved | PTL oD | ved
o 1 0 o0 1 101 O 1 o o 1 101
Note A .

Write the dummy data x'FF' always.

Verify that reception ends by an interrupt (either a

serial 3 transmission end interrupt or a serial 3 re-

ception end interrupt) or polling the received data
flag of the serial 3 status register. Polling the recep-
tion busy flag is not allowed during I1°C mode.
212 | Figure| D Equivalent Circuit Block Equivalent Circuit Block
Outputs Analog Signal MN102H55D/55G/F55G Outputs Analog Signal MN102H55D/55G/F55G
ey e S ety
,—\/\/\/ l A/D Input Pin ,—\/\/\/ l A/D Input Pin
(o} C
............................. %) Sssssssssssssssseeseees et AVss (T
R < 8kQ Or C 2 2000 pF Connect to Vss in the chip model R <8 kQ Or C = 2000 pF
which has no AVss.
225 | Text C (4) Load the valueof ..... (4) Load the value of .....
TM3BR: X'00FEL3
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234 | Figure| C ATNBW | Transfer Unit ATnBW | Transfer Unit
0 Byte 0 Word (disable when 8-bit bus width for
1 Word (disable when 8-bit bus width for external memory is selected)
external memory is selected) 1 Byte
A Do not activate ATC by an interrupt and write 0 to ATNEN

flag by the user program simultaneously. Omitting this
procedure causes the CPU to stop. Set the applicable
register not to generate an interrupt for ATC activation
factor before writing 0 to ATnEN flag.

239 Text c 15 (14 [13[12]11]10] 9 [ 8 15 14 [13[12]11]10] 9 [ 8
ATO | ATO | ATO | ATO | ATO | ATO| ATO | ATO ATO | ATO | ATO | ATO | ATO| ATO| ATO | ATO
EN [MD1|MDO|BW |DB8| DI | SB8 | SI EN [MD1|MDO|BW |DB8| DI |SB8 | SI
o o 0 0O 0 1 0 o0 o 0 o0 @ o 1 o0 o
240 | Text c 15 (14 [13[12]11]10] 9 [ 8 15 (14 [13[12]11]10] 9 [ 8
ATO | ATO | ATO | ATO | ATO | ATO| ATO | ATO ATO | ATO | ATO | ATO | ATO| ATO| ATO | ATO
EN [MD1|MDO|BW |DB8| DI | SB8 | SI EN [MD1|MDO|BW |DB8| DI |SB8 | SI
o 0o 0 O 0O 1 0 O o o o (M o 1 0 o0
Busyflag Hold Hold Hold Hold Hold Hold Hold Busyflag Hold Hold Hold Hold Hold Hold Hold
indication indication

Figure - -

244 | Fig c ETnBW | Transfer Unit ETnBW | Transfer Unit
0 Byte 0 Word
1 Word 1 Byte

218 | Text c 15 (14 [13[12]11 0] 9 [ 8 15 [14 [ 13 [12 [ 11 [10] 9 [ 8
ETo| _ |ET0|ETO|ETO|ETO|ETO | ETO ETO| _ |ETO|ETO|ETO|ETO|ETO | ETO
FLG MDO| BW |DB8| DI | SB8 | SI FLG MDO| BW | DB8| DI |SB8 | SI
0 0 1 0 0 0 1 1 0 o0 1 @ o o0 1 1

250 | Text c 1514 13]12[13[10] 9 [ 8 151413 [12[11]10] 9 [8
ETO| _ |ETO|ETO|ETO |ETO | ETO | ETO ETO| | ETO|ETO| ETO|ETO | ETO | ETO
FLG MDO| BW |DB8| DI | SB8 | SI FLG MDO| BW | DB8| DI | SB8 | SI
o o 1 1 o0 0 1 1 o 0 1 @ o o0 1 1

256 | Text c 1514 13]12[13[10] 9 [ 8 151413 [12[11]10] 9 [8
ETO| _ | ETO|ETO|ETO |ETO | ETO | ETO ETO| _ |ETO|ETO|ETO|ETO|ETO | ETO
FLG MDO| BW |DB8| DI | SB8 | SI FLG MDO| BW | DB8| DI | SB8 | SI
o o o0 1 o0 o0 1 1 o 0 o0 @ o o0 1 1

271 | FHgue A Add NMI

275 | Fgwe | A Add XO in pin name section and add STOP Control

block diagram

Note A
The Xl pin can be used as the port B1 when this pin is not

used as the low-speed oscillation pin.
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Former Version

New Version

281 Note A

In the MN102H55D/55G, the ADBOCK and ADB1CK
flags do not operate correctly. Compare the return ad-
dressto the ADBO register or ADB1 register to check the
address bresk interrupt generation. The return addressis
the ADBO register value plus 1 or the ADB1 register
valueplus 1.

283 Note A

In the MN102H55D/55G, the ADBOCK and ADB1CK
flags do not operate correctly. Compare the return ad-
dressto the ADBO register or ADB1 register to check the
address bresk interrupt generation. Thereturn addressis
the ADBO register value plus 1 or the ADB1 register
valueplus 1.

392 List C

15:14 Set Triger Conditions for K17 Pin Interrupt
13:12 Set Triger Conditions for K16 Pin Interrupt
11:10 Set Triger Conditions for K15 Pin Interrupt
9:8  Set Triger Conditionsfor K14 Pin Interrupt
7:6  Set Triger Conditions for K13 Pin Interrupt
5:4  Set Triger Conditions for K12 Pin Interrupt
3:2  Set Triger Conditions for K11 Pin Interrupt
1:0  Set Triger Conditions for K10 Pin Interrupt

15:14 Set Triger Conditions foy KI7Pin Interrupt
13:12 Set Triger Conditions fgr K16 Rin Interrupt

9:8  Set Triger Conditions for KI4 Pin Interrupt
7:6  Set Triger Conditions for KI3 Pijn Interrupt
5.4  Set Triger Conditions for KI2 Pjn Interrupt
3:2  Set Triger Conditionsfar KI1 Bin Interrupt
1:0  Set Triger Conditions foNKIO/in Interrupt

393 List C

Set OR Pin for K17 Pin
Set OR Pin for K16 Pin
Set OR Pin for K15 Pin
Set OR Pin for K14 Pin
Set OR Pin for K13 Pin
Set OR Pin for K12 Pin
Set OR Pin for K11 Pin
Set OR Pin for K10 Pin

O P, N W S~ OO N

Set OR Pin fgr K16 Rin
Set OR Pin fpr KI5 Pin
n
Set OR Pin fpr KI3 Pjn

Set OR Pin for KI1 Fin
Set OR Pin foNKIO/Pin

oOr N WA O
o
Pyl
)
5
o
)
2
S

398 List Cc
401

407
410
413

12 Transfer Units  0: Byte

1: Word

12 Transfer Units 0: Word
1: Byte

478 List D

15 DRAM (PSRAM) Operation
for External Memory Space 3

14 DRAM (PSRAM) Operation
for Externad Memory Space 2

13 DRAM (PSRAM) Operation
for Externa Memory Space 1

12 DRAM (PSRAM) Operation
for External Memory Space 0

15 DRAM Operation
for External Memory Space 3

14 DRAM Operation
for Externa Memory Space 2

13 DRAM Operation
for Externad Memory Space 1

12 DRAM Operation
for External Memory Space 0
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1on
479 List C 15 DRAM Access Method 0: 2WE method 15 DRAM AccessMethod  0: 2WE method
Selection 1: 2CAS method Selection 1: Reserved
Note A Use only 2WE method in DRAM mode. Do not use
2CAS method.
480 Note A The RE short mode and the RE late mode do not affect
the BSTRE pin connecting burst ROM.
493 | List | C 76| 5|43 2][1]o0 7| 6]5|4]8]2]1]0
prlpr| Pr|Pr| PP P7 _yP7 P7 | PT| PT | PT | PT| P7
T T s | inal ina | Nz | iNg | iNo IN6 [\ IN5 | IN4 | IN3 [ IN2 | IN1| INO
RIR|R|R|R|R|[R|R RIR[[R[R|R[R|R[R
0 0 | Port | Port | Port | Port | Port| Port 0 \| Port |/Port | Port | Port | Port | Port | Port
0 o lort|or| o] or| or] o 0 NO/L/ O/ | Oo/L| O | 01| 01 01
5:0 Port 7 Input Port 7 Input
Note A Reading P76 pin identifys the status input NMI.
494 | List | C 716|543 2]1]o0 7|16 | 5|41 ]2]|1]o0
I I | _ PB | PB _ | _ [|reservjreservi\ PB | PB
IN1 | INO ed | ed IN1 | INO
RIR|R|[R|[R[R|[R[R RIR[RIR[IR][R
olof[oo| o] o]Ppout|prot o [ o] o\[port|Pot|/o [ Port] port
o[oJoJofJoJoJoi]om o|lo | oNoi[orfo [o1]on
511 List C 4:2 P821nput/Output Signdl Switch 000: Port 4:2 P82 Input/Output Signd Switch 000: Port
001: TMOIO port, SBT3input 001: TMOIO port, SBT3input
010: TMOIO output 010: TMOIO output
011: SBT3 output 011: SBT3 output
100: SBT3 half-duplex output 100: SBT3 half-duplex output
101: SBT3 opendrain output 101: SCL.3 open drain output
110: SBT2input 110: SBT2input
(cannot use P21 as SBI2input) (cannot use P21 as SBI2inpuit)
512 List C 7:5 P85 Input/Output Signal Switch 000:Port 7:5 P85 Input/Output Signd Switch 000:Port
00L:TM9IOA port, SBT4 input 001:TM9IOA port, SBT4 input
010:TM9IOA output 010: TM9IOA output
011:SBT4 output 011:SBT4 output
100:SBT4 haf-duplex output 100:SBT4 haf-duplex output
101:SBT4 open drain output 101:SCL4 open drain output
110:SBO2 output 110:SBO2 output
522 | Text C After reset, the initialization program must be located in | The initialization program must be executed first after
the external memory space 0 (x'000000' to x'3FFFFF). reset release. The initialization program must be allo-
cated on x'080000" in single-chip mode, memory expan-
sion mode or processor mode.
530 | Text C The pullup resistor value is 10 kQ +10 %. The pullup resistor valueis 10 kQ +1 kQ .
C Descrption of low-active pins  /xxx Descrption of low-active pina XXX
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