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PREFACE

Bl Objectives and Intended Readers

H Trademark

Thank you for purchasing Fujitsu semiconductor products.

The MB89530/530H/530A series of microcontrollers was developed as a general-purpose

product in the F2MC ®*-8L series that comprises the proprietary 8-bit one-chip microcontroller
that supports application specific ICs (ASICs). This product is designed for a broad range of
uses, from consumer products to industrial equipment, such as portable devices.

This manual describes the functions and operations of the MB89530/530H/530A series of
microcontrollers for engineers who develop products using this series. Be sure to read this
manual thoroughly.

For details on the instructions, see the FMC Programming Manual.

F2MC, an abbreviation for FUJITSU Flexible Microcontroller, is a registered trademark of Fuijitsu
Limited.

B Organization of this manual

This manual consists of the following 23 chapters and appendix:
CHAPTER 1 "OVERVIEW"

This chapter explains the features and basic specifications of the MB89530/530H/530A
series of microcontrollers.

CHAPTER 2 "HANDLING DEVICE"

This chapter describes the precautions to be taken when using the MB89530/530H/530A
series of microcontrollers.

CHAPTER 3 "CPU"

This chapter describes the functions and operations of the CPU.
CHAPTER 4 "I/O PORTS"

This chapter describes the functions and operations of the I/O port.
CHAPTER 5 "TIMEBASE TIMER"

This chapter describes the functions and operations of the timebase timer.
CHAPTER 6 "WATCHDOG TIMER"

This chapter describes the functions and operations of the watchdog timer.
CHAPTER 7 "WATCH PRESCALER"

This chapter describes the functions and operations of the watch prescaler.
CHAPTER 8 "2-CHANNEL 8-BIT PWM TIMERS"

This chapter describes the functions and operations of the 2-channel 8-bit PWM timer.
CHAPTER 9 "PULSE-WIDTH COUNT TIMER (PWC)"

This chapter describes the functions and operations of the pulse width count timer (PWC).



CHAPTER 10 "6-BIT PPG TIMER"

This chapter describes the functions and operations of 6-bit PPG timer.
CHAPTER 11 "12-BIT PPG TIMER"

This chapter describes the functions and operations of the 12-bit PPG timer.
CHAPTER 12 "16-BIT TIMER/COUNTER"

This chapter describes the functions and operations of the 16-bit timer/counter.
CHAPTER 13 "EXTERNAL INTERRUPT CIRCUIT 1 (EDGE)"

This chapter describes the functions and operations of external interrupt circuit 1 (edge).
CHAPTER 14 "EXTERNAL INTERRUPT CIRCUIT 2 (LEVEL)"

This chapter describes the functions and operations of external interrupt circuit 2 (level).
CHAPTER 15 "A/D CONVERTER"

This chapter describes the functions and operations of the A/D converter.
CHAPTER 16 "UART/SIO"

This chapter describes the functions and operations of the UART/SIO.
CHAPTER 17 "HIGH-SPEED UART"

This chapter describes the functions and operations of the high-speed UART.
CHAPTER 18 "8-BIT SERIAL I/O"

This chapter describes the functions and operations of the 8-bit serial I/O.
CHAPTER 19 "I2C INTERFACE"

This chapter describes the functions and operations of the I°C bus Interface.
CHAPTER 20 "WILD REGISTER FUNCTION"

This chapter describes the functions and operations of the wild register function.
CHAPTER 21 "CLOCK OUTPUT"

This chapter describes the functions and operations of the clock output function.
CHAPTER 22 "FLASH MEMORY"

This chapter describes the functions and operations of the flash memory.
CHAPTER 23 "MB89F538/F538L SERIAL PROGRAMMING"

This chapter describes an example of serial writing connection.
APPENDIX

This appendix lists the 1/0O map and instructions.
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HOW TO USE THIS MANUAL

B Page Configuration of This Manual

Each section of this manual has a summary below the title. This is to enable the reader to
acquire an understanding of the outline of the product.

The titles of the sections are also described in the subsections. This is to let the reader know
what section of the manual he or she is consulting.

B Example of Notations for the Register and Bit Names

O Example of the notations for the register and bit names

By writing "1" in the sleep bit (STBC: SLP of the standby control register,

T— Register name
Bit abbreviation
Register abbreviation
Bi

it name

Disable (TBTC:TBIE = 0) the interrupt request output of the timebase timer.

T— Setting data

Bit abbreviation
Register abbreviation

If the interrupt enable (CCR:| = 1) is set, the interrupt is accepted.

T— Current status
Blt abbreviation
Register abbreviation

O Example of the notation for the convertible pin
P34/PT02 pin

A convertible pin is available which can be used by switching its functions by program
settings. The convertible pin is represented by separating the name of each function by "/".
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CHAPTER1 OVERVIEW

This chapter describes the features and basic specifications of the MB89530/530H/
530A series of microcontrollers.

1.1 "Features of the MB89530/530H/530A Series"
1.2 "Available Models of the MB89530/530H/530A Series"

1.3 "Differences among Models and the Precautions to Be Taken When
Selecting Models"

1.4 "Block Diagram of the MB89530/530H/530A Series"
1.5 "Pin Layout"

1.6 "External Dimension Diagram"

1.7 "Explanations of the Pin Functions"

1.8 "I/O Circuit Format"
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1.1 Features of the MB89530/530H/530A Series

The MB89530/530H/530A series is a one-chip microcontroller that uses the F2mc®-sL
core to support the low voltage and high-speed operation. The internal peripheral
functions include the timers, serial interfaces, A/D converter, external interrupts, and
so on. This series is a general-purpose one-chip microcontroller that is suitable for a
broad range of uses, from consumer products to industrial equipment as well as for
portable devices.

B Features of the MB89530/530H/530A series

O Full package development
e Two types of QFP packages (1-mm pitch, 0.65-mm pitch)
* LQFP package (0.5-mm pitch)
e SH-DIP package

O High-speed operation with low voltage

* Minimum instruction execution time 0.32 us (for oscillation 12.5 MHz)

O F2MC®-8L CPU core
Optimal instruction system for the controller
* Multiplication and division instructions
* 16-bit arithmetic operations
* Branch instructions with bit test

* Bit manipulation instructions

O Five-system timer
* 8-bit PWM timer: 2-channel timer (can be used as the interval timer or PWM timer)

* Pulse-width count timer (supports the usages such as continuous measurement and remote
control reception)

e 16-bit timer counter
e 21-bit timebase timer

e Watch prescaler (17 bits)

O UART

* Clock synchronization and asynchronization can be switched.
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Two serial interfaces (serial 1/0)

e Transfer direction can be selected (specification of MSB first or LSB first), enabling
communication with a variety of devices.

10-bit A/D converter (8 channels)

e The start of the A/D converter is supported with external clock input and timebase timer
output. (The A/D converter cannot be started with external clock input for MB89F538/
F538L.)

Two programmable pulse generators (PPGs)

¢ 6-bit PPG that enables a pulse width and cycle to be selected with a program

¢ 12-bit PPG that enables a pulse width and cycle to be selected with a program (2 channels)

I2C interface circuit

External interrupt 1 (single-clock system product: 4 channels, dual-clock system product:
3 channels)

¢ Four or three inputs are independent, enabling releases from standby mode. (With the edge
detection function)

External interrupt 2 (product other than MB89F538/F538L: 8 channels, MB89F538/F538L.:

7 channels)

e Eight or seven inputs are independent, enabling releases from standby mode. (With the
level edge detection function)

Standby mode (low-power consumption mode)

¢ Stop mode (current consumption hardly takes place because oscillation stops)

* Sleep mode (current consumption becomes about 1/3 of the usual amount because the CPU
stops)

¢ Subclock mode

e \Watch mode

Watchdog timer reset

I/O ports
e Maximum number of ports
Single-clock system product
Other than MB89F538/F538L: 53 ports
MB89F538/F538L: 52 ports
Dual-clock system product
Other than MB89F538/F538L: 51 ports
MB89F538/F538L: 50 ports
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* General-purpose I/O port (CMOS)
Other than MB89F538/F538L: 38 ports
MB89F538/F538L: 37 ports
* General-purpose I/O port (N-channel open drain): 2 ports
* General-purpose output port (N-channel open drain): 8 ports
e General-purpose input port (CMOS)
Single-clock system product: 5 ports

Dual-clock system product: 3 ports



1.2 Available Models of the MB89530/530H/530A Series

1.2 Available Models of the MB89530/530H/530A Series

Four models of the MB89530/530H/530A series are supported. Table 1.2-1 "Available
models of the MB89530/530H/530A series" lists the available models and Table 1.2-2
"CPU and peripheral functions of the MB89530/530H/530A series" lists the CPU and
peripheral functions.

H Available models of the MB89530/530H/530A series

Table 1.2-1 Available models of the MB89530/530H/530A series

Model
Item MB89537/537C MB89538/538C
MB89535A MB89537H/537HC | MB89538H/538HC MB89F538/F538L MB89P538 MB89PV530
MB89537A/537AC | MB89538A/538AC
Classification Mass production (mask ROM product) Flash Memory PROM EVA
ROM 16 KB x 8 bits 32 KB x 8 bits 48 KB x 8 bits 48 KB x 8 bits 48 KB x 8 bits ?EEZ:;;&SM)
capacity (Internal ROM) (Internal ROM) (Internal ROM) (Internal flash memory) | (Internal PROM) *2)
RAM 512 x 8 bits 1 KB x 8 bits 2 KB x 8 bits
capacity
. MB89F538: .
Operating | 22V 10 3.6V("") (MB89537/538/537C/538C) 3.5V to 5.5v(1
\f’olta eg 3.5V to 5.5v(j) (MB89537H/538H/537HC/538HC) MB89F538L: 2.7V to 5.5V
9 2.2V to 5.5V (MB89535A/537A/538A/537AC/538AC) 2.4V 10 3.6V (Y
2.7V to 3.6V(1(4)

*1 Depends on the operating frequency.
*2 MBM27C512 is used as the external ROM.

*3 Flash memory read assurance voltage.

*4 Flash memory read/write assurance voltage.

Note:

MB89537/538/537H/538H/535A/537A/538A contain no 12C function.
To use the I12C function, use MB89PV530/MB89P538/MB89F538/MB89F538L/MB89537C/538C/537HC/

538HC/537AC/538AC.




CHAPTER 1 OVERVIEW

Table 1.2-2 CPU and peripheral functions of the MB89530/530H/530A series

Item Specifications
Number of basic instructions 1136
Instruction bit length : 8 bits
. Instruction length : 1 to 3 bytes
CPU function Data bit length : 1, 8, and 16 bits
Minimum instruction execution time : 0.32 us/12.5 MHz
Minimum interrupt processing time :2.88 us/12.5 MHz
Input port
* Single-clock system product : 5 ports (Four ports also serve as external
interrupts.)
¢ Dual-clock system product : 3 ports (Three ports also serve as
external interrupts.)
Output-dedicated port (N-channel) : 8 ports (Eight ports are also used as ADC
input.)
I/0 port : 2 ports (Two ports also serve as S02/
(N-channel open drain) SDA and SI2/SCL.)
Port 1 10 port (cMOS)
¢ Other than MB89F538/F538L : 38 pins
¢ MB89F538/F538L : 37 pins (Twenty-one ports do not serve
as other functions.)
Peripheral Total
function * Single-clock system product Other than MB89F538/F538L: 53 ports
MB89F538/F538L: 52 ports
e Dual-clock system product Other than MB89F538/F538L: 51 ports
MB89F538/F538L: 50 ports
Timebase 21 bits
timer Interrupt cycle for main clock original oscillation 12.5 MHz (approx. 0.655 ms,
2.621 ms, 20.97 ms, and 335.5 ms)
Watchdog rFr{]i;;et cycle for main clock original oscillation 12.5 MHz (approx. 167.8 to 335.6
timer Reset cycle for subclock original oscillation 32.768 KHz (approx. 500 to 1,000 ms)
8-bit interval timer operation
(Rectangular output supported, operating clock cycle: 1t;,gt, 8tinst, 16tinst, @nd
i 64ins)
PWM timer | ¢ it resolution pulse width measurement (conversion cycle: 28t to 28 x 64t
2 channels (also usable as the interval timer), usable as the channel 1 output and
channel 2 count clock.

Watch prescaler

Interval time for 17-bit subclock original oscillation 32.768 KHz
(Approx. 31.25 ms, 0.25s,0.50 s, 1.00 s, 2.00 s, and 4.00 s)
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Table 1.2-2 CPU and peripheral functions of the MB89530/530H/530A series (Continued)

Item Specifications
8-bit one-shot timer operation
(Underflow output supported, operating clock cycle: 1tj,qt, 4tinst: 32tinst, and
external)
Pulse 8-bit reload timer operation (rectangular output supported, operating clock cycle:
width 1tinst: Hinst: 32tinst, and external)
count timer | 8-bit pulse width measurement operation (the following measurements are
possible: continuous measurement, H width measurement, L width measurement,
measurement from T to T, measurement from | to |, and both H width
measurement and measurement from T to T)
16-bit 16-bit timer operation (operating clock cycle: 1., and external)
timer/ 16-bit event counter operation (rising edge, falling edge, or both selectable)
counter 16 bits x 1 channel
8-bit length
Serial /O | LSB or MSB precedence selectable
Transfer clock (2tjngt, 8tinst, 32tinst, @nd external)
CLK synchronization/CLK asynchronization data transferable (bits 8 and 9 with
UART/SIO | parity bits, bits 7 and 8 without parity bits)
14 baud rates can be selected with the internal baud rate generator.
CLK synchronization/CLK asynchronization data transferable (bits 4, 6, 7, and 8
with parity bits, bits 5, 7, 8, and 9 without parity bits)
Peripheral UART 14 baud rates can be selected with the internal baud rate generator.
functions Baud rates can also be set with external clock input and 2-channel 8-bit PWM
timer output.
Single-clock system product: independent 4 channels, dual-clock system product:
External inggpendent 3 c_hannels
interrupt 1 Rising edge, falling edge, or both can be selected.
Usable for release from standby mode (edge detection can also be used in stop
mode).
External Other than MB89F538/F538L: independent 8 channel L level detection,
. MB89F538/F538L: independent 7 channel L level detection
interrupt 2
Usable for release from standby mode.
6-bit PPG, | Rectangular waves whose cycle is programmable can be generated.
12-bit PPG | 6 bits x 1 channel and 12 bits x 2 channels
1 channel, conforms to the system management bus revised edition 1.0 of the
12C bus Intel Corporation and to the 1°C specifications of Philips Electronics.
interface | 2-wire system communication (contained only in the following: MB89PV530/P538/
F538/F538L/537C/538C/537HC/538HC/537AC/538AC)
10-bit resolution x 8 channels
A/D A/D conversion function (conversion time: 60tj,q)
converter Repeated start is supported with external or internal clocks (MB89F538/

MB89F538L is excluded from repeated start with external clocks.)
Reference voltage input available (AVR)

Standby mode
(low-power mode)

Sleep mode, stop mode, subclock mode, and watch mode

Process

CMOS

tinst: INstruction cycle (execution time). 1/4, 1/8, 1/16, or 1/64 of the main clock or 1/2 of the subclock can be
selected (see Section 3.6 "Clock").
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1.3 Differences among Models and the Precautions to Be Taken
When Selecting Models

This section describes the differences among five models of the MB89530/530H/530A
series and the precautions to be taken when selecting models.

B Differences among models and precautions to be taken when selecting models

Table 1.3-1 Packages of the supported models

Model

Package MB89537/537C MB89538/538C MB89P538
MB89535A MB89537H/537HC | MB89538H/538HC MB89F538 | MB89PV530
MB89537A/537AC | MB89538A/538AC | MB89F538L
DIP-64P-MO01 o o o] o] X
FPT-64P-M03 o 0 o X X
FPT-64P-M06 o] o} o o} X
FPT-64P-M09 o] o} o o X
MDP-64C-P02 X X X X o}
MQP-64C-P01 X X X X o}
[0]: Usable

[x]: Unusable

The conversion socket (manufactured by Sunhayato Corporation) can be used to convert a pin pitch.
Where to make contact: Sunhayato Corporation

Tel. 03-3986-0403

O Memory space

To use a piggyback model for evaluation, carefully confirm the differences between this model
and the model to be actually used. Pay special attention to the following points. (See Section
3.1 "Memory Space.")

e The program ROM area begins from 4000H on MB89P538, MB89F538, MB89F538L, and
MB89PV530.

e The stack area is set in the upper limit of the RAM

O Current consumption
e For MB89PV530, the current consumed by EPROM connected to the top socket is added.

* During low-speed operation, the current consumption of the model mounted on the one-time
PROM or the EPROM is greater than that of the model mounted on the mask ROM.
However, the current consumption in sleep or stop mode is equal for both cases.

For details, see the electrical characteristics of the data sheet.



1.3 Differences among Models and the Precautions to Be Taken When Selecting Models

O Mask option

The functions that can be specified with options and the method of specifying the options
depend on the model. Before using the options, first refer to Appendix C "Mask Options" for
details.

O Wild register function

Table 1.3-2 "Spaces in which the wild register function can be used" lists the spaces in which
the wild register function can be used.

Table 1.3-2 Spaces in which the wild register function can be used

Model name Address space
MB89PV530 40004 to FFFF
MB89P538/F538/F538L 40004 to FFFF
MB89537/537C/537H/537HC/537A/537AC 8000y to FFFF
MB89538/538C/538H/538HC/538A/538AC 40004 to FFFF
MB89535A C000y to FFFFy




CHAPTER 1 OVERVIEW

1.4 Block Diagram of the MB89530/530H/530A Series

Figure 1.4-1 "Entire block diagram of the MB89530/530H/530A series" shows the block
diagram of the MB89530/530H/530A series.

B Entire block diagram of the MB89530/530H/530A series

Figure 1.4-1 Entire block diagram of the MB89530/530H/530A series

Subclock
s Low-power
PE3/INT13/X0A™ oscillation circuit —»

P64/X1AT=—— (32.768KkHz)
}

Clock control

Watch prescaler

1

CMOS I/O port

8
== P00 to P07

Port 0

8

PB0/INT10 to -7 P10 to P17

P62/INT12

Port 1

1

CMOS I/O port

4 )
. .| External interrupt 1

(Edge)

CMOS I/O port |‘—’

Main clock
X0 ——
X1

Port 6

12-bit PPGO1 = P20/PWCK
~—= P21/PPGO1
[+—= P22/PPG02
~— P23 to P27

12-bit PPG02

Port 2

Oscillation circuit

Clock control

o)
4
o
(2]
o
e)
s}

o Reset circuit - SIO ~— P40/INT20/EC
RST == (Watchdog timer) ~— P41/INT21/SCK2
UART
) » Ole—s P42/INT22/
. 51_blt' 5 oo T SO2/SDA
timebase timer a £ P43/INT23/
S N 2 SlI2/SCL
P30/PPGO3/MCO ~«—» 6-bit PPG03 - g [—— 1'6-bit —| le—= P44/INT24/UCK2
timer/counter 1 <
P31/SCK1(UCK) =— 8-bit PWM timer 2 |=— © 5 [~ P45/INT25/U02
/LMCO z External interrupt 2 &
P32/SO1(U01) ~—» o (level) PA6/INT26/U12
8-bit PWM timer 1 |-=—= L 2
P33/SI(UIM) ‘g i i < P47/INT27/ADST
P34/PT02 = & [=— UART/SIO | <—>| CMOS 1/0 port
P35/PWC <]
35/PWC PWG
P36/WTO —=— N-channel output 8
-—] CMOS 1/0 port |<—» pit P50/ANO
P37/PTO P 8| 8 [*" toP57/AN7
-t O
1-KB RAM/2-KB RAM - 10-bit
~—=  A/Dconverter [* AVce
F2MC-8L - :zR
cPU ss
Wild register
*1 For the single-clock system product, P63, INT13
32-KB ROM/48-KB ROM | and P64 pins are used. For the dual-clock system
] product, XOA and X1A pins are used.
Other pins ———— *2 The P47,INT27, and ADST pins become the
MOD0,MOD1,M0OD2'2,Vce,Vss,C/NC MOD2 pin for MB89F538/F538L.
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1.5 Pin Layout

1.5 Pin Layout

Figure 1.5-1 "Pin layout for DIP-64P-M01 and MDP-64C-P02", Figure 1.5-2 "Pin layout
for FPT-64P-M03 and FPT-64P-M09", and Figure 1.5-3 "Pin layout diagram for FPT-64P-
MO06 and MQP-64C-P01" show the pin layouts of the MB89530/530H/530A series.

H Pin layout for DIP-64P-M01 and MDP-64C-P02

Figure 1.5-1 Pin layout for DIP-64P-M01 and MDP-64C-P02

(Top view)
. U
P36/WTO |1 64 [ Vce
P37/PTO1]2 ~—-—---=—-————————"—"—"—————— 1 63[1P35/PWC
P40/INT20/ECC]3 | A15() 65 92(QVec ! 62 —1P34/PTO2
P41/INT21/SCK2C—]4 1 A12() 66 91 QA14 | 61[—1P33/SI1(UN)
P42/INT22/SO2/SDAC]5 | A7 ) 67 90 O A13 | 60— P32/SO1(UO1)
P43/INT23/SI2/SCLC—]6 |, A6 () 68 89 (O A8 : 59 [ P31/SCK1(UCK1)/LMCO
P44/INT24/UCK2C|7 | A5 () 69 88 ()A9 | 58— P30/PPGO3/MCO
P45/INT25/U02C—8 | A4 ()70 87 QA11 | 57[1C/NC'3
P46/INT26/UI2]9 | A3 O 86 (O OE | 56 [—1 P00
P47/INT27/ADST,MOD2™' ] 10 : A2 O 72 85()A10 ' 55F—1P0O1
P5O/ANOC|11 | Al 8 73 84 QCE | 54[—1P02
P51/AN1 12 ! A0 74 83 ()08 I 53[1P03
P52/AN2C{13 | O1 Q75 82(Q07 | 52[—1P04
P53/AN3C]14 1 02 O 76 81 (06 | 511P05
P54/ANAC{15 | 03 Q77 8005 | 50 —1P06
P55/ANSC—{16 | Vss( 78 790004 | 491P07
P56/AN6 17 "~~~ ——~~~~"~"—-—-~———-—-—--———~- 481 P10
P57/AN7[] 18 47 P11
AVCCTH 19 The gotted area is dedicated to MB89PV530. 46 = P12
AVR[] 20 451 P13
AVss[] 21 44— P14
P60/INT10] 22 431 P15
P61/INT11 ] 23 421—1P16
P62/INT12[] 24 411 P17
P63/INT13/X0OA2] 25 40 1 P20/PWCK
P64/X1A2[] 26 39 [ P21/PPGO1
RSTC] 27 38 [ P22/PPG02
MODO[] 28 37— P23
MOD1[—] 29 361 P24
X030 351 P25
X131 34— P26
Vss[]32 33 [ P27
(DIP-64P-M01)
(MDP-64C-P02)
*1 Pin 10 is the MOD2 pin for MB89F538/F538L and pin 10 is the P47, INT27, and ADST pins for a
product other than MB89F538/538L.
*2 Pins 25 and 26 are P63, INT13, and P64 pins for the single-clock system product. Pins 25 and 26 are
XO0A and X1A pins for the dual-clock system product.
*3 The pin function of pin 57 depends on the model. For details, see Chapter 2, "Handling Device."
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CHAPTER 1 OVERVIEW

B Pin layout for FPT-64P-M03 and FPT-64P-M09

Figure 1.5-2 Pin layout for FPT-64P-M03 and FPT-64P-M09

o)
S
— Eﬁ -
PP =0
a X Ly ~X O
OO0y 0OQO ~0=
2uond =925
QIRY88z0 0y3SC3
EECEEERE 225088,
£££2£202 L0000ap
BUINA-OROCOBTAA= S >
TITITITITTONDOMOMMOMOMMMT
[ W W W W W WY o W W W Y o W W o WY W )
/ TONT-—ONONOWOTNAN—O D
O OVOVOVLHLLOLWOLULLLWOLWLWLWLWS
[
P46/INT26/Ul2 ] 1 48—/ POO
P47/INT27/ADST/MOD2"1 ]2 47—/ PO1
P50/ANO ] 3 46— P02
P51/AN1 —] 4 45—/ PO3
P52/AN2 5 44— P04
P53/AN3 |6 43— P05
P54/AN4 —]7 42—/ PO6
P55/AN5 —]8 (Top view) 41— PO7
P56/AN6 ]9 40— P10
P57/AN7 —]10 39— P11
AVce ] 11 381 P12
AVR ] 12 37— P13
AVss 13 36— P14
P60/INT10 —] 14 35— P15
P61/INT11 —] 15 34— P16
P62/INT12 ] 16 33— P17
NOOOTTANMNMITOLONODDO —A
FrrAANANNANANNNND OO
LipSaR< BN ERIRIEE
XX == e
a3 eas
- © INE
Ea NNy
z aa
)
e
(FPT-64P-MO03)
(FPT-64P-M09)
*1 Pin 2 is the MOD2 pin for MB89F538/F538L. Pin 2 is the P47, INT27, and ADST pins for a product
other than MB89F538/538L.
*2 Pins 17 and 18 are P63, INT13, and P64 pins for the single-clock system product. Pins 17 and 18 are
XO0A and X1A pins for the dual-clock system product.
*3 The pin function of pin 49 depends on the model. For details, see Chapter 2, "Handling Device."
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B Pin layout for FPT-64P-M06 and MQP-64C-P01

Figure 1.5-3 Pin layout diagram for FPT-64P-M06 and MQP-64C-P01

1.5 Pin Layout

51 [ P30/PPG0O3/MCO

(MQP-64C-P01)

*4 Pin layout (dedicated to MB89PV530) in the upper part of the package

o)

g

a8 3

N%QN =

X T AX ~X

osNo0oO 59

200U =52

FOAAI=S _ ST =

CEECEBE 22589

££££203 L0000

TTOAN—TONO OUTOAN

TIEITITITTONODOMOMOOM

[ N o T N Y o Y I o Y n MY n R HY 0

TOANTTOODONOLTOMAN

/.CDCD(O‘DLOLOLOLOLOLOLOLOU)

P45/INT25/U02 ]| 1 *4
P46/INT26/U12 |2 [T -T---------7  50[ZJC/NC?
P47/INT27/ADST/MOD2"1 |3 | - oow | 49[P0O
PSOANOC 4 | I BIHIRRT | 48P0
P51/AN1C—|5 1 OO0000O0O |  47[P02
P52/AN2—|6 :085 7701 a8/ PO3
Ps3/AN3C—|7 | (086 760 | 45 1P0O4
P54/AN4—]8 1 Q87 750,  44f—P05
P55/ANSC—|9 | ()88 7401 43IPO06
Ps6/AN6 {10 | (U89 (Topview) 7300, 42 —1P07
P57/AN7 | 11 1 (090 7201 a1|/3P10
Aveer—{12 | Q91 710 40PN
AVRC[13 1 ()92 N 700, 39[P12
AVss—|14 1 093 690: 38— P13
Peo/INTIOC—[15 1+ OOOOOOO | 37[P14
PEUINTHIC 16 | F8888LE | 36P15
P62/INT12C {17 | 35[—P16
P63/INT13/X0A2—{18 - 34[—1P17
P64/X1A2—[19 33 [ P20/PWCK

Or-r AN NMITUOLONOOIO —A

AN ANANANANANANANANMOO®M

HheoRx38RQINSES

== ao

Sz

(FPT-64P-MO06) & e

*1 Pin 3 is the MOD2 pin for MB89F538/F538L. Pin 3 is the P47, INT27, and ADST pins for a product other
than MB89F538/538L.
*2 Pins 18 and 19 are P63, INT13, and P64 pins for the single-clock system product. Pins 18 and 19 are the
XO0A and X1A pins for the dual-clock system product.
*3 The pin function of pin 50 depends on the model. For details, see Chapter 2, "Handling Device."

Pin number | Pin symbol | Pin number | Pin symbol | Pin number | Pin symbol | Pin number | Pin symbol
65 N.C. 73 A2 81 N.C. 89 OE
66 A15 74 A1l 82 04 90 N.C.
67 A12 75 A0 83 05 91 A1
68 A7 76 N.C. 84 06 92 A9
69 A6 77 01 85 07 93 A8
70 A5 78 02 86 08 94 A13
71 A4 79 03 87 CE 95 Al14
72 A3 80 Vss 88 A10 96 Vcce

N.C.: This pin is unusable because it is used for internal connection.
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CHAPTER 1 OVERVIEW

1.6 External Dimension Diagram

Six packages are provided for the MB89530/530H/530A series. Figure 1.6-1 "External
dimensions for DIP-64P-M01" to Figure 1.6-6 "External dimensions for MQP-64C-P01"
show their external dimensions.

14



1.6 External Dimension Diagram

External dimensions for DIP-64P-M01

Figure 1.6-1 External dimensions for DIP-64P-MO01

Plastic SH-DIP 64 pins

Lead pitch 1.778mm
Package width x 17 % 58 mm
package length

Packaging method Plastic mold
Mounting height 5.65 mm MAX

(DIP-64P-MO1)

Plastic SH-DIP 64 pins
(DIP-64P-MO01)

+0.22 ( +.009 )

58.00 -055 \ 2.283 —022

AOONAAAANANNAAANNNNANANAANNNANNAANAMN

17.00£0.25
(.669+.010)

YUY YYY YUY YUY UYL

INDEX-1

INDEX-2

+0.70

4.95 2020
(195:%)
- \ 0.70 6%
q (.028167)
om0 0.27+0.10
3.30 05 (.011+.004)
(.13075%) 1.3788%8 1.778(.0700) 0.47:0.10 1.0070%
~ oy — H 019+.004) $10.25(.010) @ (039 %)
.0543 008 . = .039 -0

© 2001 FUJITSU LIMITED D64001S-¢-4-5

Note: The pin width and pin thickness include the plating thickness.

19.05(.750)

0~15°

Unit: mm (inches)
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H External dimensions for FPT-64P-M03

Figure 1.6-2 External dimensions for FPT-64P-M03

Plastic LQFP 64 pins Lead pitch 0.50 mm
Package width x 10.0 x 10.0 mm
package length

Lead shape Gullwing
Packaging method Plastic mold
Mounting height 1.70 mm MAX
Weight 0.32g
(FPT-64P-M03)

Plastic LQFP 64 pins
(FPT-64P-M03)

Note: The pin width and pin thickness include the plating thickness.

12.00+0.20(.472+.008)SQ

10.00£0.10(.394:.004)SQ 0.145+0.055
® (.006+.002)
@ Q @
 ——  ——
 —— s |
 —— s |
 ——  ——
——— -] r———_—_—_——— - ————— — =
—] s | | Details of "A" part ‘
] —— [~]0.08(.003)] | w020 ‘
= [ I Lfogg (Mounting height) !
T T | (.059 —.004) }
= = ] |
p— INDEX — \ }
= = N )
oE= =) | ‘O ~8 ¥\ j(standoff) |
| —
BEE |
L EREEEREREGE]L | os0s020 ECI
LEAD No. | (.020+.008)
’ ®‘ 0.50(.020) } 0.60:0.15 }
= ' = o 00 210.08(.003) @ | (024009 T
© 2000 FUJITSU LIMITED F64009S-c-4-7 Unit: mm (inches)
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External dimensions for FPT-64P-M06

1.6

External Dimension Diagram

Figure 1.6-3 External dimensions for FPT-64P-M06

Plastic QFP 64 pins

(FPT-64P-MO06)

Lead pitch 1.00 mm
Package width x 14 % 20 mm
package length

Lead shape Gullwing

Packaging method Plastic mold
Mounting height 3.35 mm MAX

Plastic QFP 64 pins
(FPT-64P-M06)

24.70+0.40(.972+.016)

Note: The pin width and pin thickness include the plating thickness.

20.00+0.20(.787+.008) 0.4740.06
@ ® (.007+.002)
A AAAAHHA AR AR HHA B
@= =@
% O O % (Saoe016)
= - =
o= C —® |
LR E R LG "
® ‘
|| L1.00(.039) (%‘1‘%%32) 9[0.20(.008) @
T \

© 2001 FUJITSU LIMITED F640135-c-4-4

[©]0.10(.004)]

3.006% ) .
" (Mounting height)
(11873 ghel

' /A B
1.2020.20 (.01075%)
(.047+.008) (Stand off)

Unit: mm (inches)
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H External dimensions for FPT-64P-M09

Figure 1.6-4 External dimensions for FPT-64P-M09

Plastic LQFP 64 pins

(FPT-64P-M09)

Lead pitch 0.65 mm
age | rzxizmm
Lead shape Gullwing
Packaging method Plastic mold
Mounting height 1.70 mm MAX

Plastic LQFP 64 pins
(FPT-64P-M09)

14.00+0.20(.551+.008)SQ

12.00+0.10(.472+.004)SQ

©,
HHAHAHHAHAAHAHAA
O== Q m®
OE= O Ee
i EEEEEEEEEEELEEL:
®
| [065(026)] || &?ﬁ%ﬁ% ©[0.13(.005) @

© 2001 FUJITSU LIMITED F640185-c-2-4

0.145+0.055
(.0057+.0022)

+0.20

1.50 -0:10
.059 —o0a

0~8"

W (Mounting height)

0.25(.010)

/

T

Note: The pin width and pin thickness include the plating thickness.

—

0.50+0.20

0.10+0.10

(.020+.008)
0.60+0.15

(.004+.004)
(Stand off)

(.024+.006)

Unit: mm (inches)
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1.6 External Dimension Diagram

External dimensions for MDP-64C-P02

Figure 1.6-5 External dimensions for MDP-64C-P02

Ceramic MDIP 64 pins Lead pitch 70 mil
Row spacing 750 mil
Mother bpard Ceramic
material
Connectioq socket Plastic
material
(MDP-64C-P02)
Ceramic MDIP 64 pins
(MDP-64C-P02)
_ 56.90:0.64 N 09
‘ (2.240+.025) )\
©O OO 00006 0 |7 !
15.24(.600) ) 18.75+0.30 19.05+0.30
TYP (.738+.012) (.750+.012)
o —
&0 000006000606

INDEX AREA 2.54+0.25 0.9540.05

(.100+.010) (.010+.002)
33.02(1.300)REF

‘ = = = = 1.27+0.25

HTTTTTTTTTTTTTTTTTTTTTT”

+0.13

| 1. 1.77840.25 0.46 008 0.90:0.13 [ 3.43:0.38_
(:070+.010) (0187%%) (.035+.005) (:135+.015)

55.12(2.170)REF

© 1994 FUJITSU LIMITED M64002SC-1-4 Unit: mm (inches)
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M External dimensions for MQP-64C-P01

Figure 1.6-6 External dimensions for MQP-64C-P01

Ceramic MQFP 64 pins

(MQP-64C-P01)

Lead pitch 1.00 mm
Lead shape Straight
Motherboard .

. Ceramic
material
Material of the Plastic

socket mounted

Ceramic MQFP 64 pins
(MQP-64C-P01)

18.70(.736)TYP

1.00+0.25

(.039+.010)

1.00+0.25
(.039+.010)

18.00(.709)
TYP

16.30£0.33
(:642+.013)
INDEX AREA 15.58+0.20 s
(.613+.008) 1.20 -020
QNnonnnnnannn (.04720%)
1.27+0.13 =/° T A:
(050+.005)] 5 T "
22.30:0.33 = = T 12.02(473) | 18.12:0.20
(.878+.013) = = o6 400)Typ (.713+.008)
24.70(.972) 0.30(.012) o =R 14.%|_2$.F§60)
TYP TYP = = |
= o |
ST
TUOUUTo Oy 0.4040.10
1.27+0.13 0.30(.012)TYP (-:016+.004)
(:050+.005) 7.62(.300)TYP
9.48(.373)TYP
11.68(.460)TYP

0.50(.020)TYP

(.006+.002)

i—

© 1994 FUJITSU LIMITED MB4004C-1-3

10.82(.426)
0.15+0.05 MAX

0.40:0.10
(.016+.004)

1.200%

+.016

(.0472%8)

Unit: mm (inches)
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1.7 Explanations of the Pin Functions

1.7 Explanations of the Pin Functions

Table 1.7-1 "Explanations of the pin functions" and Table 1.7-2 "Explanation of the
external EPROM socket pin functions (MB89PV530 only)" list the I/O pins and their
functions of the MB89530/530H/530A series. The alphabetic characters in the 1/0
circuit format column in Table 1.7-1 "Explanations of the pin functions" correspond to
those in the classification column in Table 1.8-1 "I/O circuit format."

H Explanations of the pin functions

Table 1.7-1 Explanations of the pin functions

Pin number 1o
SH-DIP®Y | QFP(*3® | LQFP(® Pin name | circuit Explanation of functions
MDIP(? | MQFP( | QFP(®) format
30 23 22 X0 Connection pin for the crystal oscillation circuit
A or other oscillation circuits
31 24 23 X1 An external clock can be connected to X0. In
this case, X1 must be opened.
28 21 20 MODO Input pin for setting the memory access
B Connected directly to Vgg.
29 22 21 MOD1
Reset I/O pin. This pin is used as the CMOS
input/output and hysteresis input with pull-up
57 20 19 BRST c resistor. "L is outpgt from the pin in
accordance with an internal reset request. The
internal circuit is initialized with input of the "L"
level.
56 to 49 49t042 | 48to41 | POO to P07 General-purpose 1/0O port
48 to 41 411034 | 40t0 33 | P10to P17 General-purpose 1/O port
General-purpose 1/O port
40 33 30 P20/PWCK E Resourcg I{O pin (mput:- hystere3|s)
Hysteresis input. This pin is also used as the
PWC input.
P21/ General-purpose 1/0O port
39 32 31 PPGO1 D This pin is also used as the PPGO01 output.
38 31 30 P22/ D General-purpose /0O port
PPGO02 This pin is also used as the PPGO02 output.
37 30 29 P23 General-purpose 1/0O port
36 29 29 P24 General-purpose 1/O port
35 28 27 P25 General-purpose /0O port

21



CHAPTER 1 OVERVIEW

Table 1.7-1 Explanations of the pin functions (Continued)

Pin number /o
SH-DIP®D | QFP("® | LQFP(® Pin name | circuit Explanation of functions
MDIP(? | mQFP(¥ | QFp(®) format
34 27 26 P26 D General-purpose /O port
33 26 25 P27 D General-purpose I/O port
P30/ General-purpose I/O port
58 51 50 PPGO03/ D This pin is also used as the PPGO3 output.
MCO
General-purpose 1/O port
59 50 51 Pfdéi?? E Resource 1/O pin (input: hysteresis)
LMCO This pin is also used as the UART/SIO clock I/
0.
P32/ General-purpose I/O port

60 53 52 D This pin is also used as the UART/SIO serial

SO1(UOT) data output.
General-purpose I/O port
61 54 53 P33/ E Resource 1/0O pin (input: hysteresis)
S (UI1) This pin is also used as the UART/SIO serial
data input.
General-purpose /O port
62 55 54 P34/PTO2 D This pin is also used as the PWM timer 2

output.

General-purpose /O port
63 56 55 P35/PWC E Resource 1/O pin (input: hysteresis)
This pin is also used as the PWC input.

General-purpose /O port
1 58 57 P36/WTO D The resource is output.
This pin is also used as the PWC output.

General-purpose I/O port
The resource is output.

2 59 58 P37/PTOf D This pin is also used as the PWM timer 1
output.
General-purpose /O port
3 60 59 P40/ E Resource I/O pin (input: hysteresis)
INT20/EC This pin is also used as the external interrupt
input and 16-bit timer/counter input.
P41/ General-purpose I/O port
Resource 1/0O pin (input: hysteresis)
4 61 60 INT21/ E NS .
SCK2 Th|s pin is also used as the external interrupt
input and SIO clock 1/0.
P42/ N-channel open-drain output
Resource 1/0O pin (input: hysteresis)
5 62 61 INT22/ G This pin is also used as the external interrupt
SO2/SDA

input, SIO serial data output, and I2C data line.
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Table 1.7-1 Explanations of the pin functions (Continued)

1.7 Explanations of the Pin Functio

ns

Pin number 1o
SH-DIP'D | QFP(® | LqFp(*® | Pinname | circuit Explanation of functions
MDIP(? | MQFP(' | QFP(®) format
P43/ N-channel open-drain output
Resource 1/O pin (input: hysteresis)
6 63 62 INTSCgf12/ G This pin is also used as the external interrupt
input, SIO serial data input, and I°C clock I/O.
P44/ General-purpose 1/O port
7 64 63 INT24/ E Resource 1/O pin (input: hysteresis)
UCK2 This pin is also used as the external interrupt
input and UART clock 1/O.
General-purpose 1/O port
8 1 64 P45/ E Resource 1/O pin (input: hysteresis)
INT25/UO2 This pin is also used as the external interrupt
input and UART data output.
General-purpose 1/0O port
9 5 1 P46/ E External interrupt I/O pin (input: hysteresis)
INT26/U12 This pin is also used as the external interrupt
input and UART data input.
MB89F538/ Input pin for setting

MOD2 B MB89F538L memory access mode
Connected directly to

Other than above General-purpose I/0
10 3 2 port
P47/ Resource 1/O pin (input:

INT27/ E hysteresis)

ADST This pin is also used as
the external interrupt
input and A/D converter
clock input pin.

N-channel open-drain output port
1110 18 4to 11 3to 10 PS;);A/\L\IS;O H This pin is also used as the A/D converter
analog input.
General-purpose input port
22 1o 24 151017 | 1410 16 PGO/:(’)\IHO | Resource 1/0O pin (input: hysteresis)
P62/INT12 This pin is also used as the external interrupt
input.
General-purpose input
port
P63/INT13 | Single-clock system | Resource I/O pin (input:
product hysteresis)
25 18 17 Also used as the
external interrupt input.
XO0A A Dual-clock system Connection pin for
product subclocks
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Table 1.7-1 Explanations of the pin functions (Continued)

Pin number 1o
SH-DIP'D | QFP("® | LqFp(*® | Pinname | circuit Explanation of functions
MDIP(2 | MQFP(Y | QFP(®) format
P64 J Single-clock system | General-purpose input
product port
26 19 18
Dual-clock system Connection pin for
X1A A
product subclocks
64 57 56 Vee - Power supply pin
32 25 24 Vss - Power supply pin (GND)
19 12 11 AV - A/D converter power supply pin
20 13 12 AVR - A/D converter reference voltage input
) A/D converter power supply pin
21 14 13 AVss Used with the same voltage level with Vgg.
Capacitor connection pin
MB89537H/537HC ;?;Si‘l’i‘gaet:osn“pp'y
MB89538H/538HC .
MBS9F538 Connect the ceramic
capacitor of about 0.1 uF
to the exterior.
If "Available" is selected
for the step-down circuit
stabilization time, V¢ is
fixed.
57 50 49 C - MB89P538 " : .
If "Unavailable" is
selected for the step-
down circuit stabilization
time, Vgg is fixed.
MB89PV530/535A/
F538L
MB89537/537C/ N.C. bin
537A/537AC ~- P
MB89538/538C/
538A/538AC

*1:DIP-64P-MO01
*4:MQP-64C-P01
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*2:MDP-64C-P02
*5:FPT-64P-M03

*3:FPT-64P-M06
*6:FPT-64P-M09




1.7 Explanations of the Pin Functions

Table 1.7-2 Explanation of the external EPROM socket pin functions (MB89PV530 only)

Pin number

. I/O circuit . .
Pin name Explanation of functions
MDIPC! | mQFP(2 format
65 66 A15
66 67 A12
67 68 A7
68 69 A6
69 70 A5 .
-0 71 Ad 0] Address output pin
71 72 A3
72 73 A2
73 74 A1
74 75 A0
75 77 01
76 78 02 I Data input pin
77 79 03
78 80 Vss 0] Power supply pin (GND)
79 82 04
80 83 05
81 84 06 I Data input pin
82 85 07
83 86 08
84 87 CE o ROM ch|p enable pin. "H" is always
output in standby mode.
85 88 A10 O Address output pin
86 89 OE o ROM output enable pin. "L" is always
output.

87 91 A1 Address output pin
88 92 A9 O
89 93 A8
90 94 A13 0]
91 95 Al4 0]
92 96 Vee @) EPROM power supply pin

65

76 Internal connection pin. Have it open at
- N.C. O :

81 all times.

90

*1: MDP-64C-P02
*2: MQP-64C-PO01
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1.8 1/O Circuit Format

Table 1.8-1 "I/O circuit format" shows the I/O circuit format.

The alphabetic characters of the classification column in Table 1.7-1 "Explanations of
the pin functions" correspond to those of the I/O circuit format column in Table 1.8-1
“I/O circuit format."

H 1/O circuit format

Table 1.8-1 1/O circuit format

Classification Circuit Remarks
Oscillation feedback resistor
X1(X1A) ¢ High-speed side = approx. 1 MQ
] T e [0 e Low-speed side = approx. 10 MQ
C Ci
4{
A XO(XO0A) Pch
] (]
,;FNch ,_{57
o
e Hysteresis input
¢ Pull-down resistor
L] [T>0— Contained in MB89535A, MB89537/
B 537C, MB89538/538C, MB8537H/
537HC, MB89538H/538HC,
MB89537A/537AC, and MB89538A/
538AC.
e Pull-up resistor is approx. 50 kQ
e Hysteresis input
R
Pch
C ]
Nch
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1.8 1/0 Circuit Format

Table 1.8-1 1/O circuit format (Continued)

Classification Circuit Remarks
e CMOSI/O
» Software pull-up resistor can be used.
R % Pch Pull-up control Approx. 50 k
register
D Pch
[
.
ch

[——o—

e CMOS /O
» Software pull-up resistor can be used.
Approx. 50 kQ

R % Pch Pull-up control
}—@j register
Pch
E e L
[

Nen
ch

—|>O— Port input
—|>O— Resource input

* N-channel open-drain output
* Hysteresis input
O ! g

e CMOS input
I
G Nch

4‘>@7 Resource input
L {=0—Portinput

¢ N-channel open-drain output

ﬁ’—T * Analog input (A/D converter)
Pch
H ,
E Nen
[ F————Analog input
¢ Hysteresis input
e CMOS input
R % e Software pull-up resistor can be used.
[ IPeh pyil-up control register Approx. 50 kQ

D*4|>Of Resource
[ ——=0—pPon
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Table 1.8-1 /O circuit format (Continued)

Classification

Circuit

Remarks

}L Pull-up control register

Port

CMOS input
Software pull-up resistor can be used.
Approx. 50 kQ
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CHAPTER2 HANDLING DEVICE

This chapter describes the precautions to be taken when using the MB89530/530H/
530A series.

2.1 "Notes on Handling Devices"
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CHAPTER 2 HANDLING DEVICE

2.1

Notes on Handling Devices

This section describes the precautions to be taken when handling the power supply
voltage and pins of the device.

H Notes on Handling Devices

30

O Maximum Rated Voltage (Preventing Latchup)

The maximum rated voltage must not be exceeded.

Latchup may occur on CMOS ICs if voltage higher than V¢ or lower than Vgg is applied to

input and output pins other than medium- to high-voltage pins, or if voltage higher than ratings is
applied between V¢ and Vgg.

When latchup occurs, power supply current increases rapidly and might thermally damage
elements. When using, take great care not to exceed the absolute maximum ratings.

Also, take care to prevent the analog power supply (AVce, AVR, DVR) and analog input from
exceeding the digital power supply (Vcc) when the analog system power supply is turned on
and off.

Power Supply Voltage Fluctuations
The power supply voltage must be made as stable as possible.

Although V¢ power supply voltage is assured to operate within the rated range, a rapid

fluctuation of voltage could cause malfunctions, even if it occurs within the rated range.
Stabilizing voltage supplied to the IC is therefore important. As stabilization guidelines, it is
recommended to control power so that V¢ ripple fluctuations (P-P value) will be less than 10%

of the standard V¢ value at the commercial frequency (50 to 60 Hz) and the transient
fluctuation rate will be less than 0.1 V/ms at the time of a momentary fluctuation such as when

power is switched.

Treatment of Unused Input Pins

Leaving unused input pins open could cause malfunctions. They should be connected to a pull-
up or pull-down resistor.

Treatment of Unused Input Pins

Be sure to leave (internally connected) N.C. pins open.

Treatment of Power Supply Pins on Microcontroller with A/D and D/A Converters

Connect to be AV = Ve and AVgg = AVR = DVR = Vgg even if the A/D and D/A converters
are not in use.

Precautions when Using an External Clock

Even when an external clock is used, an oscillation stabilization time is required after a power-
on reset and exit from subclock mode or stop mode.



2.1 Notes on Handling Devices

Program Execution in RAM

Debugging of a program that is executed in RAM cannot be done even if MB89PV530 is used.

Wild Register Function

Debugging cannot be made for the wild register with MB89PV530 and the tool. Check the

operation with MB89P538, MB89F538, or MB89F538L on an actual machine.

Detailed Processing of the C Pin of the MB89530/530H/530A Series

The MB89530/530H/530A series consists of the products listed in Table 2.1-1 "Pin Processing
for the Products With and Without a Step-Down Circuit." The operation characteristic depends
on whether a product contains a step-down circuit.

Note to Noise in the External Reset Pin (RST)

If the reset pulse applied to the external reset pin (RST) does not meet the specifications, it may
cause malfunctions. Use caution so that the reset pulse less than the specifications will not be
fed to the external reset pin (RST).

Table 2.1-1 Pin Processing for the Products With and Without a Step-Down Circuit

Product name 0‘?;;22:9 Step-down circuit | Pin type Pin processing
MB89PV530 2.7V to 5.5V Not contained. N.C pin Not required.
Contained. Ve fixed

MB89P538 2.7V to 5.5V C pin

Not contained. Vgg fixed
MB89F538 3.5V to 5.5V Contained. C pin 0.1 uF capacitor connection
MB89537H/537HC 3.5V 10 5.5V Contained. C pin 0.1 uF capacitor connection
MB89538H/538HC 3.5V to0 5.5V Contained. C pin 0.1 uF capacitor connection
MB89537/537C 2.2V to 3.6V Not contained. N.C pin Not required.
MB89538/538C 2.2V to 3.6V Not contained. N.C pin Not required.
MB89F538L 2.3V to 3.6V Not contained. N.C pin Not required.
MB89537A/537AC 2.2V to 5.5V Not contained. N.C pin Not required.
MB89538A/538AC 2.2V to 5.5V Not contained. N.C pin Not required.
MB89535A 2.2V to 5.5V Not contained. N.C pin Not required.

These products use the same internal resources. However, the operation sequence after
power-on reset depends on whether a product contains a step-down circuit. Figure 2.1-1
"Operation Sequences After Power-On Reset Between Product Types" shows the sequence of
operations after power-up for each model.
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Figure 2.1-1 Operation Sequences After Power-On Reset Between Product Types

Power supply (Vce) /E Step-down circuit stabilization time +
' oscillation stabilization wait time

CPU operation of (219/Fch)

product containing step-

down circuit

(only MB89537H/537HC,

MB89538H/538HC, and

MB89F538)

CPU operation of
product with no step-
down circuit (all products

1 Oscillation stabilization |
wait time (2'8/Fch)

'
'
~

|

it REREEY AR

other than !
MB89537H/537HC, ,
MB89538H/538HC, and i
MB89F538) / \
Start of CPU operation of product Start of the CPU operation of
with no step-down circuit product with no step-down
(reset vector) circuit (reset vector)
Note:

Fch: Main oscillation frequency

As shown in Figure 2.1-1 "Operation Sequences After Power-On Reset Between Product
Types", the start of CPU operation of a product with a step-down circuit is slower than that of the
product with no step-down circuit. This is because extra time is required for the step-down
circuit to stabilize prior to normal operation of the step-down circuit.

For MB89P538, a product either with or without a step-down circuit can be selected by C pin
processing. Therefore, use it depending on the mask version to be used.
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CHAPTER3 CPU

This chapter describes the functions and operations of the CPU.

3.1 "Memory Space"

3.2 "Dedicated Registers"

3.3 "General-purpose Registers"

3.4 "Interrupts"

3.5 "Resets"

3.6 "Clock"

3.7 "Standby Mode (Low Power Consumption)"

3.8 "Memory Access Mode"



CHAPTER 3 CPU

3.1 Memory Space

The memory space of the MB89530/530H/530A series is 64 Kbytes and is made up of
the I/O area, RAM area, and ROM area.

Some areas in the memory space, such as the general-purpose registers and vector
table, are used for specific applications.

B Configuration of the Memory Space

O 1/0 area (address: 0000y - 007F )

e This area is allocated to the control registers and data registers of the built-in peripheral
devices.

* Since the I/O area is allocated to a part of the memory space, it can be accessed like normal
memory. The area can be accessed faster using direct addressing.

O Extended I/O area (address: C80y - C91y)

* The high-order byte address register, low-order byte address register, and data register of
the wild register are allocated to this area.

O RAM area
» Static RAM is contained as a built-in data area.
e The internal RAM size is dependent on the part number.
* 80y to FFy can be accessed faster using direct addressing.
* 100y to 1FFy can be used as a general-purpose register area.

* If a reset occurs during a write operation to RAM, data at the address to which data is being
written cannot be guaranteed.

O ROM area
* ROM is contained as an internal program area.
* The internal ROM size is dependent on the part number.

* FFCOy to FFFFy are used as, for example, a vector table.
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H Memory Map

Figure 3.1-1 Memory Map

3.1 Memory Space

00004
00804
01004

02004
02804

0C80y4
0C91y

CO000y

FFCOx
FFFF,

MB89535A

I/0

| _RAM
General»:

purpose :
register |

Vacancy

Wild register

Vacancy

table('?

MB89537/537C
MB89537H/537HC
MB89537A/537AC

00004
00804
01004

02004

04804

0C80y
0C91y

80004

FFCO4
FFFFy

I/0

General-1

I
purpose |
register |

Vacancy

Wild register

Vacancy

table('?

*1 The external ROM area is used only for MB89PV530.
*2 Vector table (reset, interrupt, and vector call

MB89PV530
MB89P538
MB89538/538C
MB89538H/538HC
MB89538A/538AC

0000y

0080,
0100y fro -~~~

General-1
purpose |
register |

0200y, | 2

110

08804

0C804
0C91y

Vacancy

Wild register

Vacancy
4000y

External
ROM()

FFCOH |~ Vg~

Vector

FFFF, table('?)
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3.1.1 Special Areas

In addition to the I/O area, the general-purpose register area and vector table area are
available as areas for specific applications.

B General-purpose Register Area (Address: 0100y - 01FFy)

e This area is used for 8-bit arithmetic operations and transfer. Supplementary registers are
provided.

¢ Since this area is allocated to a part of the RAM area, it can also be used as normal RAM.

* When this area is used as a general-purpose register, it can be accessed faster using
shorter instructions by general-purpose register addressing.

For details, see Section 3.2.2 "Register Bank Pointer (RP)" and Section 3.3 "General-purpose
Registers".

B Vector Table Area (Address: FFCOy - FFFFy)

* This area is used as vector tables of the vector call instructions, interrupts, and reset.

* This area is allocated to the highest ranges of the ROM area, and the start address of the
corresponding processing routine is set to the address of each vector table.

Table 3.1-1 "Vector Table" lists the addresses of the vector tables referenced corresponding to
the vector call instructions, interrupts, and reset.

For details, see Section 3.4 "Interrupts”, Section 3.5 "Reset", and "CALLYV #vct" of Appendix B.3
"Special Instructions".

Table 3.1-1 Vector Table

Vector call Vector table address
instruction High Low
CALLYV #0 FFCOy FFC1y
CALLV #1 FFC24 FFC3y
CALLV #2 FFC4y FFC54
CALLV #3 FFC6y FFC7h
CALLV #4 FFC8y FFC9y
CALLYV #5 FFCAyY FFCBy
CALLYV #6 FFCCq FFCDy
CALLV #7 FFCEH FFCF4

36



Table 3.1-1 Vector Table (Continued)

Interrupt name

Vector table address

High Low

IRQF FFDCH FFDDy
IRQE FFDEy FFDFy
IRQD FFEOH FFE1,
IRQC FFE24 FFE3y
IRQB FFE4y FFE5y
IRQA FFE6H FFE7
IRQ9 FFESH FFE9y
IRQ8 FFEA4 FFEBy
IRQ7 FFECy FFEDy
IRQ6 FFEEH FFEFH
IRQ5 FFFOy FFF1,
IRQ4 FFF2y FFF3y
IRQ3 FFF4y FFF5y
IRQ2 FFF6y FFF7y
IRQ1 FFF8y FFFOy
IRQO FFFA4 FFFBy
Mode data - FFFDy
Reset vector FFFEY FFFFy

*1: FFFCy is not available (Set FFR)

3.1 Memory Space
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3.1.2 Storing 16-bit Data in Memory

Higher data of 16-bit data and stacks are stored in the areas of smaller address values

on memory.

B Storage of 16-bit Data on RAM

When writing 16-bit data into memory, the higher byte of the data is stored at the lower address.
The lower byte of the data is stored at the next address. When reading memory, the same
procedure is executed.Figure 3.1-2 "Storing 16-bit Data in Memory" shows the storing 16-bit

data in memory.

Figure 3.1-2 Storing 16-Bit Data in Memory

Before execution| Memory

0080H
A 0081H
0082H
0083H

MOVW 0081H, A

After execution| Memory

34 H

0080H
0081H
0082H
0083H

B Storage of a 16-bit Operand

Also when 16 bits are specified in an operand of an instruction, the higher byte is stored at the
nearby operation code (instruction) and the lower byte is stored at the next address.

This is the same if the operand points to a memory address or is 16-bit immediate data.

Figure 3.1-3 "16-bit Data in Instructions" shows the storing 16-bit data in instructions.

Figure 3.1-3 16-Bit Data in Instructions

[Example] MOV A, 5678H
MOVW A, #1234H

XXX0H XX XX
XXX2H 60 56 78
XXX5H E4 12 34
XXX8H XX

;Extended address
;16-bit immediate data

@ After assembling

;Extended address
;16-bit immediate data

B Storage of 16-bit Data on the Stack

Data of the 16-bit length register saved on the stack due, for example, to an interrupt, is also

stored in the same manner, with the higher byte at the smaller address.
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3.2 Dedicated Registers

3.2 Dedicated Registers

The dedicated registers in the CPU consist of the program counter (PC), two arithmetic
operation registers (A and T), three address pointers (IX, EP, and SP), and the program
status (PS). All registers are 16 bits.

B Dedicated Register Configuration

The dedicated registers in the CPU consist of seven 16-bit registers. Some of these registers
are also able to be used as 8-bit registers, using the lower 8 bits only.

Figure 3.2-1 "Dedicated Register Configuration" shows the structure of the dedicated registers.

Figure 3.2-1 Dedicated Register Configuration

Initial value .
«— 16 bits ——>

: Program counter
A register for indicating the current instruction
storage positions

Indeterminate ‘ A ‘ : Accumulator _ _ _ _ _
A temporary register for storing arithmetic operations or
‘ transfer instructions

: Temporary accumulator
A register which performs arithmetic operations with the
IX ‘ accumulator

: Index register
‘ A register for indicating an index address

FFFDH PC

Indeterminate ‘ T

Indeterminate ‘

Indeterminate ‘ EP : Extra pointer
A pointer for indicating a memory address
Indeterminate ‘ SP ‘ - Stack pointer
I-flag = "0", A register for indicating the current stack location
ILO, IL1 ="11" ‘ RP ‘ CCR ‘ : Program status

A register for storing a register bank pointer and
condition code

Other bits are indeterminate

PS

B Dedicated Register Functions

O Program counter (PC)

The program counter is a 16-bit counter that indicates the memory address of the instruction
currently being executed by the CPU. Instruction execution, interrupts, resets, and similar
update the contents of the program counter. The initial value during a reset is the read address
of the mode data (FFFDy).

O Accumulator (A)

The accumulator is a 16-bit arithmetic operation register. The accumulator is used to perform
arithmetic operations and data transfers with data in memory or in other registers such as the
temporary accumulator (T). The content of the accumulator can be treated as either word (16-
bit) or byte (8-bit) data. Only the lower 8 bits (AL) of the accumulator are used for byte arithmetic
operations or transfers. In this case, the upper 8 bits (AH) remain unchanged. The content of
the accumulator after a reset is indeterminate.
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O Temporary accumulator (T)

The temporary accumulator is an auxiliary 16-bit arithmetic operation register used to perform
arithmetic operations with the data in the accumulator (A). The content of the temporary
accumulator is treated as word data (16-bit) for word-length arithmetic operations with the
accumulator and as byte data (8-bit) for byte-length arithmetic operations. For byte-length
arithmetic operations, only the lower 8 bits of the temporary accumulator (TL) are used and the
upper 8 bits (TH) are not used.

Executing a transfer instruction to transfer data to the accumulator (A) automatically transfer the
previous content of the accumulator to the temporary accumulator. In this case also, a byte
transfer leaves the upper 8 bits of the temporary accumulator (TH) unchanged. The content of
the temporary accumulator after a reset is indeterminate.

Index register (I1X)

The index register is a 16-bit register used to hold the index address. The index register is used
in conjunction with a single byte offset value (-128 to +127). Adding the sign-extended offset
value to the index address generates the memory address for data access. The content of the
index register after a reset is indeterminate.

Extra pointer (EP)

The extra pointer is a 16-bit register used to hold a memory address for data access. The
content of the extra pointer after a reset is indeterminate.

Stack pointer (SP)

The stack pointer is a 16-bit register used to hold the address referenced during operations
such as interrupts, subroutine calls, and the stack save and restore instructions. The value of
the stack pointer during program execution is the address of the most recently saved data on
the stack. The content of the stack pointer after a reset is indeterminate.

Program status (PS)

The program status is a 16-bit control register. The upper 8 bits contain the register bank pointer
(RP) which points to the address of the current general-purpose register bank.

The lower 8 bits contain the condition code register (CCR) which contains flags indicating the
current CPU status. The two 8-bit registers which form the program status cannot be accessed
independently (the program status can only be accessed by the MOVW A,PS and MOVW PS,A
instructions).

Refer to the "F?MC-8L Programming Manual" for details on using the dedicated registers



3.2 Dedicated Registers

3.2.1 Condition Code Register (CCR)

The condition code register (CCR) located in the lower 8 bits of the program status
(PS) consists of the C, V, Z, N, and H bits indicating the results of arithmetic operations
and the contents of transfer data, and the |, IL1, and ILO bits for control whether or not
the CPU accepts interrupt requests.

B Structure of Condition Code Register (CCR)

Figure 3.2-2 Structure of Condition Code Register

RP CCR

Bit 15 Bit 14 Bit 13Bit 12 Bit 11 Bit 10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 CCR initial value
pS‘R4‘R3‘R2‘R1‘Ro‘—‘—‘—‘ H ‘ | ‘m‘mo‘ N ‘ z‘v ‘ c‘ XO11XXXXe

Half-carry flag
Interrupt enable flag
Interrupt level bits
Negative flag
Zero flag
Overflow flag
Carry flag

X: Indeterminate

Note:

The condition code register is part of the program status (PS) and cannot be accessed
independently.

Reference:

In practice, the flag bits are rarely fetched and used directly. Instead, the bits are used
indirectly by instructions such as branch instructions (such as BNZ) or the decimal
adjustment instructions (DAA, DAS). The content of the flags after a reset is indeterminate.

B Arithmetic Operation Result Bits

O Half-carry flag (H)

Set when a carry from bit 3 to bit 4 or a borrow from bit 4 to bit 3 occurs as a result of an
arithmetic operation. Cleared otherwise. As this flag is for the decimal adjustment instructions,
do not use this flag in cases other than addition or subtraction.

O Negative flag (N)

Set if the most significant bit (MSB) is set to 1 as a result of an arithmetic operation. Cleared
when the bit is set to 0.

O Zero flag (2)

Set when an arithmetic operation results in 0. Cleared otherwise.
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O Overflow flag (V)
Set if the complement on 2 overflows as a result of an arithmetic operation. Reset if the overflow
does not occur.
O Carry flag (C)
Set when a carry from bit 7 or borrow to bit 7 occurs as a result of an arithmetic operation.
Cleared otherwise. Set to the shift-out value in case of a shift instruction.
Figure 3.2-3 "Change of Carry Flag by Shift Instruction" shows the change of the carry flag by a
shift instruction.
Figure 3.2-3 Change of Carry Flag by Shift Instruction
* Left shift (ROLC) * Right shift (RORC)
Bit 7 Bit0 Bit7 Bit 0
el LTIV EL TP ] e
| ] t |

H Interrupt Acceptance Control Bit
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O Interrupt enable flag (I)

Interrupt is enabled when this flag is set to "1" and the CPU accepts interrupt. Interrupt is
prohibited when this flag is set to "0" and the CPU does not accept interrupt.

The initial value after a reset is "0".

Normal practice is to set the flag to "1" by the SETI instruction and clear to "0" by the CLRI
instruction.

Interrupt level bits (IL1, ILO)

These bits indicate the level of the interrupt currently being accepted by the CPU. The value is
compared with the interrupt level setting registers (ILR1 to ILR4) which have a setting for each
peripheral function interrupt request (IRQO to IRQF).

Given that the interrupt enable flag is enabled (I = "1"), the CPU only performs interrupt
processing for interrupt requests with an interrupt level value that is less than the value of these
bits. Table 3.2-1 "Interrupt Level" lists the interrupt level priorities. The initial value after a reset
is"11g".

Table 3.2-1 Interrupt Level

IL1 ILO Interrupt level High-low
0 0 High
0 1 1
1 0 2
1 1 3 Low (no interrupt)




3.2 Dedicated Registers

Reference:

The interrupt level bits (IL1, ILO) are normally "11" when the CPU is not processing an
interrupt (during main program execution).

See Section 3.4 "Interrupts" for details on interrupts.
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3.2.2 Register Bank Pointer (RP)

The register bank pointer (RP) located in the upper 8 bits of the program status (PS)
indicates the address of the general-purpose register bank currently in use. The RP is
converted to form the actual address in general-purpose register addressing.

B Structure of Register Bank Pointer (RP)

44

Figure 3.2-4 "Structure of Register Bank Pointer" shows the structure of the register bank
pointer.

Figure 3.2-4 Structure of Register Bank Pointer

RP CCR

Bit 15 Bit 14 Bit 13Bit 12 Bit 11 Bit 10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 RP initial value

e[ o e [ [mo | = [ = =] % | 1 Jw w0l n ]z v ] o] xomom

X: Indeterminate

The register bank pointer indicates the address of the register bank currently in use. Figure 3.2-
5 "Rule for Conversion of Actual Addresses of General-purpose Register Area" shows the
relationship between the pointer contents and the actual address is based on the conversion
rule.

Figure 3.2-5 Rule for Conversion of Actual Addresses of General-purpose Register Area

Upper bits of RP Lower operation codes

o o 0 o o o o v [Rs Re R A1 RO|b2 b1 o]

R

Generatedaddresses‘A15 A14 A13 A12 A10 A11 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO‘

The register bank pointer points to the memory block (register bank) in the RAM area that is
used for general-purpose registers. A total of 32 register banks are available. A register bank is
specified by setting a value between 0 and 31 in the upper 5 bits of the register bank pointer.
Each register bank contains 8-bit general-purpose registers. Registers are specified by the
lower 3 bits of the operation codes.

Using the register bank pointer, the addresses 01004 to 01FFy can be used as the general-

purpose register area. However, the available area is limited on some products if internal RAM
only is used. The initial value after a reset is indeterminate.

Note:
Before using a general-purpose register, set the register bank pointer (RP).

The register bank pointer is part of the program status (PS) and cannot be accessed
independently.



3.3 General-purpose Registers

3.3 General-purpose Registers

The general-purpose registers are a memory block made up of banks, with 8 x 8-bit
registers per bank.

The register bank pointer (RP) is used to specify the register bank.

The function permits the use of up to 32 banks.

Register banks are valid for interrupt processing, vector call processing, and
subroutine calls.

B Structure of General-purpose Registers

e The general-purpose registers are 8 bits and located in the register banks of the general-
purpose register area (in RAM).

¢ One bank contains eight registers (R0 to R7) and up to a total of 32 banks.

e The register bank currently in use is specified by the register bank pointer (RP). The lower
three bits of the operation code specify general-purpose register 0 (RO) to general-purpose
register 7 (R7).

Figure 3.3-1 "Register Bank Structure" shows the register bank structure.

Figure 3.3-1 Register Bank Structure

Lower 3 bits of
the operation code

100H* RO 000

R1 001
R2 010 Bank 0
(RP="00000---8")

R3 011
R4 100
RS 101 32 banks
R (RAM area)

6 110 The number of banks is limited
R7 111 on available RAM size.

108H* RO 000

Bank 1
(RP="00001---")
R7 111
Bank 2
to
Bank 30
1F8H* RO 000
Bank 31

(RP="11111---8")

1FFH R7 111

*: The top address of a register bank = 0100H + 8 x (upper 5 bits of RP)

see Section 3.1.1 "Special Areas" for the general-purpose register area available for each
product.
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B Features of General-purpose Registers
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General-purpose registers have the following features:

e RAM can be accessed at high-speed using short instructions (general-purpose register
addressing).

* Registers are grouped in blocks in the form of register banks. This simplifies the process of
saving register contents and dividing registers by function.

Dedicated register banks can be permanently assigned for each interrupt processing or vector
call (CALLV #0 to #7) processing routine by general-purpose register. For example, register
bank 4 interrupt 2.

For example, a particular interrupt processing routine only uses a particular register bank which
cannot be written to unintentionally by other routines. The interrupt processing routine only
needs to specify its dedicated register bank at the start of the routine to effectively save the
general-purpose registers in use prior to the interrupt. Therefore, saving the general-purpose
registers to the stack or other memory location is not necessary. This allows high-speed
interrupt handling while maintaining simplicity.

Also, as an alternative to saving general-purpose registers in subroutine calls, register banks
can be used to create reentrant programs (programs that do not use fixed addresses and can
be entered more than once) usually made by the index register (IX).

Note:

If an interrupt processing routine changes the register bank pointer (RP), ensure that the
program does not also change the interrupt level bits in the condition code register (CCR:
IL1, 0) when specifying the register bank.
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3.4 Interrupts

The MB89530/530H/530A series has 15 interrupt request input corresponding to
peripheral functions. An interrupt level can be set independently.

If an interrupt request output is enabled in the peripheral function, an interrupt request
from a peripheral function is compared with the interrupt level in the interrupt
controller. The CPU performs interrupt operation according to how the interrupt is
accepted. The CPU wakes up from standby modes, and returns to the interrupt or
normal operation.

B Interrupt Requests from Peripheral Functions

Table 3.4-1 "Interrupt Request and Interrupt Vector" lists the interrupt requests corresponding to
the peripheral functions. On acceptance of an interrupt, execution branches to the interrupt
processing routine. The contents of interrupt the vector table address corresponding to the
interrupt request specifies the branch destination address for the interrupt processing routine.

An interrupt processing level can be for each interrupt request in the interrupt level setting
registers (ILR1, ILR2, ILR3, ILR4). Three levels are available.

If an interrupt request with the same or lower level occurs during execution of an interrupt
processing routine, the letter interrupt is not normally processed until the current interrupt
processing routine completes. If interrupt request set the same level occur simultaneously, the
highest priority is IRQO.
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Table 3.4-1 Interrupt Requests and Interrupt Vectors

Vector table address

Bit name of the

Priority if interrupt

. requests with the
Interrupt request interrupt level level
Higher Lower | setting register | —ame €velocecur
simultaneously
IRQO (external interrupt (edge) INT10 FFFAL FFFBy LO1, LOO Hi
igh

to INT11) K
IRQ1 (external interrupt (edge) INT12 FFF8yY FFF9y L11,L10
to INT13)
IRQ2 I2C FFF6y FFF74 L21, L20
IRQS (setting not available) FFF4y FFF54 L31, L30
IRQ4 (external interrupt (level) INT20 FFF2y FFF34 L41, L40
to INT27)
IRQ5 (PWM timer 1) FFFOH FFF14 L51, L50
IRQ6 (PWM timer 2) FFEEH FFEFH L61, L60
IRQ7 (PWC) FFECH FFEDy L71,L70
IRQ8 (16-bit timer/counter interrupt) FFEAH FFEBH L81, L80
IRQ9 (8-bit serial I/O) FFE8yY FFE9 L91, L9O
IRQA (UART/SIO) FFE6 FFE7H LA1, LAO
IRQB (UART reception) FFE4 FFE5H LB1, LBO
IRQC (UART transmission) FFE24 FFE3H LC1, LCO
IRQD (A/D converter) FFEOH FFE1H LD1, LDO
IRQE (timebase timer) FFDEy FFDFy LE1, LEO Y
IRQF (watch prescaler) FFDC, FFDD LF1, LFO Low
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3.4.1 Interrupt Level Setting Registers (ILR1, ILR2, ILR3, ILR4)

The interrupt level setting registers (ILR1, ILR2, ILR3, ILR4) together contain 16 blocks
of 2-bit data, with each data corresponding to an interrupt request from a peripheral
function. The interrupt level for each interrupt is set in that interruptis corresponding
2-bit data (interrupt level setting bits).

B Structure of Interrupt Level Setting Registers (ILR1, ILR2, ILR3, ILR4)

Figure 3.4-1 Structure of the Interrupt Level Setting Register

Register Address bit7 bit6 bit5 bit4 bit3 bit2 bit1  bit0 Initial value

ILR1 007BH L31 L30 | L21 L20 | L11 L10 | LO1 LOO 11111111
w w w w w w w W

ILR2 007CH L71 L70 | L61 Le0 | L51 L50 | L41 L40 11111111

ILR3 007DH LB1 LBO | LA1 LAO | L91 L90 | L81 L80 11111111

ILR4 007EH LF1 LFO | LE1 LEO | LD1 LDO |LC1 LCO 11111111

W: write only

Two bits of the interrupt level setting registers are allocated to each interrupt request. The value
of the interrupt level setting bits in these registers sets the interrupt priority (interrupt levels 1 to
3).

The interrupt level setting bits are compared with the interrupt level bits in the condition code
register (CCR: IL1, ILO).

The CPU does not accept interrupt requests set to interrupt level 3. Table 3.4-2 "Interrupt Level
Setting Bits and Interrupt Level" shows the relationship between the interrupt level setting bits
and the interrupt levels.

Table 3.4-2 Interrupt Level Setting Bits and the Interrupt Level

LO1 to LF1 LO0O to LFO Request Interrupt level High-low
0 0 ] High
0 1
1 0 2
1 1 3 Low (no interrupt)

X: 0to F Associated interrupt numbers

49



CHAPTER 3 CPU

Reference:

The interrupt level bits in the condition code register (CCR: IL1, ILO) are normally "11g"
during main program execution.

Note:

As the IRL1, ILR2, ILR3, and ILR4 registers are write-only, the bit manipulation instructions
(SETB, CLRB) cannot be used.
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3.4.2 Interrupt Processing

The interrupt controller transmits the interrupt level to the CPU when an interrupt
request is generated by a peripheral function. If the CPU is able to receive the
interrupt, the CPU temporarily halts the currently executing program and executes the
interrupt processing routine.

B Interrupt Processing

The procedure for interrupt operation is performed in the following order: interrupt source
generated at peripheral function, set the interrupt request flag bit (request FF), discriminate the
interrupt request enable bit (enable FF), the interrupt level (ILR1, ILR2, ILR3, ILR4 and CCR:
IL1, ILO), simultaneously generated interrupt requests with the same level, then check the
interrupt enable flag (CCR: ).

Figure 3.4-2 "Interrupt Processing" shows the interrupt processing.

Figure 3.4-2 Interrupt Processing

Condition code
register (CCR)

Internal data bus

] F2MC-8L-CPU Wake-up from

START @) stop mode
i: Wake-up from
sleep mode
- ®
(1) Initialize peripheral RAM =
: ]
©
Q
IS
o

Exit watch mode
N

Enable FF —
YES AND

\ Request FF 1

(

Is an interrupt
request present at the
peripheral?

Level ¢

3)
Peripherals -

InterruFt
er

- control
Is interrupt

request output enabled
for the peripheral2

(3) YES

N
Check the interrupt priority level
and transfer the level to the CPU

W
Compare the level with
the IL bits in PS

|
|
|

S |
|
: Is the level

e | higher than IL?

| @
|

@ Main program
execution NO
|

\ /| Save PC and PS to the stack |

| Clear interrupt request |
T

V. | A | W
7) Restore PC and PS | | | Execute interrupt processing | | (6) | PC « interrupt vector |
I I

Update IL in PS |

\
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(1)

()

@)

(4)

(5)

(6)

(7)

Note:

As the interrupt request flag bit of a peripheral function is not cleared automatically when an
interrupt request is received, the bit must be cleared by the program (normally, by writing "0"

After a reset, all interrupt requests are disabled.

Initialize the peripheral functions that are to generate interrupts in the peripheral
function initialization program, set the interrupt levels in the appropriate interrupt level
setting registers (ILR1, ILR2, ILR3, ILR4), and start peripheral function. The interrupt
level can be set to 1, 2 or 3. Level 1 is the highest priority, followed by level 2. Setting
level 3 disables the interrupt for that peripheral function.

Execute the main program (for multiple interrupts, execute the interrupt processing
routine).

The interrupt request flag bit (request FF) for a peripheral function is set to "1" when
the peripheral function generates an interrupt source. If the interrupt request enable bit
for the peripheral function is set to "enable" (enable FF = "1"), the peripheral function
outputs the interrupt request to the interrupt controller.

The interrupt controller continuously monitors for interrupt requests from the peripheral
functions and passes the interrupt level of the current interrupt request with the highest
interrupt level to the CPU. The interrupt controller also evaluates the priority order if
requests with the same level are present simultaneously.

If the interrupt level received by the CPU has a higher priority (a lower level value) than
the level set in the interrupt level bits in the condition code register (CCR: IL1, ILO), the
CPU checks the interrupt enable flag (CCR: I) and receives the interrupt if interrupts
are enabled (CCR: | ="1").

The CPU saves the contents of the program counter (PC) and program status (PS) on
the stack, reads the top address of the interrupt processing routine from the interrupt
vector table for the interrupt, updates the interrupt level bits in the condition code
register (CCR: IL1, ILO) with the received interrupt level, and starts execution of the
interrupt processing routine.

Finally, on execution of the RETI instruction, the CPU restores the program counter
(PC) and program status (PS) values saved on the stack and resumes execution from
the instruction following the last instruction executed before the interrupt.

to the interrupt request flag bit) at interrupt processing routine.

An interrupt wakes up the CPU from standby mode (low-power consumption). see Section 3.7

"Standby Modes (Low-Power Consumption)" for details.

Reference:

If the interrupt request flag bit is cleared at the top of the interrupt processing routine, the
peripheral function that has generated the interrupt becomes able to generate another
interrupt during execution of the interrupt processing routine (resetting the interrupt request
flag bit). However, the interrupts are not normally accepted until the current processing

routine completes.
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3.4.3 Multiple Interrupts

Multiple interrupts can be performed by setting different interrupt levels to the
interrupt level setting register (ILR1 to ILR4) for two or more interrupt requests from
peripheral functions.

H Multiple Interrupts

If the interrupt request having the higher interrupt levels occurs during the interrupt processing
routines, the CPU halts the current interrupt process and switches to accept the interrupt with
the higher priority. Interrupt levels can be set in the range 1 to 3. However, the CPU does not
accept interrupt requests set to interrupt level 3.

O Example of multiple interrupts

As an example of multiple interrupt processing, assume that an external interrupt has a higher
priority than the timer interrupt. The timer interrupt is set to level 2 and the external interrupt is
set to level 1. Figure 3.4-3 "Example of Multiple Interrupts" shows the processing when the
external interrupt occurs during execution of timer interrupt processing.

Figure 3.4-3 Example of Multiple Interrupts

Initialize peripheral (1)

Timer interrupt occurs (2)

Restart main program (8)

Main program Timer interrupt processing External interrupt processing

Interrupt level 2 Interrupt level 1
(CCR:IL1, ILO = "10") (CCR:IL1, ILO ="01")

(3) External interrupt

ocours (4) External interrupt

‘ processing
Halt

Timer interrupt
(?) processing

(7) Timer interrupt returns

Restart

(5) External interrupt
returns

During execution of timer interrupt processing, the interrupt level bits in the condition code
register (CCR:IL1, ILO) are automatically set to the same value as the interrupt level setting
register (ILR1, ILR2, ILR3, ILR4) corresponding to the timer interrupt (level 2 in this
example). If the interrupt request set to higher interrupt level (level 1 in this example) occurs
at this time, the interrupt processing has priority.

To temporarily disable multiple interrupts during the timer interrupt, the interrupt enable flag
in the condition code register is set to "interrupts disabled" (CCR: | = "0") or the interrupt
level bits (IL1, ILO) set to "00".

On execution of the interrupt return instruction (RETI) at the completion of interrupt
processing, the CPU restores the program counter (PC) and program status (PS) values
saved on the stack and resumes execution of the interrupted program.

Restoring the program status (PS) returns the condition code register (CCR) to the value
prior to the interrupt.
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3.4.4

Interrupt Processing Time

The total time from the generation of an interrupt request until control passes to the
interrupt processing routine is the sum of the time required to complete execution of
the current instruction and the interrupt handling time (the time required to prepare for
interrupt processing). The maximum time for this process is 30 instruction cycles.

B Interrupt Processing Time

When an interrupt request occurs, the time until the interrupt is accepted and the interrupt
processing routine is executed includes the interrupt request sampling time and the interrupt
handling time.

O Interrupt request sampling time

Whether or not an interrupt request has occurred is determined by sampling and testing for
interrupt requests during the final cycle of each instruction. Therefore, the CPU is unable to
identify interrupt requests during execution of an instruction. The longest delay occurs when an
interrupt request is generated immediately after starting execution of a DIVU instruction, which
has the longest instruction cycles (21 instruction cycles).

O Interrupt handling time

Nine instruction cycles are required to perform the following preparation for interrupt processing
after the CPU accepts an interrupt request:

e Save the program counter (PC) and program status (PS).
» Set the top address of the interrupt processing routine (the interrupt vector) in the PC.
* Update the interrupt level bits (PS:CCR: IL1, ILO) in the program status (PS).

Figure 3.4-4 "Interrupt Processing Time" shows the interrupt processing time.

Figure 3.4-4 Interrupt Processing Time

. Execution of a standard instruction Interrupt handling Interrupt processing routine
CPU operaton = @«~—— >« s -
. . Interrupt request Interrupt handling time
Interrupt waiting time sampling time (9 instruction cycles)
Interrupt request occurs
<« : Final cycle of instruction. Interrupt requests are sampled at this timing.
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The total interrupt processing time of 21 + 9 = 30 instruction cycles is required if an interrupt
request occurs immediately after starting execution of a DIVU instruction, which has the longest
instruction cycles (21 instruction cycles). If, on the other hand, the program does not use the
DIVU or MULU instructions, the maximum interrupt processing time is 6 + 9 = 15 instruction
cycles.

The time of one instruction cycle changes with the clock mode and the main clock frequency as
selected by the "speed-shift" (gear) function. see Section 3.6 "Clock" for details.
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3.4.5 Stack Operation during Interrupt Processing

This section describes the saving of the register contents to the stack and restore
operation during interrupt processing.

B Stack Operation at Start of Interrupt Processing

The CPU automatically saves the current contents of the program counter (PC) and program
status (PS) to the stack when an interrupt is accepted.

Figure 3.4-5 "Stack Operation at Start of Interrupt Processing" shows the stack operation at the
start of interrupt processing.

Figure 3.4-5 Stack Operation at Start of Interrupt Processing

Immediately before Immediately after
interrupt interrupt

Address Memory Address Memory
bs 027CH | xxH SP % 0270w | 08n ||
027DH | XXH 027DH | 70H
PG 027EH | XXH PS 027En | EOW ||
027FH | XXH 027FH 00H
SP 0280H | XxH PC 0280H | xxH
0281H | XXH 0281H | XXH

B Stack Operation at Interrupt Return

On execution of the interrupt return instruction (RETI) at the completion of interrupt processing,
the CPU performs the opposite processing to interrupt initiation, restoring first the program
status (PS) and then the program counter (PC) from the stack. This returns the PS and PC to
their states immediately prior to the start of the interrupt.

Note:

The CPU does not automatically save the accumulator (A) or temporary accumulator (T)
contents to the stack. Use the PUSHW and POPW instructions to save and restore A and T
contents to and from the stack.
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3.4.6 Stack Area for Interrupt Processing

Interrupt processing execution uses the stack area in RAM. The contents of the stack
pointer (SP) specifies the top address of the stack area.

B Stack Area for Interrupt Processing

The subroutine call instruction (CALL) and vector call instruction (CALLV) use the stack area to
save and restore the program counter (PC). The stack area is also used by the PUSHW and
POPW instructions to temporarily save and restore registers.

e The stack area is located in RAM along with the data area.

* Initializing the stack pointer (SP) to the top address of RAM and allocating data areas
upwards from the bottom RAM address is recommended.

Figure 3.4-6 "Stack Area for Interrupt Processing" shows the example of stack area setting.

Figure 3.4-6 Stack Area for Interrupt Processing

0000+

1’10
0080+

Dat:
ata area RAM
0100+

purpose
registers
0200H | - - - -

Stack area
0280H

|
I
‘ I
| | General-
|
|
|
I

Recommended set value for SP
(When the top address of RAM is 0280H.)

Access
prohibited

ROM

FFFFH

Reference:

The stack area is used in the downward direction starting from a high address by functions
such as interrupts, subroutine calls, and the PUSHW instruction. Instructions such as return
instructions (RETI, RET) and the POPW instruction release stack area in the upward
direction. Take care when the stack address is decreased by multiple interrupts or
subroutine calls that the stack does not overlap the general-purpose register area or areas
containing other data.
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3.5 Resets

The resets has the following four types of reset source:

External reset
Software reset

¢ Watchdog reset

Power-on reset

At reset, main clock oscillation stabilization wait time may or may not occur by the
operating mode and option settings.

H Reset Source

Table 3.5-1 Reset Source

Reset source Reset conditions

External reset

Set the external reset pin to the "L" level.

Software reset

Write "0" to the software reset bit in the standby control register (STBC: RST).

Watchdog reset | Watchdog timer overflow

Power-on reset | Power is turned on (only on products with a power-on reset).

O External reset

Inputting an "L" level to the external reset pin (RST) generates an external reset. Returning the
reset pin to the "H" level wakes up the CPU from the external reset.

The external reset pin can also function as a reset output pin.

Software reset

Writing "0" to the software reset bit in the standby control register (STBC: RST) generates a
four-instruction cycle reset.

Watchdog reset

The watchdog reset generates a four-instruction cycle reset if data is not written to the watchdog
timer control register (WDTC) within a fixed time after the watchdog timer starts.

Power-on reset

A reset is generated by power-on to initialize the internal circuit.
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H Main Clock Oscillation Stabilization Wait Time and the Reset Source

Whether there will be an oscillation stabilization wait time depends on the operating mode when
reset occurs, and the power-on reset option selected.

Following reset, operation always starts out in the normal main clock operating mode,
regardless of the kind of reset it was, or the operating mode (the clock mode and standby mode)
prior to reset. Therefore, if reset occurs while the main clock oscillator is stopped or in a
stabilization wait time, the system will be in a "main clock oscillation stabilization reset" state,
and a clock stabilization period will be provided. If the device is set for no power-on reset,
however, no main clock oscillation stabilization wait time is provided for power-on or external
reset.

In software or watchdog reset, if the reset occurs while the device is in main clock mode, no
stabilization time is provided. If it occurs in the subclock mode, however, a stabilization time is
provided since the main clock oscillation is stopped.Table 3.5-2 "Reset Source and Oscillation
Stabilization Wait Time" shows the relationships between the reset sources and the main clock
oscillation stabilization wait time, and reset mode (mode fetch) operations.

Table 3.5-2 Reset Source and Oscillation Stabilization Wait Time

Ret source Operating state Reset operation and main clock oscillation stabilization wait time

External At power on, After the main clock oscillation stabiligation delya time, if the external
reset (') during stop mode, | reset is waked up, reset is operated.( 2)
or subclock mode

Softwareand | Main clock mode | After 4-instruction-cycle reset occurs, reset is operated.(®)

watchdog X X . . )

reset Subclock mode Reset* is operated after the main clock oscillation stabilization wait
time.("2)

Power-on reset Device enters main clock oscillation stabilization wait time at power on.

Reset is operated after wait time ends.(?

*1: No oscillation stabilization wait time is required for external reset while main clock mode is operating.
Reset is operated after external reset is waked up.

*2: If the reset output option is selected, "L" is output at RST pin during the main clock oscillation stabilization
wait time.

*3: If the reset output option is selected, "L" level is output at RST pin during 4-instruction-cycle.
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3.5.1 External Reset Pin

Inputting an "“L" level to the external reset pin generates a reset. If products are set to
with the reset output (optional), the pin outputs an "L" level depending on internal
reset sources.

B Block Diagram of External Reset Pin

The external reset pin (RST) is a hysteresis input type and N-ch open-drain output type with a
pull-up resistor.

Figure 3.5-1 Block Diagram of External Reset Pin

Pull-up resistor
Approx. 50 kQ/5.0V

RST P-ch

Pin Internal reset source
77'];' N-ch

T .
[‘E/L//><D% Internal reset signal

Input buffer

B External Reset Pin Functions
Inputting an "L" level to the external reset pin (RST) generates an internal reset signal.

On products with the reset output, the pin outputs an "L" level depending on internal reset
sources or during the oscillation stabilization wait time due to an external reset. Software reset,
watchdog reset, and power-on reset are classed as internal reset sources.

Note:

* The external reset input accepts asynchronous with the internal clock. Therefore,
initialization of the internal circuit requires a clock. Especially when an external clock is used,
a clock is needed to be input at the reset.

¢ |f the reset pulse applied to the external reset pin (RST) does not meet the specifications, it
may cause malfunctions. Use caution so that the reset pulse less than the specifications will
not be fed to the external reset pin (RST).
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3.5.2 Reset Operation

When the CPU wakes up from a reset, the CPU selects the read address of the mode
data and reset vector according to the mode pin settings, then performs a mode fetch.
The mode fetch is performed after the oscillation stabilization wait time has passed
when power is turned on to a product with power-on reset, or on wake-up from
subclock or stop mode by a reset. If reset occurs during a write to RAM, the contents
of the RAM address cannot be assured.

Bl Overview of Reset Operation

Figure 3.5-2 Reset Operation Flow Diagram

Software reset External reset input
Watchdog reset Power-on reset
During reset
operation
In subclock mode? Power-on, subclock
or stop mode?
NO
YES
Main clock oscillation Main clock oscillation Main clock oscillation
stabilization wait stabilization wait stabilization wait
reset state reset state reset state
Wakes up from external
reset?
YES
| Fetch mode data |
Mode fetch ‘
(reset operation)
| Fetch reset vector |
Normal operation Fetch the instruction code from the address
(RUN state) indicated by the reset vector and begin
e execution.
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H Mode Pins

H Mode Fetch

3.5 Resets

The MB89530/530H/530A series devices are single-chip mode devices. The mode pins (MOD1,
MOD2) must be tied to VSS. The mode pin settings determine whether the mode data and reset
vector are read from internal ROM.

Do not change the mode pin settings, even after the reset has completed.

When the CPU wakes up from a reset, the CPU reads the mode data and reset vector from
internal ROM.

O Mode data (address: FFFDy)

Always set the mode to "004" (single-chip mode).

O Reset vector (address: FFFEy (upper), FFFFy (lower))

Contains the address where execution is to start after completion of the reset. The CPU starts
executing instructions from the address contained in the reset vector.

H Oscillation Stabilization Wait Reset State

On products with power-on reset, the reset operation for a power-on reset or external reset in
subclock or stop (main/sub) mode starts after the main clock oscillation stabilization wait time
selected by the stabilization wait time option. If the CPU has not woken up from the external
reset input when the wait time completes, the reset operation does not start until the CPU
wakes up from external reset.

As the oscillation stabilization wait time is also required when an external clock is used, a reset
requires that the external clock is input.

The main clock oscillation stabilization wait time is timed by the timebase timer.

H Effect of Reset on RAM Contents

If a reset condition occurs, the operation of the instruction currently being executed is
suspended and the device enters the reset status. The contents written in RAM are unchanged
before and after a reset. However, if a reset occurs during the writing of 16-bit data, only the
high-order byte of the data is written and the low-order byte may not be written. If a reset
occurs immediately before or after writing, the contents of the address to which writing is being
performed will be unpredictable. After a reset, therefore, all of the RAM to be used must be
initialized.
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3.5.3 Pin States during Reset

Reset initialized the pin states.

B Pin States during Reset

When a reset source occurs, with a few exceptions, all 1/0 pins (peripheral pins) go to the high-
impedance state and the mode data is read from internal ROM.

B Pin States after Reading Mode Data

With a few exceptions, the I/O pins remain in the high-impedance state immediately after
reading the mode data (The pin for which "pull-up resistor available" is selected in the pull-up
option setting register is set to the "H" level.).

Note:

For devices connected to pins that change to high-impedance state when a reset source
occurs take care that malfunction does not occur due to the change in the pin states.

For the pin states under conditions other than the reset state, see Appendix F "Pin Statuses of
the MB89530/530H/530A Series".
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3.6 Clock

Dual clock oscillation circuits are contained in the clock generator. By connecting
each external resonator, the high-speed main clock and low-speed subclock are
generated independently (oscillator source). A clock generated externally can also be
input.

The speed and supply of the dual clock is controlled by the clock controller according
to the clock mode and standby mode.

B Clock Supply Map

The clock oscillation and the supply to CPU and peripheral circuits (peripheral functions) are
controlled by the clock controller. Thus, the operating clock of CPU and peripheral circuits are
affected by switching between the main clock and the subclock (clock mode), speed switching
of the main clock (gear function), and the standby mode (sleep/stop/watch).

The divide-by output of the free-run counter of the clock for peripheral circuits is supplied to
each peripheral function.

The divide-by output of the timebase timer operating at divide-by-two oscillation of the main
clock oscillation and peripheral functions to which divide-by output of the watch prescaler
operating at the subclock is supplied are available and are not affected by the gear function.

The following Figure 3.6-1 "Clock Supply Map" shows a clock supply map.
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Figure 3.6-1 Clock Supply Map
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*1: Not affected by the clock mode and gear function.

*2: The operating speed is affected by the clock mode and gear function.

*3: Operations stop if the clock (main or sub), which is the source of oscillation, stops.

*4: The timebase timer output can be selected during continuous start of A/D conversion.
In other modes, the clock speed is influenced by the clock mode and gear function.
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3.6.1

Clock Generator

3.6 Clock

The permission and stop of oscillation of the main clock and subclock are controlled
by the clock mode and stop mode.

H Clock Generator

O Crystal resonator or ceramic resonator

Make connections as shown in Figure 3.6-2 "Connection Example of the Crystal and Ceramic

Resonator".

Figure 3.6-2 Connection Example of the Crystal and Ceramic Resonator

Dual clock system

Single clock system

Main clock oscillation Subclock oscillation
circuit circuit

MB89530/530H/530A series

Main clock oscillation

Subclock oscillation
circuit circuit

MB89530/530H/530A series

X0 X1 P63/INT13/X0A P64/X1A X0 X1 P63/INT13/X0A P64/X1A
H_/‘
Iml Inl =n 177
|:| |:| |:| Usable as a general-
| | | | | | purpose port.
ne | _| 32768kHz | e
C C C C C C

rir ri7
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O External clock

Connect the external clock to the X0 pin as shown in Figure 3.6-3 "Connection Example of the
External Clock" and open the X1 pin. If the subclock should be supplied externally, connect the
external clock to the XOA pin and open the X1A pin.

Figure 3.6-3 Connection Example of the External Clock

Dual clock system Single clock system
Main clock oscillation Subclock oscillation Main clock oscillation Subclock oscillation
circuit circuit circuit circuit
MB89530/530H/530A series MB89530/530H/530A series
X0 X1 P63/INT13/X0A P64/X1A X0 X1 P63/INT13/X0A P64/X1A
Open Open Open ————~———_

Usable as a general-
purpose port.

Note:

The MB89530/530H/530A series can operate with the single clock system. When using only
the main clock, a return from subclock mode cannot be performed.

The following table lists the options of the single and dual clock system products:

Table 3.6-1 Part Number Options

Option Minimum tj,o; Clock system
MB89P538-101 4 Single clock system
MB89P538-201 4 Dual clock system
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3.6.2 Clock Controller

3.6 Clock

The clock controller is made up of the following seven blocks:

Main clock oscillation circuit

Subclock oscillation circuit

System clock selector

Clock control circuit

Oscillation stabilization wait time selector
System clock control register (SYCC)
Standby control register (STBC)

B Block Diagram of the Clock Controller

Figure 3.6-4 "Block Diagram of the Clock Controller" shows a block diagram of the clock

controller.

Figure 3.6-4 Block Diagram of the Clock Controller

Standby control register (STBC)
|STP| SLP| SPL|RST|TMD| — | — | — |

FcH: Main clock oscillation
FcL: Subclock oscillation
t inst: Instruction cycle

Pin state
Subclock control Stop
Operation Sleep
allowed Clock
Subclock
oscillation circuit Crlgtszléglc(;rrwatch
Divide-by-two P
timebase timer
Main clock control System clock selector [
Operation .
allowed . | Prescaler L : ——> Supply to CPU
Main clock ;] Divide-by-4 [ | Selecton— Clock
oscillation circuit | pivide-by-s [->[Selector] : cocr)ﬁrol 7
. | Divide-by-16 |—>| : circuit 1 tinst
Divide-by-64 |—>]
—>Supply to
------------------------------------------- peripheral circuits
1 tinst
From 214 Fcn —Ls| Oscillation Clock supply stop to CPU
ng?ase 217 Fon -1l stabilization
18/FCH N wait time
2 selector P
From watch
prescaler T
Clock designation
|SCM| — |WT2|WT1|WTO|SCS|CS1 |CSO|

System clock control register (SYCC)
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O Main clock oscillation circuit

Oscillation circuit of the main clock. This circuit stops oscillation in main stop mode and
subclock mode.

Subclock oscillation circuit

Oscillation circuit of the subclock. This circuit always oscillates in a mode other than sub-stop
mode.

System clock selector

One type is selected from the four clocks and the subclocks obtained by dividing the oscillation
of the main clock to supply it to the clock control circuit.

Clock control circuit

The operating clock supply to CPU and each peripheral circuit is controlled according to normal
operation (RUN) and standby modes (sleep, stop, watch).

The clock controller stops the supply of clocks to CPU until the clock supply stop signal of the
oscillation stabilization wait time selector is released.
Oscillation stabilization wait time selector

One wait time is selected from the four kinds of oscillation stabilization wait time for the main
clock created by the timebase timer and the oscillation stabilization wait time for the subclock
created by the watch prescaler for the clock mode, standby mode, and reset and is output as
the clock supply stop signal to CPU.

System clock control register (SYCC)
The selection of the clock mode and main clock speed is performed, and the selection and state
confirmation of the oscillation stabilization wait time of the main clock is performed.

Standby control register (STBC)

The transition from normal operation (RUN) to standby mode, pin state settings in stop mode or
watch mode, and software reset are performed.



3.6 Clock

3.6.3 System Clock Control Register (SYCC)

The system clock control register (SYCC) is used to switch the main clock and the

subclock, to select the speed of the main clock, and to select the oscillation

stabilization wait time.

B Structure of the System Clock Control Register (SYCC)

Figure 3.6-5 Structure of the System Clock Control Register (SYCC)

Initial value

CS0 | X-1MM100s

Address bit7 bité bit5 bit4 bit3 bit2 bit1  bit0
0007H [SCM| — | WT2| WT1|WTO | SCS | CS1
R RW R/W RW RW RW R/W
L1

Main clock speed select bit

R/W : Read/write enabled
R  :Read only
- : Unused
X :Undefined
: Defined by option settings

M
[ Initial value

CS1| CSo Instruction cycle
(for FcH = 12.5 MHz)
0 0 | 64/FcH (5.12 ps)
0 1 16/FcH (1.28 ps)
1 0 | 8/FcH (0.64 ps)
1 1 4/FcH (0.32 ps)
SCS System clock select bit
0 |Select the subclock mode (32 kHz)
1 |Select the main clock mode
Oscillation stabilization wait time
select bit
WT1|WTO [ Main clock oscillation stabilization
wait time by timebase timer
output (for FcH = 12.5 MHz)
0 0 | Setting prohibited
0 | 1 |About212/FcH (about 1.31 ms)
1 | 0 [About216/FcH (about 10.5 ms)
1 1 | About 218 / FcH (about 20.97 ms)
WT2 Setting prohibited
1 |"1"is always written into this bit.
SCM System clock monitor bit
0 | Subclock (The main clock is stopped
or waiting for oscillation stabilization)
1 Main clock

FcH: Main clock oscillation
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Table 3.6-2 Explanation of the Functions of Each Bit of the System Clock Control Register (SYCC)

Bit name

Function

Bit 7

SCM:
System clock monitor bit

* Bit to check the current clock mode (operating clock)

e If the bit is "0", the system is operating in subclock mode
(The main clock is stopped or waiting for oscillation
stabilization to make a transition to the main clock mode).

* If the bitis "1", the system is operating in main clock
mode.

Reference:

This bit is read-only. Write operation to this bit has no
significance and does not affect operations.

Bit 6

Unused bits

* The read value is undefined.
* Writing has no effect on operation.

Bit 5

WT2

* "1"is always written into this bit.

Bit 4
Bit 3

WT1, WTO:
Oscillation stabilization wait
time select bits

* Bits to select the oscillation stabilization wait time of the
main clock

* The oscillation stabilization wait time selected by these
bits is taken when making a transition from the subclock
mode to the main clock mode, or returning to normal
operation from the main stop mode by an external
interrupt.

e The initial values of these bits are selected by option
settings. Thus, if an oscillation stabilization wait time is
taken for a reset, the oscillation stabilization wait time
selected by option settings is taken.

Note:

Do not rewrite these bits simultaneously when switching
from the subclock to the main clock (SCS=1 --> 0).
Before rewriting the bits, check that the oscillation
stabilization is not waited upon using the SCM bit.

Bit 2

SCS:
System clock select bit

* Bit to specify the clock mode

* A transition from the main clock mode to the subclock
mode is caused by writing "0" into this bit.

e [|f "1" is written into this bit, the transition from the
subclock mode to the main clock mode occurs after taking
the oscillation stabilization wait time set by the WT1 and
WTO bits.

Note:

If the single clock system option is selected, this bit has
no significance. Set always "1".

Bit 1
Bit 0

CS1, CSo:
Main clock speed select bits

* Bit to select the clock speed in main clock mode.

* Four different speeds of the operating clock can be
selected for CPU and each peripheral function (gear
function). However, the operating clock of the timebase
timer and watch prescaler is not affected by these bits.

70




3.6 Clock

B Instruction Cycle (tj,s;)

The instruction cycle (minimum execution time) can be selected from the 1/4, 1/8, 1/16, or 1/64
of the main clock and the divide-by-two of the subclock (32.768 kHz) using the system clock
select bit (SYCC:SCS) and main clock speed select bits (SYCC:CS1, CS0) of the SYCC
register.

The instruction cycle at the maximum speed (SYCC: SCS=1, CS1, CS0=11g) in main clock
mode is 4/Fcy = about 0.32 us if the main clock oscillation (Fgp) is 12.5 MHz.

The instruction cycle in subclock mode (SCS=0) is 2/Fg_ = about 61.0 us if the subclock
oscillation (F¢g ) is 32.768 kHz.
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3.6.4 Clock Modes

The main clock mode and subclock mode are available as the clock mode.

In main clock mode, the main clock is the main operating clock. The speed of the main
clock can be switched by selecting from four kinds of clocks created by dividing its

oscillation (gear function).

In subclock mode, the oscillation of the man clock is stopped and the subclock alone
becomes the operating clock.

B Operating State of the Clock Mode

Table 3.6-3 Operating State of the Clock Mode

Clock Main clock speed Standby Clock generation Operation clock in each section Release source
mode SYCC register mode of standby mode
(SYCC: Cst, Main Sub CPU timebase Each watch (other than
CS0) timer peripheral prescaler resets)
RUN Fon/4 I
Oscillation Fon/2 Fon/4 Various Interrupt
(1.1) High Sleep Oscillation FoL q
speed Stop
4 Stop Stop Stop Stop External interrupt
RUN Fcon/8 I
Oscillation Fon2 Fow/8 Various interrupt
(1.0) Sleep Oscillation FoL q
Stop
Main Stop Stop Stop Stop External interrupt
clock y
mode RUN FC 16 . .
Oscillation Fow2 Fou/16 Various Interrupt
0.1) Sleep Oscillation FoL q
Stop
Stop Stop Stop Stop External interrupt
RUN Fo/64 I
—_— Various interrupt
3 Oscillation Few/2 Fon/64 requests
(0.0) Low Sleep Oscillation FoL
speed Stop
Stop Stop Stop Stop External interrupt
RUN FoL I
Oscillation “1) Fo FoL Va”‘r’é’su'g;fs""p‘
Sleep Stop Stop q
Subclock : Stop
mode Stop Stop Stop Stop External interrupt
Watch — (*1) External interrupt,
mode Stop Oscillation Stop Stop Stop FoL watch interrupt

Fcn: Main clock oscillation
FcL: Subclock oscillation

*1: Since the timebase timer is operated by the main clock, it stops operation in subclock mode.

In each clock mode, a transition can be made to the standby mode corresponding to each
mode. For the standby mode, see Section 3.7 "Standby Mode (Low Power Consumption)".
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B Gear Function (Function for Switching the Speed of the Main Clock)

Four different main clock speeds can be selected by writing "00g" to "11g" into the main clock
speed select bits (SYCC: CS1, CSO0) of the system clock control register.

CPU and each peripheral circuit operate at the switched main clock speed. However, the
timebase timer and watch prescaler are not affected by the gear function.

By reducing the main clock speed, power consumption can be reduced.

Bl Operation in Main Clock Mode

In normal operation in main clock mode (main RUN mode), both the main clock and subclock
oscillate. The watch prescaler is operated by the subclock, whereas CPU, the timebase timer,
and other peripheral circuits are operated by the main clock.

The speed of the main clock can be switched to a value other than that of the timebase timer
during operation in main clock mode (gear function). A transition to the main sleep mode or
main stop mode is enabled by specifying the standby mode.

Operation always starts in main RUN mode regardless of the type of reset that occurs (release
by the reset in each operation mode).
O Transition from the main clock mode to the subclock mode

A transition from the main clock mode to the subclock mode is caused by writing "0" into the
system clock select bit (SYCC: SCS) of the system clock control register.

The current operating clock can be checked by reading the system clock monitor bit (SYCC:
SCM) of the system clock control register.

Note:

To make a transition to the subclock mode, for example, just after power-on, it is necessary
to wait at least the subclock oscillation stabilization wait time created by the watch prescaler
using software before making a transition.

73



CHAPTER 3 CPU

B Operation in Subclock Mode

74

In normal operation in subclock mode (sub RUN mode), the oscillation of the main clock is
stopped and only the subclock is used for operation. By operating in a low speed clock, power
consumption can be reduced.

All functions other than the timebase timer operate as in the main clock mode. A transition to
the sub-sleep mode, sub-stop mode, or watch mode is enabled by specifying the standby mode
during operation in subclock mode.

Return from the subclock mode to the main clock mode

A return from the subclock mode to the main clock mode is caused by writing "1" into the
system clock select bit (SYCC: SCS) of the system clock control register.

However, operation in main clock mode starts only after the oscillation stabilization wait time of
the main clock passes. The oscillation stabilization wait time can be selected from three
different wait times using the oscillation stabilization wait time select bits (SYCC: WT1, WTO) of
the system clock control register.

Note:

Do not rewrite the oscillation stabilization wait time select bits (SYCC: WT1, WTO0)
simultaneously by switching from the subclock to the main clock. Also, do not rewrite the
bits when the oscillation stabilization of the main clock is waited upon. In such cases, rewrite
the bits after checking that the operating clock has been switched to the main clock (SYCC:
SCM=1) by the system clock monitor bit.

After a power-on, if a power-on reset is generated, the oscillation stabilization wait time is
allowed to elapse.

For return to the main clock mode from the subclock mode using a reset, the oscillation
stabilization wait time is allowed to elapse.



3.6.5 Oscillation Stabilization Wait Time

3.6 Clock

If the main clock is operated in main RUN mode from a state in which the main clock is
stopped, for example, when the power is turned on, or in main stop mode or subclock
mode, it is necessary to take the oscillation stabilization wait time of the main clock.
Likewise, the oscillation stabilization wait time of the subclock is needed in sub-stop

mode because the oscillation of the subclock is stopped.

H Oscillation Stabilization Wait Time

Ceramic and crystal resonators generally take several ms to several dozens of ms to oscillate

steadily in natural frequency after starting oscillation.

Thus, CPU operation must be prohibited just after starting oscillation. The clock should be
supplied to CPU only when the oscillation is sufficiently stable after the passage of the

oscillation stabilization wait time.

Since the time needed to stabilize oscillation is dependent on the type (such as the crystal and
ceramic) of resonator connected to the oscillator (clock generator), an oscillation stabilization

wait time appropriate to the resonator to be used must be selected.

Figure 3.6-6 "Oscillator Operation after Oscillation Starts" shows an oscillator operation just

after the oscillation starts.

Figure 3.6-6 Oscillator Operation after Oscillation Starts

Normal operation, return
I e from the stop mode,
‘ Resonator ‘ Osplllfitlon stabilization ‘ or reset operation
: oscillation time : wait time ;
X1 M
| |
Oscillation start Oscillation stable

M Oscillation Stabilization Wait Time of the Main Clock

To start operation in main clock mode from a state in which the main clock is stopped, the

oscillation stabilization wait time of the main clock must be taken.

The oscillation stabilization wait time of the main clock is a time interval counted from when the

counter of the timebase timer is cleared until the overflow of the specified bit occurs.

O Oscillation stabilization wait time during operation

One of the four kinds of oscillation stabilization wait time when returning to the main RUN mode
from the main stop mode by an external reset or when making a transition from the subclock
mode to the main clock mode can be selected using the oscillation stabilization wait time select

bits (SYCC: WT1, WTO) of the system clock control register.
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O Oscillation stabilization wait time during reset

The oscillation stabilization wait time during reset (SYCC: initial value of WT1 and WTO) can be
selected by option settings.

The oscillation stabilization wait time is allowed to elapse when the stop mode is canceled by
two or more resets in subclock mode, a power-on reset, or external reset.

Table 3.6-4 "Operation Start Conditions and Oscillation Stabilization Wait Time of the Main
Clock Mode" lists the relations between the operation start conditions and oscillation
stabilization wait time of the main clock mode.

Table 3.6-4 Operation Start Conditions and Oscillation Stabilization Wait Time of the Main Clock Mode

During subclock mode Release from main
con*nS(:?t::)ns stop mode Transition from the
for main During External | Software | External External thSUbCI,o‘:kl mcl>(de t‘d)
clock power-on reset reset and reset interrupt € main cloc (*1n)10 e
operation watchdog (sycc:scs''=1)
timer
Oscillation
Sﬁg:!{'?ﬁ:gn Option settings sycc:wt1, wro (2
selection

*1: System clock select bit of the system clock control register
*2: Oscillation stabilization wait time select bit of the system clock control register

M Oscillation Stabilization Wait Time of the Subclock
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A certain oscillation stabilization wait time (215/FC|_, FcL: subclock oscillation) of the subclock

must be taken when returning to the sub RUN mode (subclock oscillation is started) from the
sub-stop mode (state in which oscillation of the subclock is stopped) by an external reset.

The oscillation stabilization wait time of the subclock is a time interval from the start of operation
in a state in which the watch prescaler is cleared until an overflow occurs.

Since the oscillation stabilization wait time of the subclock is needed during power-on, wait at
least the subclock oscillation stabilization wait time using software to make a transition to the
subclock mode after power-on.




3.7 Standby Mode (Low Power Consumption)

3.7 Standby Mode (Low Power Consumption)

The sleep mode, stop mode, and watch mode are available as the standby mode. A
transition to the standby mode is caused by settings of the standby control register
(STBC) both in main clock mode and subclock mode.

In main clock mode, transitions to the sleep mode and stop mode are possible. In
subclock mode, transitions to the sleep mode, stop mode, and watch mode are
possible. Power consumption can be reduced by stopping operations of CPU and
peripheral functions using the standby mode. This section describes the relations
between the standby mode and clock mode, and the operating states of each section
in standby mode.

H Standby Mode

In clock mode, power consumption is reduced by reducing the operating clock of CPU and
peripheral circuits such as switching of the main clock and subclock or switching of the main
clock speed (gear function). In standby mode, however, power consumption is reduced by the
clock supply stop (sleep mode) to CPU by the clock controller, clock supply stop (watch mode)
to CPU and peripheral circuits, or stop of the oscillation itself (stop mode).

O Main sleep mode
The main sleep mode is a mode which stops operations of CPU and the watchdog timer.
Peripheral functions excluding the watch prescaler operate on the main clock (Part of the
functions can operate on the subclock).

O Sub-sleep mode
The sub-sleep mode is a mode which stops the main clock oscillation, CPU operations, and
watchdog timer and timebase timer operations. Peripheral functions operate on the subclock.

O Main stop mode

The main stop mode is a mode which stops operations of CPU and peripheral functions. The
main clock stops oscillation, but the subclock continues oscillation. In this mode, all functions
are stopped excluding external interrupts, count operations of the watch prescaler, and some of
the functions that run with the subclock.

O Sub-stop mode

The sub-stop mode is a mode which stops all functions other than external interrupts. The main
clock and the subclock both stop oscillation.

O Watch mode

The watch mode is a mode a transition to which is possible only from the subclock mode. All
functions other than the watch prescaler (watch interrupt), external interrupts, and part of the
functions operating on the subclock stop.

77



CHAPTER 3 CPU

3.7.1

Operating State in Standby Mode

This section describes the operating states of CPU and peripheral functions in
standby mode.

B Operating State in Standby Mode

Table 3.7-1 The Operating States of CPU and Peripheral Functions in Standby Mode

Function Main clock mode Subclock mode
RUN Sleep Stop RUN Sleep Stop Watch
Main clock Operating Operating Stopped Stopped Stopped Stopped Stopped
Subclock Operating Operating Operating Operating Operating Stopped Operating
Instruction Operating Stopped Stopped Operating Stopped Stopped Stopped
CPU ROM
Operating Retained Retained Operating Retained Retained Retained
RAM
1/0 port Operating Retained Retained Operating Retained Retained Retained
Watch prescaler Operating Operating Operatingm) Operating Operating Retained Operating
Timebase timer Operating Operating Stopped Stopped Stopped Stopped Stopped
16-bit timer/counter Operating Operating Stopped Operating Operating Stopped Stopped
8-bit serial I/O Operating Operating Stopped Operating Operating Stopped Stopped
UART Operating Operating Stopped Operating Operating Stopped Stopped
I2C bus interface Operating Operating Stopped Operating Operating Stopped Stopped
lijr:icpt?c?r::l UART/SIO Operating Operating Stopped Operating Operating Stopped Stopped
8-bit PWM timer Operating Operating Stopped Operating Operating Stopped Stopped
A/D converter Operating Operating Stopped Operating Operating Stopped Stopped

External interrupt 1, 2 | Operating Operating Operating Operating Operating Operating Operating

12-bit PPG Operating Operating Operating(*z) Operating(*z) Operating(*z) Stopped Operating(*z)
Watchdog timer Operating Stopped Stopped Operating(*z) Stopped Stopped Stopped
PWC timer Operating Operating Stopped Operating Operating Stopped Stopped
6-bit PPG Operating Operating Operating(*z) Operating(*z) Operating(*z) Stopped Stopped

*1: The watch prescaler carries out the count operation, but no watch interrupt occurs.
*2: This function can operate when the watch prescaler output is selected as the operating clock.
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O Pin state in standby mode

Most I/O pins can, independent of the clock mode, retain the state just before transition to the
stop or watch mode or can be put into high impedance using the pin state designate bit (STBC:
SPL) of the standby control register.

For details on pin states in standby mode, see Appendix F "Pin Statuses of the MB89530/530H/
530A Series "



3.7 Standby Mode (Low Power Consumption)

3.7.2 Sleep Mode

This section describes the operations in sleep mode.

B Operations in Sleep Mode

O Transition to the sleep mode

The sleep mode is a mode which stops the operating clock of CPU. CPU stops by retaining the
contents of the registers and RAM just before transition to the sleep mode, but peripheral
functions other than the watchdog timer continue their operations.

However, since the main clock oscillation stops in subclock mode, the timebase timer which
uses the divide-by-two of the main clock oscillation as its count clock does not operate.

A transition to the sleep mode is caused by writing "1" into the sleep bit (STBC: SLP) of the
standby control register. If an interrupt has occurred when "1" is written into the SLP bit, the
write operation is ignored and execution of instructions continues without transition to the sleep
mode (no transition to sleep mode after the interrupt).

O Sleep mode release

The sleep mode is released by a reset or an interrupt from the peripheral functions.

If a reset occurs in sub-sleep mode, the reset operation is performed after taking the oscillation
stabilization wait time of the main clock.

Pin states are initialized by the reset operation.

If an interrupt request whose interrupt level is higher than "11" comes from a peripheral function
or external interrupt circuit, the sleep mode is released regardless of the interrupt enable flag
(CCR: 1) or interrupt level bit (CCR: IL1, 0) of CPU.

After the release, normal interrupt operations are performed. If an interrupt can be accepted,
interrupt processing is performed. If no interrupt can be accepted, processing starts with the
instruction following the instruction executed just before the transition to sleep mode.
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3.7.3 Stop Mode

This section describes the operations in stop mode.

B Operations in Stop Mode

80

O Transition to the stop mode

The stop mode is a mode which stops the oscillation. Contents of the registers and RAM just
before transition to the stop mode are retained and most functions are stopped.

In main clock mode, the main clock stops the oscillation, but the subclock continues the
oscillation. Thus, though the count operation of the watch prescaler and part of the functions
operating on the subclock continue their operations, other peripheral functions and CPU,
excluding the external interrupt circuits, stop operations.

In subclock mode, both the main clock and subclock stop oscillation, and all functions other than
the external interrupt circuits stop their functions. Thus, data can be retained with minimum
power consumption.

A transition to the stop mode is caused by writing "1" into the stop bit (STBC: STP) of the
standby control register. At this time, if the pin state designate bit (STBC: SPL) is "0", the states
of external pins are retained. If the bit is "1", external pins are put into high impedance.

If an interrupt request has occurred when "1" is written into the STP bit, the write operation is
ignored and execution of instructions continues without making a transition to the stop mode
(No transition to the stop mode occurs even after interrupt processing is completed).

To make a transition to the stop mode in the main clock mode, prohibit (TBTC: TBIE=0) the
interrupt request output of the timebase timer if necessary. Likewise, to make a transition to the
stop mode in subclock mode, prohibit (WPCR: WIE=0) the watch interrupt request output of the
watch prescaler.

Stop mode release
The stop mode can be released by a reset or external interrupt.

If a reset occurs in stop mode, the reset operation is performed after taking the oscillation
stabilization wait time of the main clock.

Pin states are initialized by the reset.

If an interrupt request whose interrupt level is higher than "11" comes from an external interrupt
circuit in stop mode, the stop mode is released regardless of the interrupt enable flag (CCR: 1)
and interrupt level bits (CCR: IL1, 0) of CPU. Since peripheral functions are stopped in stop
mode, no interrupt requests other than external interrupts occur. Though the watch prescaler
operates in main stop mode, no watch interrupts occur.

If the stop mode is released, a normal interrupt operation is performed following the passage of
the oscillation stabilization wait time. If the interrupt is accepted, interrupt processing is
performed. If the interrupt is not accepted, execution starts with the instruction following the
instruction executed just before transition to the stop mode.

If the stop mode is released by an external interrupt, part of the peripheral functions restarts
halfway through their operations. Thus, for example, the first interval time of the interval timer
function is undefined. Each peripheral function should be initialized after returning from the stop
mode.



3.7 Standby Mode (Low Power Consumption)

Note:

The stop mode release by an interrupt can only be caused by an interrupt request of the
external interrupt circuits.
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3.7.4 Watch Mode

This section describes the operations in watch mode.

B Operations in watch mode

82

O Transition to the watch mode

The watch mode is a mode which stops the operating clock of CPU and main peripheral circuits.
A transition to the watch mode is only possible from the subclock mode (The main clock
oscillation is stopped).

Contents of the registers and RAM just before transition to the watch mode are retained and
most functions other than the watch prescaler (watch interrupt), external interrupt circuits, and
part of the functions operating on the subclock are stopped. Thus, data can be retained with
very low power consumption.

A transition to the watch mode is caused by writing "1" into the watch bit (STBC: TMD) of the
standby control register when the subclock mode is set by the system clock select bit of the
system clock control register.

If the pin state designate bit (STBC: SPL) of the standby control register during transition to the
watch mode is "0", the external pin states are retained. If the bit is "1", external pins are put into
high impedance.

If an interrupt request has occurred when "1" is written into the TMD bit, the write operation is
ignored and execution of instructions continues without making a transition to the watch mode
(No transition to the watch mode occurs even after interrupt processing is completed).

Watch mode release
The watch mode can be released by a reset, watch interrupt, or external interrupt.

If a reset occurs in watch mode, the reset operation is performed after taking the oscillation
stabilization wait time of the main clock.

Pin states are initialized by the reset.

If an interrupt request whose interrupt level is higher than "11" comes from the watch prescaler
or an external interrupt circuit in watch mode, the watch mode is released regardless of the
interrupt enable flag (CCR: I) and interrupt level bits (CCR: IL1, 0) of CPU. Since most
peripheral functions other than the watch prescaler are stopped in watch mode, no interrupt
requests other than watch interrupts and external interrupts occur.

After releasing the watch mode, a normal interrupt operation is performed. If the interrupt is
accepted, interrupt processing is performed. If the interrupt is not accepted, execution starts
with the instruction following the instruction executed just before transition to the watch mode.

If the watch mode is released, part of the peripheral functions restarts halfway through their
operations. Thus, for example, the first interval time of the interval timer function is undefined.
Each peripheral function should be initialized after returning from the watch mode.



3.7 Standby Mode (Low Power Consumption)

3.7.5 Standby Control Register (STBC)

The standby control register (STBC) is used to make a transition to the sleep mode/
stop mode/watch mode, set the pin states in watch mode, and reset software.

B Standby Control Register (STBC)

Figure 3.7-1 Standby Control Register (STBC)

Address bit7  bit6  bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0008H | STP | SLP | SPL | RST|TMD | — - — 00010---
RW RW RW W R/W
Watch bit
TMD]| Valid only in subclock mode (SYCC: SCS=0)
Read Write

0 | "0"is always read No effects on operations

- Transition to the watch mode

Software reset bit

RST
Read Write
Generation of the reset
0 - signal of four instruction

cycles
No effects on operations

1 | "1"is always read

SPL Pin state designate bit
0 |Retain external pin states just before if in stop mode

1 | Put external pins into high impedance if in stop mode

Sleep mode

Read
0 | "0"is always read
1 -

Write
No effects on operations

Transition to the sleep mode

Stop bit
STP P :
R/W : Read/writ bled Read Write
: Read/write enable -
W :Write ;Vn;y 0 | "0"is always read No effects on operations
- : Unused 1 - Transition to the stop mode

[_]: Initial value
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Table 3.7-2 Explanation of the Functions of Each Bit of the Standby Control Register (STBC)

Bit name

Function

Bit 7

STP:
Stop bit

Bit to specify the transition to the stop mode

A transition to the stop mode is caused by writing "1" into
this bit.

Operations are not affected if "0" is written into this bit.
When this bit is read, "0" is always read.

Bit 6

SLP:
Sleep bit

Bit to specify the transition to the sleep mode

A transition to the sleep mode is caused by writing "1" into
this bit.

Operations are not affected if "0" is written into this bit.
When this bit is read, "0" is always read.

Bit 5

SPL:
Pin state designate bit

Bit to specify the external pin state in stop mode and
watch mode

If "0" is written into this bit, the external pin state (level)
when making a transition to the stop or watch mode is
retained.

If "1" is written into this bit, the external pins are put into
high impedance when making a transition to the stop or
watch mode (The pin for which "pull-up resistor available"
is selected in the pull-up setting register is set to the "H"
level.).

This bit is set to "0" by a reset.

Bit 4

RST:
Software reset bit

Bit to specify the software reset

An internal reset source in four instruction cycles caused
by writing "0" into this bit.

Operations are not affected if "1" is written into this bit.
When this bit is read, "1" is always read.

Reference:

If the software reset is triggered in subclock mode,
operation starts in main clock mode after taking the
oscillation stabilization wait time. Thus, the reset signal is
output during oscillation stabilization wait time.

Bit 3

TMD:
Watch bit

Bit to specify the transition to the watch mode

Write operation to this bit is valid only in subclock mode
(SYCC: SCS=0).

A transition to the watch mode is caused by writing "1"
into this bit.

Operations are not affected if "0" is written into this bit.
When this bit is read, "0" is always read.

Bit 2
Bit 1
Bit 0

Unused bits

The read value is undefined.
Writing has no effect on operation.
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3.7 Standby Mode (Low Power Consumption)

3.7.6 State Transition Diagram 1 (Power-On Reset and Dual
Clock System)

This section shows a state transition diagram when a power-on reset and the dual
clock system are used.

B State Transition Diagram 1 (Power-On Reset and Dual Clock System)

Figure 3.7-2 State Transition Diagram 1 (Dual Clock)

Power-on

Power-on reset

Oscillation
stabilization wait
reset state

(7]
B O VUSRS M?'ﬂ,‘?!‘??‘?,@?d?,,,‘

Main stop state (4] (\tain RUN state _ Main sleep state

(1]

Reset state

Main clock
(8] oscillation
stabilization
wait [4] [6]
[7)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Subclock mode
Subclock Sub-RUN
<8> oscillation rg:c”i}lglt(i)cfrt(
stabilization stabilization
wait wait
<5> <6> (5]
<7> <1>
Sub-stop state Sub-RUN state Sub-sleep state
<2>
[8]
<3>
<11>

Watch state
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O Transition and release of the clock mode (non-standby mode)

Table 3.7-3 Transition and Release of the Clock Mode (Power-on Reset is Available, Dual Clock

System)

State transition

Transition conditions

Transition to the normal state (main RUN)
in main clock mode after power-on reset

(1]

(2]

Main clock oscillation stabilization wait time end (timebase
timer output)

Release of reset input

Reset in the main RUN state

(3]

External reset, software reset, or watchdog reset

Transition from the main RUN state to the
sub-RUN state

(4]

sycc:scs=o("

Return from the sub-RUN state to the
main RUN state

(5]
[6]

[7]

SYCC:SCS=1

Main clock oscillation stabilization wait time end (SYCC:
can be checked by SCM)

External reset, software reset, or watchdog reset

Reset in the sub-RUN state

(8]

External reset, software reset, or watchdog reset

SYCC: System clock control register

*1: A transition to the sub-RUN just after power-on occurs after the passage of the subclock

oscillation stabilization wait time.
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O Transition and release of the standby mode

Table 3.7-4 Transition and Release of the Standby Mode (Power-on Reset is Available, Dual Clock

System)

State transition

Transition conditions

Main clock mode

Subclock mode

Transition to the sleep mode | [1] STBC:SLP=1 <1> STBC:SLP=1
Release of the sleep mode [2] Interrupt (various types) <2> Interrupt (various types)
[3] External reset <3> External reset
Transition to the stop mode [4] STBC:STP=1 <4> STBC:STP=1
Release of the stop mode [5] External interrupt <5> External interrupt
[6] Main clock oscillation <6> Subclock oscillation stabilization
stabilization wait time end wait time end (watch prescaler
(timebase timer output) output)
[71 External reset <7> External reset
[8] External reset <8> External reset
(Waiting for oscillation (Waiting for oscillation
stabilization) stabilization)
Transition to the watch mode - <9> STBC:TMD=1("
Release of the watch mode <10> External interrupt or watch
. interrupt
<11> External reset

STBC: Standby control register

*1: A transition to the watch mode is only possible from the sub-RUN state (SYCC: SCS=0).

Note:

Since CPU and the watchdog timer are stopped in standby mode, no software reset and

watchdog reset occur.

When a single clock system is used, a transition to the subclock

mode is prohibited. If a transition to the subclock mode occurs, CPU stops and there is no
other way to return other than resetting.
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3.7.7 State Transition Diagram 2 (Single Clock System Option)

This section shows two state transition diagrams for the single clock system option
having a power-on reset. If a single clock system is used, the subclock mode and
watch mode are not available.

B State Transition Diagram 2 (Single Clock System Option)

Figure 3.7-3 State Transition Diagram 2

Power-on

Power-on reset

owﬁm 1]
stabilization wait >l Reset state

reset state

/]

[2] (3] [3
[7] Main clock mode
i % 0 |
| Main stop mode Main run state Main sleep mode |
2]
| (51 [6] |
| |
| Main clock |
[8] oscillation stabilization
| wait |
I I
L _

B Transition to Ordinary State (run) and Release

Table 3.7-5 Transition to Main Clock Mode Run State and Release (Single Clock System
Option)

State transition Transition condition

Product having a power-on reset (Figure 3.7-3 "State
Transition Diagram 2")

Transition to ordinary state End of main clock oscillation stabilization wait time
(run) after power-on (Timebase timer output)
Release of the reset input

Reset in the run state [3] External reset, software reset, and watchdog reset
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B Transition to Standby Mode and Release

3.7 Standby Mode (Low Power Consumption)

Table 3.7-6 Transition to Standby Mode and Release (Single Clock System Option)

State transition

Transition condition

Product having a power-on reset (Figure 3.7-3 "State
Transition Diagram 2")

Transition to the sleep mode

[1] STBC:SLP=1

Release of the sleep mode

Interrupt
External reset

Transition to the stop mode

[4] STBC:STP=1

Release of the stop mode

External interrupt

End of the main clock oscillation stabilization wait time
(Timebase timer output)

External reset

External reset (during oscillation stabilization wait)

STBC: Standby control register
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3.7.8 Notes on Using Standby Mode

A transition to the standby mode does not occur even if the standby mode is set on
the standby control register (STBC) when an interrupt request has arrived from a
peripheral function. When returning to a normal operation state from the standby
mode caused by an interrupt, operations after the return are dependent on whether or
not the interrupt request is accepted.

H Transition to the Standby Mode and Interrupts

When an interrupt request whose interrupt priority is higher than "11g" arrives at CPU from a

peripheral function, a transition to the standby mode does not occur if "1" is written into the stop
bit (STBC: STP), sleep bit (STBC: SLP) or watch bit (STBC: TMD) of the standby control
register because such write operations are ignored (No transition to the standby mode occurs
even after the interrupt processing is completed).

This is not related to whether the interrupt is accepted by CPU.

Even if CPU is processing an interrupt, a transition to the standby mode is possible if the
interrupt request flag bit is cleared and there are no other interrupt requests.

B Release of the Standby Mode by an Interrupt

90

The standby mode is released if an interrupt request whose interrupt priority is higher than "11"
comes from the peripheral functions in sleep mode or stop mode. This is not related to whether
the interrupt is accepted by CPU.

After releasing the standby mode, if the priority of the interrupt level setting register (ILR1- ILR4)
corresponding to the interrupt request is higher than the interrupt level bits (CCR: IL1, ILO) of the
condition code register and if the interrupt enable flag allows the interrupts (CCR: 1=1),
branching to an interrupt processing routine occurs. If the interrupt is not accepted, execution of
the instruction following the instruction starting the standby mode is restarted.

If no branching to an interrupt processing routine just after returning occurs, measures such as
an interrupt prohibition are needed before setting the standby mode.



3.7 Standby Mode (Low Power Consumption)

B Precaution in Setting the Standby Mode

To set the standby mode using the standby control register (STBC), follow Table 3.7-7 "Low
Power Consumption Settings by the Standby Control Register (STBC)". The priority order when
"1" is written into these bits is the stop mode, watch mode, and sleep mode. However, it is
preferable to set "1" to one bit at a time.

Do not make a transition to the stop mode, sleep mode, and watch mode just after switching
from the subclock mode to the main clock mode (SYCC: SCS=0 --> 1). Make a transition to
these modes after checking that the clock monitor bit (SYCC: SCM) of the system control
register is "1".

However, the content written into the watch bit (STBC: TMD) is ignored during operation in main
clock mode.

Table 3.7-7 Low Power Consumption Settings by the Standby Control Register (STBC)

STBC register
Mode
STP (bit 7) SLP (bit 6) TMD (bit 3)
0 0 0 Normal
0 0 1 Watch
0 1 0 Sleep
1 0 0 Stop

H Oscillation Stabilization Wait Time

Since the oscillator for oscillation is stopped in stop mode for both the main clock mode and
subclock mode, it is necessary to take the oscillation stabilization wait time after the oscillator in
each mode starts operation.

As the oscillation stabilization wait time in main clock mode, take the oscillation stabilization wait
time of the main clock created by the timebase timer (Select one from three different kinds of
wait time). As the oscillation stabilization wait time in subclock mode, take the oscillation
stabilization wait time of the subclock created by the watch prescaler.

In main clock mode, if the selected interval time of the timebase timer is shorter than the
oscillation stabilization wait time, an interval timer interrupt request may occur during oscillation
stabilization wait time. Before making a transition to the stop mode in main clock mode, prohibit
(TBTC: TBIE=0) the interrupt request output of the timebase timer if necessary.

Likewise, a watch interrupt request may occur depending on the selected interval time of the
watch prescaler. Before making a transition to the stop mode in subclock mode, prohibit
(WPCR: WIE=0) the watch interrupt request output of the watch prescaler if necessary.
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3.8 Memory Access Mode

The operation mode for memory access of the MB89530/530H series is the single chip

mode only.

B Single Chip Mode

The single chip mode uses only the internal RAM and ROM. Thus, CPU can access only the
internal 1/0 area, RAM area, and ROM area (internal access).

B Mode Pin (MODO, 1)

H Mode Data

Set always "Vss" to the mode pin (MODO and MOD1).
The mode data and reset vector are read from the internal ROM during reset.

Do not change the settings of the mode pin after the reset operation (during operation) is
completed.

Table 3.8-1 "Settings of the Mode Pin" lists the settings of the mode pin.

Table 3.8-1 Settings of the Mode Pin

Pin state
Contents
MOD1 MODO
Vss Vss The mode data and reset vector are read from the internal ROM
Vss Vce
Vcce Vss Setting prohibited
Vce Vce

Set always 00y as the mode data in the internal ROM to select the single chip mode.

Figure 3.8-1 Structure of the Mode Data

Address [2it7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

F F F D+

Data Operation

00H Single chip mode selection

Except O0H | Reserved. Do not set here.
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B Selection of the Memory Access Mode
Only the single chip mode can be selected.

Table 3.8-2 "Mode pins and mode data" lists the mode pins and mode data.

Table 3.8-2 Mode Pins and Mode Data

Memory access mode Mode pin (MODO, 1) Mode data
Single chip mode Vss 004
Other modes Setting prohibited Setting prohibited

Figure 3.8-2 "Memory Access Selection Operation" shows the Operation of Memory Access
Selection.

Figure 3.8-2 Memory Access Selection Operation

('Reset source occurred )

Others Mode pin

Setting (MODA)

prohibited

Vss

Mode pin check
Single chip mode

Mode data is read from
the internal ROM

1/0 pin, high impedance

Reset source release wait
(external reset or oscillation Reset state
stabilization wait time)

Mode data and reset vector
Mode fetch fetch from the internal ROM

- Others
Mode data check Setting Mode data
prohibited
Single chip mode
(00H)
I/0 pin function settings Input/output settings of each
during program execution I/0 pin by the port direction
(RUN) register (DDR)

1/0 pins can be
used as ports
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CHAPTER 4 1I/O PORTS

This chapter describes the functions and operation of the I/O ports.

4.1 "Overview of the 1/0O Ports"
4.2 "Port 0 and Port 1"

4.3 "Port 2"

4.4 "Port 3"

4.5 "Port 4"

4.6 "Port 5"

4.7 "Port 6"

4.8 "Sample 1/0O Port Program"
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CHAPTER 4 1/0 PORTS

4.1

Overview of the 1/0 Ports

Fifty-three general-purpose I/O ports are provided.
Each of the ports can be used for peripheral devices (as pins for peripheral functions).

B Functions of the I/O ports

96

The I/O ports output data received from the CPU to their I/O pins and input signals received at
their I/O pins into the CPU through the port data registers (PDR). Some of the 1/O ports provide
a port direction register (DDR) to allow the direction (I/O) of each bit on the I/O pins to be
specified.

The following shows the function each port and peripheral device also supported by the port:

Port 0: General-purpose I/O port
Port 1: General-purpose 1/O port

Port 2: General-purpose 1/O port/Peripheral device (PWCK, 12-bit PPGO01, 12-bit PPG02)
also supported

Port 3: General-purpose /0O port/Peripheral device (PPGO3/MCO, SCK1(UCK1)/LMCO,
S0O1(U01), SI1(UI1), PTO2, PWC, WTO, PTO1) also supported
Port 4: General-purpose I/O port/Peripheral device (INT20/EC, INT21/SCK2, INT22/S02/

SDA(Y), INT23/S12/SCLUY), INT24/UCK2, INT25/UO2, INT26/UI2, INT27/ADST) also
supported

The functions of SDA and SCL (I°C) cannot be used on the MB89535A, MB89537,
MB89537H, MB89537A, MB89538, MB89538H, and MB89538A.

Port 5: N-channel open-drain output-only port/Peripheral device (ADC input 8 channels) also
supported

Port 6: CMOS input-only port/Peripheral device (X1A, INT13/X0A, INT10 to INT12) also
supported

*1 N-channel open-drain pin

Table 4.1-1 "List of the functions of each port" lists the functions of each port, and Table 4.1-2
"List of the registers on each port" lists the registers of each port.



Table 4.1-1 List of the functions of each port

4.1 Overview of the I/0O Ports

Port

Input

Output

Pin name Function bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
name format format
Port 0 | POO to P07 General- P07 P06 P05 P04 P03 P02 PO1 POO
CMOS purpose 1/O
Port1 | P10 to P17 port P17 P16 P15 P14 P13 P12 P11 P10
General-
purpose 1/O P27 P26 P25 P24 P23 P22 P21 P20
P20/PWCK port
Port2 4o poz
CMOS Peripheral - . . - - | PPGO2 | PPGO1 | PWCK
push-pull device
General-
purpose 1/O P37 P36 P35 P34 P33 P32 P31 P30
P30/PPGO3/ port
Port 3 | MC to P37/
PTO1 Cvos Peripheral sit | so1 | S | ppgos
(Resources Ip PTO1 | WTO | PWC | PTO2 (UCK1)
are device (Un) | (Uo1t) /MCO
) /LMCO
hysteretic.)
CMOS General-
push-pull purpose 1/O P47 P46 P45 P44 P43 P42 P41 P40
(P42/INT22/ | port
P4O/INT4/ sozeon
Port 4 | EC to P47/ INT23/SI2/

INT11/ADST SCL are N- | Peripheral | INT27/ | INT26/ | INT25/ | INT24/ 'NSTé/‘Q’/ 'ggzzi/ INT21/ | INT20/
channel device ADST ui2 uo2 UCK2 scL(M | spatn SCK2 EC
open-
drains.)

O“ttp“m”'y P57 | Pse | P55 | Ps4 | P53 | Ps2 | P51 | P50

P50/ANO to | Analog N-channel | PO

Port 5 . :
P57/AN7 input open-drain Input to A/D
AN7 AN6 AN5 AN4 AN3 AN2 AN1 ANO
converter
CMOS AA: :)”opr;”'o”'y - - - Pea | P63 | P62 | P61 | P60
Port 6 P60/INTO to | (Resources CMOS

POAXIA - Jare  |pushpull | Peripheral i . - [ x1a0d | INTIS/ i T | INTH | INTHO

hysteretic.) device X0A

*1 Operates with N-channel open-drain output.
*2 Operates with CMOS output.
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Table 4.1-2 List of the registers on each port

Register name Read/Write Address Initial value
Port 0 data register (PDRO) R/W 0000y XXXXXXXXg
Port 0 direction register (DDRO) w1 00014 000000005
Port 0 pull-up resistor register (PURRO) R/W 0072y 11111111
Port 1 data register (PDR1) R/W 0002y XXXXXXXXg
Port 1 direction register (DDR1) w1 00034 00000000B
Port 1 pull-up resistor register (PURR1) R/W 00734 11111111
Port 2 data register (PDR2) R/W 000CH XXXXXXXXg
Port 2 direction register (DDR2) R/W 000Dy 00000000
Port 2 pull-up resistor register (PURR2) R/W 00744 11111111
Port 3 data register (PDR3) R/W 000EH XXXXXXXXg
Port 3 direction register (DDR3) R/W 000FH 00000000
Port 3 pull-up resistor register (PURR3) R/W 0075y 11111111
Port 4 data register (PDR4) R/W 0010y XXXXXXXXg
Port 4 direction register (DDR4) R/W 0011y 0000--00g
Port 4 pull-up resistor register (PURR4) R/W 00764 1111--11p
Port 5 data register (PDR5) R/W 0012y 11111111
Port 6 data register (PDR6) R 00134 XXXXXXXXg
Port 6 pull-up resistor register (PURRB) R/W 0079y --11111p

*1 DDRO and DDR1 do not allow bit operation instructions to be used.
R/W: Readable/Writable

R: Read-only

W: Write-only

X: Unfixed

- Unused
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4.2 Port0and Port 1

4.2 Port 0 and Port 1

Port 0 and Port 1 are general-purpose I/O ports.
This section mainly describes the functions of the general-purpose 1/O ports.

This section also describes the configurations, pins, and block diagram of the pins,
and registers related to Port 0 and Port 1.

Port 0 and Port 1 consist of the following four elements, respectively:

O Port0

B Configurations of Port 0 and Port 1

¢ General-purpose I/0O-exclusive pins (P00 to P07)

e Port 0 data register (PDRO)

e Port 0 direction register (DDRO)

¢ Port 0 pull-up resistor control register (PURRO)

O Port 1

¢ General-purpose I/0O-exclusive pins (P10 to P17)

e Port 1 data register (PDR1)

e Port 1 direction register (DDR1)

¢ Port 1 pull-up resistor control register (PURR1)

B Pins of Port 0 and Port 1

Port 0 and Port 1 have eight CMOS 1/O pins, respectively.
Table 4.2-1 "Pins of Port 0 and Port 1" shows the pins of Port 0 and Port 1.

Table 4.2-1 Pins of Port 0 and Port 1

I/0 format
Port name Pin name Function Circuit type
Input Output
Port 0 P00 to P07
General-purpose 1/0 CMOS CMOS D
Port 1 P10 to P17

For details of the circuit types, see Section 1.7 "Explanations of the Pin Functions."
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B Block diagram of Port 0 and Port 1

Figure 4.2-1 Block diagram of Port 0 and Port 1 pins

Pull-up resistor
PDR (port dataregister) Appro,:( 50 k

: : /—lo— Stop/watch mode (SPL=1) ....-............ :
i W/J L L
| PDR read : : :

: : Port 0/1 pull-up resistor
LA : control register

PDR read (for bit operation instructions)| :

% Output latch

Internal data bus

' PDR write

% DDR
(Port direction register)

DDR write

Stop/watch mode (SPL=1)

SPL: Pin status specification bit of the standby control register (STBC)

B Registers of Port 0 and Port 1: PDR0O and DDRO
Port 0 has three related registers, PDR0O, DDRO, and PURRO.
Port 1 has three related registers, PDR1, DDR1, and PURR1.
Each bit of the registers corresponds to a pin of Port 0 and Port 1.

Table 4.2-2 "Correspondence between bits and pins of the Port 0 and Port 1 registers" shows
the correspondence between bits and pins of the Port 0 and Port 1 registers.

Table 4.2-2 Correspondence between bits and pins of the Port 0 and Port 1 registers

Port name Correspondence between bits and pins of the related registers
PDRO0,DDRO,PURRO bit7 bité bits bit4 bit3 bit2 bit1 bit0
Port0 Corresponding pin P07 P06 P05 P04 P03 P02 PO1 P00
Port 1 PDR1,DDR1,PURR1 bit7 bité bits bit4 bit3 bit2 bit1 bit0

Corresponding pin P17 P16 P15 P14 P13 P12 P11 P10
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4.2 Port 0 and Port 1

Registers of Port 0 and Port 1 (PDRO, DDRO, PURRO,

PDR1, DDR1, PURR1)

This section describes the registers related to Port 0 and Port 1.

B Functions of the Port 0 and Port 1 registers

O

Port 0 and Port 1 data registers (PDR0 and PDR1)

The PDRO and PDR1 registers indicate the states of the pins. Therefore, pins which have been
set up for output allow for a value (0 or 1) which is the same as that of the output latch to be
read. However, those set up for input do not allow for a value of the output latch to be read.
Port 0 and Port 1 direction registers (DDR0O and DDR1)

The DDRO and DDR1 registers set the direction (I/O) of each pin by bit.

Specifying 1 to the bit of a pin sets it up for output, and specifying 0 sets it up for input.
Reference:

The bit operation commands SETB and CLRB executed for registers other than the DDRO or
DDR1 register read states of output latches (not pins). Thus, executing bit operation
instructions does not change the states of output latches related to bits not being operated.

Note:

The DDRO and DDR1 registers are write-only: Do not use the bit operation instructions
SETB and CLRB.

Table 4.2-3 "Functions of the Port 0 and Port 1 registers" shows the functions of the Port 0 and
Port 1 registers.

Table 4.2-3 Functions of the Port 0 and Port 1 registers

Register Value Reading Writing Re?d/ Address | Initial value
name Write
L For pins set up for output, Level L
Port 0 data O | ThepinisLevell. | oftput to thg pins. i
register R/W 0000H XXXXXXXXg
(PDRO) 1 The pin is Level H For pins set up for output, Level H
" | is output to the pins.
Operation of the output transistors
0 Unreadable is disabled, and the pins are set
Port O direction up for input.
register w 0001H 00000000g
(DDRO) Operation of the output transistors
1 Unreadable is enabled, and the pins are set
up for output.
. For pins set up for output, Level L
Port 1 data 0 The piniis LevelL. | 4 OLE)tput to thg pins. P
register R/W 00024 XXXXXXXXB
(PDR1) 1 The pin is Level H For pins set up for output, Level H
" | is output to the pins.
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Table 4.2-3 Functions of the Port 0 and Port 1 registers (Continued)

Register . - Read/ -
name Value Reading Writing Write Address | Initial value
Operation of the output transistors
_ _ 0 is disabled, and the pins are set
Ponr;;gteecrtlon Unreadable P forinput W 00034 | 00000000y
(DDR1) (write-only) Operation of the output transistors
1 is enabled, and the pins are set
up for output.

R/W: Readable/Writable
W: Write-only
X: Not specified

B Port 0 and Port 1 pull-up resistor control registers (PURRO and PURR1)

Each Port 0 and Port 1 pin allows a pull-up resistor to be used. Write a pull-up resistor setting
to each bit of the Port 0 and Port 1 pull-up resistor control registers.

Enabling pull-up resistors in stop mode or watch mode (STBC:SPL=1) using the Port 0 and Port
1 pull-up resistor control registers does not set the pins to high impedance but rather to Level H
(pulled up). However, during a reset, pull-up of the pins is invalidated and the pins are set to
high impedance. (The Port 0 and Port 1 pull-up resistor control registers are initialized by a

reset.)

Figure 4.2-2 "Settings of the Port 0 and Port 1 pull-up register registers (PURRO and PURR1)"
shows the allowable settings of the Port 0 and Port 1 pull-up resistor control registers.
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4.2 Port 0 and Port 1

Figure 4.2-2 Settings of the Port 0 and Port 1 pull-up register registers (PURRO and PURR1)

Port 0 (PURRO)

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl bit0  Initial value

0072+ |PUR07|PUR06|PUROS|PUR04|PUR0S|PUR02|PURD1[PURO0] 111111118
RW RW RW RW RW RW RW RW

PURO3 PURO2 PURO1 PUROO

0 |PO03 pul-up ON |P02 pull-up ON | PO1 pull-up ON | P00 pull-up ON
1| P03 pull-up OFF | P02 pull-up OFF | P01 pull-up OFF | P00 pull-up OFF

PURO7 PURO06 PURO5 PUR04
0 |PO7 pull-up ON | P06 pull-up ON | PO5 pull-up ON [ P04 pull-up ON
1 | P07 pull-up OFF [ P06 pull-up OFF | P05 pull-up OFF | P04 pull-up OFF

Port 1 (PURR1)

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl bit0  Initial value

00734 [PUR17|PUR16|PUR15|PUR14|PUR13[PUR12|PUR11[PUR10| 111111118
RW RW RW RW RW RW RW RW

PUR13 PUR12 PUR11 PUR10

0 |P13 pull-up ON |P12 pull-up ON | P11 pull-up ON | P10 pull-up ON
1 | P13 pull-up OFF | P12 pull-up OFF | P11 pull-up OFF | P10 pull-up OFF

PUR17 PUR16 PUR15 PUR14
P17 pull-up ON |P16 pull-up ON | P15 pul-up ON | P14 pull-up ON
1| P17 pull-up OFF | P16 pull-up OFF | P15 pull-up OFF | P14 pull-up OFF

R/W : Readable/Writable

[ ] : nitial value
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4.2.2 Operation of Port 0 and Port 1

This section describes the operation of Port 0 and Port 1.

B Operation of Port 0 and Port 1

104

O Operation of pins set up for output

Specifying 1 to a bit of the DDRO or DDR1 register sets the corresponding pin for output.

For an output pin, operation of the output transistor is permitted and data in the output latch
is output to the pin.

Data written to the PDRO register and/or PDR1 register remains in the output latches and is
output to the pins as is.

Reading the PDRO and PDR1 registers outputs the values of the pins. (Except for bit
operation instructions)

O Operation of pins set up for input

Specifying 0 to a bit of the DDRO or DDR1 register sets the corresponding pin for input.
For an input pin, the output transistor is "OFF" and the pin is set to high impedance.

Data written to the PDRO register and/or PDR1 register remains in the output latches but is
not output to the pins.

Reading the PDRO and PDR1 registers outputs the values in the pins.

O Operation on a reset

Resetting the CPU initializes the DDRO register and DDR1 register with zeros. Therefore,
input to the pins is allowed and the pins are set to high impedance.

The PDRO and PDR1 registers are not initialized by a reset. Therefore, to use the pins for
output, set output data to the PDRO and PDR1 registers before setting the DDRO or DDR1
register bits in output mode.

O Operation in stop mode and watch mode

When Port 0 and Port1 are put in stop mode or watch mode, they are set to the status specified
by the pin status specification bit of the standby control register, irrespective of the values of the
DDRO and DDR1 registers.

Table 4.2-4 "Status of the Port 0 and Port 1 pins" shows the status of the Port 0 and Port 1 pins
in each mode.



4.2 Port 0 and Port 1

Table 4.2-4 Status of the Port 0 and Port 1 pins

Normal operation
Mairlznzig SI(gT’pL—O) Main stop (SPL=1)
Pin name P B Sub-stop (SPL=1) At reset
Sub-sleep Watch mode (SPL=1)
Sub-stop (SPL=0) -
Watch mode (SPL=0)
P00 to P07
General-purpose 1/0O port Hi-z Hi-z

P10 to P17

SPL: Pin status specification bit of the standby control register (STBC:SPL)
Hi-z: High impedance

Reference:

When pull-up resistors are enabled by using the Port 0 or Port 1 pull-up resistor control
register, the states of the pins do not become high impedance but rather become Level H
(pulled-up) in stop mode or watch mode (STBC:SPL=1). However, the pins are not pulled up
during a reset and their state becomes Hi-z.
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4.3 Port2

Port 2 is a general-purpose I/O port used and is also used for resource input and
output. The function of each pin can be switched between general-purpose I/O port
and resource input and output for each bit. This section mainly describes the
functions of the general-purpose 1/O port.

This section also describes the configuration, pins, and block diagram of the pins, and
registers related to Port 2.

B Configuration of Port 2
Port 2 consists of the following four types of element:

* General-purpose /O pin (P23 to P27), general-purpose 1/O pin/PWCK (P20), general-
purpose I/O pin/PPG (P21/PPGO01, P22/PPG02)

* Port 2 data register (PDR2)
* Port 2 direction register (DDR2)
* Port 2 pull-up resistor control register (PURR2)

B Pins of Port 2
Port 2 has eight CMOS I/O pins.
Table 4.3-1 "Pins of Port 2" shows the pins of Port 2.

Table 4.3-1 Pins of Port 2

Peripheral I/0 format A
Port . . . Circuit
name Pin name Function device also tvpe
supported Input Output yp
P23top27 | heotoP27 : CMOS D
General-purpose 1/0O
P20 CMOS
Port2 | P20/PWCK PWCK (Resources are CMOS E
General-purpose 1/0 ;
hysteretic.)
P21/PPGO0O1to | P21 toP22
P22/PPG02 General-purpose 1/0 PPGOT, PPGO2 CMOS D

For details of the circuit types, see Section 1.7 "Explanations of the Pin Functions."
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4.3 Port2

B Block diagrams of Port 2

Figure 4.3-1 Block diagram of a Port 2 pin (for P20 only)

Pull-up resistor
PDR (port data register) Approx. 50 k

''''''''''''''''''''''''''''''''''''''''''' /—P——Stop/watchmode(SPL=1
N .

Port 2 pull-up resistor

' PDR read

ﬂ control register

;PDR read (for bit operation instructions) j>7—| [ Pch
NN § 5 §

17 OQutput latch

PDRwite  C 5 T Dot pen| =

: : Pin
% DDR |+
(Port direction register) | Nch

DDR write :
_<} . Stop/watch mode (SPL=1)
' DDR read :

Internal data bus

SPL: Pin status specification bit of the standby control register (STBC)

Figure 4.3-2 Block diagram of a Port 2 pin (for P21 only)

Pull-up resistor

PDR (port data register) Approx. 50 k
< /—lo— Stop/watch mode (SPL=1) """ %
' PDR read “'From peripheral : ] : 5 §
@ : P :: resource output (P21) : Port 2|pu|| up resistor : :
> e . N :
E: <4 | From ouput permission’ control register : E
< : o . . :
3 : PDR read (for bit operation instructions) ) : —| [ Pch :
25) e Outputlatch ——=—710 |||
= .
© | | iPDRwrite — D _Pen|
"""""""""""""""""""""""" Pin

(Port direction register)

: DDR write

——<} . Stop/watch mode (SPL=1)

| DDR read

SPL: Pin status specification bit of the standby control register (STBC)
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Figure 4.3-3 Block diagram of a Port 2 pin (for P22 only)

Pull-up resistor
PDR (port data register) Approx. 50 k
: : /—|o— Stop/watch mode (SPL=1) ;i :
. - T
PDR read {Fiom periphéral " Port 2 pulkup resistor |
@ oA i resource output (P22) Econtrol register : :
A REERN ;| From output permission :
g P\'Iiread (for bit operation instructions) _g/i__ j)i——l I: Pch
*quJ e Output latch ; 5
C N
| | iPDRwite Pch | "
‘~ T oo Pin
% DDR
(Port direction register) Nch
: DDR write :
—<} i Stop/watch mode (SPL=1)
_DDRread ... '
SPL: Pin status specification bit of the standby control register (STBC)

Figure 4.3-4 Block diagram of a Port 2 pin (for P23 to P27)

Pull-up resistor
PDR (port data register) Approx. 50 k

i 5 Stop/watch mode (SPL=1) - :
I —C .

: PDR read : Port 2 pull-up resistor
- A 5 control register
~ :

EPDR read (for bit operation instructions) | : ——I I: Pch :

NN
=L Output latch

'PDRwrite 5 I — [ _Pen| |

: : Pin
% DDR |+
(Port direction register) | Nch

 DDR write :
—-—<} i Stop/watch mode (SPL=1)
DDR read :

Internal data bus

SPL: Pin status specification bit of the standby control register (STBC)

Note:

For input levels, CMOS input is applied to the pins and CMOS hysteresis input is applied to
the resources. To use pins in input mode, prohibit operation of the corresponding resource.

108



B Registers of Port 2

Table 4.3-2 Correspondence between bit and pin of the Port 2 registers

Port 2 has three related registers, PDR2, DDR2, and PURRZ2.

Each bit of the register corresponds to a pin of Port 2.

4.3 Port2

Table 4.3-2 "Correspondence between bit and pin of the Port 2 registers" shows the

correspondence between bit and pin of the Port 2 registers.

Port name Correspondence between bits and pins of the related registers
PDR2,DDR2,PURR2 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Port 2
Corresponding pin P27 P26 P25 P24 P23 P22 P21 P20
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4.3.1

Registers of Port 2 (PDR2, DDR2, PURR2)

This section describes the registers related to Port 2.

B Functions of the Port 2 registers
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O Port 2 data register (PDR2)

The PDR2 register indicates the states of the pins. Therefore, pins which have been set up for
output allow for a value (0 or 1) which is the same as that of the output latch to be read.
However, those set up for input do not allow for a value of the output latch to be read.

Port 2 direction register (DDR2)

The DDR2 register sets the direction (I/0) of each pin by bit.

Specifying 1 to the bit of a pin sets it up for output, and specifying 0 sets it up for input.

Settings for resource output
To use a resource with output pins, enable each resource output permission bit.

Output from the resource takes priority; thus, the setting values of the PDR2 register and DDR2
which correspond to the resource output pins have no effect irrespective of the resource output
values and output permission settings that have been specified.

Settings for resource input

To use a resource with input pins, set pins which handle input from the resource for input.
Values of the corresponding output latches have no effect.

Reference:

Bit operation commands (SETB, CLRB) do not read values from the pins but rather from
output latches; thus, the values of output latches which correspond to the bit to be operated
do not change. However, this does not apply to the pin described in the note below.

Note:
Pin exempted: P22 (PPGO02) pin

Executing an RMW-related command to the Port 2 data register (PDR2) while the resource
is operating reads the level of the pin.

Therefore, bit 2 of PDR2 may change its value.



4.3 Port2

Table 4.3-3 "Functions of the Port 2 registers" shows the functions of the Port 2 registers.

Table 4.3-3 Functions of the Port 2 registers

Register Value Reading Writing Rea_dl Address | Initial value
name Write
L Concerning pins set up for output,
Port 2 data 0 The pinis Level L. | | o velLis output to the pins.
register R/W 000CH | XXXXXXXXpg
(PDR2) L Concerning pins set up for output,
1 The pin'is Level H. Level H is output to the pins.
Operation of the output transistors
0 Input pin is disabled, and the pins are set
Port 2 direction up for input.
register R/W 000Dy 00000000
(DDR2) Operation of the output transistors
1 Output pin is enabled, and the pins are set
up for output.

R/W: Readable/Writable

W: Write-only

X: Not specified

O Port 2 pull-up resistor control register (PURR2)

Each Port 2 pin allows a pull-up resistor to be used. Write a pull-up resistor setting to each bit
of the Port 2 pull-up resistor control register.

Enabling pull-up resistors in stop mode or watch mode (STBC:SPL=1) using the Port 2 pull-up
resistor control register does not set the pins to high impedance but rather to Level H (pulled
up). However, during a reset, pull-up of the pins is invalidated and the pins are set to high
impedance. (The Port 2 pull-up resistor control registers are initialized by a reset.)

Figure 4.3-5 "Settings of the Port 2 pull-up resistor control register (PURR2)" shows the
allowable settings of the Port 2 pull-up resistor control register.

Figure 4.3-5 Settings of the Port 2 pull-up resistor control register (PURR2)

Port 2 (PURR2)
Address bit7 bité bits bit4 bit3 bit2 bit1 bit0
00741

Initial value

[PUR27|PUR26|PUR25|PUR24|PUR23|PUR22|PUR21|PUR20| 111111118
RW RW RW RW RW RW RW RW

PUR23

PUR22

PUR21

PUR20

P23 pull-up ON

P22 pull-up ON

P21 pull-up ON

P20 pull-up ON

P23 pull-up OFF

P22 pull-up OFF

P21 pull-up OFF

P20 pull-up OFF

PUR27

PUR26

PUR25

PUR24

P27 pull-up ON

P26 pull-up ON

P25 pull-up ON

P24 pull-up ON

P27 pull-up OFF

P26 pull-up OFF

P25 pull-up OFF

P24 pull-up OFF
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4.3.2 Operation of Port 2

This section describes operation of Port 2.

B Operation of Port 2

O Operation of pins set up for output

Specifying 1 to a bit of the DDR2 register sets the corresponding pin for output.

For an output pin, operation of the output transistor is permitted and data in the output latch
is output to the pin.

Data written to the PDR2 register remains in the output latches and is output to the pins as
is.

Reading the PDR2 register outputs the values of the pins.

O Operation of pins set up for input

Specifying 0 to a bit of the DDR2 register sets the corresponding pin for input.
For an input pin, the output transistor is "OFF" and the pin is set to high impedance.
Data written to the PDR2 register remains in the output latches but is not output to the pins.

Reading the PDR2 register outputs the values of the pins.

O Settings for resource output

Enabling a resource output permission bit sets up the corresponding pins for resource
output.

O Settings for resource input

Specifying 0 to DDR2 register bits which correspond to resource input pins sets the pins for
input.

Values of the pins are always input into resource input (in stop mode or mode other than
watch mode).

Reading the PDR2 register outputs the values of the pins, irrespective of whether the
resource is using input pins.

O Operation on a reset

Resetting the CPU initializes the DDR2 register with zeros. Therefore, input to the pins is
allowed and the pins are set to high impedance.

The PDR2 register is not initialized by a reset. Therefore, to use the pins for output, set
output data to the PDR2 register before setting the DDR2 register bits in output mode.

O Operation in stop mode and watch mode

When Port 2 is put in stop mode or watch mode, it is set to the status specified by the pin status
specification bit of the standby control register, irrespective of the values of the DDR2 register.
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Table 4.3-4 "Status of the Port 2 pins" shows the status of the Port 2 pins in each mode.

Table 4.3-4 Status of the Port 2 pins

Normal operation

PPG02,P23 to P27

Mairl:n :tlgps I(Z?L:O) Main stop (SPL=1)
Pin name Sub-stop (SPL=1) At reset
Sub-sleep Watch mode (SPL=1)
Sub-stop (SPL=0)
Watch mode (SPL=0)
P20/PWCK,P21/
PPGO01,P22/ General-purpose /0O port Hi-z Hi-z

SPL: Pin status specification bit of the standby control register (STBC:SPL)

Hi-z: High impedance

Reference:

When pull-up resistors are enabled by using the Port 2 pull-up resistor control register, the
states of the pins do not become high impedance but rather become Level H (pulled-up) in
stop mode or watch mode (STBC:SPL=1).
reset and their state becomes Hi-z.

However, the pins are not pulled up during a
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4.4 Port3

Port 3 is a general-purpose I/O port and is also used to input and output resources.
The function of each pin can be switched between general-purpose I/O port and
resource input and output for each bit. This section mainly describes the functions of
the general-purpose 1/O port.

This section also describes the configuration, pins, and block diagram of the pins, and
registers related to Port 3.

B Configurations of Port 3

Port 3 consists of the following four types of element:

¢ General-purpose I/O pin/Resource 1/O pins (P30/PPGO03/MCO to P37/PT01)
* Port 3 data register (PDR3)

* Port 3 direction register (DDR3)

* Port 3 pull-up resistor control register (PURR3)

M Pins of Port 3

Port 3 has eight CMOS 1/O pins. These pins are used with various types of resources. When
these pins are used with some kind of resource, Port 3 cannot be used as a general-purpose
output port.

Table 4.4-1 "Pins of Port 3" shows the pins of Port 3.

Table 4.4-1 Pins of Port 3

Peripheral I/0 format A
Port . . . Circuit
name Pin name Function device also tvoe
supported Input Output yp
P30/PPGO03/ PPGO03 output,
MCO P30 general-purpose 1/0 MCO output CMOS D
P31/ UCK 8-bit UART/ CMOS
SCK1(UCK1) | P31 general-purpose I/0O | SIO, clock I/O, (Resourcesare | CMOS E
/LMCO LMCO output hysteretic.)
P32/ UO 8-bit UART/
SO1(UO1) P32 general-purpose 1/0 SIO, data output CMOSs D
Port 3
Ul 8-bit UART/ CMOS
P33/SI1(UI1) | P33 general-purpose I/O | SIO, data input (Resources are E
hysteretic.)
P34/PTO2 P34 general-purpose 1/0 | PTO2 output CMOSs CMOSs D
CMOS
P35/PWC P35 general-purpose I1/0 | PWC timer input (Resources are E
hysteretic.)
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Table 4.4-1 Pins of Port 3 (Continued)

4.4 Port3

Peripheral I/0 format R
Port . . . Circuit
name Pin name Function device also tvpe
supported Input Output yp
P36/WTO P36 general-purpose /0 | PWC timer output D
Port 3 CMOS
P37/PTOA1 P37 general-purpose I/O | PTO1 output

For details of the circuit types, see Section 1.7 "Explanations of the Pin Functions."

B Block diagram of Port 3

Figure 4.4-1 Block diagram of a Port 3 pin

PDR read

Pull-up resistor
Approx. 50 k

::From peripheral:
:‘’resource output :

Port 3 pull-up resistor

control register

Internal data bus

e

N

PDR read (for bit operation instructions)

N

Peripheral resource
output permission

Output latch

o

' PDR write

DDR

(Port direction register)

DDR write

—

DDR read

|

Stop/watch mode
(SPL=1)

Pch

Nch

Only P30 and P31 have two peripheral

resource output lines, respectively.
P32, P34, P36, and P37 have one
peripheral resource output line, respectively.

SPL: Pin status specification bit of the standby control register (STBC)

Reference:

Continuously input values to the peripheral resource input (in mode other than stop mode/

watch mode).

Note:

For input levels, CMOS input is applied to the pins and CMOS hysteresis input is applied to

the resources.

115




CHAPTER 4 1/0 PORTS

B Registers of Port 3

Table 4.4-2 Correspondence between bit and pin of the Port 3 registers

Port 3 has three related registers, PDR3, DDR3, and PURRS.

Each bit of the register corresponds to a pin of Port 3.

Table 4.4-2 "Correspondence between bit and pin of the Port 3 registers" shows the

correspondence between bit and pin of the Port 3 registers.

Port name Correspondence between bits and pins of the related registers
PDR3,DDR3,PURRS3 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Port 3
Corresponding pin P37 P36 P35 P34 P33 P32 P31 P30
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4.4 Port3

4.4.1 Registers of Port 3 (PDR3, DDR3, PURR3)

This section describes the registers related to Port 3.

B Functions of the Port 3 registers

O Port 3 data register (PDR3)

The PDRB3 register indicates the states of the pins. Therefore, pins which have been set up for
output allow for a value (0 or 1) which is the same as that of the output latch to be read.
However, those set up for input do not allow for a value of the output latch to be read.

Reference:
The bit operation instructions SETB and CLRB read states of output latches (not pins).
Thus, executing either bit operation command does not change the states of output latches
related to bits not being operated.
O Port 3 direction register (DDR3)
The DDRS register sets the direction (I/O) of each pin by bit.
Specifying 1 to the bit of a pin sets it up for output, and specifying 0 sets it up for input.

O Settings for resource output
To use a resource with output pins, enable each resource output permission bit.

Output from the resource takes priority; thus, setting values of the PDR3 register and DDR3
which correspond to the resource output pins have no effect irrespective of the resource output
values and output permission settings that have been specified.

O Settings for resource input

To use a resource with input pins, set pins which handle input from the resource for input.
Values of the corresponding output latches have no effect.

Table 4.4-3 "Functions of the Port 3 registers" shows the functions of the Port 3 registers.
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Table 4.4-3 Functions of the Port 3 registers

Register Value Reading Writing Re?d/ Address | Initial value
name Write
. Concerning pins set up for output,
Port 3 data 0 | ThepinisLevell. |\ ol is gu?put to thg pins. P
register R/W 000EH | XXXXXXXXp
(PDR3) 1 The pin is Level H. Concern_ing pins set up fqr output,
Level H is output to the pins.
Operation of the output transistors
0 Input pin is disabled, and the pins are set
Port 3 direction up for input.
register R/W 000FH 00000000
(DDR3) Operation of the output transistors
1 Output pin is enabled, and the pins are set
up for output.

R/W: Readable/Writable
X: Not specified

O

Port 3 pull-up resistor control register (PURR3)

Each Port 3 pin allows a pull-up resistor to be used. Write a pull-up resistor setting to each bit
of the Port 3 pull-up resistor control register.

Enabling pull-up resistors in stop mode or watch mode (STBC:SPL=1) using the Port 3 pull-up
resistor control register does not set the pins to high impedance but rather to Level H (pulled
up). However, during a reset, pull-up of the pins is invalidated and the pins are set to high
impedance. (The Port 3 pull-up resistor control registers are initialized by a reset.)

Figure 4.4-2 "Settings of the Port 3 pull-up resistor control register (PURR3)" shows the
allowable settings of the Port 3 pull-up resistor control register.

Figure 4.4-2 Settings of the Port 3 pull-up resistor control register (PURR3)

PURR3

Address
0075H

bit7 bt  bit5  bit4 bit3 bit2 bit1  bitd Initial value
IPUR37|PUR36|PUR35|PUR34|PUR33|PUR32|PUR31|PUR30| 111111118
RW RW RW RW RW RW RW RW

PUR32

PUR33 PURS1 PUR30

P33 pull-up ON

P32 pull-up ON

P31 pull-up ON

P30 pull-up ON

P33 pull-up OFF

P32 pull-up OFF

P31 pull-up OFF

P30 pull-up OFF

PUR37

PUR36

PUR35

PUR34

P37 pull-up ON

P36 pull-up ON

P35 pull-up ON

P34 pull-up ON

P37 pull-up OFF

P36 pull-up OFF

P35 pull-up OFF

P34 pull-up OFF
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4.4.2 Operation of Port 3

This section describes operation of Port 3.

B Operation of Port 3

O Operation of pins set up for output
* Specifying 1 to a bit of the DDR3 register sets the corresponding pin for output.

* When pins are set up for output, the output transistors are enabled and data of the output
latches are output to the pins.

e Data written to the PDR3 register remains in the output latches and is output to the pins as
is.

* Reading the PDR3 register outputs the values of the pins.

O Operation of pins set up for input
* Specifying 0 to a bit of the DDR3 register sets the corresponding pin for input.
* For an input pin, the output transistor is "OFF" and the pin is set to high impedance.
* Data written to the PDRS register remains in the output latches but is not output to the pins.

* Reading the PDR3 register outputs the values of the pins.

O Settings for resource output

e Enabling a resource output permission bit sets up the corresponding pins for resource
output.

e Even if resource output is enabled, values of the pins can be read by using the PDR3
register; thus, resource output values can be read.
O Settings for resource input

* Specifying 0 to DDRS register bits which correspond to resource input pins set the pins for
input.

* Reading the PDRS3 register outputs the values of the pins, irrespective of whether the
resource is using input pins.
O Operation on a reset

* Resetting the CPU initializes the DDR3 register with zeros. Thus, the output transistors are
turned "OFF" (the pins are set for input) and the pins are set to high impedance.

* The PDRS register is not initialized by a reset. Therefore, to use the pins for output, set
output data to the PDRS3 register before setting the DDR3 register bits in output mode.
O Operation in stop mode and watch mode

When Port 3 is put in stop mode or watch mode, it is set to the status specified by the pin status
specification bit of the standby control register, irrespective of the values of the DDRS3 register.
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120

Table 4.4-4 "Status of the Port 3 pins" shows the status of the Port 3 pins in each mode.

Table 4.4-4 Status of the Port 3 pins

Normal operation

to P37/PTO1

Resource I/0

MainM :tlgps 1§T>p|.=0) Main stop (SPL=1)
Pin name Sub-stop (SPL=1) At reset
Sub-sleep Watch mode (SPL=1)
Sub-stop (SPL=0)
Watch mode (SPL=0)
P30/PPG03/MCO General-purpose 1/O port/ Hi-z Hi-z

SPL: Pin status specification bit of the standby control register (STBC:SPL)

Hi-z: High impedance

Reference:

When pull-up resistors are enabled by using the Port 3 pull-up resistor control register, the
states of the pins do not become high impedance but rather become Level H (pulled-up) in
stop mode or watch mode (STBC:SPL=1).

reset and their state

becomes Hi-z.

However, the pins are not pulled up during a




4.5 Port4

4.5 Port4

Port 4 is a general-purpose I/O port and is also used to input and output resources.

The function of each pin can be switched between general-purpose I/O port and

resource input and output for each bit. This section mainly describes the functions of
the general-purpose 1/O port.
This section also describes the configuration, pins, and block diagram of the pins, and
registers related to Port 4.

B Configurations of Port 4

Port 4 consists of the following five types of element:
¢ General-purpose I/O pin/External interrupt 2/Resource I/O pin (P40/INT20/EC to P47/INT27/

ADST)

e Port 4 data register (PDR4)
e Port 4 direction register (DDR4)

e Port 4 pull-up resistor control register (PURR4)
e DDC select register (DDCR)

B Pins of Port 4
Port 4 has eight CMOS I/O pins.
When P40/INT20/EC to P47/INT27/ADST are used for input, the Port 4 pins can be used as

Table 4.5-1 Pins of Port 4

external interrupt input pins.

Table 4.5-1 "Pins of Port 4" shows the pins of Port 4.

Port Pin name Function Pelripheral detvige I/O format Circuit
also supporte
name PP Input Output type
P40/INT20/EC P40 general- External mterrgpt, _ E
purpose I/O external clock input pin
CMOS
P41/INT21/ P41 general- External interrupt, E
SCK2 purpose 1/0O external clock input pin CMOS
Port 4 (Resourcesare
P42/INT22/ P42 N-channel | External interrupt, SO2 hysteretic.) G
SO2/SDA open-drain I/0 | output, I°C data pin N-channel
open
P43/INT23/ P43 N-channel | External interrupt, SI2 drain G
SI12/SCL open-drain I/0O | input, 12C clock pin
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Table 4.5-1 Pins of Port 4 (Continued)

Port Pin name Function Pelripheral detvige I/0 format Circuit
also supporte

name PP Input Output type
P44/INT24/ P44 general- External interrupt, UCK E
UCK2 purpose I/O 8-bit UART
P45/INT25/ P45 general- External interrupt, UO E
uo2 purpose 1/O 8-bit UART CMOS

Port 4 (Resourcesare CMOS
P46/INT26/ P46 general- External interrupt, Ul hysteretic.) E
ul2 purpose /O 8-bit UART
P47/INT27/ P47 general- External interrupt, A/D E
ADST purpose I/O activation pin

For details of the circuit types, see Section 1.7 "Explanations of the Pin Functions."

B Block diagrams of Port 4

Figure 4.5-1 Block diagram of Port 4 pins (P40, P41, and P44 to P47)

fl'o external
interrupt
circuit

Stop/watch mode (SPL=1);
Extermnal interrupt permission

Pull-up resistor
Approx. 50 k

' PDR read

Internal data bus

L
- N

: PDR read (for bit operation instructions)

s

Output latch

' Peripheral resource outpuit:

i pat.pag,andPasony | CONtrol register :
s Peripheral resource T I Pch :
o output permission : :

(~ p—*—Stop/watch mode (SPL=1)

Port 4 pull-up resistor

Pch

' PDR write

Nch

DDR

: DDR write

(Port direction register)

Eg

EDDR read

Stop/watch mode (SPL=1)

SPL: Pin status specification bit of the standby control register (STBC)
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Note:

When Port 4 is used as an ordinary input port, operation of external interrupt circuits which
use any of the Port 4 pins must be prohibited. See Chapter 13 "External Interrupt Circuit 1
(Edge)" and Chapter 14 "External Interrupt Circuit 2 (Level)."

For input levels, CMOS input is applied to the pins and CMOS hysteresis input is applied to
the resources.

Figure 4.5-2 Block diagram of Port 4 pins (P42, P43)

Stop/watch mode (SPL=1)§

To external External interrupt permission

interrupt N\
circuit

.....................................................

+— Stop/watch mode (SPL=1
(p——Stop (SPL=1)

: PDR read \ ! Peripheral resource

L : output(*1) :
N 3 { :
: PDR read (for bit operation instructions) | : : :

%D— Output latch

' PDR write

Internal data bus

Pin

Nch

Stop/watch mode (SPL=1)

SPL: Pin status specification bit of the standby control register (STBC)
"1 P42 has two peripheral resource output lines.
P43 has one peripheral resource output line.

Note:

When Port 4 is used as an ordinary input port, operation of external interrupt circuits which
use any of the Port 4 pins must be prohibited. See Chapter 13 "External Interrupt Circuit 1
(Edge)" and Chapter 14 "External Interrupt Circuit 2 (Level)."

For input levels, CMOS input is applied to the pins and CMOS hysteresis input is applied to
the resources.

Reference:

To use P42 and P43 as I°C output pins or N-channel open-drain output pins, pull-up
resistors are required on the external pins.

Note that I1°C can be used with the MB89PV530, MB89P538, MB89537C/538C,
MB89537HC/538HC, and MB89537AC/538AC only.
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B Registers of Port 4
Port 4 has three related registers, PDR4, DDR4, and PURRA4.
Each bit of the register corresponds to a pin of Port 4.
Table 4.5-2 "Correspondence between bit and pin of the Port 4 registers" shows the
correspondence between bit and pin of the Port 4 registers.

Table 4.5-2 Correspondence between bit and pin of the Port 4 registers

Port name Correspondence between bits and pins of the related registers

PDR4,DDR4,PURR4 | bit7 | bit6 | bits | bit4 bit3 bit2 | bitt | bit0
Correspondingpin | P47 | P46 | P45 | P44 | P43 | pa2() | P41 | P40

Port 4

*1 Bit 2 and bit 3 of PURR4 are unused. Neither P42 nor P43 have internal pull-up resistors.

124




4.5.1

4.5 Port4

Registers of Port 4 (PDR4, DDR4, PURR4, DDCR)

This section describes the registers related to Port 4.

B Functions of the Port 4 registers.

O

Port 4 data register (PDR4)

The PDR4 register indicates the states of the pins. Therefore, pins which have been set up for
output allow for a value (0 or 1) which is the same as that of the output latch to be read.
However, those set up for input do not allow for a value of the output latch to be read.

Reference:
Bit operation commands SETB and CLRB read states of output latches (not pins). Thus,
executing either bit operation command does not change the states of output latches related
to bits not being operated.

Port 4 direction register (DDR4)

The DDR4 register sets the direction (I/O) of each pin by bit.

Specifying 1 to the bit of a pin sets it up for output, and specifying O sets it up for input. (Note

that the DDR4 register does not allow bit 2 and bit 3 to be used.)

Settings for external interrupt input

In addition to use of interrupt circuit (external interrupt 1 or 2) permission, to use some of the
pins as external interrupt input pins, the pins corresponding to them must be set for input.

(The corresponding output latch data has no effect in this case.)

Table 4.5-3 "Functions of the Port 4 registers" shows the functions of the Port 4 registers.

Table 4.5-3 Functions of the Port 4 registers

Register Value Reading Writing Re?dl Address | Initial value
name Write
0 is set to the output latches, and
0 The pinis Level L. | Level L is output to the pins set up
Port 4 data for output.
register R/W 00104 XXXX11XXg
(PDR4) 1 is set to the output latches, and
1 The pin is Level H. | Level H is output to the pins set
up for output.
Operation of the output transistors
0 Input pin is disabled, and the pins are set
Port 4 direction up for input.
register R/W 0011y 0000--00g
(DDR4) Operation of the output transistors
1 Output pin is enabled, and the pins are set
up for output.

R/W: Readable/Writable

-2 Unused

X: Not specified
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O Port 4 pull-up resistor control register (PURR4)

Each Port 4 pin allows a pull-up resistor to be used. Write a pull-up resistor setting to each bit

of the Port 4 pull-up resistor control register.

Enabling pull-up resistors in stop mode or watch mode (STBC:SPL=1) using the Port 4 pull-up
resistor control register does not set the pins to high impedance but rather to Level H (pulled
up). However, during a reset, pull-up of the pins is invalidated and the pins are set to high

impedance. (The Port 4 pull-up resistor control registers are initialized by a reset.)

Figure 4.5-3 "Settings of the Port 4 pull-up resistor control register (PURR4)" shows the

allowable settings of the Port 4 pull-up resistor control register.

Figure 4.5-3 Settings of the Port 4 pull-up resistor control register (PURR4)

PURR4

Address  bit7  bit6  bits bitd bit3 bit2 bitl  bit0 Initial value
0076H |PUR47|PUR46|PUR45|PUR44| — | — |PUR41|PUR40| 1111--118
RW RW RW RW RW R/W

PUR41 PUR40

P41 pull-up ON

P40 pull-up ON

P41 pull-up OFF

P40 pull-up OFF

PUR47

PUR46

PUR45

PUR44

P47 pull-up ON

P46 pull-up ON

P45 pull-up ON

P44 pull-up ON

P47 pull-up OFF

P46 pull-up OFF

P45 pull-up OFF

P44 pull-up OFF

R/W : Readable/Writable
— : Unused
|:| . Initial value

Reference:

Neither P42 nor P43 have internal pull-up resistors. To use them as output pins, external

pull-up resistors are required.




B DDC select register (DDCR)

4.5 Port4

Figure 4.5-4 "Block diagram of the DDC function" shows the block diagram of the DDC function.

Figure 4.5-4 Block diagram of the DDC function

P42 P60/INT10
] SDA
—1scL
P43/INT23/
P43 SI2/SCL
External int t ]
E o Xternal Interrup
_|i
. FYP \(;
P41 <1 S02
E \D SCK2
>/,
1V
DDC
F2MC-8L bus

O DDC
This bit is used to select the rising edge or falling edge of serial data output.

Select the source of an external interrupt circuit. Specifying 1 in the DDC bit prohibits serial

data output and pulls down the SCL line with an interrupt from P43.

O DDC select register (DDCR)

Figure 4.5-5 DDC select register (DDCR)

DDC select register (DDCR)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0  Initial value
oosgn [~ [ - [~ [ - - - T - Tooo]os

R/W : Readable/Writable
- :Unused
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Table 4.5-4 DDC select register (DDCR)

Bit name

Function

bit1 to bit7

¢ Values in the bits are unfixed when they are read.

Unused | | Writing values in the bits has no effect.

bit0

When 0 is specified in the DDC bit:  Serial data outputs falling edges.

P60 is used for an external interrupt source.

When 1 is specified in the DDC bit:  Serial data outputs rising edges.
P43 is used for an external interrupt source.
When an interrupt takes place, SIO output is

prohibited and SCL is pulled down.

DDC

128

O Operation of the DDC function

Figure 4.5-6 Operation of I2C and SIO when the DDC function is enabled

Occurrence of an interrupt at an falling edge

scke — | | [ | | | | |
\ Rising edge
SO2/SDA #6 7 o
SO2/SDA output 02/SDA pemitted
SI2/SCL prohibited /
|> SIZSCL released

Interrupt

End of the interrupt routine

When 1 has been specified in the DDC bit of the DDCR register, serial data is output after a
rising edge of SCK2. However, if a Level L signal has been input to the SI2/SCL pin, an
external interrupt circuit is activated. In this routine, the interrupt circuit generates an interrupt
signal to the CPU. This signal turns on a gate that pulls down the SI2/SCL pin and prohibits
SO2 output.

After the interrupt routine ends, the interrupt signal is reset. The connection of the circuits is

restored to the previous state.

See Figure 4.5-4 "Block diagram of the DDC function."
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4.5.2 Operation of Port 4

This section describes operation of Port 4.

B Operation of Port 4

O Operation of pins set up for output
* Specifying 1 to a bit of the DDR4 register sets the corresponding pin for output.

e For an output pin, operation of the output transistor is permitted and data in the output latch
is output to the pin.

* Data written to the PDR4 register remains in the output latches and is output to the pins as
is.

* Reading the PDR4 register outputs the values of the pins.

O Operation of pins set up for input
* Specifying 0 to a bit of the DDR4 register sets the corresponding pin for input.
* For an input pin, the output transistor is "OFF" and the pin is set to high impedance.
* Data written to the PDR4 register remains in the output latches but is not output to the pins.

* Reading the PDR4 register outputs the values of the pins.

O Settings for external interrupt input

* Specifying 0 to DDR4 register bits which correspond to external interrupt input set the pins
for input.

¢ Reading the PDR4 register outputs the values of the pins, irrespective of whether external
interrupt input or interrupt request output has been allowed or prohibited.
O Operation on a reset

* Resetting the CPU initializes the DDR4 register with zeros. Thus, the output transistors are
turned "OFF" (all the pins are set for input) and the pins are set to high impedance.

* The PDR4 register is not initialized by a reset. Therefore, to use the pins for output, set
output data to the PDR4 register before setting the DDR4 register bits in output mode.
O Operation in stop mode and watch mode

When Port 4 is put in stop mode or watch mode, it is set to the status specified by the pin status
specification bit of the standby control register, irrespective of the values of the DDR4 register.
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Table 4.5-5 "Status of the Port 4 pins" shows the status of the Port 4 pins in each mode.

Table 4.5-5 Status of the Port 4 pins

Normal operation

P47/INT10/UI2

Resource I/0

(external interrupt input)

MainM:tlg sg;pL—O) Main stop (SPL=1)
Pin name P B Sub-stop (SPL=1) At reset
Sub-sleep Watch mode (SPL=1)
Sub-stop (SPL=0) -
Watch mode (SPL=0)
P40/INT4/EC to General-purpose I/O port/ Hi-z .
External interrupt input/ Hi-z

SPL: Pin status specification bit of the standby control register (STBC:SPL)

Hi-z: High impedance

Reference:

When pull-up resistors are enabled by using the Port 4 pull-up resistor control register, the
states of the pins do not become high impedance but rather become Level H (pulled-up) in

stop mode or watch mode (STBC:SPL=1).

reset and their state becomes Hi-z.
Note that this does not apply to P42 and P43.

However, the pins are not pulled up during a
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4.6 Porth

Port 5 is an N-channel open-drain output port which can also handle analog input. The
function of each pin can be switched between analog input and N-channel open-drain
output port for each bit. This section mainly describes the functions of the general-
purpose /O port.

This section also describes the configuration, pins, and block diagram of the pins, and
registers related to Port 5.

Bl Configuration of Port 5
Port 5 consists of the following two types of element:
e Qutput-only pin (P50/ANO to P57/AN7)
e Port 5 data register (PDR5)

M Pins of Port 5

Port 5 has eight N-channel open-drain pins. Do not use them as output-only pins when analog
signals are to be input from an A/D converter.

Table 4.6-1 "Pins of Port 5" shows the pins of Port 5.

Table 4.6-1 Pins of Port 5

Port Pin name Function Pelripheral detvige I/0 format Circuit
also supporte

name PP Input Output type
P50/ANO P50 N-channel output | ANO analog input O
P51/AN1 P51 N-channel output | AN1 analog input 1
P52/AN2 P52 N-channel output | ANZ2 analog input 2
P53/AN3 P53 N-channel output | AN3 analog input 3 N-channel open

Port 5 Analog drai H
P54/AN4 | P54 N-channel output | AN4 analog input 4 rain output
P55/AN5 P55 N-channel output | ANS5 analog input 5
P56/AN6 P56 N-channel output | ANG6 analog input 6
P57/AN7 P57 N-channel output | AN7 analog input 7

For details of the circuit types, see Section 1.7 "Explanations of the Pin Functions."

For information about operation of the pins to analog input, see Chapter 15 "A/D Converter."
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B Block diagram of Port 5

Figure 4.6-1 Block diagram of a Port 5 pin

PDR (port data register)

Internal data bus

: PDR read (for bit operation instructions)

A/D converter
analog input

A/D converter
channel selector

1

—

%l>— Output latch

. PDR write

Stop/watch mode (SPL=1)

SPL: Pin status specification bit of the standby control register (STBC)

L

I Pch
Nch

Pin

Note:

Do not use the pins for output when analog signals are to be input to Port 5.

B Register of Port 5

Port 5 has one related register, PDR5.

Each bit of the PDR5 register corresponds to a pin of Port 5.

Table 4.6-2 "Correspondence between bit and pin of the Port 5 register" shows the
correspondence between bit and pin of the Port 5 register.

Table 4.6-2 Correspondence between bit and pin of the Port 5 register

Port name Correspondence between bits and pins of the related registers
PDR5 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Port 5
Corresponding pin P57 P56 P55 P54 P53 P52 P51 P50
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4.6.1 Register of Port 5 (PDR5)

This section describes the register related to Port 5.

B Functions of the Port 5 register

O Port 5 data register (PDR5)
The PDR5 register indicates values of the output latches. Therefore, the states of the pins
cannot be read.

O Settings for analog input

To use Port 5 for analog input, write 1 to bits of the PDR5 register. The corresponding output
transistors are turned "OFF" and the state of the pins becomes high impedance.

Table 4.6-3 "Functions of the Port 5 register" shows the functions of the Port 5 register.

Table 4.6-3 Functions of the Port 5 register

Register Value Reading Writing Re?dl Address | Initial value
name Write
Level L is output to the pin.
0 -cl)—:te :?::fcﬁfi?% . (Set 0 to the output latch to turn
Port 5 data P : on the output transistor.)
register R/W 00124 11111111
(PDRS5) The pin is set to high impedance.
1 I:te :?::fcr?fietﬁi . (Set 1 to the output latch to turn
P ’ off the output transistor.)

R/W: Readable/Writable
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4.6.2 Operation of Port 5

This section describes operation of Port 5.

B Operation of Port 5

O Operation of pins set up for output

» Data written to the PDR5 register remains in the output latches. When the value of an output
latch is "0," the output transistor is turned "ON" and Level L is output to the pin. When the
value of an output latch is "1," the output transistor is turned "OFF" and state of the pin
becomes high impedance. When an output pin is pulled up and if the value of the output
latch is "1," it is pulled up.

* Reading the PDR5 register always outputs the values of the output latches.

O Settings for analog input

* Specify 1 to a bit of the PDRS5 register which corresponds to a target analog input pin to turn
off the output transistor.

* Reading the PDR5 register always outputs the values of the output latches.

O Operation on a reset
Resetting the CPU initializes values of the PDR5 register with ones. Thus, all the output
transistors are turned "OFF" and the pins are set to high impedance.

O Operation in stop mode and watch mode

When Port 5 is put in stop mode or watch mode, it is set to the status specified by the pin status
specification bit of the standby control register.

Note that input is fixed to prevent leakage due to released input.

Table 4.6-4 "Status of the Port 5 pins" shows the status of the Port 5 pins in each mode.

Table 4.6-4 Status of the Port 5 pins

Normal operation

Mairl:,I :tlg SI(;,TDPL_O) Main stop (SPL=1)
Pin name P = Sub-aton (SPLLT) A roset
Sub-sleep

Sub-stop (SPL=0) Watch mode (SPL=1)

Watch mode (SPL=0)

General-purpose 1/O port/

Analog input Hi-z Hi-z

P50/ANO to P57/AN7

SPL: Pin status specification bit of the standby control register (STBC:SPL)
Hi-z: High impedance
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4.7 Portb

Port 6 is a general-purpose input port which is also used to input external interrupts.
This section mainly describes the functions of the general-purpose input port.

This section also describes the configuration, pins, and block diagram of the pins, and
registers related to Port 6.

B Configurations of Port 6
Port 6 consists of the following four types of element:

¢ General-purpose input pin/External interrupt/Sub-clock related element (P60/INT10 to P62/
INT12, P63/INT13/X0A, and P64/X1A)

¢ Port 6 data register (PDR6)
e Port 6 pull-up register (PURRG)
* DDC select register (DDCR)

B Pins of Port 6
Port 6 has five CMOS input-only type I/O pins (excluding P64/X1A).
The P60/INT10 to P63/INT13/X0A pins can be used for both input and external interrupt at the
same time.

Table 4.7-1 Pins of Port 6

Port Pin name Function Pelripheral dftvige I/0 format Circuit
also supporte

name PP Input Output | type
P60/INT10to | P60 to P62 Input external i |
P62/INT12 General-purpose input | interrupt 1 CMOS

: (Resources are

Port 6 P63/INT13/ P63 _ External |_nterrup_t 1, hysteretic.) i /A
XO0A General-purpose input | subclock input pin
PB4/X1A P64 . Subclock output pin CMOS CMOS J/A

General-purpose input

*1 Resources are hysteretic.

For details of the circuit types, see Section 1.7 "Explanations of the Pin Functions."
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B Block diagrams of Port 6

Figure 4.7-1 Block diagram of Port 6 pins (excluding P64/X1A)

Pull-up resistor

: Stop/watch mode (SPL=1 ) Approx 50k
éTo external External interrupt permission % d
interrupt AN : :
circuit
Pull-up control register 5
: Pch :
8 :
ﬁ Stop/watch mode
& | PDR (port data register) (sPL=ty | |
= 9 /_’O_l P63 only
c
k5 ]il‘ ] 5 Pin
£ | PDRread ©
\ | P6O/INT10
To XO0A of Subclock selector P61/INT11
a subclock circuit P62/INT12
P63/INT13/X0A

SPL: Pin status specification bit of the standby control register (STBC)

Note:

For a single-clock system device, a port input (P63) or external interrupt input (INT13) can be
used.

For a single-clock system device, a pull-up resistor can be set to the port input. However, do
not use a pull-up resistor to the external interrupt input. For input levels, ports are CMOS
input and resource is CMOS hysteresis input. For a dual-clock system device, a subclock
input (XOA) is to be used; thus, no pull-up resistor can be set.

Be sure to disable pull-up resistors by using the pull-up resistor control register.
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Figure 4.7-2 Block diagram of P64/X1A

4.7 Port6

PDR (port data register)

—

PDR read

Internal data bus

Stop/watch mode

(SPL=1)
N

—

Subclock selector

To X1A of a

Pull-up resistor
Approx. 50 k

Pull-up control register :
T Pch :
0] .
_O\O Pin
| P64/X1A

subclock circuit

SPL: Pin status specification bit of the standby control register (STBC)

Note:

For a single-clock system device, a port input (P64) can be used. For a single-clock system

device, a pull-up resistor can be set to the port input.

subclock input (X1A) is to be used; thus, no pull-up resistor can be set.

Be sure to disable pull-up resistors by using the pull-up resistor control register.

For a dual-clock system device, a

Port 6 has one related register, PDR6. Each bit of the PDR6 register corresponds to a pin of

Port 6.

Table 4.7-2 "Correspondence between bit and pin of the Port 6 register" shows the

correspondence between bit and pin of the Port 6 register.

Table 4.7-2 Correspondence between bit and pin of the Port 6 register

Port name Correspondence between bits and pins of the related registers
PDR6,PURR6 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Port 6
Corresponding pin - - - P64 P63 P62 P61 P60
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4.7.1 Register of Port 6 (PDR6, PURR6, DDCR)

This section describes the register related to Port 6.

B Functions of the Port 6 register

O Port 6 data register (PDR6)

The PDRS6 register keeps the states of the pins. The pins are input ports; thus, the status of the
output latches cannot be read.

Table 4.7-3 "Functions of the Port 6 register" shows the functions of the Port 6 register.

Table 4.7-3 Functions of the Port 6 register

Register name Value Reading Read/Write | Address | Initial value
; 0 The pin is Level L.
Port 6 gaDt;éeg'Ster R 0013y | XXXXXXXXg
( ) 1 The pin is Level H.
R: Read-only

X: Not specified

B Port 6 pull-up resistor control register (PURR6)

Each Port 6 pin allows a pull-up resistor to be used. Write a pull-up resistor setting to each bit
of the Port 6 pull-up resistor control register.

Enabling pull-up resistors in stop mode or watch mode (STBC:SPL=1) using the Port 6 pull-up
resistor control register does not set the pins to high impedance but rather to Level H (pulled
up). However, during a reset, pull-up of the pins is invalidated and the pins are set to high
impedance. (The Port 6 pull-up resistor control registers are initialized by a reset.)

Figure 4.7-3 "Settings of the Port 6 pull-up resistor control register (PURR6)" shows the
allowable settings of the Port 6 pull-up resistor control register.
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Figure 4.7-3 Settings of the Port 6 pull-up resistor control register (PURR6)

4.7 Port6

PURR6

Address  bit7  bit6  bit5 bit4 bit3 bit2 bl  bitd Initial value
0079+ | — | — | — |PuRe4|PURe3|PUR62|PURE1|PURGD| 111118
RW RW RW RW RW

PUR63 PUR62 PURG61 PURG0

0 |P63 pull-up ON | P62 pull-up ON [P61 pull-up ON (P60 pull-up ON

1 | P63 pull-up OFF | P62 pull-up OFF |P61 pull-up OFF |P60 pull-up OFF

PUR64
0 |P64 pull-up ON
1 | P64 pull-up OFF

R/W : Readable/Writable

|:| : Initial value

B DDC select register (DDCR)

Figure 4.7-4 "Block diagram of the DDC function" shows the block diagram of the DDC function.

Figure 4.7-4 Block diagram of the DDC function

P42 P60/INT10
| l SDA
—1 SCL
P43/INT23/
P43 . | SI12/SCL
t int t
. o xternal interrup ]
] i
L1SI2 \(;

<| S0O2
il SCK2

DDC

F2MC-8L bus

O DDC
This bit is used to select the rising edge or falling edge of serial data output.

Select the source of an external interrupt circuit. Specifying 1 in the DDC bit prohibits serial

data output and pulls down the SCL line with an interrupt from P43.
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O DDC select register (DDCR)

Figure 4.7-5 DDC select register (DDCR)

DDC select register (DDCR)

Address bit7  bit6 bits bit4 bit3  bit2 bit1 bito Initial value
ooso [~ [ - T-T- T T [ooc]—0s

R/W : Readable/Writable
: Unused

Table 4.7-4 DDC select register (DDCR)

Bit name Function

¢ Values in the bits are not specified when they are read.

bit1 to bit7 | Unused | Writing values in the bits has no effect.

When 0 is specified in the DDC bit: ~ Serial data outputs falling edges.
P60 is used for an external interrupt source.

bit0 DDC When 1 is specified in the DDC bit:  Serial data outputs rising edges.

P43 is used for an external interrupt source.
When an interrupt takes place, SIO output is
prohibited and SCL is pulled down.

O Operation of the DDC function

Figure 4.7-6 Operation of I2C and SIO when the DDC function is enabled

scke — | | [ | | | |
\ Rising edge
SO2/SDA #6 #7 pr @
SO2/SDA output SO2/SDA permitted
SI12/SCL prohibited

| \/ SI2/SCL released

Occurrence of an interrupt at an falling edge > /

Interrupt —| li

End of the interrupt routine

When 1 has been specified in the DDC bit of the DDCR register, serial data is output after a
rising edge of SCK2. However, if a Level L signal has been input to the SI2/SCL pin, an
external interrupt circuit is activated. In this routine, the interrupt circuit generates an interrupt
signal to the CPU. This signal turns on a gate that pulls down the SI2/SCL pin and prohibits
SO2 output.

After the interrupt routine ends, the interrupt signal is reset. The connection of the circuits is
restored to the previous state.

See Figure 4.7-4 "Block diagram of the DDC function."
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4.7.2 Operation of Port 6

This section describes operation of Port 6.

B Operation of Port 6

O Operation of pins set up for output

* Reading the PDR6 register outputs the values of the pins.

O Settings for external interrupt input
¢ Reading the PDR6 register outputs the values of the pins, irrespective of whether external
interrupt input or interrupt request output has been allowed or prohibited.
O Operation on a reset

* The PDR®6 register is not initialized by a reset.

O Operation on a reset

* The PDR® register is not initialized by a reset.

O Operation in stop mode and watch mode

When Port 6 is put in stop mode or watch mode, it is set to the status specified by the pin status
specification bit of the standby control register.

Table 4.7-5 "Status of the Port 6 pins" shows the status of the Port 6 pins in each mode.

Table 4.7-5 Status of the Port 6 pins

Normal operation

Mair':lI ::: SI(ZTDPL_O) Main stop (SPL=1)
e . i Sub-stop (SPL=1) At reset
Sub-sleep

Sub-stop (SPL=0) Watch mode (SPL=1)

Watch mode (SPL=0)

General-purpose input port/ Hi-z

External interrupt input (external interrupt input) Hi-z

P60/INTO to P64/X1A

SPL: Pin status specification bit of the standby control register (STBC:SPL)
Hi-z: High impedance

Reference:

When all the output register bits are turned "OFF," the states of the pins with pull-up resistors
enabled do not become high impedance but rather become Level H (pulled-up).

Note:

When "rising edge," "falling edge," or "both edges" is set in the bit for selecting the edge
polarity in stop mode (SPL=1), interrupt input is allowed and not blocked. In this case, keep
the electric potential of the pin constant using the pull-up option setting register, external pull-
up register, or external-pull-down register.
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4.8 Sample I/O Port Program

This section provides a sample of a program with 1/0 ports used.

B Sample I/O port program

O Processing specifications

* By using Port 0 and Port 1, light all the 7 segments (8 segments including Dp) of a LED.

e The POO pin is used for a LED anode common pin, and P10 to P17 pins are used for the

segment pins.

Figure 4.8-1 "Example of connection of an 8-segment LED" shows an example of connection of

an 8-segment LED.

Figure 4.8-1 Example of connection of an 8-segment LED

MB89530/530H/530A

P00

J

P17

P10

P156 W ||
—>ov——

O Sample coding

PDRO
DDRO
PDR1
DDR1

EQU
EQU
EQU
EQU

CSEG

CLRB
MOV
MOV
MOV

0000H
0001H
0002H
0003H

PDRO: 0

PDR1, #11111111B
DDRO, #11111111B
DDR1, #11111111B

; Address
; Address
; Address
; Address

of
of
of
of

the port
the Port
the Port
the Port

[CODE SEGMENT]

; Set P00 Level L.
; Set all the Port 1 pins to Level H.
; Set P00 for output; specify #xxxxxxxlB.
; Set Port 1 to allow all-bit output.

0 data register
0 direction register
1 data register
1 direction register
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CHAPTER S5 TIMEBASE TIMER

This chapter describes the functions and operations of the timebase timer.

5.1
5.2
5.3
54
5.5
5.6
5.7

"Overview of the Timebase Timer"
"Configuration of the Timebase Timer"
"Timebase Timer Control Register (TBTC)"
"Timebase Timer Interrupt”

"Operation of the Timebase Timer"

"Notes on Using the Timebase Timer"

"Program Example of the Timebase Timer"
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CHAPTER 5 TIMEBASE TIMER

5.1 Overview of the Timebase Timer

The timebase timer is a 21-bit free-run counter that counts up in synchronization with
the internal count clock (divide-by-two of the main clock oscillation) and which
provides the interval timer function that enables the selection of four types of interval
time. The timebase timer also supplies timer output for the oscillation stabilization
wait time, an operating clock for the watchdog timer and continuous activation for the
A/D converter.

The timebase timer stops its operations in a mode in which the main clock oscillation
stops.

B Interval Timer Function
The interval timer is a function used to generate an interrupt repeatedly at constant intervals.
* Aninterrupt occurs if the interval timer bit of the counter of the timebase timer overflows.
* The interval timer bit (interval time) can be selected from four kinds of interval time.

Table 5.1-1 "Interval Time of the Timebase Timer" lists the interval time of the timebase timer.

Table 5.1-1 Interval Time of the Timebase Timer

Internal count clock cycle Interval time

2'3/Fc (Approx. 0.82 ms)
215/Fcy (Approx. 3.3 ms)
2'8/Fc (Approx. 26.2 ms)
222/F (Approx. 419.4 ms)

2/Fcy (0.2us)

Fcn: Main clock oscillation
Values in () shows the interval time when the main clock operates with 10 MHz oscillation.
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B Clock Supply Function

5.1 Overview of the Timebase Timer

The clock supply function supplies operating clocks for the timer outputs (three types) of the
main clock oscillation stabilization wait time and for some peripheral functions.

Table 5.1-2 "Clocks Supplied from the Timebase Timer" lists the cycles of clocks supplied to
each peripheral function from the timebase timer.

Table 5.1-2 Clocks Supplied from the Timebase Timer

Clock supply destination

Clock cycle

Remarks

Main clock oscillation
stabilization wait time

2'%/Fcy (Approx. 1.64 ms)

217/FCH (Approx. 13.10 ms)

2'8/Fyy (Approx. 26.20 ms)

Selected by the oscillation stabilization wait
time select bits (SYCC: WT1, WTO) of the
system clock control register in the clock
controller

Watchdog timer

221/F (Approx. 209.7 ms)

Count-up clock of the watchdog timer

A/D converter

28/FCH (Approx. 25.5 us)

Clock for continuous start

Fch: Main clock oscillation

Values in () shows the interval time when the main clock operates with 10 MHz oscillation

Note:

The oscillation cycle is unstable just after the oscillation start and the oscillation stabilization
wait time serves as a guideline.
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CHAPTER 5 TIMEBASE TIMER

5.2 Configuration of the Timebase Timer

The timebase timer is made up of the following four blocks:
¢ Timebase timer counter

e Counter clear circuit

¢ Interval timer selector

¢ Timebase timer control register (TBTC)

B Block Diagram of the Timebase Timer

Figure 5.2-1 Block Diagram of the Timebase Timer

To A/D converter

Timebase timer counter
To watchdog timer

Divide-by-two - |x 2" [x 22 |x 23« - »
of FcH :

Counter clear

To oscillation
stabilization wait time
selector of clock

controller
OF OF
Watchdog timer clear «—— s OF OF
Power-on reset — Gount _\L -
Subclock mode start —> Ioun er " Interval timer
Stop mode start —{ Clearcireul selector <
(in main clock mode) T
IRQE
Timebase timer interrupt@—C
OF: Overflow TBOF|TBIE| — - — |TBC1|TBCO| TBR

FcH: Main clock oscillation - - -
Timebase timer control register (TBTC)

O Timebase timer counter
21-bit up-counter using the count clock of divide-by-two of the main clock oscillation. This
counter stops operating when the main clock oscillation stops.

O Counter clear circuit

Clears the counter when, in addition to the setting (TBTC: TBR=0) by the TBTC register, a
transition to the main stop mode (STBC: STP=1) or subclock mode (SYCC: SCS=0), or a
power-on reset occurs.
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5.2 Configuration of the Timebase Timer

O Interval timer selector

Circuit to select one bit for the interval timer from four bits of the timebase timer counter. The
overflow of the selected bit causes an interrupt.

O Timebase timer control register (TBTC)

This register is used to select the interval time, clear the counter, control interrupts, and check
the states.
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5.3 Timebase Timer Control Register (TBTC)

The timebase timer control register (TBTC) is used to select the interval time, clear the
counter, control interrupts, and check the state.

H Timebase Timer Control Register (TBTC)

Figure 5.3-1 Timebase Timer Control Register (TBTC)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1  bit0 Initial value

000AH |TBOF|TBIE| — - — |TBC1|TBCO| TBR | 00---0008B
R/W R/W R/W RW W
Timebase timer initialization bit
TBR -
Read Write
0 _ Clear the counter of
the timebase timer
"1" is always read No change and no
1
effects on others
TBC1|TBCO Interval time select bits
0 0 213/FcH
0| 1 215/FcH
10 218/FcH
1 1 222/FCH
FcH: Main clock oscillation
TBIE Interrupt request enable bit

0 | Prohibit interrupt request output
1 Allow interrupt request output

Overflow interrupt request flag bit

TBOF -
Read Write
R/W : Read/write enabled No overflow of
) 0 . .
W :Write only specified bit Clear this bit
- : Unused -
L Overflow of specified |No change and no
:l ‘Initial value 1 bit effects on others
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5.3 Timebase Timer Control Register (TBTC)

Table 5.3-1 Explanation of Functions of Each Bit of the Timebase Timer Control Register (TBTC)

bit

Bit name Function
This bit is set to "1" if the specified bit of the counter of the
timebase timer overflows.
TBOF: If both this bit and the interrupt enable bit (TBIE) are "1",
Bit 7 Overflow interrupt request an interrupt request is output.
flag bit If "0" is written into this bit, the counter is cleared. If "1"is
written, no change occurs and operations are not
affected.
TBIE: Bit to allow/prohibit interrupt request output to CPU. If
Bit 6 Interr.upt request enable bit both this bit and the overflow interrupt request flag bit
(TBOF) are "1", an interrupt request is output.
Bit 5 The read value is undefined.
Bit 4 Unused bits Writing has no effect on operation.
Bit 3
Bits to select the interval timer cycle
Bit 2 TBC1, TBCO: Bits for the interval timer of the counter of the timebase
Bit 1 Interval time select bit timer are specified.
Four kinds of interval time can be selected.
Bit to clear the counter of the timebase timer
. If "0" is written into this bit, the counter is cleared to
TBR: "0000004". If "1" is written, no change occurs and
Bit 0 Timebase timer initialization H - ’ 9

operations are not affected.

Reference:

"1" is always read.
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5.4 Timebase Timer Interrupt

As an interrupt source of the timebase timer, an overflow of the specified bit of the
timebase timer counter is available (interval timer function).

B Interrupt when the Interval Timer Function is Active

If an overflow of the selected interval timer bit occurs after the counter is counted up by the
internal count clock, the overflow interrupt request flag bit (TBTC: TBOF) is set to "1". At this
time, if the interrupt request enable bit is set (TBTC: TBIE=1), an interrupt request to CPU
(IRQE) is generated. Clear the interrupt request by writing "0" into the TBOF bit using an
interrupt processing routine. The TBOF bit is set whenever an overflow of the specified bit
occurs regardless of the value of the TBIE bit.

Note:

To allow interrupt request output (TBTC: TBIE=1) after releasing a reset, clear (TBTC:
TBOF=0) the TBOF bit at the same time.

Reference:

If the TBIE bit is changed from prohibition to permission (0 --> 1) when the TBOF bit is "1",
an interrupt request is issued immediately.

If the counter clear (TBTC: TBR=0) and an overflow of the selected bit occur at the same
time, the TBOF bit is not set.

B Oscillation Stabilization Wait Time and Timebase Timer Interrupts

If interval time shorter than the oscillation stabilization wait time of the main clock is set, an
interval interrupt request (TBTC: TBOF=1) of the timebase timer is generated when the
operation in main clock mode starts. In this case, prohibit (TBTC: TBIE=0) interrupts of the
timebase timer when making a transition to a mode in which the oscillation of the main clock
stops (main stop and subclock modes).

B Register and Vector Table Related to the Timebase Timer Interrupts
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Table 5.4-1 Register and Vector Table Related to the Timebase Timer Interrupts

Interrupt Interrupt level setting register Vector table address
name
Register Bit to be set Upper Lower
IRQE ILR4 (007E) LE1 (bit 5) LEO (bit 6) FFDEy FFDFy

For the interrupt operations, see Section 3.4.2 "Interrupt Processing".



5.5 Operation of the Timebase Timer

5.5 Operation of the Timebase Timer

The timebase timer provides the interval timer function and supplies the clock to part
of the peripheral functions.

B Operation of the Interval Timer Function (Timebase Timer)

The setting in Figure 5.5-1 "Setting of the Interval Timer Function" is required for the operation
of the interval timer function.

Figure 5.5-1 Setting of the Interval Timer Function

bit7 bit6 bits5 bit4 bit3 bit2 bit1  bit0

TBTC [TBOF|TBIE| — | — | — |TBC1|TBCO| TBR ©: Bit used
1:1isset
0 1 © © 0 0 :0is set

The counter of the timebase timer continues to count up provided the main clock oscillates in
synchronization with the internal count clock (divide-by-two of the main clock oscillation).

If the counter is cleared (TBR=0), it starts counting up from "0". If an overflow of the bit for the
interval timer occurs, "1" is set to the overflow interrupt request flag bit (TBOF). That is, starting
when clearing occurs, an interrupt request is generated at regular intervals of the selected time.

B Operation of the Clock Supply Function

The timebase timer is also used as a timer to generate the oscillation stabilization wait time of
the main clock. Counting of the oscillation stabilization wait time starts when the counter of the
timebase timer is cleared and ends when an overflow of the bit for oscillation stabilization wait
time occurs. Three kinds of oscillation stabilization wait time can be selected by the setting of
the oscillation stabilization wait time select bits (SYCC: WT1, WTO) of the system clock control
register.

The timebase timer supplies the clock to the watchdog timer and A/D converter, and LCD
controller/driver. When the counter of the timebase timer is cleared, operations of the
continuous activation cycles of the A/D converter are affected. If the timebase timer counter is
cleared by changing to main clock operation (STBC:STP = 1) or by changing to subclock
operation (STCC:SCS = 0) when timebase timer output is selected (WDTC:CS = 0), the counter
of the watchdog timer is cleared at the same time.
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CHAPTER 5 TIMEBASE TIMER

B Operations of the Time-based Timer

152

Figure 5.5-2 "Operations of the Timebase Timer" shows the operations in the following states:
* When a power-on reset occurs

* When a transition to the sleep mode occurs during operation of the interval timer function in
main clock mode

* When a transition to the main stop mode occurs
* When the counter clear is requested

In subclock mode and main stop mode, the timebase timer is cleared and its operation is
stopped. When returning from the subclock mode or main stop mode, the oscillation
stabilization wait time is counted by the timebase timer.

Figure 5.5-2 Operations of the Timebase Timer

Counter value

TFFFFFH oo e Clearing by transition to the
main stop mode

Oscillation stabilization
wait overflow

00000H
CPU operation : Interval cycle i : Counter clear

Power-on reset (option) : : : . :

iClear by an interrupt processing: routine
TBOF bit |_| I_l

TBIE bit | T Sloen |
e
SLP bit f |.

(STBC register) ; : ! Stop !
:Sleep release by IRQ7 «—>
STP bit : : :

(STBC register)

Stop release by an external interrupt

When "118" is set to the interval time select bits (TBTC: TBC1, TBCO) of the timebase timer control register
(222/FcH).

[_]:Indicates the oscillation stabilization wait time




5.6 Notes on Using the Timebase Timer

5.6 Notes on Using the Timebase Timer

The following describes the precautions to take when using the timebase timer.

H Notes on Using the Timebase Timer

O Precautions when setting the timebase timer with programs

Because it is impossible to return from interrupt processing if the interrupt request flag bit
(TBTC: TBOF) is "1" and the interrupt request enable bit (TBTC: TBIE=1) is allowed, the TBOF
bit must be cleared.

O Clearing the timebase timer

The timebase timer is cleared, in addition to clearing by the timebase timer initialization bit
(TBTC: TBR=0), when the oscillation stabilization wait time of the main clock is required. If the
timebase timer is selected (WDTC: CS=0) as the count clock of the watchdog timer, the
watchdog timer is cleared when the timebase timer is cleared.

O Using the timebase timer as a timer for the oscillation stabilization wait time

Since the main clock oscillation is stopped when the power is turned on or is in main stop mode
or subclock mode, the oscillator takes the oscillation stabilization wait time of the main clock.
The appropriate oscillation stabilization wait time must be selected according to the type of
resonator connected to the oscillator (clock generator) of the main clock.

For details, see Section 3.6.5 "Oscillation Stabilization Wait Time"

O Precautions for peripheral functions to which the clock is supplied from the timebase
timer

In a mode in which the main clock oscillation stops, the counter is cleared and the timebase
timer stops its operation. In addition, if the counter of the timebase timer is cleared, the "H"
level period of the clock supplied by the timebase timer may become shorter or its "L" level
period may become longer by half a cycle at the most, since the clock is output from the initial
state. The clock for the watchdog timer is also output from the initial state. However, the
watchdog timer counter is cleared at the same time and the watchdog timer operates in normal
cycles.
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5.7 Program Example of the Timebase Timer

The following shows a program example of the timebase timer.

B Program Example of the Timebase Timer

154

O Processing specifications

Generate the interval timer interrupt of 218/FCH (Fch: main clock oscillation) repeatedly. The

interval time at this time is about 26 ms (for 10 MHz operations).

O Coding example

TBTC EQU
TBOF EQU
ILR4 EQU

INT V DSEG
ORG

IRQE DW

INT V ENDS

CSEG

CLRI
MOV
MOV

SETI

;----Interrupt program

WARI CLRB

PUSHW

XCHW

PUSHW

0000AH
TBTC:7

007EH

ABS
OFFDEH
WART

ILR4,#11011111B
TBTC,#01000100B

TBOF
A
A,T
A

User processing

POPW
XCHW
POPW
RETI
ENDS

A
A, T
A

; Address of the timebase timer control

Definition of overflow interrupt request
flag bit

; Address of the interrupt level setting

register 4
[DATA SEGMENT]

Setting interrupt vector

[CODE SEGMENT]
Stack pointer (SP) and other are
assumed to have been initialized

Interrupt disable

Setting interrupt level (level 1)
Clearing the overflow interrupt request
flag, enabling the interrupt request

output, selecting 218/FCH, and
clearing the timebase timer
Interrupt enable

Clearing interrupt request flag



CHAPTER6 WATCHDOG TIMER

This chapter describes the functions and operations of the watchdog timer.

6.1
6.2
6.3
6.4
6.5
6.6

"Overview of the Watchdog Timer"
"Configuration of the Watchdog Timer"
"Watchdog Timer Control Register (WDTC)"
"Operation of the Watchdog Timer"

"Notes on Using the Watchdog Timer"

"Program Example of the Watchdog Timer"
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CHAPTER 6 WATCHDOG TIMER

6.1

Overview of the Watchdog Timer

The watchdog timer is a 1-bit counter which accepts the output of either the timebase
timer operating with the main clock or the watch prescaler operating with the subclock
as the count clock. If the watchdog timer is not cleared for a specified period of time
after activation, CPU is reset.

B Watchdog Timer Function

156

The watchdog timer is a counter against program runaway. Once the watchdog timer is
activated, it is necessary to continue clearing it periodically within a specified period of time. If
the watchdog timer is not cleared for a specified period of time, for example, because the
program slips into an endless loop, a watchdog reset of the four instruction cycles is generated
to CPU.

As the count clock of the watchdog timer, the output of either the timebase timer or watch
prescaler can be selected.

The interval time of the watchdog timer is as listed in Table 6.1-1 "Interval Time of the Watchdog
Timer". If the watchdog timer is not cleared, a watchdog reset occurs between the minimum
and maximum times. Clear the counter within the minimum time of this table.

Table 6.1-1 Interval Time of the Watchdog Timer

Count clock
Timebase timer output (for main watch prescaler output (for
clock oscillation 10 MHz) subclock oscillation 32. 768 kHz)
Minimum time Approx. 209.7 ms(?) 500 ms(2)
maximum time Approx. 419.4 ms 1000 ms

*1: Divide-by-two of the main clock oscillation (Fcy) x count of the timebase timer (221)
*2: Cycle of the subclock oscillation (Fg;) x count of the watch prescaler (214)

For the minimum and maximum times of the interval time of the watchdog timer, see Section 6.4
"Operation of the Watchdog Timer"

Note:

The watchdog timer counter is cleared as soon as the timebase timer is cleared (TBTC:
TBR = 0) when the timebase timer output is selected for the count clock. The watchdog
timer counter is also cleared as soon as the watch prescaler is cleared (WPCR: WCLR = 0)
when the watch prescaler is selected for the count clock. Thus, if the counter used as the
count clock (timebase timer or watch prescaler) is cleared repeatedly within the watchdog
timer interval time, it does not function as the watchdog timer.

Reference:

If a transition to the sleep mode, stop mode, or watch mode occurs, the counter of the
watchdog timer is cleared and will not operate until normal operation (RUN state) is
resumed.



6.2 Configuration of the Watchdog Timer

6.2 Configuration of the Watchdog Timer

The watchdog timer is made up of the following six blocks:

Count clock selector

Watchdog timer counter

Reset control circuit

Watchdog timer clear selector
Counter clear control circuit

Watchdog timer control register (WDTC)

B Block Diagram of the Watchdog Timer

Figure 6.2-1 Block Diagram of the Watchdog Timer

Watchdog control register (WDTC)

Clear signal from
the timebase timer

Clear signal from
the watch prescaler

Sleep mode start

1-bit counter

]
| Watchdog

timer clear
selector

cs | — | — | — |WTE3|WTE2|WTE1|WTEO
| | | |
221/FcH
(Timebase Watchdog timer
timer output)
Count clock
2"/FeL selector c
lear

(Watch prescaler _‘ Start
oupuy Overflow

Counter

clear control

Stop mode start

Watch mode start

Fcu: Main clock oscillation
FcL: Subclock oscillation

circuit

Reset
control
circuit

O Count clock selector

The count clock selector selects the count clock of the watchdog timer counter. As the count
clock, the output of either the timebase timer or the watch prescaler can be selected.

O Watchdog timer counter (1-bit counter)

The watchdog timer counter is a 1-bit counter whose count clock is the output of either the

timebase timer or the watch prescaler.
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158

O Reset control circuit

The reset control circuit generates a reset signal to CPU when an overflow of the watchdog
timer counter occurs.

Watchdog timer clear selector

The watchdog timer clear selector selects the watchdog timer clear signal from the timebase
timer or watch prescaler simultaneously with the count clock selector.

Counter clear control circuit

The counter clear control circuit controls the watchdog timer counter clearing and operation
stop.

Watchdog timer control register (WDTC)

The watchdog timer control register is used to select the count clock and activate/clear the
watchdog timer counter. Since this register is write only, bit manipulation instructions cannot be
used.



6.3 Watchdog Timer Control Register (WDTC)

6.3 Watchdog Timer Control Register (WDTC)

The watchdog timer Control Register (WDTC) is used to activate/clear the watchdog
timer.

B Watchdog Timer Control Register (WDTC)

Figure 6.3-1 Watchdog Timer Control Register (WDTC)

Address bit7 bit6 bit5 bit4 Dbit3 bit2 bit1  bit0 Initial value
0009H CS - - — |WTE3|WTE2|WTE1|WTEO| 0---XXXXB
W W W W W
I I I J
L WTE3|WTE2 | WTE1 | WTEO Watchdog control bit
- Activate watchdog timer
0 1 0 1 (for the 1st write after reset)
- Clear watchdog timer
(for the 2nd and later write after reset)
Otherwise No operation
CS Count clock switch bit
0 | Timebase timer output cycle (221/FcH 1)
W :write only 1 | Watch prescaler output cycle (214/FcL *2)
— :Unused
X :Undefined
[] : Initial value

(Note) Since this register is write only, bit manipulation instructions cannot be used.
*1: FcH: Main clock oscillation
*2: FcL : Subclock oscillation
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Table 6.3-1 Explanation of the Functions of Each Bit of the Watchdog Timer Control Register (WDTC)

Bit name Function

* Select the count clock of the watchdog timer when
activating the watchdog timer.

¢ As the count clock, the output of either the timebase timer
or the watch prescaler can be selected.

cs: Note:
Bit 7 ) . . e To use the subclock mode, select the output of the watch
Count clock switch bit
prescaler.

e Select the count clock simultaneously with activation of
the watchdog timer and do not change it after the
activation.

¢ Bit manipulation instructions cannot be used.

Bit 6 * The read value is undefined.
Bit 5 Unused bist e Writing has no effect on operation.
Bit 4
* 1f"0101g" is written into these bits, the watchdog timer is
activated (the 1st write after reset) or cleared (the 2nd or
Bit 3 later write after reset).
Bit 2 wigg WTE2, WTET, * Writing anything other than "0101g" does not affect
Bit 1 Watchaog control bit operations.
Bit 0 Note:

"1111g" is read. Bit manipulation instructions cannot be
used.
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6.4 Operation of the Watchdog Timer

The watchdog timer generates a watchdog reset when the watchdog timer counter
overflows.

B Operation of the Watchdog Timer

O Activating the watchdog timer

* The watchdog timer can be activated by writing the 1st "0101g" into the watchdog control bits

(WDTC: WTES to 0) of the watchdog timer control register after a reset. At this time, specify
the count clock switch bit (WDTC: CS) simultaneously.

* A watchdog timer that is activated can only be stopped by a reset.

O Clearing the watchdog timer

* The counter of the watchdog timer can be cleared by writing the 2nd or subsequent "0101g"

into the watchdog control bits (WDTC: WTE3 to 0) of the watchdog timer control register
after a reset.

¢ If the counter is not cleared within the interval time of the watchdog timer, an overflow of the
counter occurs and an internal reset signal of the four instruction cycles is generated.
O Watchdog timer interval time

The interval time is changed by the timing of clearing the watchdog timer. Figure 6.4-1
"Watchdog Timer Clearing and Interval Time" shows the relations between the clearing timing of
the watchdog timer and the interval time when the output of the timebase timer is selected as
the count clock (if the main clock oscillation is 10 MHz).
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Figure 6.4-1 Watchdog Timer Clearing and Interval Time

Minimum time . 209.7ms |
r l

Timebase timer _,—|_|—|_,—
count clock output T !

Watchdog clear Overflow
Watchdog 1 bit counter :
Watchdog reset |_|
Maximum time 419.4ms

r 7
Timebase timer _,_l_,_|_|_
count clock output : :

Watchdog clear Overflow

Watchdog 1 bit counter _L J
Watchdog reset | |




6.5 Notes on Using the Watchdog Timer

6.5 Notes on Using the Watchdog Timer

The following describes the precautions to take when using the watchdog timer.

Bl Notes on Using the Watchdog Timer

O Stopping the watchdog timer

A watchdog timer that is activated can only be stopped by a reset.

O Selecting the count clock

The count clock switch bit (WDTC: CS) can be rewritten only if "0101g" is written into the

watchdog control bits (WDTC: WTE3 to 0) when the watchdog timer is activated. Thus, a write
operation by bit manipulation instructions is not possible. Do not change the settings after
activation.

Since the main clock oscillation stops in subclock mode, the timebase timer does not operate.
To enable operation of the watchdog timer in subclock mode, the watch prescaler (WDTC:
CS=1) must be selected as the count clock in advance.

O Clearing the watchdog timer

e If the counter (timebase timer or watch prescaler) used as the count clock of the watchdog
timer is cleared, the counter of the watchdog timer is cleared at the same time.

e |f a transition to the sleep mode, stop mode, or watch mode occurs, the counter of the
watchdog timer is cleared.
O Precautions when creating a program

When creating a program in which the watchdog timer is cleared repeatedly in the main loop,
the processing time of the main loop including interrupt processing must be equal to or less than
the minimum watchdog timer interval time.

O Operations in subclock mode

If a watchdog reset occurs in subclock mode, operation starts in main clock mode after taking
the oscillation stabilization wait time. At this time, a reset signal is output during oscillation
stabilization wait time.
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6.6 Program Example of the Watchdog Timer

The following shows a program example in which the watchdog timer is used.

B Program Example of the Watchdog Timer

O Processing specifications
» Select the watch prescaler just after starting the program to activate the watchdog timer.
* Clear the watchdog timer each time in a loop of the main program.

* The main loop must make a round in less than the interval minimum time (about 209.7 ms
for 10 MHz operation), including the interrupt processing time, of the watchdog timer.
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6.6 Program Example of the Watchdog Timer

O Coding example (comply with Softune V1)

WDTC EQU 00009H ;

WDT_CLR EQU 10000101B

VECT DSEG ABS ;
ORG OFFFEH

RST_V D PROG i

VECT ENDS

;----Main program------------—-—-—---
CSEG ;

PROG ;
MOVW SP, #0280H ;

Initializing interrupt or

INIT MOV WDTC, #WDT_CLR ;

MAIN MOV WDTC, #WDT_CLR ;
User processing (interrup

JMP MAIN ;

Address of the watchdog timer control register
[DATA SEGMENT]

Setting reset vector

[CODE SEGMENT]

Initialization routine for reset
Setting initial value of stack pointer
(for interrupt)

other peripheral functions

Activating watchdog timer Selection of the
watch prescaler as the count clock

Clearing watchdog timer
t may occur in this processing.)
Ensure that the time necessary for running

the loop is shorter than the minimum time
interval of the watchdog timer.
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CHAPTER7 WATCH PRESCALER

This chapter describes the functions and operations of the watch prescaler.

7.1
7.2
7.3
7.4
7.5
7.6
7.7

"Overview of the Watch Prescaler"
"Configuration of the Watch Prescaler"
"Watch Prescaler Control Register (WPCR)"
"Watch Prescaler Interrupt”

"Operation of the Watch Prescaler"

"Notes on Using the Watch Prescaler"

"Program Example of the Watch Prescaler"
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CHAPTER 7 WATCH PRESCALER

7.1

Overview of the Watch Prescaler

The watch prescaler is a 17-bit free-run counter that counts up in synchronization with
the subclock generated in the clock generator and has an interval timer function that
provides for the selection of six kinds of interval time.

The watch prescaler also supplies the timer output of subclock oscillation stabilization
wait time and the operating clock of the watchdog and other timers.

B Interval Timer Function (Watch Interrupt)

168

The interval timer function is a function used to generate an interrupt repeatedly at regular
intervals using the subclock as the count clock.

* Aninterrupt is generated by divide-by output for the interval timer of the watch prescaler.
» Six kinds of divide-by output (interval time) for the interval timer can be selected.
* The counter of the watch prescaler can be cleared.

Table 7.1-1 "Interval Time of the Watch Prescaler" lists the interval time of the watch prescaler.

Table 7.1-1 Interval Time of the Watch Prescaler

Subclock cycle Interval time

210/F5, (31.25 ms)

2'3/F;, (0.25's)

2'%/FcL (0.50 s)

1/FcL (Approx. 30.5 us)

2'6/F;, (2.00 s)

(

(

(
215/F5. (1.00 s)

(

(

2"7/FcL (4.00 s)

FcL: Subclock oscillation
Values in () represent the interval time when the subclock oscillation is operating at
32.768 kHz.

Note:

The watch prescaler cannot be used when the single clock system is selected for option
setting.



7.1 Overview of the Watch Prescaler

B Clock Supply Function

The clock supply function of the watch prescaler is a function used to supply the timer output
(one) for oscillation stabilization wait time of the subclock and the clock for the watchdog timer.

Table 7.1-2 "Clocks Supplied from the Watch Prescaler" lists the clock cycles supplied to each
peripheral function from the watch prescaler.

Table 7.1-2 Clocks Supplied from the Watch Prescaler

Subclock supply destination Subclock cycle Remarks

Do not make a transition to the
215/FC|_ (1.00 s) | subclock mode during oscillation
stabilization wait time

Subclock oscillation stabilization
wait time

Count-up clock of the watchdog

Watchdog timer 2'%/F5 (0.50 s) fmer

FcL: Subclock oscillation
Values in () represent the subclock cycles when the subclock oscillation is operating at
32.768 kHz.

Reference:

Because the oscillation cycles are unstable just after the oscillation starts, the oscillation
stabilization wait timer serves as a guideline.
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7.2 Configuration of the Watch Prescaler

The watch prescaler comprises the following blocks:
e watch prescaler counter

e Counter clear circuit

¢ Interval timer selector

e watch prescaler control register (WPCR)

B Block Diagram of the Watch Prescaler

Figure 7.2-1 Block Diagram of the Watch Prescaler

Watch prescaler counter

ﬁ To watchdog timer

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

FCL >(21 X22 X 23 X24 X25 >(26 X27 X28 X29 X210 ><211 x212 x213 x214 ><215 x216 X2W
(31.25ms)
(0.25s) To oscillation stabilization
wait timer selector in
(0.5s) clock controller
Interval (1.0s)
1 _\L —{timer (2.0s) Watchdog timer clear
selector (4.0s)
Counter <— Power-on reset

IRQF watch clear circuit [<— StoP rl:oldekStaﬂd
prescaler interrupt | (in subclock mode)
Watch prescaler control
register (WPCR) WIF | WIE - — | WS2 | WS1 | WSO |WCLR

FcL: Subclock oscillation
Values in () represent the cycles when the subclock oscillation is operating at 32.768 kHz.

O Watch prescaler counter

17-bit up-counter using the subclock oscillation as the count clock.

O Counter clear circuit

The counter clear circuit clears the counter when, in addition to the setting by the WPCR
register (WPCR: WCLR=0), a transition to the sub-stop mode (STBC: STP=1) or an optional
power-on reset occurs.

O Interval timer selector

Circuit to select one divide-by output from four kinds of divide-by output from the watch
prescaler counter. The falling edges of the selected divide-by output become an interrupt
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7.2 Configuration of the Watch Prescaler

source.

O Watch prescaler control register (WPCR)

This register is used to select the interval time, clear the counter, control interrupts, and check
status.
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7.3 Watch Prescaler Control Register (WPCR)

The watch prescaler control register (WPCR) is a register used to select the interval
time, clear the counter, control interrupts, and check status.

B Watch Prescaler Control Register (WPCR)

Figure 7.3-1 Watch Prescaler Control Register (WPCR)

Address bit7  bit6é  bit5 bit4 bit3 bit2 bit1  bit0 Initial value

000BH WIF | WIE | — — | WS2 | WS1 | WSO |WCLR| 00--00008

RW R/W RW RW RW RW

]

Watch prescaler clear bit

Read Write
0 — Clear the watch prescaler
1 |"1"is always read No change and does not
affect others

WS2|WS1|WS0| Watch interrupt interval time select bit

0|0]|O 210/FcL 31.25ms

0| 0|1 213/FcL 0.25s

0 1 0 214/FcL 05s

0|1 1 215/FcL 1.0s

1 0| O 216/FcL 20s

1 0 1 217/FcL 40s

FcL: Subclock oscillation

WIE Interrupt request enable bit

0 | Prohibit interrupt request output

1 Allow interrupt request output

Watch interrupt request flag bit
Read Write
0 [No interval interrupt Clear this bit

1 |Interval interrupt present | No change and does
not affect others

R/W: read/write enabled
: Unused
[ : Initial value
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Table 7.3-1 Explanation of the Functions of Each Bit of the Watch Prescaler Control Register (WPCR)

Bit name Function

e "1"is set by the falling edges of the selected divide-by
output for interval timer.

: WIF: . * |f both this bit and the interrupt request enable bit (WIE)
Bit 7 Watch interrupt request flag wqn . .
bit are "1", an interrupt request is output.
e This bit is cleared if "0" is written into this bit. If "1"is
written, no change occurs and no operation is affected.
WIE: ¢ Bit to allow/prohibit interrupt request output to CPU.

Bit 6 Interrupt request enable bit ¢ |f both this bit and the watch interrupt request flag bit
pireq (WIF) are "1", an interrupt request is output.

Bit5 Unused bits * The read value is undefined.
Bit 4 e Writing has no effect on operation.

¢ Bits to select the interval timer cycle

B!t 3 wsz, V.VS1’ WS.0: . ¢ Bits for the interval timer of the counter of the watch
Bit 2 Watch interrupt interval time e
Bit 1 select bit prescaler are specified.
e Six kinds of interval time can be selected.
¢ Bit to clear the counter of the watch prescaler
e If "0" is written into this bit, the counter is cleared to
: WCLR: "00004". If "1" is written, no change occurs and no
Bit 0 . A
watch prescaler clear bit operation is affected.

Reference:
"1" is always read.
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7.4 Watch Prescaler Interrupt

The watch prescaler generates interrupt requests using the falling edges of the
selected divide-by output (interval timer function).

B Interrupt when the Interval Timer Function is Active (Watch Interrupt)

The counter for the watch prescaler counts up using the subclock oscillation. When the
specified interval time passes, if not in main stop mode, the watch interrupt request flag bit
(WPCR: WIF=1) is set to "1". At this time, if the interrupt request enable bit is set (WPCR:
WIE=1), an interrupt request to CPU (IRQF) is issued. Clear the interrupt request to "0" by
writing "0" into the WIF bit using an interrupt processing routine. The WIF bit is set whenever
the specified divide-by output falls regardless of the value of the WIE bit.

Note:

To allow interrupt request output (WPCR: WIE=1) after releasing a reset, clear (WPCR:
WIF=0) the WIF bit at the same time.

Reference:

If the WIE bit is changed from prohibition to permission (WPCR: WIE=0 --> 1) when the WIF
bit is "1", an interrupt request is issued immediately.

If the counter clear (WPCR: WCLR=0) and an overflow of the selected bit occur at the same
time, the WIF bit is not set.

B Oscillation Stabilization Wait Time and Watch Interrupts

If an interval time period shorter than the oscillation stabilization wait time of the subclock is set,
a watch interrupt request (WPCR: WIF=1) of the watch prescaler is issued when returning from
the sub-stop mode following an external interrupt. In this case, prohibit (WPCR: WIE=0)
interrupts of the watch prescaler when making a transition to the sub-stop mode.

B Register and Vector Table Related to the Watch Prescaler Interrupts
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Table 7.4-1 "Register and Vector Table Related to the Watch Prescaler Interrupts" lists the
register and vector table related to the watch prescaler interrupts.

Table 7.4-1 Register and Vector Table Related to the Watch Prescaler Interrupts

Interrupt Interrupt level setting register Vector table address
name
Register Bit to be set Upper Lower
IRQF ILR4 (007En) LF1 (bit 7) LFO (bit 6) FFDCh FFDDy

For interrupt operations, see Section 3.4.2 "Interrupt Processing".



7.5 Operation of the Watch Prescaler

7.5 Operation of the Watch Prescaler

The watch prescaler operates to provide the interval timer function .

B Operation of the Interval Timer Function (Watch Prescaler)

The setting in Figure 7.5-1 "Setting of the Interval Timer Function" is required for the operation
of the interval timer function.

Figure 7.5-1 Setting of the Interval Timer Function

bit7  bit6  bit5 bit4 bit3 bit2 bit1  bit0

WPCR | WIF | WIE | — | — | ws2 | WS1 | WSO |WCLR C?j?iitsussstd
0 1 © © 0 0 0 :0is set

The 17-bit counter of the watch prescaler continues to count up the subclock provided the
subclock oscillates.

If the counter is cleared (WPCR: WCLR=0), it starts to count up from "00004". When "1FFFE"

is reached, counting continues starting from "00004". When the time set with the watch

interrupt interval time selection bit is reached during count-up, if the main stop mode is not in
effect, "1" is set in the watch interrupt request flag bit (WPCR: WIF). That is, starting with the
time when cleared, a watch interrupt request is generated at regular intervals of the selected
time.

B Operation of the Clock Supply Function

The watch prescaler is also used as a timer to generate the oscillation stabilization wait time of
the subclock. Counting of the oscillation stabilization wait time of the subclock (2'%/F¢,, FoL:

subclock oscillation) starts when the watch prescaler is cleared and ends when the highest bit
falls.

175



CHAPTER 7 WATCH PRESCALER

B Operations of the Watch Prescaler

Figure 7.5-2 "Operations of the Watch Prescaler" shows the counter values if a transition to the
sleep mode or stop mode occurs, or the counter clearing is requested when the interval timer
function is operating in subclock mode.

The transition to the watch mode is the same as that to the sub-sleep mode.

Figure 7.5-2 Operations of the Watch Prescaler

Counter value

AFFFFH  peeeomomomon g _ .
Clearing by transition
to the sub-stop mode
0000H ; . . ,
Subclock . Interval cycle : : . Subclock
oscillation : : : : oscti)l_llatiop
stabilization : : : stabilization
wait time © wait time Counter clear

Clearing by an interruptéprocess:ing routine (WPCR: WCLR=0)
WIF bit |_| |_| f f |

Power-on reset

WIE bit [ . Sub-sleepi L.
.
SLP bit _— '

STBC register : : Sub-stop
( 9 ) :Sleep release by IRQF w
STP bit : : :

(STBC register)

Stop release by an external interrupt

If "11g" is set to the interrupt interval time select bits (WPCR: WS1, WS0)
of the watch prescaler control register (215/FcL)
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7.6 Notes on Using the Watch Prescaler

The following describes the precautions when using the watch prescaler.
The watch prescaler cannot be used when a single clock source is specified with the
option setting.

Bl Notes on Using the Watch Prescaler

O Precautions when setting the watch prescaler in programs
It is impossible to return from interrupt processing if the interrupt request flag bit (WPCR: WIF) is
"1" and the interrupt request enable bit is set (WPCR: WIF=1). The WIF bit must be cleared.

O Clearing the watch prescaler

The watch prescaler is cleared, in addition to clearing by the watch prescaler clear bit (WPCR:
WCLR=0), when the oscillation stabilization wait time of the subclock is required.

If the watch prescaler is selected (WDTC: CS=1) as the count clock of the watchdog timer, the
watchdog timer is also cleared when the watch prescaler is cleared.
O Using the watch prescaler as a timer for the oscillation stabilization wait time

Since the subclock oscillation is stopped when the power is turned on or operating in sub-stop
mode, the oscillator takes the oscillation stabilization wait time using the watch prescaler after
activating operations.

Do not make a transition from the main clock mode to the subclock mode during oscillation
stabilization wait time, such as just after power-on.

The oscillation stabilization wait time of the subclock is fixed.

For details, see Section 3.6.5 "Oscillation Stabilization Wait Time".

O Precautions when using watch interrupts
In main stop mode, the watch prescaler performs a count operation but a watch interrupt (IRQF)
does not occur.

O Precautions when using the peripheral functions that use clocks supplied from the
prescaler.

If the counter of the watch prescaler is cleared, the "H" level of the clock supplied by the watch
prescaler is short and its "L" level may be longer by a maximum of 1/2 cycle because the output
originates from the initial state.

Though the clock for the watchdog timer is also output from the initial state, the watchdog timer
works in normal cycles because the counter of the watchdog timer is cleared simultaneously.
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7.7 Program Example of the Watch Prescaler

The following shows a program example of the watch prescaler.

B Program Example of the Watch Prescaler
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O Processing specifications

Generate the watch interrupt of 215/Fg (Fo.:

is about 1 s (for 32.768 kHz operation).

O Coding example

WPCR EQU
WIF EQU
ILR4 EQU

INT V DSEG
ORG OFFDCH
IRQF  DW
INT V ENDS

;----Main program

CSEG

CLRI
MOV
MOV

SETI

;----Interrupt program

WARI CLRB
PUSHW
XCHW
PUSHW

000BH

WPCR:7

007EH

ABS

WARI

ILR4,#10111111B
WPCR, #01000110B

WIF
A
A,T
A

User processing

POPW
XCHW
POPW
RETI
ENDS

A
A,T
A

subclock oscillation) repeatedly. The interval time

; Address of the watch prescaler

control register
Definition of watch interrupt
request flag bit

; Address of the interrupt level

setting register
[DATA SEGMENT]

Setting interrupt vector

[CODE SEGMENT]
Stack pointer (SP) and other are
assumed to have been initialized

Interrupt disable

Setting interrupt level (level 2)
Clearing interrupt request flag,
enabling interrupt request output,

selecting 2'%°/Fq;, and clearing watch

prescaler
Interrupt enable

Clearing interrupt request flag



CHAPTER 8 2-CHANNEL 8-BIT PWM TIMERS

This chapter describes the functions and operation of the 2-channel 8-bit PWM timer.

8.1 "Overview of the 2-Channel 8-Bit PWM Timer (Interval Timer Function)"
8.2 "Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer Function)"
8.3 "Configuration of the 2-Channel 8-Bit PWM Timer"

8.4 "Pins of the 2-Channel 8-Bit PWM Timer"

8.5 "Registers of the 2-Channel 8-Bit PWM Timer"

8.6 "2-Channel 8-Bit PWM Timer Interrupts"”

8.7 "Interval Timer Function Operation"

8.8 "Explanation of the 2-Channel 8-Bit PWM Timer Operation in 8-Bit PWM
Mode"

8.9 "2-Channel 8-Bit PWM Timer Operation in 7-Bit PWM Mode"

8.10 "Explanation of the 2-Channel 8-Bit PWM Timer Operation in CH12PWM
Mode"

8.11 "Explanation of Prescaler Operation of 2-Channel 8-Bit PWM Timer"
8.12 "State of 2-Channel 8-Bit PWM Timer Operation in Each Mode"
8.13 "Notes on Using the 2-Channel 8-Bit PWM Timer Usage"

8.14 "Program Examples of the 2-Channel 8-Bit PWM Timer (Interval Timer
Function)"

8.15 "Program Examples of the 2-Channel 8-Bit PWM Timer (PWM Timer
Function)"
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8.1 Overview of the 2-Channel 8-Bit PWM Timer (Interval Timer
Function)

The 2-channel 8-bit PWM timer consists of two 8-bit PWM timers (CH1 and CH2) that
increment the counter value in synchronization with four internal count clocks. CH1
and CH2 each have an interval timer function that outputs square waves and an 8- or
7-bit resolution PWM timer function. CH1 and CH2 can select any of these functions.
The interval timer function provides two modes: 8-bit timer mode and CK12 mode. In
8-bit timer mode, CH1 and CH2 are used separately. In CK12 mode, CH1 and CH2 are
used combined.

The output cycles of CH1 and CH2 can be used as UART transfer clocks.

B Interval Timer Function (Square Wave Output Function)

The interval timer function is used to repeatedly generate interrupts at arbitrary time intervals.
This function can also output square waves at an arbitrary frequency because it can invert the
output level of a pin (PTO1, PT02 pin) each time an interrupt occurs.

O 8-bit timer mode

* In 8-bit timer mode, the CH1 and CH2 8-bit PWM timers operate independently.
* Interval timer operation is possible with 1 to 28 count clock cycles.
* One of four count clocks can be selected.

Table 8.1-1 "Interval Times and Square Wave Output Ranges (CH1, CH2)" lists the interval
times and square wave output ranges.

Table 8.1-1 Interval Times and Square Wave Output Ranges (CH1, CH2)

Count clock cycle Interval time Square wave output range (Hz)
inst Ttingt to 28tinst 1/(2tpgy) to 1/2(9tinst)
Internal Blinst 23tinst to 2' 1tins;t 1/(24tinst) to 1/2(12tinst)
count clock 16ting 2%, 10 212 1/(2Ptngp) 10 1/2(*3tnp)
B4tinst 26tinst to 214tinst 1/(27tinst) to 1/2(15tinst)

tinst: Instruction cycle (affected by the clock mode and other factors)
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Reference:
[Example of calculating interval time and square wave frequency]

When the oscillation (Fgy) of the main clock is 10 MHz, the value of the PWM compare
register (COMR) is DDy(221), and the count clock cycle is 1 tj,¢, and the interval timer
function is used continuously without modifying the COMR register value, the interval time
and the square wave frequency output to the PWM pin are calculated as shown below.

Note, however, that the calculated values are valid only when the fastest clock (SYCC: CS1,
CSO0 = 11, 1 instruction cycle = 4/F) available in main clock mode (SYCC: SCS = 1) is
selected with the system clock control register (SYCC).

Interval time = (1 x 4/FcH) x (COMR register value + 1)
= (4/10MHz) x (221+1)
=88.8us

Output frequency = FcH/ (1 x 8 x (COMR register value + 1))
= 10MHz/ (8 x (221 + 1))
= 5.63kHz

O CK12 mode

CK12 mode is the mode in which CH1 and CH2 are combined. In this mode, the CH1 square
wave output is used as the CH2 count clock.

¢ For CH1 and CH2, interval timer operation from 1 to 28count clock cycles is possible.
e For CH1, one of four count clocks can be selected.
e The CH2 count clock is provided by the CH1 square wave output.

Table 8.1-2 "Interval Times and Square Wave Output Ranges" lists the interval times and
square wave output ranges.

Table 8.1-2 Interval Times and Square Wave Output Ranges

Count clock cycle Interval time Squa:aenvs\’lz\/(z:)utput
1tinst 1tinst to 28tinst 1/(2t|nst) to 1/2(9tinst)
8tinst 23tinst to 211tinst 1/(2 t|nst) to 1/2(12t|nst)

CHA1 Internal count clock 2 P s 3
16tinst 2Minst 10 2 “tingt 1/(2%tjngt) t0 1/2("tingt)

64t, 26t to 214, 1/(2t:,¢p) to 1/2(1%;
inst inst o inst ( |nst) o ( |nst)
CH2 | CH1 square wave output it 10 215t 2tingt 10 223t 1/(2%tjnp) t0 1/2(3*insr)

tinst: INstruction cycle (affected by the clock mode and other factors)
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Reference:
[Example of calculating the interval time and square wave frequency]

When the oscillation (Fgy) of the main clock is 10 MHz, the values of both PWM compare
registers 1 and 2 (COMR1 and COMRZ2) are "DDy(221)," and the CH1 count clock cycle is 1
tinst @and the interval timer function is used continuously without modifying the values of the

COMR registers, the interval time and the square wave frequency output to the PWM pin are
calculated as shown below:

Note, however, that the calculated values are valid only when the fastest clock (CS1, CS0 =
11p, 1 instruction cycle = 4/Fcy) available in main clock mode (SCS = 1) is selected with the
system clock control register (SYCC).

CH1 Interval time = (1 x 4/FcH) x (COMR1 register value + 1)
= (1 x 4/10MHz) x (221+1)
=88.8us

CH?1 output frequency = FcH/ (1 x 8 x (COMR1 register value + 1))
=10MHz/ (1 x 8 x (221 + 1))
= 5.63kHz

CH2 Interval time = (1 x 4/CH1 output frequency) x (COMR2 register value + 1)
= (1 x 4/5.63kHz) x (221+1)
=157.7ms

CH2 output frequency = CH1 output frequency/ (1 x 8 x (COMR2 register value + 1))
=5.63kHz/ (1 x 8 x (221 + 1))
= 3.17Hz



8.2 Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer Function)

8.2 Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer

Function)

The 2-channel 8-bit PWM timer consists of two 8-bit PWM timers (CH1 and CH2) that
increment the counter value in synchronization with four internal count clocks. CH1

and CH2 each have an interval timer function that outputs square waves and an 8- or
7-bit resolution PWM timer function. CH1 and CH2 can select any of these functions.

Bl Overview of 2-Channel 8-Bit PWM Timer (PWM Timer Function)

The PWM timer function supports 8-bit PWM mode, 7-bit PWM mode (high-speed mode), and
CH12PWM mode. The 8-bit PWM mode uses CH1 and CH2 separately. The CH12PWM mode
generates a PWM wave on the assumption that CH1 is the "L" width and CH2 is a cycle. ltis
also possible to operate CH1 in 8-bit timer mode and select square wave output as the CH2
count clock (CK12PWM mode).

The 2-channel 8-bit PWM timer can be used as a D/A converter by connecting a low-pass filter

to the PWM output.

Figure 8.2-1 Example of Using the 2-Channel 8-Bit PWM Timer as a D/A Converter by Connecting a Low-
Pass Filter to PWM Output

PTO pin —

Analog output (Va)

PWM output
]
] Wy T

Analog output waveform

L

R

" ™

Va

Vee

1

Tr

PWM output waveform

Vee —|

Tu 5 T

C

rhr

Relationship between analog output voltage
and PWM output waveform

Va/Vee = Tu/T

Tr indicates the time required until the output
becomes stable.

183



CHAPTER 8 2-CHANNEL 8-BIT PWM TIMERS

Reference:
[Example of calculating the PWM wave (CH12PWM mode)]

When the oscillation (Fgy) of the main clock is 10 MHz, the values of the PWM compare
registers (COMR1 and COMR2) are 01y and 03y, respectively, and each count clock cycle
is 1 tj,st, the PWM wave is calculated as shown below.

Note, however, that the calculated values are valid only when the fastest clock (SYCC: CS1,
CSO0 = 11, 1 instruction cycle = 4/F¢y) of the main clock (SYCC: SCS = 1) mode is selected

with the system clock control register (SYCC).

“L" width = (1 x 4/FcH) x (COMRH1 register value + 1)
= (1 x 4/10MHz) x (1+1)
=0.8us

1-cycle width = (1 x 4/FcH) x (COMR2 register value + 1)
(1 x 4/10MHz) x (3+1)
1.6 us

H PWM Timer Function
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The PWM timer function controls the "H" width of one cycle or controls the "L" width and cycles
independently to output a PWM wave to the PTO1 or PT02 pin. This function can also be used
to provide a D/A converter by connecting a low-pass filter to the PWM output.

When used independently, CH1 and CH2 each can select 8-bit PWM mode and 7-bit PWM
mode (high-speed mode).
8-bit PWM mode

¢ PWM waves can be output at a duty ratio of 0 to 99.6% because the "H" width of one cycle
can be controlled at a resolution of 1/256.

* A PWM wave cycle is 28 count clock cycles. Four PWM wave cycles are provided, one of
which can be selected.

7-bit PWM mode (high-speed mode)

* PWM waves can be output at a duty ratio of 0 to 99.2% because the "H" width of one cycle
can be controlled at a resolution of 1/128.

* A PWM wave cycle is 27 (1/2 of 8-bit PWM mode) times the count clock cycle. Four PWM
wave cycles are available, one of which can be selected.

O CK12PWM mode (8-bit PWM, 7-bit PWM)

e CH2 can select 8-bit PWM mode or 7-bit PWM mode. However, the count clock is provided
by the CH1 square wave output.

* CH1 operates in 8-bit timer mode and can control PWM wave cycles.



8.2 Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer Function)

O CH12PWM mode

The "L" width of a PWM wave can be controlled for up to 28 count clock cycles for each of
the four CH1 count clocks.

PWM wave cycles can be controlled for up to 28 count clock cycles for each of the four CH2

count clocks.

PWM waves can be usually controlled at a resolution of 1/256 and can be output at a duty
ratio of 0 to 99.6%.

PWM waves can be controlled up to a resolution of 1/214 (minimum), but the duty ratio is

limited.

O PWM wave cycles in each mode

Table 8.2-1 PWM Wave Cycles That Can Be Set by the PWM Timer Function

Independent use of
CH1, CH2 (normal

CH12PWM mode

mode)
Cyclein | Cyclein 7-
Count clock cycle 8-bit bit PWM
PWM mode "L" width 1-cycle width
mode (high- (CH1) (CH2)
speed
mode)
CH1 and Internal 1tipst 284t 2 tinst Ttinst 10 28tigt st 10 28tingt
CH2in non- | count clock 1 10 3 1 3 11
CK12PWM 8tins’[ 2 tins’( 2 tinst 2 tinst to 2 tins’( 2 tins’( to 2 tinst
mode 16tinst 212tinst 211tinst 24tinst to 212tinst 24tinst to 212tinst
64tins’( 214tins’[ 213tinst 26tinst to 214tins’[ 26tins’[ to 214tinst
CH2in CH1 square | 2tigto | 2% to 28§nst to
CK12PWM | wave output | 2Mtg | 2%%tingt 222
mode

tinst: INstruction cycle (affected by the clock mode and other factors)
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8.3 Configuration of the 2-Channel 8-Bit PWM Timer

The 2-channel 8-bit PWM timer consists of the following seven blocks:
* Prescaler

e 8-bit PWM timer 1 (CH1)

e 8-bit PWM timer 2 (CH2)

¢ PWM compare registers 1 and 2 (COMR1 and COMR2)

e PWM control registers 1, 2, and 3 (CNTR1, CNTR2, and CNTR3)

¢ CK12 selector

¢ CH12PWM output control circuit

B Block Diagram of 2-Channel 8-Bit PWM Timer

Figure 8.3-1 Block Diagram of the 2-Channel 8-Bit PWM Timer

Internal data bus
PWM control register [ | PWM control [~ ]PWM control
2 (CNTR2) register 1 (CNTR1) register 3 (CNTR3)
ITPE1 |TPE2|CK12| — |TIR1 |TIR2|TIE1 |TIE2I IPTX1|PTX2|P7M1|P7M2|SC11|SC10|SCZ1|SCZOI | — |oez | OE3 |CH12| — |— | — | — |
i | —] — L i
L 2 2
COMR1 - COMR2
8-bit PWM 8-bit PWM timer 2 (CH2)
timer 1 (CH1) e T :
. PR P o evees {} ....... e A B BT SErrrrserereee BN ,|, ..... {} 1 l :
7MOD PWM  7m0D 7MOD PWM 7moDl:
ouT generation and ouT generation and :
output control output control :
Comparator circut  OUT Comparator circuit outl:
STOP i T ﬁ ? T '
X1 H S N N I P I RO
Ls| START 7MOD START 7MOD :
Atinst X6 o :
| oK CLK 8-bit ; ... i CLK . :
X 16 counter : : : : 8-bit i
X 64 P|CLEAR ok S CLEAR  counter || ||: P34/PT02
PRESCALER OVEIRFLOW g OVERFLOW Pin
e : % e l_ PTO2
Hiwnit] 7] To UART
LJ SET S P37/PTO1
| CH2 PWM 5
output control OUT > @ ﬂ
4 circuit 3
IRQ6 RESET PTO1
To UART
1 tinst: Instruction cycle —<IRQ5

O Prescaler
This circuit divides operating clocks for peripheral circuits.

When any of the counter operation enable bits (CNTR2: TPE1 and TPE2) of PWM control
register CNTR2 is "1," the prescaler operates and outputs four internal count clocks.
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8.3 Configuration of the 2-Channel 8-Bit PWM Timer

O 8-bit PWM timer 1 (CH1) and 8-bit PWM timer 2 (CH2)
Count clock selector:

This circuit selects the four internal count clocks. The selected clock functions as the clock
for incrementing the 8-bit counter.

8-bit counter:

The 8-bit counter is incremented according to the count clock selected by the counter clock
selector.

Comparator:

When the value of the 8-bit counter is 00, the comparator latches the COMR register value.

It also compares the 8-bit counter value with the latched COMR register value to detect a
match.

PWM generation and output control circuit:

If a match is detected during operation as an interval timer, an interrupt request is not
generated. If output pin control bit 2 (OE2 bit or OE3 bit of CNTR3) is "1" when an interrupt
request is generated, the output control circuit inverts the output level of the PWM pin and at
the same time clears the 8-bit counter.

If a match is detected during operation as a PWM timer, the PWM generation circuit changes
the output level of the PWM pin from High to Low. If the 8-bit counter overflows later, the
output level of the PWM pin changes to High.

O PWM compare registers 1 and 2 (COMR1 and COMR2)

These registers are used to set the values to be compared with the values of the 8-bit counter.

O PWM control registers 1, 2, and 3 (CNTR1, CNTR2, and CNTR3)

CNTR1, CNTR2, and CNTR3 are used to select an operating mode, enable and disable
operations, set count clocks, control interrupts, and check interrupt states.

If PWM timer mode (CNTR1: PTX1 or PTX2 = 1) is selected as the operating mode, clearing of
an 8-bit counter by the match detection signal from the comparator and interrupt requests are
disabled.

O CK12 selector
This input clock switching circuit changes the input clock of 8-bit PWM timer 2 (CH2) to the
counter clock selector output or the square wave output of 8-bit PWM timer 1 (CH1).

O CH12PWM output control circuit
The CH12PWM output control circuit controls the "L" width (L --> H) and cycle (H --> L) of a
PWM wave according to outputs from CH1 and CH2 in CH12PWM mode.

O Interrupt related to the 2-channel 8-bit PWM timer

e |RQ5: If the output of interrupt requests is enabled (CNTR2: TIEI = 1) when the counter
value matches the value set in COMR1 of the CH1 interval timer function, an interrupt
request occurs. (Interrupt requests do not occur when the ordinary PWM function is
operating.)

e |RQ6: If interrupt requests are enabled (CNTR2: TIE2 = 1) when the counter value matches
the value set in the COMR2 register in the CH2 interval timer function, or in CH12PWM
mode, an interrupt request occurs. (Interrupt requests do not occur when the ordinary PWM
function is operating.)
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8.4 Pins of the 2-Channel 8-Bit PWM Timer

This section describes 2-channel 8-bit PWM timer pins and provides a block diagram
of the pins.

B 2-Channel 8-Bit PWM Timer Pins
The 2-channel 8-bit PWM timer pins consist of the P34/PT02 and P37/PTO01 pins.

O P34/PT02 and P37/PT01 pins

The P34 and P37 pins function as the general-purpose I/O ports. They also serve as interval or
PWM timer outputs (PTO1 and PT02).

PTO1, PT02
When the interval timer function is used, a square wave is output to these pins.
When the PWM timer function is used, a PWM wave is output to these pins.

When the resource output pin control bit is set to "1" (CNTR3: OE = 1), the P34/PT02 and
P37/PT01 pins automatically function as output pins without reference to the values of the
port data direction register output latch data (DDR: bit 1). That is, they function as PT01 and
PTO2 pins.
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8.4 Pins of the 2-Channel 8-Bit PWM Timer

B Block Diagram of the 2-Channel 8-Bit PWM Timer Pins

Figure 8.4-1 Block Diagram of the 2-Channel 8-Bit PWM Timer Pins

PDR (port data register)

PDR read (for bit manipulation instructions)

Pull-up

resistor

About 50 kQ

i From resource output Pull-up control

| From resource output : resistor
.Y enabled (CNTR:OE3, :

Output latch

EPDRread
C A

(2]

a

I N

§ e

g PDR write

g

2 N

' DDR write

(Port data direction register)

]

: DDR read

CNTROE) ' Ls
EET N

—| I%ch

Pch

Pin

SPL: This bit specifies the pin state of the standby control register (STBC).

Nch

P37/PTO1
P34/PT02

Reference:

When "pull-up resistor available" is selected in the pull-up option setting register, the pin
state in stop and watch mode (STBC: SPL = 1) is High (pull-up state), not high impedance.
During a reset, however, pull-up is invalid and the pin state becomes Hi-z.
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8.5 Registers of the 2-Channel 8-Bit PWM Timer

This section describes 2-channel 8-bit PWM timer registers.

B Registers of the 2-Channel 8-Bit PWM Timer

Figure 8.5-1 Registers of the 2-Channel 8-Bit PWM Timer

CNTRT, 2, 3 (PWM control registers 1, 2, 3)

Address  bit7 bit6 bits bitd bit3 bit2 bitl bito Initial value
CNTR1 002 74 |PTXT[PTX2 | PTM1 | P7M2 | SC11|SC10 | SC21 | SC20| 000000008
RW RW RMW RM RMW RMW RMW RM

Address bit7 bit6 bith bit4 bit3 bit2 bitl bit0 Initial value
CNTR2 0028 |TPE1|TPE2 |CK12 | — | TIRT|TIR2|TIET|TIE2| 000-00008
RW RM R/MW RW RMW RMW RM

Address bit7 bit6 bitd bitd bit3 bit2 bitl bit0 Initial value
CNTR3 002 % — | OE2 | OE3 |[CH12 | — — — — -000——-s8
R/W R/MW R/MW

COMR1, 2 (PWM compare registers 1, 2)

Address bit7 bit6 bits bitd bit3 bit2 bitl bit0 Initial value
COMR1 002 A XXXXXXXXs

Address bit7 bit6 bitdb bitd bit3 bit2 bitl bit0 Initial value
COMR2 00 2 B XXXXXXXXs

W W W W W W W W
R/W : Can be read and written

W : Write only

- : Unused

X : Undefined
Note:

PWM compare registers 1 and 2 (COMR1 and COMR2) cannot use bit manipulation
instructions because they are write-only registers.
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8.5.1 PWM Control Register 1 (CNTR1)

PWM control register 1 (CNTR1) is used to select an operating mode (interval timer

operation or PWM timer operation) for the 2-channel 8-bit PWM timer and count clock.

CNTR1 is also used to change the resolution of the PWM timer function.

B PWM Control Register 1 (CNTR1)

Figure 8.5-2 PWM Control Register 1 (CNTR1)

Address bit7 bit6 bitb bit4 bit3 bit2 bitl bit0 Initial value

CNTR1 00 2 74 | PTX1 |PTX2 | PN | PTN2 | SC11 | 5610 | sc21 |sczo| 000000005

RW R/MW RMW R/MW

RI/W RI/W RI/W R/IW

L SC21

L—{SC11

G20 CH2 clock selection bit
0 0 Ttinst
0 1 8tinst
1] 0| 16tins
1 1 64tinst
SC10 CH1 clock selection bit
0 0 Ttinst
0 1 8tinst
110 | 16t
1 1 64tinst

CH2 PWM resolution change bit

8-bit PWM mode

7-bit PWM mode (high-speed mode)

CH1 PWM resolution change bit

8-bit PWM mode

7-bit PWM mode (high-speed mode)

CH2 operating mode selection bit

Interval timer operation

PWM timer operation

CH1 operating mode selection bit

Interval timer operation

PWM timer operation

tinst : Instruction cycle
R/W : Can be read and written

[ : Initial value
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Table 8.5-1 Function of the PWM Control Register 1 (CNTR1) Bits

Bit Description
¢ This bit is used to select CH1 interval timer operation or CH1 PWM timer
operation.
PTX{- ¢ |If this bit is set to "0," CH1 interval timer operation is selected. If this bit is

CH1 operating

set to "1," CH1 PWM timer operation is selected.

selection bits

bit7 mode selection Note:
bit Before writing this bit, stop counter operation (CNTR2: TPE1 = 0), disable
interrupt requests (CNTR2: TIE1 = 0), and clear the request level flag bit
(CNTR2: TIR1 =0).
When the CH12 bit of CNTR3 is "1" (CH12 mode), this bit is meaningless.
¢ This bit is used to select CH2 interval timer operation or CH2 PWM timer
operation.
PTX2: ¢ |f this bit is set to "0," CH2 interval timer operation is selected. If this bit is
: . set to "1," CH2 PWM timer operation is selected.
. CH2 operating
bité mode selection Note:
bit Before writing this bit, stop counter operation (CNTR2: TPE2 = 0), disable
interrupt requests (CNTR2: TIE2 = 0), and clear the request level flag bit
(CNTR2: TIR2 = 0).
When the CH12 bit of CNTR3 is "1" (CH12 mode), this bit is meaningless.
e For CH1 PWM timer operation, this bit is used to change 8-bit PWM mode
P7M1: to 7-bit PWM mode (high-speed mode) or vice versa.
bit5 CH1 PWM » Setting this bit to "0" changes 7-bit PWM mode to 8-bit PWM mode.
resolution Setting this bit to "1" changes 8-bit PWM mode to 7-bit PWM mode.
change bit Note:
For interval timer operation, do not set this bit to "1."
e For CH2 PWM timer operation, this bit is used to change 8-bit PWM mode
P7M2: to 7-bit PWM mode (high-speed mode) or vice versa.
bitd CH2 PWM e Setting this bit to "0" changes 7-bit PWM mode to 8-bit PWM mode.
resolution Setting this bit to "1" changes 8-bit PWM mode to 7-bit PWM mode.
change bit Note:
For interval timer operation, do not set this bit to "1."
* These bits are used to select the count clocks for the CH1 interval timer
function and CH1 PWM timer function.
. SC11, SC10: ¢ One out of four internal count clocks can be selected.
bit3
bit2 CHA1 c_lock_ Note: - _ _ .
selection bits Do not change from the CH1 interval timer function to the CH1 PWM timer
function or vice versa while the CH1 counter is operating (CNTR2: TPE1
=1).
¢ These bits are used to select the count clocks of the CH2 interval timer
function and CH2 PWM timer function.
. SC21, SC20: ¢ One out of four internal count clocks can be selected.
bit1
bit0 CH2 clock Note:

Do not change from the CH2 interval timer function to the CH2 PWM timer
function or vice versa while the CH2 counter is operating (CNTR2: TPE2 =

1).
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8.5 Registers of the 2-Channel 8-Bit PWM Timer

8.5.2 PWM Control Register 2 (CNTR2)

PWM control register 2 (CNTR2) is used to enable and disable 2-channel 8-bit PWM
timer operation, select a CK12 mode, control interrupts, and check interrupt states.

H PWM Control Register 2 (CNTR2)

Figure 8.5-3 PWM Control Register 2 (CNTR2)

Address

bit7 bit6 bitdb bit4 bit3 bit2 bitl

bit0 [nitial value

CNTR2 002 8+ |TPE1 | TPE2 | CK12| — |TIR1 | TIR2 | TIET | TIE2| 000-00008

RAW R/W  R/W
—

R/W R/W R/W R/MW

TIE2 CH2 interrupt request enable bit
0 | Disables CH2 interrupt request output.
1 | Enables CH2 interrupt request output.
TIE1 CH1 interrupt request enable bit
0 | Disables CH1 interrupt request output.
1 | Enables CH1 interrupt request output.
CH2 interrupt request flag bit
TIR2 During reading

When the interval timer function When the PWM timer
is used function is used

During writing

R/W  : Can be read and written
: Unused

[ : Initial value

0 The counter value does This bit remains This bit is
not match the set value. unchanged cleared.
1 The counter value matches |(Other than in Unchanged;
the set value. CH12PWM mode). [no effect elsewhere
CH1 interrupt request flag bit
TIR1 During reading . "
When the interval timer function When the PWM timer During writing
is used function is used
o | The counter value does This bit remains This bit is
not match the set value. unchanged cleared.
1 | The counter value matches (Other than in Unchanged;
the set value. CH12PWM mode). |no effect elsewhere
CK12 CH2 input clock change bit
0 | Clock to be selected by the SC21 and SC20 bits
1 | CH1 square wave output (CH12 mode)
TPE2 CH2 counter operation enable bit
0 | Stops CH2 counter operation.
1 | Starts CH2 counter operation.
TPE1 CH1 counter operation enable bit
0 [ Stops CH1 counter operation.

Starts CH1 counter operation.
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Table 8.5-2 Functions of PWM Control Register 2 (CNTR2) Bits

Bit Description
TPET: e This bit is used to start and stop CH1 interval operation and PWM timer
bit7 CH1 counter operation.
operation enable | ¢ Setting this bit to "1" starts the count operation. Setting this bit to "0"
bit clears the counter value to 00y and stops the count operation.
TPE2: ¢ This bit is used to start and stop CH2 interval operation and PWM timer
bit6 CH2 counter operation.
operation enable | ¢ Setting this bit to "1" starts the count operation. Setting this bit to "0"
bit clears the counter value to 00y and stops the count operation.
e This bit is used to change the CH2 input clock.
¢ When this bit is set to "0," the clock selected by the SC21 and SC20 bits is
used as the input clock.
CK12: ¢  When this bit is sgt tq 1 ," CH1 square wave output is used as the input
bit5 CH2 i;‘lput clock clock, and operation is in CK12 mode without reference to the values of
. the SC21 and SC20 bits.
change bit )
Note:
When the CH12 bit of CNTR3 is "1" (CH12PWM mode) or the PTX1 bit of
CNTR1 is "1" (CH1 PWM timer operation is selected), do not set this bit to
ng n
bita Unused J Th.e-value rgad _from this bit is undefined..
* Writing to this bit has no effect on operation.
¢ |f the count value matches the value in PWM compare register 1 (COMR1)
when the CH1 interval timer function is being used, this bit is set to "1."
TIR1: e When this bit and the CH1 interrupt request enable bit (TIE1) are "1," an
bit3 CH1 interrupt interrupt request is output to the CPU.
request flag bit ¢ |If the PWM timer function is used in a mode other than CH12PWM mode,
interrupt requests do not occur.
* Writing "0" clears this bit. Writing "1" has no effect.
¢ |f the count value matches the value in PWM compare register 2 (COMR2)
when the CH2 interval timer function and CH12PWM mode are being
TIR2: used, thi_s bi_t is setto "1." . _
. i e When this bit and the CH2 interrupt request enable bit (TIE2) are "1," an
bit2 CH2 interrupt . .
request flag bit interrupt reqL_Jest is output _to the C_PU.
¢ |f the PWM timer function is used in a mode other than CH12PWM mode,
interrupt requests do not occur.
* Writing "0" clears this bit. Writing "1" has no effect.
e This bit is used to enable and disable the output of CH1 interrupt requests
TIET: to the CPU. . |
H1 interrunt ¢ When this bit and the CH1 interrupt request flag bit (TIR1) are "1," an
bit1 C P interrupt request is output.
rgquest enable Note:
bit When the CH12 bit of CNTR3 is "1" (CH12PWM mode), disable the output
of interrupt requests (TIE1 = 0).
TIE2: ¢ This bit is used to enable and disable the output of CH2 interrupt requests
bito CH2 interrupt to the CPU.

request enable
bit

¢ When this bit and the CH2 interrupt request flag bit (TIR2) are "1," an
interrupt request is output.
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8.5.3 PWM Control Register 3 (CNTR3)

PWM control register 3 (CNTR3) is used to select CH12PWM mode for the 2-channel
PWM timer and control output pins.

B PWM Control Register 3 (CNTR3)

Figure 8.5-4 PWM Control Register 3 (CNTR3)

Address bit7 bité bits bit4d bitd bit2 bitl bit0 Initial value

CNTR3 0029y | — | OE2 | OE3 |CHI2| — | — | — | — | -000----8
R/W R/MW RM
CH12 CH12PWM mode setting bit

0 [Normal mode
1 |CH12PWM mode

—>{ 0E3 Output pin control bit 3
0 | Uses the P37/PWM1 pin as a general port (P42).

1 Uses the P37/PWM1 pin in CH12PWM mode or as the CH1
interval timer or PWM output pin (PWM1).

OE2 Output pin control bit 2

0 | Uses the P43/PWM2 pin as a general port (P34).
1 | Uses the P43/PWM2 pin as the CH2 interval timer or PWM output

R/W : Can be read and written pin (PT02).
- : Unused
1 : Initial value
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Table 8.5-3 Functions of PWM Control Register 3 (CNTR3) Bits

Bit Description
bit7 Unused e The value read from this bit is undefined.
e Writing to this bit has no effect on operation.
¢ This bit is used to set whether the P34/PT02 pin is to be used as a general
port or a dedicated pin.
OE2: ¢ When this bit is set to "0," the P34/PT02 pin is used as a general port
bit6 Outp-ut pin (P34). When this bit is set to "1," the P34/PT02 pin is used as a dedicated
. pin (PT02).
control bit 2 e The PTO2 pin is a CH2 output pin. When the interval timer function is
used, a square wave is output. When the PWM timer function is used, a
PWM wave is output.
e This bit is used to set whether the P37/PT01 pin is used as a general port
or a dedicated pin.
OE3: * When this bit is set to "0," the P37/PT01 pin is used as a general port
bit5 Outp.ut pin (P37). When this bit is set to "1," the P37/PT01 pin is used as a dedicated
. pin (PTO1).
control bit 3 e The PTO1 pinis a CH1 output pin. When the interval timer function is
used, a square wave is output. When the PWM timer function or
CH12PWM mode is used, a PWM wave is output.
¢ This bit is used to switch from normal mode to CH12PWM mode or vice
versa.
* Setting this bit to "0" sets CH1 and CH2 to operate independently.
Setting this bit to "1" selects CH12PWM mode in which the "L" width is
CH12: specified in CH1 and a cycle is specified in CH2.
. J e operating mode selection bits an its o are
bitd PWM .mode The operating mod lection bits (PTX1 and PTX2 bits of CNTR1)
setting bit meaningless in CH12PWM mode.
9 Note:
When the CK12 bit of CNTR2 is "1" (CK12 mode is set), do not set this bit
to II1 .II
When the TIE1 or TIE2 bit of CNTR2 is "1" (the CH1 or CH2 counter is
operating), do not rewrite this bit.
bit3 * Values read from these bits are undefined.
bit2 Unused e Writing to these bits has no effect on operation.
bit1
bit0
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8.5.4 PWM Compare Register 1 (COMR1)

PWM compare register 1 (COMR1) is a CH1 data register. When the interval timer
function is operating, the value set in COMR1 defines the interval time. When the
normal PWM timer function is operating, the value is the "H" width of a pulse. When
CH12PWM mode is used, the value is the "L" width of a pulse.

B PWM Compare Register 1 (COMR1)
Figure 8.5-5 "PWM Compare Register 1 (COMR1)" shows the bit configuration of COMR1.

Bit manipulation instructions cannot be used for COMR1 because COMR1 is a write-only
register.

Figure 8.5-5 PWM Compare Register 1 (COMR1)

Address bit7 bit6 bits bitd bit3 bit2 bitl bit0 Initial value

COMR1 002 M | * | | | | | | | | XXXKXXXXp
W W W W W W W W

W : Write only
X : Undefined
* 1 This bit is meaningless when 7-bit PWM mode (high-speed mode) is used.

O When the interval timer is operating (8-bit timer mode and CK12 mode)

The value to be compared with the counter value is set in COMR1, which is used to specify the
interval time (square wave output frequency).

When the value set in COMR1 matches the counter value, the counter is cleared and the
interrupt request flag bit is set to "1" (TIR1 bit of CNTR2 = 1).

The value written to COMR1 when the counter is operating takes effect starting with the next
cycle (after match detection).

Reference:

The value set in COMR1 when the 8-bit timer or CK12 mode is in effect can be calculated
from the expression shown below. Note that the instruction cycle is affected by the clock
mode and gear function.

Value set in COMR1 = interval time/(count clock cycle x instruction cycle) - 1
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O When the PWM timer is operating (8-bit PWM mode and 7-bit PWM mode)

The value to be compared with the counter value is set in COMR1, which is used to specify the
"H" width of a pulse.

"H" level is output to the PWM pin until the value set in COMR1 matches the counter value.
When the value set in COMR1 matches the counter value, "L" level is output until the counter
value overflows.

The value written to COMR1 when the counter is operating takes effect starting with the next
cycle (after the counter value has overflowed).

Reference:

The value set in COMR1 when the PWM timer is operating and the PWM wave cycle can be
calculated from the expressions shown below. Note that the instruction cycle is affected by
the clock mode and gear function.

* 8-bit PWM mode

Value set in COMR1 = duty ratio (%) x 256

PWM wave cycle = count clock cycle x instruction cycle x 256
* 7-bit PWM mode

Value set in COMR1 = duty ratio (%) x 128

PWM wave cycle = count clock cycle x instruction cycle x 128

During operation in CH12PWM mode

The value to be compared with the counter value is set in COMR1, which is used to specify the
"L" width of a pulse.

"L" level is output to the PWM1 pin until the value set in COMR1 matches the counter value.

The value written to COMR1 when the counter is operating takes effect starting with the next
cycle.

Reference:

The COMR1 setting value for operation in CH12PWM mode can be calculated from the
equation shown below. However, note that the instruction cycle is affected by the clock
mode and gear function.

COMR{1setting value = "L" width time of PWM wave/(count clock cycle x instruction cycle) - 1
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8.5.5 PWM Compare Register 2 (COMR2)

PWM compare register 2 (COMR2) is the CH2 data register. When the interval timer
function is in operation, the value in COMR2 defines the interval time. When the
normal PWM timer function is in operation, the value defines the "H" width of a pulse.

In CH12PWM mode, the value defines the PWM wave cycle.

B PWM Compare Register 2 (COMR2)

Figure 8.5-6 "PWM Compare Register 2 (COMR2)" shows the bit configuration of COMR2.

Bit manipulation instructions cannot be used for COMR2 because COMR2 is a write-only

register.

Figure 8.5-6 PWM Compare Register 2 (COMR2)

Address bit7 bit6 bits bit4 bit3 bit2 bitl bit0 Initial value

covre ooz« [ T [ T T T T | woome
oW oowoow oW W W W

W: Write only
X : Undefined

* 1 This bit is meaningless when 7-bit PWM mode (high-speed mode) is used.

O When the interval timer is operating (8-bit timer mode and CK12 mode)

The value to be compared with the counter value is set in COMR2, which is used to specify the
interval time.

When the value set in COMR2 matches the counter value, the counter is cleared and the
interrupt request flag bit is set to "1" (TIR2 bit of CNTR2 = 1).

The value written to COMR2 when the counter is operating takes effect starting with the next
cycle (after match detection).

Reference:

The COMR2 setting value for the case when the interval timer is in operation can be
calculated from the equation shown below. However, note that the instruction cycle is
affected by the clock mode and gear function.

e 8-bit timer mode
COMR2 setting value = interval time/(count clock cycle x instruction cycle) - 1
e CK12 mode

Value set in COMR2 = interval time/CH1 square wave output - 1
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O When the PWM timer is operating (8-bit PWM mode and 7-bit PWM mode)

The value to be compared with the counter value is set in COMR2, which is used to specify the
"H" width of a pulse.

"H" level is output to the PT02 pin until the value set in COMR2 matches the counter value.

The value written to COMR2 when the counter is operating takes effect starting with the next
cycle (after the counter value has overflowed).

Reference:

The value set in COMR2 when the PWM timer is operating and the PWM wave cycle can be
calculated as shown below. Note that the instruction cycle is affected by the clock mode and
gear function.

* 8-bit PWM mode

COMR2 setting value = duty ratio (%) x 256

PWM wave cycle = count clock cycle x instruction cycle x 256
* 7-bit PWM mode

COMR2 setting value = duty ratio (%) x 128

PWM wave cycle = count clock cycle x instruction cycle x 128

When CH12PWM mode is in effect

The value to be compared with the counter value is set in COMR2, which is used to specify a
PWM wave cycle.

When the value set in COMR2 matches the counter value, the CH1 and CH2 counter values are
cleared at the same time and the interrupt request flag bit (TIR2 bit of CNTR2) is set to "1."

In this case, the PTO1 pin goes Low.

The value written to COMR2 when the counter is operating takes effect starting with the next
cycle.

Reference:

The value set in COMR2 when CH12PWM mode is in effect can be calculated as shown
below. Note that the instruction cycle is affected by the clock mode and gear function.

COMR2 setting value = 1-cycle time of PWM wave/(count clock cycle x instruction cycle) - 1
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8.6 2-Channel 8-Bit PWM Timer Interrupts

The 2-channel 8-bit PWM timer causes an interrupt if the counter value matches the
value set in the PWM compare register when the interval timer function is operating. If
the PWM timer function is operating in a mode other than CH12PWM mode, interrupt
requests do not occur.

H Interrupts When the Interval Timer Function Is Operating and CH12PWM Mode Is in Effect

The counter value is incremented starting at 00, according to the selected count clock. When

the counter value matches the value set in PWM compare register (COMR), the corresponding
interrupt request flag bits are set to "1" (TIR1 and TIR2 bits of CNTR2).

In this case, when the interrupt request enable bit is set to "enable" (TIE2 bit of CNTR2 = 1), the
2-channel 8-bit PWM timer generates an interrupt request (IRQ6) for the CPU. Set the TIR bit
to "0" and clear the interrupt request with the interrupt processing routine.

When the counter value matches the value set in COMR1 or COMR2, the TIR1 and TIR2 bits
are set to "1" irrespective of the values of the TIE1 and TIE2 bits.

Note:

For CHA1, interrupts that occur in CH12 PWM mode cannot be used, because interrupts are
disabled (TIE1 bit of CNTR = 0). For CH2, interrupts can be used in the same way as during
operation with the interval timer function.

Reference:

When the counter value matches the COMR value and at the same time the counter stops
(TPE1 and TPE2 bits of CNTR2 = 0), the TIR bit are not set.

If the TIE bit changes from "0" (disabled) to "1" (enabled) when the TIR bit are "1," an
interrupt request is generated immediately.

H Register and Vector Table Related to 2-Channel 8-Bit PWM Timer Interrupts

Table 8.6-1 Register and Vector Table Related to 2-Channel 8-Bit PWM Timer Interrupts

Interrupt Interrupt level setting register Vector table address
name Register Setting bit Upper Lower
IRQ5 ILR2 (007C) L51 (bit3) L50 (bit2) FFFOy FFF1
IRQ6 ILR2 (007Cyy) | L61 (bit5) L60 (bit4) FFEEy FFEF4

For information on the operation of interrupts, see Section 3.4.2 "Interrupt Processing."
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8.7 Interval Timer Function Operation

This section explains the operation of the interval timer function of the 2-channel 8-bit
PWM timer in 8-bit timer mode and CK12 mode.

B Operation of Interval Timer Function

To use the 2-channel 8-bit PWM timers (CH1 and CH2) as the interval timer function in 8-bit
timer mode and CK12 mode, the settings shown in Figure 8.7-1 "Settings of Interval Timer
Function" must be made.

Figure 8.7-1 Settings of Interval Timer Function

bit7 bit6 bitdb bitd bit3 bit2 bitl bit0
CNTR1 PTX1 [ PTX2 | P7M1 | P7M2 | SC11 | SC10 | SC21 | SC20
CHl———- 0 x 0 x © ©0 «x X
CH2————— x 0 x 0 x x O O
CK12————— 0 0 0 0 © © X X
bit7 bit6 bitdb bitd bit3 bit2 bitl bit0
CNTR2 TPE1 | TPE2 | CK12| — | TIR1|TIR2 |TIET1 | TIE2
CHl————— 1 X 0 © X © X
CH?————— X 1 0 X © X ©
CK12————- 1 1 1 © © © ©
bit7 bit6 bitdb bitd bit3 bit2 bitl bit0
CNTR3 — | OE2 | OE3 |CH12| — | — — —
CH1-———— x © 0
CH2-————- © x 0 5
K127 © o 1 X gzﬁged (0is set.)
1 : "1"is set.
COMR1 Setting of CH1 interval time (compare value) 0 : "0"isset.
CH1 : CH1 in 8-bit timer mode
COMR2 Setting of CH2 interval time (compare value) CH2 " CH2 in 8-bit timer mode
CK12 : CK12 mode

When the counter is activated, incrementing begins on the rising edge of the selected count
clock, starting at 004. When the counter value matches the value (compare value) set in

COMR, the level of the PWM pin is inverted on the rising edge of the next count clock and the
counter is cleared. Then, the interrupt request flag bit is set (TIR1 and TIR2 bits of CNTR2 = 1)
and the count operation is restarted at 00.

In CK12 mode, the CH1 square wave that is output functions as the CH2 count clock.

Figure 8.7-2 "Operation of the 2-Channel 8-Bit PWM Timer" shows operation of the 2-channel 8-
bit PWM timer.
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Figure 8.7-2 Operation of the 2-Channel 8-Bit PWM Timer

Countervalue Compare value (FFH) Compare value (80H)
FFu :

SN 0 : : : : Time
i Timer cycle i Modification of COMR value (FF+ — 80H)(*1)
COMR value (FFH) : : :

Cleared by program

TIRbit — 1 pilip ;
TPE bit —
OEbit —
L S e R I

PTO2 pin —=
When the output pin control bit (OE) is "0," this pin functions as a general I/O port.

*1 If the compare register (COMR) value is modified while the counter is operating, the interval timer function
takes effect starting with the next cycle.

Note:

When the interval timer function is operating (TPE1 and TPE2 bits of CNTR2 = 1), do not
change the corresponding count clock cycle (SC11 and SC10 bits or SC21 and SC20 bits of
CNTR1). In CK12 mode, however, the SC21 and SC20 bits are meaningless.

Reference:

Setting the COMR value to "004" causes the PTO1 or PTO2 pin output to be inverted in the
selected count clock cycle.

When the interval timer function is operating, the output level of the PTO1 or PT02 pin when
the counter is stopped (TPE1 and TPE2 bits of CNTR2 = 0) is Low.
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8.8 Explanation of the 2-Channel 8-Bit PWM Timer Operation in
8-Bit PWM Mode

This section explains the operation of the 2-channel 8-bit PWM timer in 8-bit PWM
mode.

B PWM Timer Function Operation

For operation of the 2-channel 8-bit PWM timers (CH1 and CH2) as the PWM timer function in
8-bit PWM mode, the settings shown in Figure 8.8-1 "Settings of 8-Bit PWM Mode" must be

made.
Figure 8.8-1 Settings of 8-Bit PWM Mode
bit7 bit6 bitd bit4d bit3 bit2 bitl bit0
CNTR1 PTX1 | PTX2 | P7M1 | P7M2 | SC11 | SC10 | SC21 | SC20
CHl———— 1 X 0 X © © X X
CH2————— X 1 X 0 X X ® ©
bit7 bit6 bitd bitd bit3 bit2 bitl bit0
CNTR2 TPE1 | TPE2 | CK12| — | TIRT|TIR2 | TIET | TIE2
CHl————— 1 X 0 X X X X
CH2——— X 1 0 X X X X
bit7 bit6 bitd bit4d bit3 bit2 bitl bit0
CNTR3 — | OE2 | OE3 [CH12| — | — | — | —
CHl——— X 1 0
CH2———- 1 X 0
© : Used
X Unused (0 is set.)
COMR1 Setting of "H" width of CH1 pulse (compare value) 1 : "{"is set.
0 : "0"isset.
CH1: CH1 in 8-bit timer mode
COMR2 Setting of "H" width of CH2 pulse (compare value) CH2: CH2 in 8-bit timer mode

As soon as the counter starts, incrementing begins at the rising edge of the selected count
clock, starting at 00y. The PTO1, PT02 pin output (PWM waveform) is kept at the "H"-level till
the counter value matches the value in COMR.

After that, the output of the PWM pin is kept at the "L"-level until a counter overflow occurs
(FFH-->OOH).

If CH1 operates in 8-bit timer mode and CH2 operates in the PWM mode after the CK12 bit has
been set to "1," the 2-channel 8-bit PWM timer enters CK12PWM mode.

Figure 8.8-2 "Example of PWM Waveform Output in 8-Bit PWM Mode" shows the PWM
waveforms output to the PT01, PT02 pin.
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Figure 8.8-2 Example of PWM Waveform Output in 8-Bit PWM Mode

When the COMR value is 00H (duty ratio: 0%)

Counter value 00 FF00n ——>

PWM waveform f

When the COMR value is 40+ (duty ratio: 50%)

Counter value 00n 80u FRiO0)  ———>

PWM waveform E J | |

When the COMR value is FFH (duty ratio: 99.6%)
Counter value QOn FFHOQH e

H .
PWM waveform L J
By 1 count |«

Note:

When the PWM timer function is operating (TPE1 and TPE2 bits of CNTR2 = 1), do not
change the corresponding count clock cycle (SC11 and SC10 bits or SC21 and SC20 bits of
CNTR1).

When the CH1 PWM timer is operating, CK12 mode (CK12 bit of CNTR2 = 1) cannot be set.

Reference:

When the PWM timer function is operating, the PT01, PT02 pin output when the counter is
stopped (TPE1 bit of CNTR2 = 1, TPE2 bit of CNTR2 = 0) is kept at the level in effect before
the counter stopped.

205



CHAPTER 8 2-CHANNEL 8-BIT PWM TIMERS

8.9 2-Channel 8-Bit PWM Timer Operation in 7-Bit PWM Mode

This section explains the operation of the 2-channel 8-bit PWM timer in 7-bit PWM
mode (high-speed mode).

B High-Speed PWM Timer Function Operation

For operation of 2-channel 8-bit PWM timers (CH1 and CH2) as the PWM timer function in 7-bit
PWM mode, the settings shown in Figure 8.9-1 "Settings of 7-Bit PWM Mode" must be made.

Figure 8.9-1 Settings of 7-Bit PWM Mode

bit7 bit6 bitd bitd bit3 bit2 bitl bit0

CNTR1 PTX1 | PTX2 | P7M1 | P7M2 | SC11 | SC10 | SC21 | SC20
CHl——— 1 x 1 X © © x X
CH2————— x 1 X 1 X X © ©

bit7 bit6 bith bitd bit3 bit2 bitl bit0

CNTR2 TPET1 | TPE2 | CK12| — | TIRT|TIR2 | TIE1| TIE2
CHl———— 1 X 0 X X X X
CH2————-— X 1 0 X X X X

bit7 bit6 bitb bitd bit3 bit2 bitl bit0

CNTR3 — | OE2 | OE3 |CH12| — | — — —
CHl—— X 1 0
CH2—————— 1 X 0
bit7 © : Used
X 1 Unused (0 is set.
COMR1 — | Setting of "H" width of CH1 pulse (compare valug) . ongqu ( )
1 "1"isset.
bit7 0 : "0"isset.
. e CH1: CH1 in 7-bit timer mode
COMR2 — | Setting of "H" width of CH2 pulse (compare value) CH2: CH2 in 7-bit timer mode

When the counter is started, incrementing begins at the rising edge of the selected count clock,
starting with 00y. The PTO01, PT02 pin output (PWM waveform) is kept at the "H"-level till the
counter value matches the value in COMR.

Afterwards, the PWM pin output is kept at the "L"-level till a counter overflow occurs (7Fy-->
00).

The number of counter bits in 7-bit PWM mode is one bit less than that in the 8-bit PWM mode.
For this reason, the operation speed in 7-bit PWM mode becomes twice as fast as that in the 8-

bit PWM mode (the cycle time in 7-bit PWM mode is one half of the cycle time in 8-bit PWM
mode).

If CH1 is operated in 8-bit timer mode and CH2 is operated in PWM mode after the CK12 bit
has been set to "1," the 2-channel 8-bit PWM timer enters the CK12PWM mode.
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8.9 2-Channel 8-Bit PWM Timer Operation in 7-Bit PWM Mode

Figure 8.9-2 "Example of PWM Waveform Output in 7-Bit PWM Mode" shows the PWM
waveforms output to the PTO1, PTO2 pin.

Figure 8.9-2 Example of PWM Waveform Output in 7-Bit PWM Mode

When the COMR value is 00H (duty ratio: 0%)

Counter value 00H TF00n ——>

PWM waveform

When the COMR value is 40H (duty ratio: 50%)

Counter value 00x 40n P00 —
H : : :

PWM waveform L J | |

When the COMR value is 7FH (duty ratio: 99.2%)

Counter value 00u TFi00n ——>
PWM waveform HJ |_|
L By 1 count k—
Note:

When the PWM timer function is operating (TPE1 and TPE2 bits of CNTR2 = 1), do not
change the corresponding count clock cycle (SC11 and SC10 bits or SC21 and SC20 bits of
CNTR1).

When the CH1 PWM timer is operating, CK12 mode (CK12 bit of CNTR2 = 1) cannot be set.
Reference:

When the PWM timer function is operating, the PT01, PT02 pin output when the counter is
stopped (TPE1 bit of CNTR2 = 1, TPE2 bit of CNTR2 = 0) is kept at the level in effect before
the counter stopped.
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8.10 Explanation of the 2-Channel 8-Bit PWM Timer Operation in

CH12PWM Mode

This section explains the operation of the 2-channel 8-bit PWM timer in CH12PWM

mode.

B 2-Channel 8-Bit PWM Timer Operation in CH12PWM Mode

208

For operation of 2-channel 8-bit PWM timers (CH1 and CH2) as the PWM timer function in

CH12PWM mode, the settings shown in Figure 8.10-1 "Settings of CH12PWM Mode" must be
made.

Figure 8.10-1 Settings of CH12PWM Mode

bit7 bit6 bitb bitd bit3 bit2 bitl bit0
CNTR1 PTX1 | PTX2 | P7M1 | P7M2 | SC11 | SC10 | SC21 | SC20
x X 0 0 © © o0 o0
bit7 bit6 bitb bitd bit3 bit2 bitl bit0
CNTR2 TPE1|TPE2 |CK12| — | TIRT|TIR2|TIET|TIE2
1 1 0 X © 0 ©
bit7 bit6 bitdb bitd bit3 bit2 bitl bit0
CNTR3 — | OE2 | OE3 |CH12| — | — | — | —
0 1 1
COMR1 tting of "L" width of PWM I
Setting o width o wave (compare value) © : Used
X : Unused (0 is set.)
COMR2 Setting of 1 cycle of PWM wave (compare value) 1 "1"is set.
0 : "0"is set.

At the start of the CH1 or CH2 counter, incrementing begins with the rising edge of the selected
count clock, starting at 00. The PTO1 pin output (PWM waveform) is kept at "L"-level till the
CH1 counter value matches the value in COMR1. When the CH1 counter value matches the
value set in COMR1, the PWM pin output becomes "H"-level. When the CH2 counter value
matches the value in COMR2, the CH1 and CH2 counters are cleared at the same time and
counting is restarted at 00y. In this case, the PTO1 pin output becomes "L"-level and the
interrupt request flag bit is set (TIR2 bit of CNTR2 = 1).

Start the CH1 and CH2 counters at the same time (TPE1 and TPE2 bits of CNTR2 = 1).

Starting these counters separately would have an effect on the "L" width of the first cycle of a
PWM wave or on its cycle time.

If the CH1 timer period that determines the "L" width of the PWM wave becomes greater than
the CH2 timer period that determines the cycle of a PWM wave, PWM wave output is disabled.

Figure 8.10-2 "Example of PWM Waveform (PWM pin) Output" shows the PWM waveforms
output to the PT0O1 pin when the same count clock cycle is selected for CH1 and CH2.
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Figure 8.10-2 Example of PWM Waveform (PWM pin) Output

When the COMR1 value is 00+ and the COMR2 value is 80+ (duty ratio: 0%)

(CH1 timer time = CH2 timer time)
CH1 counter value 004 —————> 804001 ——— 80400«
CH2 counter value 00— 80100« 80400

PWM waveform l-Ll

When the COMR1 value is 401 and the COMR2 value is 80 (duty ratio: 50%)

CH1 counter value 004 ——> 404 > 00 —> 404 > 00k
CH2 counter value 00# —————>80100s ———> 80400k

PWM waveformI: ]

When the COMR1 value is 001 and the COMR2 value is FFH (duty ratio: 99.6%)

CH1 countervalug QO s > 00k
CH2 counter value  00x FF+00w

PWM waveform T _l |_|

I Fora count of 1 (*1)

*1 The minimum value of the "L" width can be reduced by making the FCH1 count clock
faster than the CH2 count clock.

Note:

When the PWM timer function is operating (TPE1 and TPE2 bits of CNTR2 = 1), do not

change the count clock cycle (SC11 and SC10 bits or SC21 and SC20 bits of CNTR1).

When the 2-channel 8-bit PWM timer is operating in CH12PWM mode, CK12 mode (CK12

bits of CNTR21 and CNTR22 = 1) cannot be set.
Disable output of CH2 interrupt requests (TIE1 bit of CNTR2 = 0)

Reference:

When the PWM timer function is operating, the PT01 pin output when the counter is stopped
(TPE1 bit of CNTR2 = 1, TPE2 bit of CNTR2 = 0) is kept at the level in effect before the

counter stopped.
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8.11 Explanation of the Prescaler Operation of 2-Channel 8-Bit

PWM Timer

This section explains the prescaler operation of the 2-channel 8-bit PWM timer.

B Prescaler Operation

210

Prescaler operation of the 2-channel 8-bit PWM timer is enabled when the TPE1 or TPE2 bit of
CNTR2 (counter operation enable bit) of PWM control register 2 is "1."

For this reason, when the TPE1 and TPE2 bits are set to "1" at the same time, the operations
with respect to both CH1 and CH2 are completely identical to those in the first cycle.

However, if the operation of another counter is enabled when the TPE1 or TPE2 bit is already
"1," the first cycle will contain a difference of up to one count clock cycle, because incrementing
is started asynchronously.

Figure 8.11-1 "Prescaler Operation" shows prescaler operation.

Figure 8.11-1 Prescaler Operation

TPE1 J

TPE2 | |

Count clock __, | | | | |

CH1 square wave output | .
(COMRT1 value: 01H)
CH2 square wave output |7

(COMR2 value: 01H)

Note: B produces a difference that is within 1 count clock cycle for A.




8.11 Explanation of the Prescaler Operation of 2-Channel 8-Bit PWM Timer

Figure 8.11-2 Prescaler Output

TPE _

<1 JUTTTUTUUUTUUUUTUU TN Ui v

X 8tinst | |

X 16t s I e N B

X 64tinst

tinst: Instruction cycle
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8.12 State of the 2-Channel 8-Bit PWM Timer Operation in Each

Mode

This section explains the operation of the 2-channel 8-bit PWM timer when the timer
switches to sleep or stop mode or when a stop request before completion is issued
during operation of the interval timer function or PWM timer function.

B Operation in Standby Mode and for a Stop before Completion

212

Figure 8.12-1 "Counter Operation in Standby Mode and for a Stop before Completion (When
Interval Timer Function is Operating)" and Figure 8.12-2 "Counter Operation in Standby Mode
and for a Stop before Completion (When PWM Timer Function Is Operating)" show the counter
value states if the 2-channel 8-bit PWM timer switches to sleep or stop mode or a stop request
before completion is issued when the interval timer function and PWM timer function are
operating.

When the 2-channel 8-bit PWM timer switches to stop mode, the counter retains the value and
stops. If stop mode is released by an external interrupt, the counter starts operation at the
retained value. For this reason, the first interval time and PWM wave cycle do not become the
values that have been set. After stop mode has been released, reinitialize the 8-bit PWM timer.

Release from watch mode (TMD bit of STBC = 1) is performed in the same way as a release
from stop mode. Watch mode is released by a watch interrupt or an external interrupt.
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O When the interval timer function is in operation

Figure 8.12-1 Counter Operation in Standby Mode and for a Stop before Completion (When Interval
Timer Function is Operating)

Counter value : COMR value (FF+) : Cleared by operation stop
FFu : =

00 : I a— :
b ¢ : ! S .. Time
Timer cycle : ! Stop request Oscillation stabilization
: : . wait time
Cleared by program : ' :
: : Operation stop Operation restart
TIR bit : |_ : |
TPEG | v
: i * ! Thisbitis kept Low when operation
: > -
PTO1 or PTO2 pin [ Sleep L [ StorRed
(CNTR3:0E2 or OE3=1) : — !
SLP bit 5 § : :
(STBC register) S a a : Stop
leep release by IRQ5 or IRQ6 =——=
STP bit P y
(STBC register)

Releasing of stop state
by external interrupt

*1 When the pin state specification bit (SPL) of the standby control register (STBC) is "1," the PT01, PT02 pin,
which is in stop mode, is set to high impedance.
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O When the PWM timer function is operating

Figure 8.12-2 Counter Operation in Standby Mode and for a Stop before Completion (When PWM Timer
Function Is Operating)

00 ~ 004 004 00w ) 00
PTO1 or PT02 pin : .
(PWM waveform) * i T :
: © The level in effect before operation
: stops is retained.
TPE bit _]
: Operation stop  Operation restart
5 . Sleep :
SLP bit : e —

(STBC register) 4[—

 Sleep release by a means other than IRQ5 and IRQ6
i (IRQ5 and IRQ6 do not occur.)

Stop_.
: <>
STP bit §
(STBC register)

ﬁ @ Oscillation stabilization wait time

Release of stop state by external interrupt

*1 When the pin state specification bit (SPL) of the standby control register (STBC: SPL) is "1," the PT01 or PT02
pin, which is in stop mode, is set to high impedance.

When the SPL bit is "0," the value in effect before the two-channel 8-bit PWM timer switches to stop
mode is retained.
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8.13 Notes on Using the 2-Channel 8-Bit PWM Timer Usage

This section provides notes on using the 2-channel 8-bit PWM timer.

B Notes on Using the 2-Channel 8-Bit PWM Timer

O Deviation

Start of the counter by a program is asynchronous with the start of incrementing the counter
with the selected count clock. For this reason, the deviation that exists till the counter value
matches the value in the PWM compare register (COMR) may become shorter by up to one
count clock cycle. Figure 8.13-1 "Deviation that Remains till the Start of Count Operation”
shows a deviation that exists till the start of count operation.

Figure 8.13-1 Deviation that Remains till the Start of Count Operation

Counter value

00x X ot X 0w X3 X o X

Count clock

I S N R I

1 cycle

Deviation| 00H cycle

Counter start

O Notes on program settings

¢ When the interval timer function and PWM timer function are operating (TPE1 and TPE2 bits
of CNTR2 = 1), do not modify the corresponding count clock cycle (SC11 and SC10 bits or
SC21 and SC20 bits of CNTR1).

e Switch the interval timer function and PWM timer function (CNTR1:PTX1, PTX2) when the
counter is stopped (CNTR2:TPE1 = 0, TPE2 = 0), interrupts are disabled (CNTR2:TIE1 = 0,
TIE2 = 0), and interrupt requests have been cleared (CNTR2:TIR1 = 0, TIR2 = 0).

* In CK12 mode (CK12 bit of CNTR2 = 1), do not set CH12PWM mode (CH12 bit of CNTR3 =
1) and CH1 PWM timer operation (PTX1 bit of CNTR1 = 1).

¢ In CK12PWM mode, disable output of CH2 interrupt requests (TIE1 bit of CNTR2 = 0). Also,
do not set CK12 mode.

¢ |f the interrupt request flag bits (TIR1 and TIR2 bits of CNTR2) are "1" and the interrupt
request enable bits are set to "enable" (TIE1 and TIE2 bits of CNTR2 = 1), control cannot
return from interrupt processing. In this case, be sure to clear the TIR1 or TIR2.

¢ When the counter value matches the value set in COMR and at the same time the counter
stops (TPE1 and TPE2 bits of CNTR2 = 0), the TIR1 or TIR2 bit is not set.
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8.14 Program Examples of the 2-Channel 8-Bit PWM Timer
(Interval Timer Function)

This section provides examples of 8-bit timer mode programs and CK12 mode
programs for the 2-channel 8-bit PWM timer.

B Examples of 8-Bit Timer Mode Programs

O Processing specifications
e CH1 operates as an interval timer in 8-bit timer mode.
* 5 ms interval timer interrupts are generated repeatedly.
* The square wave to be inverted at the interval time is output to the PTO1 pin.

¢ The COMR1 value whose interval time is about 5 ms when the oscillation of the main clock
is 10 MHz is shown below. The count clock is 64 tj,g of the internal count clock (tjgt:

Divide-by-4 of oscillation when the main clock speed (gear) is set as the maximum speed).

COMR{ value = 5ms/ (64 x 4/10MHz) -1 = 194.3 (0C2H)
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8.14 Program Examples of the 2-Channel 8-Bit PWM Timer (Interval Timer Function)

O Coding example (comply with Softune V1)

EQU 0027H
EQU 0028H
EQU 0029H
EQU 002AH
EQU CNTR2:7
EQU CNTR2:3

EQU 007C

DSEG  ABS

ORG OFFEOH

DW WARI1

ENDS

CSEG

CLRI

CLRB TPE1

MOV ILR3,#11110111B
MOV COMR1, #0C2H

MOV CNTR1,#00001100B
MOV CNTR3,#00100000B
MOV CNTR2,#10000000B

SETI

CLRB TIR1

PUSHW A
XCHW A,T
PUSHW A

User processing

POPW A

XCHW A,T
POPW A
RETI

ENDS

;Address of PWM control
;Address of PWM control
;Address of PWM control
;Address of PWM compare

register
register
register
register

w N =

1

;Definition of CH1 counter operation enable bit

;Definition of CH2 interrupt request flag bit
;Address of interrupt level setting register

; [DATA SEGMENT]

;Setting of interrupt vector

; [CODE SEGMENT]

;We assume here that the stack pointer (SP)
register is already initialised.

;Disable interrupts.
;Stop counter operation.

;Set interrupt level (level 1).

;Compare the value in COMR1 with the counter

value (interval time).

;Interval timer operation, clearing of the
CH1 clock, and 64tinst selection.

;Enable output to the PWM1 pin.

;Start counter operation and output an

interrupt request.
;Enable interrupts.

————— INterrupt PrOgEam- - === == === == - oo oo oo

;Clear the interrupt request flag.

;8ave A and T.

;Return A and T.
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B Examples of CK12 Mode Programs

218

O Processing specifications

CH1 assumes that the interval timer time is 5 ms (square wave output cycle = 10 ms) and
that interrupts are not used.

CH2 causes a 100 ms interval timer interrupt repeatedly on the assumption that CH1 is a
count clock.

The square wave to be inverted at the CH2 interval time is output to the PT02 pin.

The COMR1 value for which the CH1 timer interval time becomes about 5 ms at a main
clock oscillation of 10 MHz is shown below. The count clock is 64 tinst of the internal count
clock (tinst: Divide-by-4 of oscillation when the main clock speed (gear) is set to the
maximum speed).

COMR1 value = 5ms/ (64 x 4/10MHz) -1 = 194.3 (OC2H)

The COMR2 value whose CH2 timer interval time is about 100 ms when a CH1 square wave
is output is shown below.

COMR2 value = 100ms/ (5 x 4/2) ms = 10 (00AH)




8.14 Program Examples of the 2-Channel 8-Bit PWM Timer (Interval Timer Function)

O Coding example (comply with Softune V1)

EQU 0027H
EQU 0028H
EQU 0029H
EQU 002AH
EQU 002BH
EQU CNTR2:7
EQU CNTR2:6
EQU CNTR2:2

EQU 007C
DSEG ABS
ORG OFFEEH
DW WARI
ENDS

CSEG

CLRI

CLRB TPE1
CLRB TPE2

MOV ILR2,#11110111B
MOV COMR1, #0C2H

MOV COMR2, #00AH

MOV CNTR1,#00001100B
MOV CNTR3,#01000000B
MOV CONT2,#11100001B
SETI

CLRB TIR2

PUSHW A
XCHW A,T
PUSHW A

User processing

POPW A

XCHW A,T
POPW A
RETI

ENDS

END

;Address of
;Address of
;Address of
;Address of
;Address of
;Definition
;Definition
;Definition
;Address of

PWM
PWM
PWM
PWM
PWM

control
control
control
compare
compare

register
register
register
register
register

[T S

2

of CH1 counter operation enable bit
of CH2 counter operation enable bit

of CH2 interrupt request flag bit
interrupt level setting register
; [DATA SEGMENT]

;Setting of interrupt vector

; [CODE SEGMENT]
;We assume here that the stack pointer (SP)
register is already initialised.

;Disable interrupts.

;Stop counter operation.

;Set interrupt level
;Compare the value in COMR1 with the counter

value (interval time).

;Interval timer operation, clearing of the
CH1 clock, and 64tinst selection.

(level 1).

;Enable output to the PWM2 pin.

;Start counter operation and output an

interrupt request.
;Enable interrupts.

;Save A and

;Return A and T.

T.

————— Interrupt Program-------------- - - - oo
;Clear the CH2 interrupt request flag.
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CHAPTER 8 2-CHANNEL 8-BIT PWM TIMERS

8.15 Program Examples of the 2-Channel 8-Bit PWM Timer (PWM
Timer Function)

This section provides program examples for the PWM timer function in 8-bit PWM
mode, 7-bit PWM mode, and CH12PWM mode PWM of the 2-channel timer.

B Examples of PWM Timer Function Programs

220

O Processing specifications

CH1 operates as a PWM timer in 8-bit PWM mode and square waves are output to the PTO1
pin.

CH2 operates as a PWM timer in 7-bit PWM mode (high-speed mode) and square waves
are output to the PT02 pin.

PWM waves with a 50% duty ratio are generated and the duty ratio is subsequently changed
to 25%.

No interrupts are generated.

If the oscillation of the main clock is 10 MHz, each count clock is 16 tj,g; of the internal count
clock (tnst: Divide-by-4 of oscillation when the main clock speed (gear) is set to the

maximum speed), the CH1 PWM wave cycle becomes 16 x 4/10 MHz x 256 = 1.6384 ms
and the CH2 PWM wave cycle becomes 16 x 4/10 MHz x 128 = 0.8192 ms.

The COMR1 value whose duty ratio is 50% in 8-bit PWM mode is shown below.

COMR1 value = 50/100 x 256 = 128 (080H)

The COMR2 value whose duty ratio is 50% in 7-bit PWM mode is shown below.

COMR2 value = 50/100 x 128 = 64 (040H)




8.15 Program Examples of the 2-Channel 8-Bit PWM Timer (PWM Timer Function)

O Coding example

CNTR1 EQU 0027H ;Address of PWM control register 1
CNTR2 EQU 0028H ;Address of PWM control register 2
CNTR3 EQU 0029H ;Address of PWM control register 3
COMR1 EQU 002AH ;Address of PWM compare register 1
COMR2 EQU 002BH ;Address of PWM compare register 2
TPE1 EQU CNTR2:7 ;Definition of CH1 counter operation enable bit
TPE2 EQU CNTR2:6 ;Definition of CH2 counter operation enable bit
R e T Main program------------co oo
CSEG ; [CODE SEGMENT]
CLRB TPE1l ;Stop counter operation.
CLRB TPE2
MOV COMR1, #80H ;Specify the "H" width of a pulse and a duty
ratio of 50%.
MOV COMR2, #40H ;Specify 1 cycle of a pulse.
MOV CNTR1,#11011010B ;Select PWM timer, 8/7-bit PWM mode and
16 tinst.
MOV CNTR3,#01100000B ;Enable output to the PT01l and PT02 pin
MOV CNTR2,#11000000B ;Start counter operation and disable output of
interrupt requests.
MOV COMR1, #40H ;Change the duty ratio to 25% (takes effect
starting with the next PWM wave cycle).
MOV COMR2, #20H
ENDS
END
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B Program Examples for CH12PWM Mode

O Processing specifications
* CH1 is set to 8-bit PWM mode to enable CH1 to operate as the PWM timer.
* CH2 is set to 8-bit PWM mode to enable CH2 to operate as the PWM timer.
* The initial duty ratio of the PWM value is set to 50%.
* No interrupts are generated.

* When the oscillation clock frequency is 10 MHz, each clock is 16t (tinst: Divided-by-4
value of the oscillation when the main clock speed (gear) is set to the maximum speed).

e The COMRT1 register value ("L" width) is set to 40H to set the duty ratio to 50%.
* The COMR2 register value (cycle interval) is set to 80H to set the duty ratio to 50%.

O Coding example

CNTR1 EQU 0027H ;Address of PWM control register 1
CNTR2 EQU 0028H ;Address of PWM control register 2
CNTR3 EQU 0029H ;Address of PWM control register 3
COMR1 EQU 002AH ;Address of PWM compare register 1
COMR2 EQU 002BH ;Address of PWM compare register 2
TPE1 EQU CNTR2:7 ;Definition of CH1 counter operation enable bit
TPE2 EQU CNTR2:6 ;Definition of CH2 counter operation enable bit
e Maln pProgram-——--— - - - - - oo oo e oo
CSEG ; [CODE SEGMENT]
CLRB TPEL1 ;Stop counter operation.
CLRB TPE2
MOV COMR1, #40H ;Specify the "L" width of a pulse and a duty
ratio of 50%.
MOV COMR2, #80H ;Specify 1 cycle of a pulse.
MOV CNTR1,#11001010B ;Enable the counter to operate as the PWM timer
and select 16tjpgt
MOV CNTR3,#00110000B ;Enable output to the PT0l pin and set the
CH12PWM mode.
MOV CNTR2,#11000000B ;Start counter operation and disable output of

interrupt requests.
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CHAPTER 9 PULSE WIDTH COUNT TIMER (PWC)

This chapter describes the functions and operations of the pulse width count timer
(PWC).

9.1 "Overview of the Pulse Width Count Timer"

9.2 "Configuration of the Pulse Width Count Timer"

9.3 "Pins of the Pulse Width Count Timer"

9.4 "Registers of the Pulse Width Count Timer"

9.5 "Pulse Width Count Timer Interrupts”

9.6 "Operation of the Interval Timer Function”

9.7 "Operation of the Pulse Width Measurement Function"
9.8 "Status of the Pulse Width Count Timer in Each Mode"
9.9 "Notes on Using the Pulse Width Count Timer"

9.10 "Program Examples for the Interval Timer Function of the Pulse Width
Count Timer"

9.11 "Program Example for the Pulse Width Measurement Function of the
Pulse Width Count Timer"
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CHAPTER 9 PULSE WIDTH COUNT TIMER (PWC)

9.1 Overview of the Pulse Width Count Timer

The pulse width count timer (PWC) has two functions: it can act as an interval timer
that counts down in synchronization with three types of internal count clock, and it
can provide a pulse width measurement function for measuring the width of pulses
input to an external pin. Each of the functions can be selected.

These functions allow the PWC to provide the settings for the 8-bit interval timer and
to output square waves at a given frequency by using the output of this timer. The
PWC can also be used for input capture by repeating external input pulse width
measurements continuously.

B Interval Timer Function (Square Wave Output Function)
In the interval timer function, the PWC repeatedly generates interrupts at given time intervals.

Also, the function can invert the output level of the pin (WTOQ) at each time interval to output
square waves with a given frequency.

* The interval time for the timer function ranges from one clock to 28 clocks of the internal
count clock.

e The internal count clock can be selected from three types.

* The timer function can operate in either reload timer mode (in continuous operation) or in
one-shot mode (one-time operation).

e The P20/PWCK pin can be selected as the external clock of PWC.
* The timer output bit (PCR2:T0) can be used as the count clock of the 8-bit PWM timer.

Table 9.1-1 "Interval Times and Square Wave Output Ranges" lists the interval times and
square wave output ranges.

Table 9.1-1 Interval Times and Square Wave Output Ranges

Internal count clock Interval time Square wave output (Hz)
period
1tinst 1tinst to 28tinst 1/(2tinst) to 1/(29tinst)
Atingt 22tinst to 210tinst 1/(23tinst) to 1/(2 1tinst)
32tingt 25tinst to 213tinst 1/(26tinst) to 1/(214tinst)

tinst: Instruction cycle (influenced by clock mode and others)

Reference:
Examples of interval time and square wave output frequency calculations are shown below.

When the main clock source oscillation (Fcp) is 10 MHz, the value of the PWC reload buffer
register (RLBR) is DDy (221), and the count clock period is 1 t, the interval time and
square wave output frequency can be calculated as follows:
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9.1 Overview of the Pulse Width Count Timer

Interval value = (1 x4/FcH) x (RLBR register value)

= (4/10MHz) x 221
= 88.8us
Output frequency = FcH / (1 x 8 x (RLBR register value)

=10MHz/ (8 x 221)
= 5.6kHz

H Pulse Width Measurement Function

The pulse width measurement function measures the width of "H" or "L" pulses, or one-cycle
width of pulses input to an external pin (PWC pin).

¢ The function also allows consecutive measurement of multiple pulses.
¢ There are three measurement speeds (internal clock count types) that can be selected.
* Moreover, the width of a long input pulse can be measured as well.

Table 9.1-2 "Pulse Widths That Can Be Measured by the Pulse Width Measurement Function"
lists the pulse widths that can be measured by the pulse width measurement function.

Table 9.1-2 Pulse Widths That Can Be Measured by the Pulse Width Measurement

Function
Internal count clock period Interval time
inst tjnst t0 28tinst
Atinst 22tinst to 210tinst
32tinst 25tinst to 213tinst

tinst: INstruction cycle (1/4 of the source oscillation of the main clock)
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CHAPTER 9 PULSE WIDTH COUNT TIMER (PWC)

9.2 Configuration of the Pulse Width Count Timer

The pulse width count timer consists of the following six blocks:

Count clock selector

8-bit down counter

Input pulse edge detection circuit

PWC reload buffer register (RLBR)

PWC pulse width control register 1 (PCR1)
PWC pulse width control register 2 (PCR2)

Block Diagram of the Pulse Width Count Timer

Figure 9.2-1 Block Diagram of the Pulse Width Count Timer

PWC pulse

width control IRQ7
register 1
(PCR1)

EN | TOE IE — — UF IR BF
/= [

. . P36/WTO
PWC pulse width control register 2

(PCR2) | . } Pin

Count clock
<: >FC RM | TO | C 0 | W2 | Wi | WO >S;ggtoﬁ%?the

\_ 8-bit PWM timer

P35/PWC

Internal data bus

Input pulse edge
detection circuit

1| C
L Count X1
X4 1tinst

clock
selector X 32

—  8-bit down counter

Pin

P20/PWCK

/‘_'\ PWC reload buffer
N—/

register (RLBR) Pin

tinst: Instruction cycle

O Counter clock selector

This circuit selects the count down clock for the 8-bit down counter from three types of usable
internal count clocks and external clock P20/PWCK. To select the external clock, set the P20/
PWCK port as the input port (DDR2:bit 0 = 0).
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9.2 Configuration of the Pulse Width Count Timer

O 8-bit down counter

This counter starts countdown either from the value obtained by subtracting 1 from the value of
the PWC reload buffer register (RLBR) (when the interval timer function is used) or from FFy

(when the pulse width is measured). When the counter value changes from 00y to FFy, the
counter inverts the timer output bit (PCR2:TO). The TO bit is output to the WTO pin by setting

the output pin control bit to a dedicated pin (PCR1:TOE = 1).
O Input pulse edge detection circuit

This circuit operates when the pulse width measurement function is active. It controls the start
and end of a countdown by the 8-bit down counter based on the input edge from the PWC pin
that matches the edge set in PWC pulse width control register 2 (PCR2).

O PWC reload buffer register (RLBR)

In the reload timer mode of the interval timer function, when the counter value changes from
00y to FFy, the value obtained by subtracting 1 from the RLBR register value is again set in the

counter. Counting continues.
In the case of the pulse width measurement function, the value of the 8-bit down counter is
transferred to the RLBR register upon completion of the measurement.

O PWC pulse width control registers 1 and 2 (PCR1 and PCR2)

These registers are used to select the function of the PWC, set the operating conditions, enable
or disable operation, exert interrupt control, and check the PWC status.

H Interrupts Related to Pulse Width Count Timer

IRQ7:

When the count value changes from 01y to 00 during operation of the interval timer function

or pulse width measurement function, PWC generates an interrupt request if interrupt
request output is enabled (PCR1:IE = 1).

Also, PWC generates an interrupt request of the pulse width measurement function when:
the pulse width measurement function completes the measurement of the pulse width, or
interrupt request output is enabled (PCR1:IE = 1) with the pulse width measurement value
retained in the RLBR register.
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CHAPTER 9 PULSE WIDTH COUNT TIMER (PWC)

9.3 Pins of the Pulse Width Count Timer

This section describes the pulse width count timer pins and provides block diagrams
of the pins.

B Pins Related to the Pulse Width Count Timer
The pins related to the pulse width count timer are P35/PWC and P36/WTO.

O P35/PWC and P36/WTO pins

The P35/PWC and P36/WTO0 pins are used for multiple functions. P35 and P36 are used as
general-purpose I/O ports, the PWC acts as an input pin for pulses to be measured, and WTO
acts as an output pin for the timer output bit (PCR2: T0).

PWC:

When the pulse width measurement function is selected, the counter measures the width of
pulses that are input to this pin.

When using this pin as the PWC pin for the pulse width measurement function, set it to the
input port (DDR3:bit 5 = 0) by using the port data direction register.

WTO:
When the interval timer function is selected, the output level of this pin is inverted if the

counter value changes from 00y to FFy. In reload timer mode, the pin outputs square

waves. If the output pin control bit is set as a dedicated pin (PCR1: TOE = 1), the P36/WT0
pin automatically serves as an output pin that functions as the WTO pin, regardless of the
value of the port direction register (DDR3: bit 6).
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9.3 Pins of the Pulse Width Count Timer

B Block Diagrams of the Pins Related to the Pulse Width Count Timer

Figure 9.3-1 Block Diagram of the Pins Related to the Pulse Width Count Timer (P35/PWC, P36/WTO)

. To peripheral resource input @ P35/PWC only

Pull-up resistor

. About 50 kQ
5 (~ p——Stopandwatchmode (SPL=1) | ;==
: PR P : %
‘PDR read "+ From timer output bit : :
o : '} (PCR2: TO) : :
E e i1 | FromPCRT:TOE : Pull-up control register | :
o : \[\I WTO pin only(" :
g PDR read (for bit manipulation instructions) 5 : _l I: Pch
ER SN f 0/3& : :
g e Output latch .
= . . :
- : PDR write : —| Pch |
§ [ —— | P35/PWC
: (Port data direction register) | : Nch
 DDR write : PBE/WTO
_<} : Stop and watch mode (SPL = 1)
. DDR read

SPL: This bit specifies the pin state of the standby control register (STBC).
*1 P36/WTO only

Reference:

If "pull-up resistor available" is selected in the pull-up option setting register, the pin is set to
the "H" level (pull-up state), not the high-impedance state, in stop or watch mode (STBC:SPL
= 1). However, the pull-up state is disabled during a reset, in which case the pin enters the
Hi-z state.
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CHAPTER 9 PULSE WIDTH COUNT TIMER (PWC)

Figure 9.3-2 Block Diagram of Pins Related to Pulse Width Count Timer (P20/PWCK)

‘To peripheral resource input @_
Pull-up resistor
PDR (port data register) About 50 k2
: /—|O—— Stop and watch mode (SPL=1) | === :
é W/\Il - T
:PDR read : :
é < Pull-up control register :
< : L ! : :
ks EPDR read (for bit manipulation instructions) __I [Pch
© . \l\ . :
953 17 Output latch : E :
= | | {PDR write g behy | e :
% DDR |+
(Port data direction register) | : —| Nch P20/PWCK
:DDR write :
_ﬂ ! Stop and watch mode (SPL = 1)
DDRread

SPL: This bit specifies the pin state of the standby control register (STBC).

Reference:

If "pull-up resistor available" is selected in the pull-up register, the pin is set to the "H" level
(pull-up state), not the high-impedance state, in stop or watch mode (STBC:SPL = 1).
However, the pull-up state is disabled during a reset, in which case the pin enters the high-
impedance state.
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9.4 Registers of the Pulse Width Count Timer

This section describes the registers related to the pulse width count timer.

B Registers Related to the Pulse Width Count Timer

Figure 9.4-1 Registers Related to the Pulse Width Count Timer

PCR1 and PCR2 (PWC pulse width control registers 1 and 2)

Address  bit7 bit6 bith bit4 bit3 bit2 bitl bit0 Initial value
PCR1 002Cx EN |TOE| IE | — | — | UF IR | BF 000XX000s
RW R/W R/W RW RMW R

Address bit7 bit6 bitd bit4d bit3 bit2 bitl bitd Initial value
PCR2 002Dw FC RM | TO C1 CoO | W2 Wi Wwo 00000000
R/W R/W RMW R/'W R/W R/MW R/W

RLBR (PWC reload buffer register)
Address  it7 bit6 bits bitd bit3 bit2 bitl bito Initial value

002En XXXXXXXXs
R/W R/W R/MW RW RMW RM RMW RW - msp ffjr;%tiigfgaslelected
R R R R R R R R —— When the pulse width

measurement function
is selected

: Read only
: Not used

R/W: Read/write enabled
R
X : Undefined
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CHAPTER 9 PULSE WIDTH COUNT TIMER (PWC)

9.4.1 PWC Pulse Width Control Register 1 (PCR1)

PWC pulse width control register 1 (PCR1) is used to enable or disable the functions of
the pulse width count timer, exert interrupt control, and check the PWC status.

B PWC Pulse Width Control Register 1 (PCR1)

Figure 9.4-2 PWC Pulse Width Control Register 1 (PCR1)

Address bit7 bit6 bits bit4 bit3 bit2 bitl bit0 Initial value

002Cu EN | TOE | IE — — UF IR BF 000--0008
R/W R/W R/W R/W R/W R
— |
|ﬁ BF Buffer full flag bit

0 | Pulse width measurement value not defined

1 | Pulse width measurement value defined

Measurement-end interrupt request flag bit
Read Write

0 | fose width measurement This bit is cleared.

1 Pulse width measurement
completed

IR

Unchanged; no other effect

Underflow (0O0H --> FFH) interrupt request flag bit

UF
Read Write
Counter value does not change i hit i
0 |from OOH --> FFH This bit is cleared.
Counter value changes .
L |from 00H —> FFH Unchanged; no other effect

The UF, IR, and BF bits are all interrupt request flag bits.

1E Interrupt request enable bit

0 | Disables interrupt request output
1 Enables interrupt request output

TOE Output pin control bit

0 | Used as a general-purpose port (P36)
1 | Used as the TO bit output pin (WT0)

TO bit: Timer output bit (PCR2: TO, bit5)

EN Counter operation enable bit
0 | Disables/stops counter operation
R/W : Read/write enabled 1 | Enables/starts counter operation
R Read only
-  * Notused
[_]: Initial value

232



9.4 Registers of the Pulse Width Count Timer

Table 9.4-1 Functions of the PWC Pulse Width Control Register 1 (PCR1) Bits

Bit name

Function

bit7

EN:

Counter
operation enable
bit

* If this bit is set to "1" when the interval timer function is selected, the
counter starts countdown from the value set in the PWC reload buffer
register (RLBR). Writing "0" stops counter operation.

» If this bit is set to "1" when the pulse width measurement function is
selected, measurement with the counter is enabled and, upon
detection of the specified edge of the pulse to be measured, the
counter starts countdown from FF. Writing "0" stops counter
operation.

Note:

If the pulse width measurement function is selected and if counter
operation is disabled (EN = 0) during measurement, counter
operation will stop. However, the counter value is not transferred to
the RLBR register in this case. Restarting the counter (EN =1) sets
its value to FFp, enabling counter operation.

bit6

TOE:
Output pin
control bit

¢ This bit specifies whether the P36/WTO pin is to be used as a
general-purpose port (TOE = 0) or a dedicated pin (interval timer
output) (TOE = 1).

e |If the pin is set to be used as a dedicated pin, the value of the timer
output bit (PCR2: TO) is output to the WTO pin.

Reference:

If the output pin control bit is set to specify the use of the dedicated
pin (TOE = 1), the pin functions as the WTO pin, regardless of the
state of the general-purpose port (P36).

bit5

IE:
Interrupt request
enable bit

¢ This bit enables or disables the output of interrupt requests to the
CPU.

» If this bit or any of the interrupt request flag bits (UF, IR, and BF) is
set to "1," an interrupt request is output to the CPU.

bit4
bit3

Unused bits

e The values of these bits are undefined during read operations.
* Write operations have no effect on the values of these bits.

bit2

UF:

Underflow
(OOH“>FFH)
interrupt request
flag bit

* This bit is set to "1" if the counter value changes from 00y to FF.

¢ If both this bit and the interrupt request enable bit (IE) are set to "1,"
an interrupt request is output.

e Writing "0" clears this bit. Writing "1" has no effect.

Reference:

* If the counter value changes from 004 to FF when the interval timer
function is selected, the timer output bit (PCR2: TO0) is inverted. In
reload timer mode, the counter continues countdown from the value
set in the RLBR register. In one-shot timer mode, the counter
automatically stops countdown (EN = 0).

* If the counter value changes from 004 to FF while the pulse width
measurement function is measuring a long input pulse, the counter
sets this bit to "1" and continues countdown.

bit1

IR:
Measurement-
end interrupt
request flag bit

e This bit is used when the pulse width measurement function is
selected.

e The bitis set to "1" when pulse width measurement is completed.

¢ |[f this bit and the interrupt request enable bit (IE) are set to "1," an
interrupt request is output.

* During a write operation, setting "0" clears this bit. Setting "1" has no
effect, and the bit is unchanged.

e This bit has no meaning when the interval timer function is selected.
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Table 9.4-1 Functions of the PWC Pulse Width Control Register 1 (PCR1) Bits (Continued)

Bit name

Function

bit0

BF:

Buffer full flag bit

This bit is an interrupt request flag that is set to "1" if the RLBR
register retains a measurement value when the pulse width
measurement function is selected.

If this bit and the interrupt request enable bit (IE) are set to "1," an
interrupt request is output.

The bit is set to "1" when the pulse width measurement is completed.
It is cleared to "0" when the measurement value is read from the
RLBR register.

This is a read-only bit. Any attempt to write to this bit has no effect
on counter operation.

This bit has no meaning when the interval timer function is selected.
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9.4 Registers of the Pulse Width Count Timer

9.4.2 PWC Pulse Width Control Register 2 (PCR2)

PWC pulse width control register 2 (PCR2) is used to select the operation mode of the

pulse width count timer (pulse width measurement, interval timer operation, etc.),
select the count clock type, set the pulse to be measured (measurement edge), and
check the timer output status.

H PWC Pulse Width Control Register 2 (PCR2)

Figure 9.4-3 PWC Pulse Width Control Register 2 (PCR2)

Address bit7 bit6 bith bit4 bit3 bit2 bitl bit0 Initial value
002Du FC RM TO Cl CO W2 W1 WO 000000008
R/W R/W R/W R/W R/W R/W R/W R/W
| | | J |
Measured pulse selection bits
W2 | WL | WO [Effective only when the pulse width
measurement function is selected (Fc=1)
0 0 0 | "H" level (rising edge - falling edge)
0 0 1 | "L" (rising edge - falling edge)
0 1 0 | Rising edge - rising edge (one cycle)
0 1 1 | Falling edge - falling edge (one cycle)
1 1 0 | Detection of "H" level (rising edge -
falling edge) and the rising edge - rising
edge
Cl | €O Count clock selection bits
0 0 1tinst
0 1 4tinst
1 0 32tinst
1 1 | External clock (P20/PWCK)
tinst: Instruction cycle
10 Timer output bit
Read Write
0 | The current output | An output value can
value is read. be set when the
1 counter is stopped.
Reload mode selection bit
RM | Effective only when the interval timer function
is selected (Fc = 0)
0 | Reload timer mode
1 | One-shot timer mode
FC Operation mode selection bit
R/W  : Read/write enabled 0 | Operates as the interval timer function
) : Unusgd 1 Operates as the pulse width measurement function
X : Undefined
[ - mitial value
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Table 9.4-2 Functions of the PWC Pulse Width Control Register 2 (PCR2) Bits

Bit name Function
* This bit is used to toggle between the interval timer function (FC = 0)
FC: and the pulse width measurement function (FC = 1).
bit7 | Operation mode Note:
selection bit When the pulse width measurement function (FC = 1) is selected,
specify the P35/PWC pin as an input port.
¢ When the interval timer function is selected
RM: This bit is used to toggle between reload timer mode (RM = 0) and one-
bit6 | Reload mode shot timer mode (RM = 1).
selection bit * When the pulse width measurement function is selected
This bit is meaningless.
* This bitis inverted each time the counter value changes from 00y to
FF.
¢ When the output pin control bit (PCR1: TOE) of PWC pulse width control
TO: register 1 is set to "1," the value of this bit is output from the WTO pin.
bit5 Tirr;er output bit * By counting the number of times this bit is inverted (the counter value
P changes from 00y to FFR), the timer can measure pulses longer than 28
clocks of the selected count clock. When the counter is stopped (PCR1:
EN = 0) and when output is enabled (PCR1: TOE = 1), the value this bit
is set to become the initial value for the WTO pin.
¢ These bits select the count clock for the interval timer and pulse width
c1 Co: measurement functions.
bit4 r * Three types of internal count clock inputs can be set for port P20/
. Count clock
bit3 ) . PWCK.
selection bits
Note:
To use the external clock, set the port (P20/PWCK) as the input port.
* When the pulse width measurement function is selected
. . These bits enable selection of the pulse edge type used as the condition
bit2 | W2, W1, WO: : .
. for starting or stopping the measurement of the pulse to be measured.
bit1 Measured pulse : . : .
. : . These bits enable the setting of five pulse widths and a cycle.
bit0 | selection bits

¢ When the interval timer function is selected
These bits have no meaning.
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9.4 Registers of the Pulse Width Count Timer

9.4.3 PWC Reload Buffer Register (RLBR)

The PWC reload buffer register (RLBR) functions as a reload register when the interval
timer function is selected. When the pulse width measurement function is selected, it
serves as a measured value storage register.

B PWC Reload Buffer Register (RLBR)

Figure 9.4-4 "PWC Reload Buffer Register (RLBR)" shows the bit configuration of the PWC
reload buffer register.

Figure 9.4-4 PWC Reload Buffer Register (RLBR)

R/W :

Address bit7 bit6 bitd bit4d bit3 bit2 bitl bit0 I[nitial value
002Ex XXXXXXXXs
______ When the interval timer
RV R R R R RA R RN function is selected
R R R R R R R R —- When the pulse width
measurement function
Read/write enabled is selected
: Read only
. Undefined

When the interval timer function is selected
The RLBR register functions as a reload register that specifies the interval time.

When counter operation is enabled (PCR1:EN = 1), the timer starts countdown from the value
obtained by subtracting 1 from the value written into this register.

In reload timer mode, when the counter value changes from 004 to FFy, the value obtained by

subtracting 1 from the RLBR register value is again set (reload) in the counter. The counter
continues to count. Also, if a value is written to the RLBR register while the counter is
operating, that value becomes valid the next time the value of the RLBR register is reloaded into
the counter when the counter value changes from 00y to FF,.

Reference:

The value to be set in the RLBR register when the interval timer function is selected can be
obtained from the following equation. Note that the instruction cycle is 1/4 (4/Fcp) of the

source oscillation.

RLBR register value = interval time/(count clock period x instruction cycle)
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O When the pulse width measurement function is selected
The RLBR register serves as a measured value storage register.

When pulse width measurement ends upon detection of the measurement-end edge, the
counter value is transferred to this register.

At this time, the buffer full flag bit (PCR1: BF) and the measurement-end interrupt request flag
bit (PCR1: IR) are set to "1." The BF bit is cleared to "0" when this register is read.

Reference:

When the pulse width measurement function is selected, the pulse width can be obtained
from the RLBR register value using the following equation. Note that the instruction cycle is
1/4 (4/Fcp) of the source oscillation.

Pulse width = (256 - RLBR register value) x count clock period x instruction cycles
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9.5 Pulse Width Count Timer Interrupts

A pulse width count timer interrupt can occur for the following two reasons:

* The counter value changes from 01y to FF; while the interval timer function is
operating.

¢ The measurement ends or the buffer becomes full while the pulse width
measurement function is operating.

B Interrupts That Occur When the Interval Timer Function Is Selected

When the counter value changes from 00y to FFy after the counter starts countdown with the
selected internal count clock, the underflow (004 --> FFy) interrupt request flag bit (PCR1: UF)

is set to "1." At this time, an interrupt request (IRQ7) is sent to the CPU provided the interrupt
request enable bit is "1" (PCR1: IE = 1). To clear the interrupt request, set the UF bit to "0" by
using an interrupt processing routine.

Reference:

The UF bit is not set if a counter stop (PCR1: EN = 0) and a change of the counter value
from 00y to FF occur at the same time.

If the IE bit is changed from 0 (disable) to 1 (enable) when the UF bit is set to "1," an
interrupt request is generated immediately.

H Interrupts That Occur When the Pulse Width Measurement Function Is Selected

When the specified measurement-end edge is detected, the measurement-end interrupt request
flag bit (PCR1: IR) and the buffer full flag bit (PCR1: BF) are set to "1." When the counter value
changes from 00y to FF because of a long pulse, the UF bit is set to "1." At this time, an
interrupt request (IRQ7) is sent to the CPU if the interrupt request enable bit is set to 1 (PCR1:
IE = 1). To clear the interrupt request, set the IR and UF bits to "0" by using an interrupt

processing routine. Alternatively, read the PWC reload buffer register (RLBR) to clear the BF bit
to "0."

Reference:

e The IR and BF bits of the PWC pulse width control register 1 are not set if a counter stop
(PCR1:EN = 0) and the detection of a measurement-end edge occur at the same time.

e |f the IE bit changes from "disabled" to "enabled (1)" when the IR, BF, or UF bit of PWC
pulse width control register 1 is set to 1, an interrupt request is generated immediately.
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B Registers and Vector Tables Related to Pulse Width Count Timer Interrupts

Table 9.5-1 Registers and Vector Tables Related to Pulse Width Count Timer Interrupts

Interrupt name

Interrupt level setting register

Vector table address

Register

Setting bit

Upper bits

Lower bits

IRQ7

ILR2 (007Cy)

L71 (bit7)

L70 (bit6)

FFECy

FFEDy

For information about interrupt processing, see Section 3.4.2 "Interrupt Processing."
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9.6 Operation of the Interval Timer Function

This section describes the interval timer function of the pulse width count timer.

B Operation of the Interval Timer Function

The interval timer function can operate in two modes. In reload timer mode, the function
operates the timer continuously. In one-shot mode, the timer stops when one operation cycle is
completed.

O Reload timer mode

To operate the timer in reload timer mode requires the setting shown in Figure 9.6-1 "Setting the
Interval Timer Function (in Reload Timer Mode)"

Figure 9.6-1 Setting the Interval Timer Function (in Reload Timer Mode)

bit7 bit6 bitbh bit4 bit3 bit2 bitl bit0
PCR1 EN | TOE 1E — — UF IR BF
1 1 © © X X
PCR2 FC RM TO Cl1 (60] w2 W1 WO
0 0 © © O X X X ©: Used bit
X : Unused bit
RLBR Set the interval time (initial counter value) 1: Setto"1"
0: Setto"0"

When the counter is started, the value obtained by subtracting 1 from the RLBR register value is
set in the counter. Countdown starts at the rising edge of the selected count clock. When the
counter value changes from 014 to 00y, the value of the timer output bit (PCR2: TO0) is inverted.
After the counter is set again to the value of the RLBR register (the value is reloaded), the
underflow (014 --> 00y) interrupt request flag bit is set (PCR1: UF = 1) at the rising edge of the
next count clock.

Figure 9.6-2 "Timer Operation in Reload Timer Mode" shows the operation of the timer in reload
timer mode.
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Figure 9.6-2 Timer Operation in Reload Timer Mode

Counter value
FH  Aeeeoeeeeemeeeemmeeamsee e e e pseeeme e e e e e e e e

5 § ; o
RLBR value Timer period : Cleared by : Change the RLBR value (*1):
(FFu): :the program :  (FFH to 80H) =

UF bit |_ |_
EN bit —] : : :

TOE bit 1 : When the initial value is "0"

WTO bit - m L

(TO bit)y —i
Becomes a general-purpose I/O port when the output pin control bit (TOE)
is setto "0."

*1: Any change in the value of the PWC reload buffer register (RLBR) during a cycle
of timer operation becomes effective in the next cycle.

Reference:

Setting the value of the RLBR register to 01y causes the TO bit value to be inverted for one
count clock cycle.

O One-shot timer mode

To operate the timer in one-shot timer mode requires the setting shown in Figure 9.6-3 "Setting
the Interval Timer Function (One-Shot Timer Mode)".

Figure 9.6-3 Setting the Interval Timer Function (One-Shot Timer Mode)

bit7 bit6 bitdb bitd bit3 bit2 bitl bit0

pert | v [ToE | e[ — | — [ uF | iR | oeF |

1 1 © © x x
peke [ Fo [ Ru |0 ci[cow|wm]w]

0o 1 © © © x x X ?ib’iﬁietﬂtbn
RLBR | Set the interval time (initial counter value) | (1) ;gg“g ,,(1)..

When the counter is started, the value stored in the RLBR register is set in the counter, which
then starts countdown at the rising edge of the selected count clock. When the counter value
changes from 004 to FFy, the value of the timer output bit (PCR2: TO) is inverted and the

counter operation enable bit is automatically cleared (PCR1: EN = 0). After the operation of the
counter is stopped, the underflow (00 --> FFy) interrupt request flag bit is set (PCR1: UF = 1)

at the rising edge of the next count clock.
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Figure 9.6-4 "Timer Operation in One-Shot Timer Mode" shows the operation of the timer in
one-shot timer mode.

Figure 9.6-4 Timer Operation in One-Shot Timer Mode

Counter value FFy

804

00

RLBR value | Timer period

UF bit

EN bit

TOE bit

< > 1\ : Time

' Cleared by the | Change the RLBR valug

(FFy) program . (FFHto 80H) ( ;1) : :
I - I
: Automatig clear Restart Automatic dlear Restart Altomatic clear
J Inyert Restart with thefinitial vaflue reméining "0"

(TO bit)

When the counter starts with an initial value of "1"

*1: Any change in the value of the PWC reload buffer register (RLBR) during a cycle of timer operation
becomes effective in the next cycle.

Note:

Do not change the PCR2 data while the counter is operating (PCR1: EN = 1).

Reference:

* The UF bit is set to "1" whenever the counter value changes from 004 to FFy, regardless of

the value

of the interrupt request enable bit (PCR1: IE).

* If the counter is stopped (PCR1: EN = 0) when the interval timer function is selected, the TO
bit retains the value stored immediately before counter stops.

243



CHAPTER 9 PULSE WIDTH COUNT TIMER (PWC)

9.7 Operation of the Pulse Width Measurement Function

This section describes the operation of the pulse width measurement function of the
pulse width count timer.

B Operation of the Pulse Width Measurement Function

244

Operation of the pulse width measurement function requires the settings shown in Figure 9.7-1
"Settings for the Pulse Width Measurement Function".

Figure 9.7-1 Settings for the Pulse Width Measurement Function

bit7 bit6 bitbh bitd bit3 bit2 bitl bit0
DDR3
X X 0 X X X X X
peri | N o | e | — | — | ur | R | eF |
1 X © A © ©
PeR2 | FC | RM [ T0 [ C1 | co | w2 | wi | w0 O ¢ Useabit
1 X X © © © © © long pulse width
X : Unused bit
RLBR The measured pulse width value is retained. 1 : Setto"1"
0 : Setto"0"

When counter operation has been enabled, the counter starts countdown from FFy when it

detects a measurement-start edge in a pulse input to the PWC pin. (If the input is already "H"
for measurement of the "H" width, the counter starts the measurement at the next rising edge.)

When a measurement-end edge is detected, the value of down counter at that point is
transferred to the PWC reload buffer register (RLBR). The measurement-end interrupt request
flag bit (PCR1: IR) and the buffer full flag bit (PCR1: BF) are set to "1," and counter operation is
enabled again. (Since the pulse width measurement can be performed repeatedly, the counter
can be used for input capture.)

Figure 9.7-2 "Example of "H"-Width Measurement When the Pulse Width Measurement
Function is Selected" shows how the counter operates when the measured pulse selection bits
(PCR2: W2, W1, and WO) are set to 000g ("H" width measurement).
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Figure 9.7-2 Example of "H"-Width Measurement When the Pulse Width Measurement Function is
Selected

"H"-width_,
Input pulse P —

(Waveform input to the PWC pin) f {

Counter Va|Ue FFII ..................... ’______

. % Cleared by the program
EN bit J Counting :

IR bit |
BF bit -

The down counter transfers  Raad the RLBR
data to the RLBR.

Time

Note:

» |f the previous RLBR register value is not read after the pulse width measurement has been
performed repeatedly, the BF bit remains "1," retaining the previous measured value. New
measured values are discarded.

¢ Do not change data in the PCR2 register while pulse width measurement is in progress
(PCR1: EN =1).

B Measurement of Long Pulse Width

To measure a pulse whose width is greater than 28 times the selected count clock period, it is
necessary to count either the number of times the value of the WTO pin (PCR2: TO0) is inverted
by using an external circuit or the number of times the counter value changes from 00y to FFy

by using an interrupt processing routine. Counting the number of times the counter value
changes from 004 to FFy by software requires that a buffer (software counter) be allocated in

RAM for storing the number of these events.

When the software counter has been initialized and counter operation is enabled, the counter
starts countdown from FFp when a measurement-start edge is detected in a pulse input to the

PWC pin.

An interrupt request is generated if a measurement-end edge is detected or if the counter value
changes from 00y to FFy. The interrupt processing routine checks the measurement-end
interrupt request flag bit (PCR1: IR) and the underflow (004 --> FFy) interrupt request flag bit
(PCR1: UF). If the UF bit is "1," the bit is set to "0" by writing to clear the interrupt request and,
at the same time, the software counter is incremented (counter operation continues).

If the IR bit is set to "1," the pulse width, including the number of times the counter value
changes from 00y to FFy, is calculated from the software counter value and the PWC reload

buffer register (RLBR) value.
When the RLBR register value is 00y, it is assumed to be 256.
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O Long pulse width calculation method

Pulse width = [(256 - RLBR register value) + (number of times the counter value changes from 00H to FFn x 256)]
x width of 1 cycle of the count clock

246

Calculate the pulse width before the next counter value change from 00y to FF occurs. If
calculated after the next counter value change from 00y to FFy, the pulse width value may not
be accurate.

Figure 9.7-3 "Long Pulse Width Measurement" shows how the counter operates when the
measured pulse selection bits (PCR2: W2, W1, and WO0) are set to 011p (falling edge to falling

edge).
Figure 9.7-3 Long Pulse Width Measurement
. 1 cycle
Input pulse : é
(Waveform input to the PWC pin) ]/: \l/_
EN bit J : :
Countel’ Value FFH . ..........................................................................................
Software counter value B ; ;
0 : 1 : 2 S
Set to "0"
OF bi ] ] ]
Cleared by the program Cleared by the program \]/
IR bit [ I_
BF bit T
The down counter transfers data to the RLBR. Read the RLBR
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9.8 Status of the Pulse Width Count Timer in Each Mode

This section describes the operations performed by the pulse width count timer when
it enters sleep mode or stop mode, or receives a stop request.

B Operation in Standby Mode and for a Stop Request

Figure 9.8-1 "Counter Operation in Standby Mode and for a Stop Request" shows how the
counter value changes when the counter enters sleep mode or stop mode, or receives a stop
request while it is executing the interval timer function or pulse width measurement function.

Upon entering stop mode, the counter halts operation and retains its value. When stop mode is
canceled by an external interrupt, the counter resumes operation from the retained value. For
this reason, the initial interval time and pulse width values are invalid. After canceling stop
mode, initialize the pulse width count timer again.

Figure 9.8-1 Counter Operation in Standby Mode and for a Stop Request

Counter value RLBR value (FFx)
PPy A o ofee o e e
80n
00x - ,
S — .
F— L : I Time
: Timer period: : o
: : :Stop request
i Oscillator:stabilization wait time:
=
Interval time after stop mode
: : i icancellation (undefihed)
UF bit ! [ S
: ;Cleared by th? progéam Stop oferatiofn Stop operation
ENbit [I—
: : : Résume zoperation
IE bit — . Sleep
SLP bit S I
(STBC register) : : Stop mode cancellation by
Sleep mode cancellation by IRQ7 |, an externgal mte;rrupt
SLP bit ' ; : z :
. I
(STBC register) “stop
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9.9 Notes on Using the Pulse Width Count Timer

This section provides notes on using the pulse width count timer.

B Notes on Using the Pulse Width Count Timer
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O Error

When the interval timer function is used, the start of the counter by the program is not
synchronized with the start of countdown by using the selected internal count clock. For this
reason, the time from starting the counter until the counter value changes from 004 to FF may

be as much as one count clock cycle shorter.

Figure 9.9-1 "Error Occurring before the Operation of the Counter Starts" shows how an error
occurs before the operation of the counter starts.

Figure 9.9-1 Error Occurring before the Operation of the Counter Starts

Counter value

Setvalue : n X n-1 X n—2 X n—3 X n—4 ><:

Count clock

B I N S R I e

Start of the counter

1 cycle

Error |Setting value:

n cycle

O Notes on setting the timer using a program

Do not change the data of PWC pulse width control register 2 (PCR2) while the interval timer
function or pulse width measurement function is operating (PCR1: EN = 1).

Before switching from the interval timer function to the pulse width measurement function or
vice versa (PCR2: FC), set the value of the PCR1 register in such a way that the counter
(PCR1: EN = 0), disable interrupts (PCR1: IE = 0), and clear interrupt requests (UF, IR, and
BF = 0) are disabled.

The counter cannot recover from an interrupt if the interrupt request flag bits (PCR1: UF, IR,
and BF) and the interrupt request enable bit (PCR1: IE = 1) are set to "1." Be sure to clear
the interrupt request flag bits.

In the case of the pulse width measurement function, if the previous measurement value has
not been read out when the next pulse width measurement has been completed, the counter
retains the previous value without transferring the new value to the PWC reload buffer
register (RLBR). When measuring the long pulse width, read the measured value before the
next counter value change from 00y to FFy occurs.

The interrupt request flag bits (PCR1: UF, IR, and BF) are not set if a counter stop (PCR1:
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EN = 0) and an interrupt occur at the same time.
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9.10 Program Examples for the Interval Timer Function of the
Pulse Width Count Timer

This section shows two program examples for the interval timer function of the pulse
width count timer.

B Program Example 1 for the Interval Timer Function (Reload timer mode)

O Processing specifications
* Aninterval timer interrupt occurs repeatedly at 3 ms intervals (reload timer mode).

* A square wave is output to the WTO pin that is initially at the "L" level. This wave is inverted
at the end of each interval.

* The RLBR register value shown below causes the interval time to be about 3 ms when the
source oscillation of the main clock is 10 MHz. The count clock is 32 ting (tinst: 1/4 of the

source oscillation of the main clock when the gear is set to the maximum speed).

RLBR register value = 3ms/ (32x4/10MHz) = 234.4 (OEAH)
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O Coding example

PCR1
PCR2
RLBR

EN
IE
UF

EQU
EQU
EQU

EQU
EQU
EQU

EQU
DSEG
ORG
DW
ENDS

CSEG

CLRI
CLRB
CLRB
MOV
MOV
MOV
MOV

MOV

CLRB

PUSHW

XCHW

PUSHW

002CH
002DH
002EH

PCR1:7
PCR1:5
PCR1:2

007CH
ABS
OFFECH
WARI

EN

IE

A,RLBR
ILR2,#01111111B
RLBR, #0EAH
PCR2,#00010000B

PCR1,#11100000B

Interrupt processing

UF

A
A,T
A

User processing

POPW
XCHW
POPW
RETI
ENDS

A
A,T
A

;Address of PWC pulse width control register 1
;Address of PWC pulse width control register 2
;Address of the PWC reload buffer register

;Definition of the counter operation enable bit
;Definition of the interrupt request enable bit
;Definition of the underflow (00y--> FFy)
interrupt request flag bit

;Address of interrupt level setting register 2
; [DATA SEGMENT]

;Setting of the interrupt vector

; [CODE SEGMENT]
;The stack pointer (SP) and other registers are
assumed to have been initialized.

;Disable interrupts

;Stop counter operation

;Disable the interrupt request output

;Clear the buffer full flag (PCRl:bit 0).
;Setting of the interrupt level (level 1)
;Reloaded counter value (interval time)
;Interval timer function, reload timer mode,
initial value of the WTO pin output,

and 32t;,¢: selection

;Start counter operation, enable WTO0 pin output,
enable interrupt request output, clear the
underflow (00y-->FFy) interrupt request flag,
and clear the measurement-end interrupt request
flag (bit 1)

;Enable interrupts

YOULINE- - === oo e e oo

;Clear the underflow (01y-->00y4
request flag.

interrupt
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B Program Example 2 for the Interval Timer Function (One-shot Timer Mode)

O Processing specifications
* One 3 ms interval timer interrupt occurs (one-shot timer mode).

* A pulse wave is output to the WTO pin that is initially at the "H" level. The wave is inverted at
the end of each interval.

» The RLBR register value shown below causes the interval time to be about 3 ms when the
source oscillation of the main clock is 10 MHz. The count clock is 32 tig (tinst: 1/4 of the

source oscillation of the main clock when the gear is set to the maximum speed).

O Coding example

PCR1 EQU 002CH ;Address of PWC pulse width control register 1
PCR2 EQU 002DH ;Address of PWC pulse width control register 2
RLBR EQU 002EH ;Address of the PWC reload buffer register
EN EQU PCR1:7 ;Definition of the counter operation enable bit
IE EQU PCR1:5 ;Definition of the interrupt request enable bit
UF EQU PCR1:2 ;jDefinition of the underflow (00y-->FFy) interrupt
request flag bit

ILR2 EQU 007CH ;Address of interrupt level setting register 2
INT V DSEG ABS ; [DATA SEGMENT]

ORG OFFECH
IRQ7 DW WARI ;Setting of the interrupt vector

CSEG ; [CODE SEGMENT]
;The stack pointer (SP) and other registers are
assumed to have been initialized.

CLRI ;Disable interrupts

CLRB EN ;Stop counter operation

CLRB IE ;Disable interrupt request output

MOV A,RLBR ;jClear the buffer full flag (PCR1l: bit 0)

MOV ILR2,#01111111B ;Setting of the interrupt level (level 1)

MOV RLBR, #0EAH ;Reloaded counter value (interval time)

MOV PCR2,#01110000B ;Interval timer function, one-shot timer mode
Initial value of WTO pin output, 32 ti,gt
selection

MOV PCR1,#11100000B ;Start counter operation, enable WTO pin output,

enable interrupt request output, clear the
underflow (00y-->FFy) interrupt request flag,
and clear the measurement-end interrupt request
flag (bit 1)

SETI ;Enable interrupts

jo-------- Interrupt processing routine----------------—------ -
WARTI CLRB UF ijClear the underflow (01yz-->00yz) interrupt

request flag.

PUSHW A
XCHW A, T
PUSHW A

User processing

POPW A

XCHW A, T
POPW A
RETI

ENDS

END
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9.11 Program Example for the Pulse Width Measurement
Function of the Pulse Width Count Timer

This section shows a program example for the pulse width measurement function of
the pulse width count timer.

B Program Example for the Pulse Width Measurement Function Program

O Processing specifications

e The "H"-width of pulses input to the PWC pin is measured (pulse width measurement
function).

¢ When the width measurement of a pulse is completed, an interrupt occurs, allowing
measurement to continue.

e The relationship between the RLBR register value and the measured pulse width shown
below is observed when the count clock is 4 tig (tinst: 1/4 of the source oscillation of the

main clock when the gear is set to the maximum speed) and when the source oscillation of
the main clock is 10 MHz.

Pulse width = (256 - RLBR register value) x 4 x 4/10 MHz (measurement range: 1.6 us to 409.6 us)
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O Coding example

DDR3 EQU 000FH
PCR1 EQU 002CH ;Address of PWC pulse width control register 1
PCR2 EQU 002DH ;Address of PWC pulse width control register 2
RLBR EQU 002EH ;Address of the PWC reload buffer register
EN EQU PCR1:7 ;Definition of the counter operation enable bit
IE EQU PCR1:5 ;Definition of the interrupt request enable bit
IR EQU PCR1:1 ;Measurement-end interrupt request flag bit
BF EQU PCR1:0 ;Buffer full flag bit
ILR2 EQU 007CH ;Address of interrupt level setting register 2
INT_V DSEG ABS ; [DATA SEGMENT]

ORG OFFE6H
IRQ7 DW WARI ;Setting of the interrupt vector

CSEG ; [CODE SEGMENT]
;The stack pointer (SP) and other
registers are assumed to have been

initialized.

MOV DDR3,#00000000B ;Set the P35/PWC pin to input

CLRI ;Disable interrupts

CLRB EN ;Stop counter operation

CLRB IE ;Disable the interrupt request output

MOV A,RLBR ;jClear the buffer full flag (PCR1:BF)

MOV ILR2,#01111111B ;Setting of the interrupt level (level 1)

MOV RLBR, #0E9H ;Counter reload value (interval time)

MOV PCR2,#10001000B ;Pulse width measurement function, 4 tj,¢
selection, and "H" pulse selection

MOV PCR1,#10100000B ;Enable counter operation, disable WTO pin

output, enable interrupt request output,
clear the underflow (004-->FFy) interrupt
request flag, and clear the measurement-end
interrupt request flag (IR)

SETI ;Enable interrupts
P Interrupt processing routine-------------------—-~--~—~-~-~ -~~~ -~~~ ——_ -
WARI CLRB IR ;Clear the measurement-end interrupt request

flag.

PUSHW A

XCHW A,T

PUSHW A

MOV A,RLBR ;Read the pulse width measurement value and clear

the BF flag
User processing

POPW A

XCHW A,T

POPW A

RETI

ENDS
g

END
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CHAPTER 10 6-BIT PPG TIMER

This chapter describes the functions and operations of the 6-bit PPG timer.

10.1 "Overview of the 6-Bit PPG Timer"

10.2 "Configuration of the 6-Bit PPG Timer Circuit"

10.3 "Pins of the 6-Bit PPG Timer"

10.4 "Registers of the 6-Bit PPG Timer"

10.5 "Operation of the 6-Bit PPG Timer"

10.6 "Notes on Using the 6-Bit PPG Timer"

10.7 "Program Example of the 6-Bit PPG Timer Programs"
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CHAPTER 10 6-BIT PPG TIMER

10.1 Overview of the 6-Bit PPG Timer

The 6-bit PPG timer is a 6-bit binary counter that can select one out four types of
internal count clocks. Because it can set an output waveform cycle and "H" width, it
can also be used as the remote control transmission frequency generator or as buzzer

output.

H 6-Bit PPG Timer Function

256

The waveforms generated by the 6-bit PPG timer are output to the PPG3 pin.
This timer can set output waveform cycles and "H" widths independently.

This timer can select a count clock from among four types of internal clocks.

This timer can generate frequencies ranging from 2 to 261 count clock cycles.

Table 10.1-1 "Output Cycles and Ranges for Adjusting the "H" Width" lists the output cycles and
the ranges for adjusting the "H" width.

Table 10.1-1 Output Cycles and Ranges for Adjusting the "H" Width

Internal count clock cycle Output cycle Output "H" width (*1)
inst 2tingt 10 B3tingt Ttinst t0 62t
2tinst 4tinst 1o 12616t 2tinst 10 12416t
8tinst 16tinst t0 504t 8tinst 10 496tjnct

32tinst 64ti,st to 2016t 32tqt to 1984t

tinst: Instruction cycle (affected by the clock mode and other factors)

[Example]

An example of calculating a cycle and "H" width of the 6-bit PPG function is given below.

Assume that the count clock cycle is set to 1 tj,g for main clock oscillation (Fgy) 10 MHz. In
this case, if the following is set:

Cycle compare value = 011110g (30 clock cycles)
"H" width compare value = 001010g (width of 10 clocks)

The "H" width and cycle of the output waveform are obtained as shown below. However,
they are obtained only if the fastest clock available in main clock mode (SCS = 1) is selected
(CS1, CSO01 instruction cycle = 4/Fcp) with the system clock control register (SYCC).



10.1 Overview of the 6-Bit PPG Timer

Cycle = Cycle compare value x count clock cycle
="0111108" (30 clock cycles) x 1 x 4/FcH
=30x04us=12us

"H" width = "H" width compare value x count clock cycle
="0010108" (width of 10 clocks) x 1 x 4/FcH
=10x0.4 ps
=4 s

The "H" level is output when an "H" width setting value is equal to or greater than a cycle setting
value.

H 6-bit PPG Timer Function 2

The controllable duty width is about 1.60% to 100%. The smaller the cycle compare value, the
lower the resolution (the larger the minimum step width of the duty ratio).

The output cycle and duty ratio can be calculated from the following formulas:

Output cycle = cycle compare value x count clock cycle
Duty ratio = (compare value for "H" width/cycle compare value) x 100 (%)

Table 10.1-2 "Resolutions and Output Cycles for the 6-Bit PPG" lists the minimum steps of the
duty ratio and output cycles.
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Table 10.1-2 Resolutions and Output Cycles for the 6-Bit PPG

"H" width Output cycle
Cycle compare Minimum
compare value Count Count Count Count Resolution | step of duty
value setting clock = clock = clock = clock = ratio
range 1 tinst 2 tinst 8 tinst 32 tinst
0 0
Setting impossible Output "H"

1 Oto2

2 Oto2 2 tingt 4 tingst 16 tingt 64 tingt 1/2 50.0%
3 0to3 3 tinst 6 tingt 24 tingt 96 tingt 1/3 33.3%
4 Oto4 4 tingt 8 tinst 32 tingt 128 tingt 1/4 25.0%
5 Oto5 5 tinst 10 tingt 40 tinst 160 tingt 1/5 20.0%
7 0Oto7 7 tinst 14 tingt 56 tingt 224 tingt 1/7 14.3%
8 0to8 8 tingt 16 tingt 64 tingt 256 tingt 1/8 12.5%
9 O0to9 9 tingt 18 tinst 72 tinst 288 tingt 1/9 11.1%
10 0to 10 10 tingt 20 tinst 80 tingt 320 tingt 1/10 10.0%
15 0to15 15 tingt 30 tingt 120 tingt 480 tingt 1/15 6.7%
20 0to20 20 tingt 40 tingt 160 tingt 640 tingt 1/20 5.0%
25 0to25 25 tingt 50 tinst 200 tingt 800 tjngt 1/25 4.0%
30 0to 30 30 tingt 60 tingt 240 tingt 960 tingt 1/30 3.3%
40 0to 40 40 tingt 80 tingt 320 tingt 1280 tingt 1/40 2.5%
50 0to 50 50 tinst 100 tingt 400 tingt 1600 tingt 1/50 2.0%
60 0to 60 60 tingt 120 tingt 480 tingt 1920 tjngt 1/60 1.7%
63 0to 63 63 tingt 126 tingt 504 tingt 2016 tingt 1/63 1.6%

tingt: Instruction cycle
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10.2 Configuration of the 6-Bit PPG Timer Circuit

The 6-bit PPG timer consists of the following five blocks:
¢ Count clock selector

¢ 6-bit counter

e Comparator

e 6-bit PPG control register 1 (RCR1)

e 6-bit PPG control register 2 (RCR2)

B Block Diagram of the 6-Bit PPG Timer

Figure 10.2-1 Block Diagram of the 6-Bit PPG Timer

Internal data bus

ifi

RCK1|RCKO|HSCS5|HSC4|HSC3|HSC2|HSC1 [HSco| 6-bit PPG control register 1 (RCRT)

L J J )

6 "H" width compare value

Count clock
selector
%1 6-bit counter 6-bit PPG output
1 tinst x 2 CLK @parator l Pin
%8 Clear . “ P30/30PPGO3/MCO
X 32
6-bit PPG output
enable signal

6 Cycle compare value

[ () ) )

6-bit PPG control register 2 (RCR2) |RCEN| — |SCL5 |SCL4|SCL3 |SCL2|SCL1|SCLO

ifi

Internal data bus

tinst: Instruction cycle
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O Count clock selector
The count clock selector selects a 6-bit counter count-up clock from among four types of internal
count clocks.
O 6-bit counter
The 6-bit counter counts up using the count clock selected by the count clock selector.
This counter is cleared (RCR2:RCEN = 0) with the output enable bit of the RCR2 register.

O Comparator

The comparator retains the output at "H" until the value of the 6-bit counter matches the value of
the register for "H" width comparison.

Thereafter, the comparator keeps the output at "L" until the counter value matches the cycle
compare register value. The 6-bit counter is then cleared and counting continues starting at
004.

O 6-bit PPG control register 1 (RCR1)

This register selects a count clock of the 6-bit PPG timer and sets a compare value for the "H"
width.

O 6-bit PPG control register 2 (RCR2)

This register enables output of the 6-bit PPG timer and sets a cycle compare value.
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10.3 Pins of the 6-Bit PPG Timer

This section describes 6-bit PPG timer pins and provides a block diagram of the pins.

M Pins of the 6-Bit PPG Timer
The 6-bit PPG timer pin is P30/PPG03/MCO.

O P30/PPGO03/MCO pin

This pin functions as a general-purpose I/O port (P30), 6-bit PPG timer output (PPG03), or main
clock output (MCO).

PPGO3:

The cycle that was set and the "H" width PPG waveform are output to this pin. The PPG
waveform can be output by setting the output enable bit (RCR2:RCEN) of the 6-bit PPG
control register to "1."

B Block Diagram of the 6-Bit PPG Timer Pins

Figure 10.3-1 Block Diagram of the P23/PPG1 Pins

PDR (port dataregister) PUFUp Tesistor

; /—|O— Stop and watch mode (SPL = 1) e

. PDR read iPPGOS § _ =
© JMCO From resburcePu”-up C?_ntrOI register | -

output enable 5
it 5" O — e
g ! PDR read (for bit manipulation instructions) —z/i
© . u o) . : .
S LS : — DO__| R LRttt '
E Py Output latch o] Pch
= : PDR write _ Pin

P30/PPG03/MCO
% DDR —{[_Nen
(Port data direction register)
DDR write
:II Stop and watch mode (SPL = 1)
DDR read

SPL: Pin state setting pin in the standby control register (STBC)

Reference:

If "pull-up resistor available" is selected with the port 3 pull-up resistor control register, the
pins are set to the "H" level (pull-up state) in stop/watch mode (SPL = 1). However, the pull-
up is disabled during a reset and the pins enter the high-impedance state.
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10.4 Registers of the 6-Bit PPG Timer

This section describes the 6-bit PPG timer registers.

B Registers of the 6-Bit PPG Timer

262

Figure 10.4-1 6-Bit PPG Timer Registers

RCR1 (6-bit PPG control register 1)
Address bit7 bit6 bits5 bit4 bit3 bit2 bit1  bit0

0058+ |RCK1|RCKO[HSC5|HSC4|HSC3|HSC2|HSC1|HSCO

RW R/W RW RW RW RW RW R/W

RCR2 (6-bit PPG control register 2)
Address bit7 bit6 bits5 bit4 bit3 bit2 bit1  bit0

0059« |RCEN| — |SCL5|SCL4|SCL3|SCL2|SCL1|SCLO

RW RW RW RW R/W RW RW

R/W : Can be read and written
— : Undefined

Initial value

00000000s

Initial value

0-000000s
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10.4.1 6-Bit PPG Control Register 1 (RCR1)

The 6-bit PPG control register 1 is used to select a 6-bit PPG timer count clock and set
the "H" width.

B 6-Bit PPG Control Register 1 (RCR1)

Figure 10.4-2 6-Bit PPG Control Register 1 (RCR1)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
00581 |RCK1|RCKO|HSC5|HSC4|HSC3/HSC2|HSC1|HSCO 000000008
RW RW RW RW RW RW RW R/W

R/W : Can be read and written

HSC5 to HSCO(') "H" width setting bit

XXXXXX "H" width compare value of 6-bit PPG
output

*1 Xindicates an optional value.

tinst : Instruction cycle
[ : Initial value

RCK1 | RCKO Count clock selection bit
0 0 1 tinst
0 1 2 tinst
1 0 8 tinst
1 1 32 tinst

Table 10.4-1 Functions of the 6-Bit PPG Control Register 1 (RCR1) Bits

Bit Function
bit7 RCK2, RCK1: * These bits select a count clock for the 6-bit PPG timer from among
bité Count clock selection the four types of internal count clocks.
bits

bit5 * These bits are used to set the count of the "H" width of the 6-bit

bit4 PPG timer output ("H" width compare value). The count is

b!t3 HSC5 to HSCO: compared with a counter value.

B2 1w o width setting bits | Nt

bit1 9 Set a value from 01y to 3E and be sure to make it smaller than

bit0 the cycle setting value. If a setting value is equal to or greater
than the cycle setting value, the "H" level is always output.

263



CHAPTER 10 6-BIT PPG TIMER

10.4.2 6-Bit PPG Control Register 2 (RCR2)

The 6-bit PPG control register 2 is used to enable the output of 6-bit PPG waveforms
and to set a cycle.

B 6-Bit PPG Control Register 2 (RCR2)

Figure 10.4-3 6-Bit PPG Control Register 2 (RCR2)

Address bit7 bité bitd bit4d bit3 bit2 bitl bit0 Initial value
005 9 |RCEN | — | SCL5 | SCL4 | SCL3 | SCL2 | SCL1 | SCLO | 0-0000008
R/W R'W R/W R/W RW RW R/W
| |
“—>{ SCL5 to SCLO(") Cycle setting bit
XXXXXX 6-bit PPG output cycle compare value
*1 Xindicates an optional value.
RCEN Output enable bit
R/W : Can be read and written 0 Dlsatiles thg otUtpUtt’hdears tht.e
X - Undefined counter, and stops the operation.
: Unused 1 Enables output and starts counting.
[_1: Initial value

Table 10.4-2 Functions of the 6-Bit PPG Control Register 2 (RCR2) Bits

Bit Function
e When this bit is "0," the P30/PPG03/MCO pin is set as a general-
RCEN:- purpose port (P30). When this bit is "1," this pin is set as a 6-bit PPG
bit7 Out ut. enable bit output pin (PPGO03).
P * Setting this bit to "0" by writing stops and clears the counter. Writing
"1" starts the counter operation.
bit6 Unused * In read operations, the value of this bit is undefined.
* Writing this bit has no effect on operation.
bit5 e These bits set the count for the cycle of the 6-bit PPG output
bit4 waveform (cycle compare value). This value is compared with the
b!t3 SCL5 to SCLO: counter value.
bit2 Cycle setting bits Note:
bit1 y 9 Set a value from 02y to 3F. If 00y is set, the state of the preceding
bit0 pin is retained until the H width compare value is reached. After an H

compare match, the H level is always output.
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10.5 Operation of the 6-Bit PPG Timer

The 6-bit PPG timer can set cycles and "H" widths to generate a remote control
transmission frequency.

B Operation of the 6-Bit PPG Timer

The settings shown in Figure 10.5-1 "6-Bit PPG Timer Settings" are required for the 6-bit PPG
timer to operate.

Figure 10.5-1 6-Bit PPG Timer Settings

bit7 bit6 bits bitd bitd bit2 bitl bit0
RCR1 RCK1 | RCKO | HSC5 | HSC4 | HSC3 | HSC2 | HSCI | HSCO
© 66 6 o © o6 o o

bit7 bit6 bit5 bit4d bit3 bit2 bitl bit0 © - Bitused

RCR2 RCEN | — | SCL5 | SCL4 | SCL3 | SCL2 | SCL1 | SCLO 1 @ Bitwith 1
0 : Bitwith 0

1 © © © © © © - : Notused

If output from the 6-bit PPG is enabled, the 6-bit counter starts counting from 00y in

synchronization with the selected count clock. The PPG1 pin is kept at the "H" level until the
counter value becomes an "H" width compare value. Next, the PPG1 pin is kept at the "L" level
until the counter value becomes the cycle compare value. When a match occurs, the 6-bit
counter is cleared and counting starts again from 00y. The 6-bit PPG timer can be used as a 6-

bit PPG because the "H" width and cycle can be set independently.
Figure 10.5-2 "Operation of the 6-Bit PPG Timer" shows 6-bit PPG timer operation.

Figure 10.5-2 Operation of the 6-Bit PPG Timer

Counter value
Cycle setting value
(RCR2: SCLO to SCL5)
Cycle setting value

(RCR1: HSCO to HSC5)
00u

Cycle(*1)

"H" width(*2) :
—

PPG1 output waveform ﬁ

*1 Cycle = count clock cycle x count compare value
*2 Cycle = count clock cycle x H width compare value
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10.6 Notes on Using the 6-Bit PPG Timer

This section provides notes on using the 6-bit PPG timer.

H Notes on Using the 6-Bit PPG Timer

266

O Limiting the "H" width setting value

Always set the "H" width setting bit (RCR1:HSCS5 to HSCO) value of 6-bit PPG control register 1
in the range from "000010" to "111111" (02 to 3Ey). If 00y is set, the PPG1 pin output becomes
"H" level output for 0.5 tj,g. Always set an "H" width setting value smaller than value of the
cycle setting bits (RCR2:SCL5 to SCLO) of 6-bit PPG control register 2. If the former value is
equal to or greater than the latter, the PPG1 pin output is always set to the "H" level.

Resolution

The maximum resolution of the "H" width is 1/63 of the cycle (when the cycle setting value is
3Fy). If however, a small value is set for this cycle setting value, the minimum resolution of the

"H" width is restricted to 1/2 of the cycle (when the cycle setting value is 02,).

Changing setting values during operation

The following are directly compared with each other: the 6-bit PPG waveform frequency
generation 6-bit counter and the "H" width setting bits (RCR1:HSC5 to HSCO0), and the counter
and cycle setting bits (RCR2:SCL5 to SCL0). Therefore, if a setting value is made small during
counter operation, the counter overflows and the cycle may lengthen until matching is detected
again. In addition, the "H" width may lengthen until matching is detected in the next cycle.

Figure 10.6-1 "Setting Value Changes during 6-Bit PPG Timer Operation" shows the changes to
setting values during 6-bit PPG timer operation.
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Figure 10.6-1 Setting Value Changes during 6-Bit PPG Timer Operation

Counter value Overflow
3FH *1
Cycle setting value *2
(RCR2 : SCL)
*1 *3
"H" width setting value /
(RCR1 : HCL) :
OOH : - : : :
PPGO3 output [ | [ [ | [
waveform L o ;
: For overflow : ‘Forone :
' cycle
*1 The value of the operating counter is smaller than the changed setting value, so the setting value is
valid within the cycle.
*2 Because a cycle smaller than the value of the operating counter is set, no matching is detected and
the counter overflows.
*3 Because an "H" width smaller than the value of the operating counter is set, no matching with the next
cycle is detected.

O Deviation

The counter start by the program is asynchronous to the start of incrementing with the selected
count clock. For this reason, the deviation that exists until a match of the counter value, "H"-
width compare value, and cycle compare value is detected may become shorter by up to one
count clock cycle.

Figure 10.6-2 "Deviation That Remains till the Start of Count Operation" shows the deviation
that exists until the start of count operation.

Figure 10.6-2 Deviation That Remains till the Start of Count Operation

Counter value

o X X2 X2 X

Count clock

One cycle

‘Deviation: Count O cycle

L Counter start
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10.7 Program Example of the 6-Bit PPG Timer Programs

This section provides program examples of the 6-bit PPG timer.

B Program Example of the 6-Bit PPG Timer

O Processing specifications

* A remote control transmission frequency is generated with a cycle of about 12 us and a duty
ratio of about 33%.

e Shown below is the cycle compare value for which the cycle becomes 12 us at the highest
main clock speed for a main clock oscillation of 10 MHz (Fc). The count clock is assumed

to be 1 tis. (Time for processing a single instruction: 4/Fgy).

Cycle compare value (RCR2:SCL5 to SCLO) = 12u s/ (1 x 4/10MHz) = 30

e The "H" width compare value whose duty ratio is approx. 33% is shown below. In this case,
the "H" width is approx. 9.5 us.

"H" width compare value (RCR1:HSC5 to HSCO) = 33/100 x Cycle compare value

=0.33x30
=10
O Coding example (comply with Softune V1)
RCR1 EQU 0058H ;Address of 6-bit PPG control register 1
RCR2 EQU 0059H ;Address of 6-bit PPG control register 2
iy Main Program-————————— -~

CSEG ; [CODE SEGMENT]
MOV RCR1,#00001010B ;Selects 1 tinst for the count clock; "H" width
;compare value

MOV RCR2,#10011110B ;Output is enabled and operation starts,
;cycle compare value
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This chapter describes the functions and operations of the 12-bit PPG timer.

11.1
11.2
11.3
11.4
11.5
11.6
11.7

"Overview of the 12-Bit PPG Timer"
"Configuration of the 12-Bit PPG Timer Circuit"
"Pins of the 12-Bit PPG Timer"

"Registers of the 12-Bit PPG Timer"
"Operation of the 12-Bit PPG Timer"

"Notes on Using the 12-Bit PPG Timer"
"Program Example of the 12-Bit PPG Timer"
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11.1 Overview of the 12-Bit PPG Timer

The 12-bit PPG timer is a 12-bit binary counter that can select one of four clocks as its
count clock. This timer can set an output waveform cycle and an "H" width and can be
used as a remote control transmission frequency generator or a 12-bit PPG.

B 12-Bit PPG Timer Function
* This timer generates remote control frequencies and outputs signals to PPG01 or 02.
e This timer can set output waveform cycles and "H" widths independently.
* This timer can select a count clock from among four types of internal clocks.

212-1

* Frequencies ranging from 2 to count clock cycles can be generated.

Table 11.1-1 "Output Cycles and Ranges for Adjusting the "H" Width" lists the output cycles and
the ranges for adjusting the "H" width.

Table 11.1-1 Output Cycles and Ranges for Adjusting the "H" Width

270

Internal count clock cycle Output cycle Output "H" width
2inst 2tinst t0 8190t 1tjnst t0 8188t
At 8tingt t0 16380t 2tinst t0 16376t
16t 32tqt to 65520t 16,5t t0 65504t
256t6¢ 512tjgt to 1048.32ktj¢ 128tj,5t to 1048.604 Kt

tinst: Instruction cycle (affected by the clock mode and others)

Note:
A stable "L" or "H" level can also be output (duty cycle of 0% or 100%).
See the example of calculating the "H" width, shown below.

Reference:

Suppose that 12.5 MHz is selected as the main clock oscillation (Fgy) and that a 2t clock
is selected as the count clock cycle. Also suppose that, in main clock mode, the highest
clock speed (SYCC:SCS = CS1 = CS0 = 1) is selected from the system clock control register
(this causes the instruction cycle time to become 4/F¢y).

[Example]

Cycle = Cycle compare value + count clock cycle
="0111108" (30-clock cycle) x 2 x 4/FcH
=30x2x0.32 us
=19.2 us

"H" width = "H" width compare value x count clock cycle

="0010108" (10-clock width) x 2 x 4/FcH
=10x2x0.32 us
=6.4 us

The "H" level is output when an "H" width setting value is equal to or greater than a cycle
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setting value.

H 12-Bit PPG Function

The cycle and "H" width of an output waveform can be set independently, so the 12-bit PPG
timer can be used as the remote control transmission output generator. However, the effective
range of the "H" width compare setting is a value from "0" (duty ratio of 0%) to the cycle
compare setting (duty ratio of 100%). This means that when the cycle compare setting falls (if
the cycle of an output waveform is short), the resolution also falls (the step size of the maximum
duty ratio becomes large).

he controllable duty width is about 0.02% to 100%. The smaller the cycle compare value, the
lower the resolution (the larger the minimum step width of the duty ratio).

The output cycle and duty ratio can be calculated from the following formulas:

Output cycle = cycle compare value x count clock cycle
Duty ratio = "H" width compare value/compare value x 100 (%)

Table 11.1-2 "Resolutions and Output Cycles for the 12-Bit PPG" lists the minimum steps of the
duty ratio and output cycles.
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Table 11.1-2 Resolutions and Output Cycles for the 12-Bit PPG

Output cycle "H" width
Cycle compare Minimum
compare Count Countclock | Countclock | Countclock value Resolution step of
value clock = = = = setting duty ratio
2 tinst 4 tinst 16 tinst 256 tinst range
0 - - - - -
1 - - - - Oto1
2 4 tingt 8 tingt 32 tingt 512 tingt Oto2 1/2 50.0%
3 6 tingt 12 tingt 48 tingt 768 tingt Oto3 1/3 33.3%
4 8 tinst 16 tingt 64 tingt 1024 tingt Oto 4 1/4 25.0%
5 10 tinst 20 tinst 80 tingt 1280 tingt Oto5 1/5 20.0%
6 12 tingt 24 tingt 96 tingt 1536 tingt 0to6 1/6 16.7%
7 14 tingt 28 tingt 112 tingt 1792 tingt Oto7 1/7 14.3%
8 16 tingt 32 tingt 128 tingt 2048 tingt 0to8 1/8 12.5%
9 18 tinst 36 tingt 144 tingt 2304 tingt Oto9 1/9 11.1%
10 20 tinst 40 tinst 160 tingt 2560 tjngt 0to 10 110 10.0%
20 40 tingt 80 tingt 320 tingt 5120 tingt 0to 20 1/20 5.0%
100 200 tingt 400 tjngt 1600 tingt 25600 tjngt 0 to100 1/100 1.0%
500 1000 tjngt 2000 tingt 8000 tingt 12800 tingt 0 to 500 1/500 0.2%
1000 2000 tjngt 4000 tjngt 16000 tjngt 256000 tjngt 0 to 1000 1/1000 0.1%
2000 4000 tjngt 8000 tingt 32000 tjngt 512000 tjngt 0 to 2000 1/2000 0.05%
3000 6000 tingt 12000 tingt 48000 tjngt 768000 tingt 0 to 3000 1/3000 0.03%
4095 8190 tingt 16380 tingt 65520 tjngt 1048320 tjngt 0 to 4095 1/4095 0.02%

tinst: Instruction cycle
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11.2 Configuration of the 12-Bit PPG Timer Circuit

The 12-bit PPG timer consists of the following seven blocks:
¢ Count clock selector

¢ 12-bit counter

e Comparator

e PPG1/PPG2 control register (PPGC1/PPGC2)

e PPG1/PPG2 reload register 1 (PRL11/PRL21)

e PPG1/PPG2 reload register 2 (PRL12/PRL22)

e PPG1/PPG2 reload register 3 (PRL13/PRL23)

B Block Diagram of the 12-Bit PPG Timer

Figure 11.2-1 Block Diagram of the 12-Bit PPG Timer

Internal data bus

PRL11, PRL21 | — | — |HSC11|HSC10|HSCQ|HSCS|HSC7|HSCG|

L) J )

PPGC1, PPGC2 |RCK1|RCK0|HSCs|Hsc4|Hsca|Hscz|Hsc1]HsCol

) J )

"H" width compare value
12

Count

clock

selector P21/PPGO1
X2 12-bit counter 12-bit PPG output P22/PPG02

1 tinst X4 CLK Compaa| l Pin
X16 CLEAR jm-bit PPG output
X256 enable signal
12
Cycle compare value
C (1 1 )
PRL13, PRL23| — | — |SCL11|SCL10|SCL9|SCL8|SCL7|SCL6|
[ (
PRL12, PRL22 |RCEN| — |SCL5|SCL4|SCL3|SCL2|SCL1 |SCLO|

Internal data bus

tinst: Instruction cycle
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O Count clock selector

The count clock selector is a circuit that selects four types of internal count clocks and selects a
count-up clock for the 12-bit counter.

12-bit counter

The 12-bit counter counts up using the count clock selected by the count clock selector.

This counter is cleared (RCR23:RCEN = 0) with the output enable bit of the RCR23 register.

Comparator

The comparator keeps the output at "H" until the 12-bit counter value matches the "H" width
compare register value.

Thereafter, the comparator keeps the output at "L" until the counter value matches the cycle
compare register value that was set. The 12-bit counter is then cleared and counting continues
starting at 00y.

PPG control register (PPGC1/PPGC2), reload register 1 (PRL11/PRL21)

PPGC1/PPGC2 and PRL11/PRL21 are used to select the counter clocks of the 12-bit PPG
timer and to set compare values for the output "H" pulse width.

PPG reload register 2 (PRL12/PRL22) and PPG reload register 3 (PRL13/PRL23)

PRL12/PRL22 and PRL23 are used to enable or disable the 12-bit PPG timer and to set
compare values for the output cycles.
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11.3 Pins of the 12-Bit PPG Timer

This section describes the 12-bit PPG timer pins and provides a block diagram of the
pins.

B 12-Bit PPG Timer Pins
The 12-bit PPG timer pin is either the P21/PPGO01 or P22/PPG02 pin.

O P21/PPGO01 pin and P22/PPG02 pin

These pins function as the general-purpose CMOS 1/O port (P21, P22) or the 12-bit PPG timer
output (PPGO1, PPG02).

PPGO01/PPG02:

The set cycle and the PPG waveform of the "H" width are output to this pin. Setting the
output enable bit (RCEN bit of PRL12 or PRL22 = 1) of the 12-bit PPG control register to "1"
enables the output of PPG waveforms.

B Block Diagram of the 12-Bit PPG Timer Pins

Figure 11.3-1 Block Diagram of the P21/PPGO01 Pins

Pull-up resistor
PDR (port data register) P

ML Uttt oatabint= ol SO About 50 kQ
K} ( |O—Stopandwatchmode(SPL=1) %
EPDR read PPG01 OUtPUt Pull-up control
- A PPGO1 outputi resistor :
: o enabled I :
*PDR read (for bit manipulation instructi : ) ) :
g 5 Jia (for bit manipulation instructions) ¥ —g/ek_ : ‘,_I I:PCh
o] . i B : :
S L Output latch = 1
€ | | :PDR write : — Do__| Pch | Tl
g ____________________________________________ cl
£ : : Pin
% DDR |+
(Port data direction register) —| Nch P21/PPGO1
:DDR write
_<} : Stop and watch mode (SPL = 1)
' DDR read :

SPL: This bit specifies the pin state of the standby control register (STBC).
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Figure 11.3-2 Block Diagram of P22/PPG02 Pin

Pull-up resistor

PDR (port data register) About 50 kQ
E \'/\ : ( |O—Stopandwatohmode(SPL=1)
5 T T
:PDR read :PPGO2 output Pull-up control 5
: /I PPGO02 outputf resistor
: N i enabled | :
9 :PDR read (for bit manipulation instructions) | : — ‘_I I:‘P ch
2 : i 50 : j > :
s e > z o/& InE :
T L Output latch = 1 _
€ | | {PDRwrite : 1 DO_ Pch | “p
|| PORwie T — L Pe
£ : : Pin
% DDR |+
(Port data direction register) —| Nch P22/PPG02
:DDR write
_<} : Stop and watch mode (SPL = 1)
' DDR read '

SPL: This bit specifies the pin state of the standby control register (STBC).

Reference:

If "pull-up resistor available" is selected in the port 2 pull-up resistor control register, the pins
are set to the "H" level (pull-up state) in stop/watch mode (SPL = 1). However, the pull-up is
disabled during a reset and the pins enter the high-impedance state.

Note:

If an RMW instruction for the port 2 data register (PDR2) is executed when the 12-bit PPG
timer is operating, only the level of the P22/PPGO02 pin is read during a read operation.

For this reason, the value of bit 2 in PDR2 may change.
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11.4 Registers of the 12-Bit PPG Timer

This section describes the 12-bit PPG timer registers.

B 12-Bit PPG Timer Registers

Figure 11.4-1 12-bit PPG Time Registers

PPG2 register
PPGC2 (PPG2 control register)

R/W : Can be read and written
- Unused

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
0038+ | RCK1 | RCKO | HSC5 | HSC4 | HSC3 | HSC2 | HSC1 | HSCO |
RW RW RW RW RW RW RW RW
PRL21 (PPG2 reload register 1)
Address  bit7 bite bits bit4 bit3 bit2 bit1 bit0
003AH | - | - [HSC11]HSC10] HSC9 | HSC8 | HSC7 | HSCs |
RW RW RW RW RW RW
PRL22 (PPG2 reload register 2)
Address  bit7 bit6 bits bit4 bit3 bit2 bit1 bit0
00394 | RCEN | - [ scLs | sCL4 | scL3 | scL2 | sCL1 | SCLo |
R/W RW RW RW RW RW RW
PRL23 (PPG2 reload register 3)
Address  bit7 bite bits bit4 bit3 bit2 bit1 bit0
003B+ | - | - [scLit]scLio] scLo | sCL8 | SCL7 | SCL6 |
RW RW RW RW RW RW
PPG1 register
PPGC1 (PPG1 control register)
Address  bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
004CH [ RCK1 | RCKO | HSC5 | HSC4 | HSC3 | HSC2 | HSC1 | HSCO |
RW RW RW RW RW RW RW RW
PRL11 (PPG1 reload register 1)
Address  bit7 bité bits bit4 bit3 bit2 bit1 bit0
004En | - ] - [HSC11]HSC10] HSC9 | HSC8 | HSC7 | HSCs |
RW RW RW RW RW RW
PRL12 (PPGH1 reload register 2)
Address  bit7 bit6 bits bit4 bit3 bit2 bit1 bit0
004DH |RCEN] - [ scLs ] scL4 | scL3 | scL | scLi | scLo |
R/W RW RW RW RW RW RW
PRL13 (PPG1 reload register 3)
Address  bit7 bite bits bit4 bit3 bit2 bit1 bit0
004FH | - [ - [scLi1]scCL10] SCL9 | SCL8 | SCL7 | SCL6 |
RW RW RW RW RW RW

Initial value
000000008

Initial value
--0000008

Initial value
0-0000008

Initial value
--0000008

Initial value
000000008

Initial value
--0000008

Initial value
0-0000008

Initial value
--0000008
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11.4.1 12-Bit PPG Control Register 1 (PPGC1/PPGC2)

The 12-bit PPG control register 1 is used to select a 12-bit PPG timer count clock and
set the "H" width.

B 12-Bit PPG Control Register (PPGC1/PPGC2)

Figure 11.4-2 12-bit PPG Control Register 1 (PPGC1/PPGC2)

Address bit7 bit6 bits bit4 bitd bit2 bitl bit0 |[nitial value
8 8 i ?;HH RCK1 | RCKO | HSC5 | HSC4 | HSC3 | HSC2 | HSC1 | HSCO | 00000000s
R'W RW RW RW RW RW R/W R/W
L] | |
L HSC5 to HSCO' "H" width setting bit
XXXXXX "H" width compare value of the 12-bit PPG output
*1 Xindicates an optional value.
RCK1 | RCKO Count clock selection bit
0 0 2tinst
R/W : Can be read and written 0 1 Atinst
tinst : Instruction cycle 1 0 16t inst
: Initial value 1 1 256tinst

Table 11.4-1 Functions of the 12-bit PPG Control Register 1 (PPGC1/PPGC2) Bits

Bit Function

b!t7 RCK1, RCKO: . ¢ These bits select a count clock for the 12-bit PPG timer from
bité Count clock selection .

bits among four types of internal count clocks.
bit5
bita _ « These bits and the HCS6 to HSC11 bits of PRL11/PRL21 are used
bit3 HSC5 to HSCO: g -
bit2 "H" width setting bits to set the count of the "H" width ("H" width compare value to be
bit1 9 compared with the counter value) of the 12-bit PPG timer output.
bit0
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11.4.2 12-Bit PPG Reload Register 1 (PRL11/PRL21)

The 12-bit PPG reload register 1 is used to set the "H" width.

B 12-bit PPG Reload Register 1 (PRL11/PRL21)

Figure 11.4-3 12-Bit PPG Reload Register 1 (PRL11/PRL21)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
003AH | | - |HSC11[HSC10| HSC9 | HSC8 | HSC7 | HSC6 |  --0000008
004EH R/W R/W R/W R/W R/W R/W
> |HSC11 to HSCe(D "H" width setting bit
R/W : Can be read and written XXXXXX "H" width compare value
: Unused *1 X indicates an optional value.

Table 11.4-2 Functions of the 12-Bit PPG Reload Register 1 (PRL11/PRL21) Bits

Bit

Function

bit5
bit4
bit3
bit2
bit1
bit0

HSC11 to HSC6:
"H" width setting bits

These bits and the HCSO to HCS5 bits of PPGC1/PPGC2 are used to
set the count of the "H" width ("H" width compare value to be
compared with the counter value) of the 12-bit PPG timer output.
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11.4.3 12-Bit PPG Reload Register 2 (PRL12/PRL22)

The 12-bit PPG reload register 2 is used to enable or disable output and to set an
output cycle.

B 12-bit PPG Reload Register 2 (PRL12/PRL22)

Figure 11.4-4 PPG Reload Register 2 (PRL12/PRL22)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bito  Initial value
88331 RCEN| — |SCL5 SCL4 SCL3|SCL2|SCL1|SCLO| 0X000000s
R/W RW RW R/W RW R/W R/W
\ |
SCL5 to SCLO¢™ Cycle setting bit
XXXXXX Cycle compare value of 12-bit PPG output
*1 X indicates an optional value.
RCEN Output enable bit
0 Disables output, clears the counter, and stops
operation.
R/W : Can be read and written 1 Enables output and starts counting.
- : Unused
[ 1: Initial value

Table 11.4-3 Functions of the 12-Bit PPG Reload Register 2 (PRL12/PRL22)

Bit Function
When this bit is "0", the pin serves as a general-purpose port. When
bit7 RCEN: this bit is "1", the pin serves as a 12-bit PPG output pin.
Output enable bit Writing "0" to this bit clears and stops the counter. Writing "1" to this
bit starts the counter.
bit6 Unused . Tht_e.value rgad from this bit is undefined. .
e Writing to this bit has no effect on the operation.
These bits and the SCL6 to SCL11 bits of PRL13/PRL23 are used to
bit5 set the length of the output cycle (cycle compare value to be
bit4 compared with the counter value) with a counter value.
bit3 SCL5 to SCLO: Note:
bit2 Cycle setting bits Set a value from "000000000010" to "111111111111" (002 to
bit1 FFFy).
bit0 If 000y is set, output stops in the state existing at setting and that
state is retained.
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11.4.4 12-Bit PPG Reload Register 3 (PRL13/PRL23)

The 12-bit PPG reload register 3 is used to set an output cycle.

B 12-bit PPG Reload Register 3 (PRL13/PRL23)

Figure 11.4-5 12-Bit PPG Reload Register 3 (PRL13/PRL23)

Address bit7 bit6 bitb bitd bit3 bit2 bitl bit0 Initial value

003BH
004FH

SCL11

SCL10| SCL9| SCL8 | SCL7 | SCL6 | --000000s

R/W
\

RW R/W R/W R/W R/W
|

R/W : Can be read and written

: Unused

SCL11 to SCL6(") Cycle setting bit
XXXXXX Cycle compare value of 12-bit PPG output

*1 Xindicates an optional value.

Table 11.4-4 Functions of the 12-Bit PPG Reload Register 3 (PRL13/PRL23)

Bit Function
bit7 Unused * The value read from this bit is undefined.
bité * Writing to this bit has no effect on the operation.
These bits and the SCLO to SCL5 bits of PRL12/PRL22 are used to
bit5 set the length of the output cycle (cycle compare value to be
bit4 compared with the counter value) with a counter value.
bit3 SCL11 to SCL6: Note:
bit2 Cycle setting bits Set a value from "000000000010" to "111111111111" (0024 to
bit1 FFFh).
bit0 If 000y is set, the output stops in the state existing at setting and
that state is retained.
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11.5 Operation of the 12-Bit PPG Timer

The 12-bit PPG timer generates PPG output that can independently set output cycles
and "H" pulse widths.

B Operation of the 12-Bit PPG Timer

The settings shown in Figure 11.5-1 "12-Bit PPG Timer Settings" are required for operation of
the 12-bit PPG timer.

Figure 11.5-1 12-Bit PPG Timer Settings

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bito
PPGC2 | RCK1 | RCKO | HSC5 | HSC4 | HSC3 | HSC2 | HSC1 | HSCoO |
PPGCH1 © © © © © © © ©

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

PRL2t | - | - |Hsci1|Hsc10]| HSco | Hscs | HSC7 | HSCé |
PRL11 © © ©)] © © ©
bit7 bité bits bit4 bit3 bit2 bit1 bit0 © : Used
PRL22 [ RCEN| - [ scLs | sci4 | scLs | scre | scL1 | scLo | 1 : Setto"1."
PRL12 1 © © © © © © 0 : Setto"0."
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
PRL23 | - | - |scL11]scLio] scLe | scLs | scL7 | scLe |
PRL13 © © © © © ©

If output of a 12-bit PPG timer is enabled, the 12-bit counter starts counting from zero in
synchronization with the selected count clock and holds the PPG pin at the "H" level until the
counter value reaches the "H" width compare value. Next, the 12-bit counter keeps the PPG pin
at the "L" level until the counter value reaches the cycle compare value. When the values
match, the 12-bit counter is cleared and starts counting again from zero. Because the "H"
width and cycle can be set independently, a remote control transmission frequency can also be
set.

Figure 11.5-2 Operation of the 12-Bit PPG Timer

. Counter value
Cycle setting value

(PRL13/PRL12: SCL11 to SCL6/SCL5 to SCLO)
(PRL23/PRL22: SCL11 to SCL6/ SCL5 to SCLO)

"H" width setting value

(PRL11/PPG1: HSC11 to HSC6 / HSC5 to HSCO)
(PRL21/PPG2: HSC11 to HSC6 / HSC5 to HSCO)

00H

Cycle(")

Pulse width(2)

! : !

*1 Cycle = count clock cycle x cycle compare value
*2 Pulse width = count clock cycle x "H" width compare value
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11.6 Notes on Using the 12-Bit PPG Timer

This section provides notes on using the 12-bit PPG timer.

H Notes on Using the 12-Bit PPG Timer

O Limiting the "H" width setting value

Set the "H" width setting bits (HSC5 to HSCO bits of PPGC1/PPGC2 and HSC11 to HSC6 bits
of PRL11/PRL21) of the PPG control register with a value from "000000000010g" to

“1111111111115" ("001y" to "FFFy"). 1f 00y is set, the PPG pin outputs the "H" level for 0.5tjg;.

Set a value ("H" width) that is smaller than the values of the cycle setting bits (SCL5 to SCLO of
PRL12/PRL22 and SCL11 to SCL6 of PRL13/PRL23). If the set value is greater than or equal
to the values of the cycle setting bits, the PPG pin output is held at the "H" level.

O Resolution

The maximum resolution of the "H" width is 1/4095 of the cycle (when the cycle setting value is
"111111111111g"("FFF4")). If, however, the cycle setting value is made small, the minimum
resolution of the "H" width is restricted to 1/2 of the cycle (when the cycle setting value is
"000000000010g" ("021")).

O Changing the setting values during operation

The 12-bit PPG timer directly compares the 12-bit counter/"H" width setting bits with the
counter/cycle setting bits. For this reason, if a small value is set while the counter is operating,
the match detection cycle may lengthen until a match is detected again because the counter will
overflow. The "H" width may also lengthen until a match is detected in the next cycle.

Figure 11.6-1 "Setting Value Changes during 12-Bit PPG Timer Operation" shows the setting
value changes made while the 12-bit PPG timer is operating.
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Figure 11.6-1 Setting Value Changes during 12-Bit PPG Timer Operation

Counter value Overflow

Cycle setting value
3FH *1

(PRL13/PRL12: SCL11 to SCL6/ SCL5 to SCLO)
(PRL23/PRL22: SCL11 to SCL6/ SCL5 to SCLO)

*2

* 1 *3

"H" width setting value /

(PRL11/PPG1: HSC11 to HSC6 / HSC5 to HSCO) ! e
(PRL21/PPG2: HSC11 to HSC6 / HSC5 to HSCO0) : Do /

PPGO01/PPGO02 output waveform | | | | I . | I |

For overflow : i Forone :
© cycle

*1 Since the counter value during operation is smaller than the changed setting value, the setting value is valid within the cycle.
*2 No matching is detected and the counter overflows because the cycle that is set is smaller than the counter value used during

operation.
*3 No matching is detected until the next cycle because the "H" width that is set is smaller than the counter value used during

operation.

O Deviation

The counter start by the program is asynchronous to the start of incrementing with the selected
count clock. For this reason, the deviation that exists until a match of the counter value, "H"-
width compare value, and cycle compare value is detected may become shorter by up to one

count clock cycle.

Figure 11.6-2 Deviation until Counting Starts

Counter value

0 N4 I N4 2 X 3 X 1 X

Count clock

SN S A N S R B

One cycle

Count 0
cycle

Devia-|
tion

Counter start
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11.7 Program Example of the 12-Bit PPG Timer

This section provides program examples of the 12-bit PPG timer.

B Program Example of the 12-Bit PPG Timer

O Program specifications

¢ A remote transmission frequency is set with a cycle of about 12 us and a duty ratio of 33%.

* When the selected clock is 2tj,g at the highest main clock speed for the main clock

oscillation of 10 MHz, the cycle compare value when the cycle becomes about 12 us is
shown below.

Cycle compare value
(SCL5 to SCLO bits of PRL22 and SCL11 to SCL6 bits of PRL23) = 12 us/ (2 x 4/10MHz)

=15

* The "H" width compare value when the duty ratio becomes 33% is shown below.

"H" width compare value
(HSC5 to HSCO bits of PPGC2
and HSC11 to HSC6 bits of PRL21) = 33/100 x cycle compare value

O Coding example

PPGC2
PRL21
PRL22
PRL23

EQU 0038H
EQU 003AH
EQU 0039H
EQU 003BH

CSEG

MOV PPGC2,#01000101B

MOV PRL21, #00H
MOV PRL22,#10001111B

MOV PRL23, #00H

=0.33x15
=495

PPG control register
;  PPG reload register 1
PPG reload register 2
PPG reload register 3

; [CODE SEGMENT]

;jSelects 4t;,q+ as the count clock and sets

the "H" width compare value.

;Enables output, starts operation, and sets
a cycle compare value.
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CHAPTER 12 16-BIT TIMER/COUNTER

This chapter describes the functions and operations of the 16-bit timer/counter.

12.1 "Overview of the 16-bit Timer/Counter"

12.2 "Configuration of the16-bit Timer/Counter"

12.3 "Pin of the 16-bit Timer/Counter"

12.4 "Registers of the 16-bit Timer/Counter"

12.5 "16-bit Timer/Counter Interrupts"”

12.6 "Operation of the Interval Timer Function"

12.7 "Operation of the Counter Function"

12.8 "Status of the 16-bit Timer/Counter in Each Mode"
12.9 "Notes on Using the 16-bit Timer/Counter"

12.10 "Program Example of the 16-bit Timer/Counter"
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12.1 Overview of the 16-bit Timer/Counter

The 16-bit timer/counter has an interval timer function and a counter function. The
interval timer function counts up in synchronization with the internal count clock (the
oscillator frequency divided into four cycles). The counter function counts up by
detecting a prespecified edge of a pulse that is input to the external pin. One of these
functions can be selected.

H Interval Timer Function

The interval timer function generates an interrupt at prespecified intervals.

The 16-bit counter counts up from a setting value in synchronization with the internal count
clock that divides the oscillator frequency into four cycles and generates an interrupt if the
counter value overflows.

* Interval timer operation up to an internal count clock times 218 is possible.

e Use the interrupt processing routine to reset the interval time to generate an interrupt
repeatedly.

Table 12.1-1 "Range for Interval Time" shows the range for the interval time.

Table 12.1-1 Range for Interval Time

Internal count clock cycle Interval time

1
1tins 1tinst to2 Gtinst

tinst: Instruction cycle (the oscillator frequency divided into four cycles)

Reference:
An example of calculating the interval time is shown below.

The interval time at which the main clock oscillation (Fcy) is 12.5 MHz and the value of the

timer count register (TCR) is "00004- can be calculated from the following formula:
Interval time = (4/Fcu) x (26 - TCR register value)
= (4/12.5 MHz) x 65536

£21.0ms

H Counter Function

288

The counter function detects the edge of a pulse that is input to the external pin (EC pin) and
counts it.

* Counts up every time a prespecified edge of the external input is detected and generates an
interrupt if the counter value overflows.

¢ Can detect the pulse width of the external input at a minimum of two instruction cycles.

* Can be set to detect both rising and falling edges.
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12.2 Configuration of the 16-bit Timer/Counter

The 16-bit timer/counter consists of the following five blocks:

Count clock selector
Edge detection circuit

Timer count register (TCR)
Timer control register (TMCR)

Lower 8-bit latch

B Block Diagram of the 16-bit Timer/Counter

Figure 12.2-1 Block Diagram of the 16-bit Timer/Counter Section

Internal data bus

Counter clear

. - Overflow
Timer control register
TCR
(TMCR) ~_ ~_
— | — | TCcR | TCS1|TCSO0 |TCEF | TCIE | TCS Upper 8-bit | Lower 8-bit i<
TCHR TCLR ko
IRQ8 L \
16-bit C I I § | Latching
) . o = | upon
timer/counter interrupt o] 3 | reading
3 TCHR
i
Select
""""""""""""" *1 tinst L80vl\)/$r
. : -DI
(Falling) Lo latch
Pin [ Edge Count clock —
selector Count data
P40/INT20/EC clock
ﬁEdge _
(Rising) :
Edge detection :
......... circuit : *tinst : Instruction cycle
O Count clock selector

Selects the internal count clock (1 tj,¢) in interval timer function mode. Selects the output of the

edge detection circuit in counter function mode. The selected signal will be used as the clock by
the 16-bit counter (TCR register) to count up.

O Edge detection

circuit

Operates in counter function mode and detects the rising and/or falling edges of a pulse that is
input from the EC3 pin.
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O Timer count register (TCR)

Stores a value from which the 16-bit counter counts up. If the counter value overflows, the
TMCR register interrupt request flag bit is set (TMCR: TCEF=1).
Timer control register (TMCR)

Selects a function, enables and disables operation, controls interrupts, and checks the status.

Lower 8-bit latch

Stores the lower 8 bits of the 16-bit counter when the TCR register upper 8-bit value (TCHR) is
read. Since the lower 8-bit value of the counter (TCLR) is read from this lower 8-bit latch, a
correct 16-bit counter value can be read even while the counter is counting up.

If, while the counter is operating, the lower 8-bit value is read before the upper 8-bit value, a
correct value may not be read, depending on the counter carry.

Therefore, always use a word transfer instruction to read the TCR register.

Interrupt related to the timer/counter
IRQ8:

Generates an interrupt request if interrupt request output is enabled (TMCR: TCE = 1) when
the counter value overflows either in interval timer or counter function mode.
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12.3 Pin of the 16-bit Timer/Counter

This section describes the pin related to the 16-bit timer/counter and shows a block
diagram.

H Pin Related to the 16-bit Timer/Counter

The pin related to the 16-bit timer/counter is the P40/INT20/EC pin. It functions both as a
general-purpose input port (P84) and as an external pulse input pin for the counter (EC).

EC:
Counts a prespecified edge of a pulse that is input to this pin in counter function mode.

When using this pin in counter function mode, set the P40/INT20/EC pin as the input port for
the port data direction register (bit 0 of DDR4 = 0).

B Block Diagram of the Pin Related to the 16-bit Timer/Counter

Figure 12.3-1 Block Diagram of 16-Bit Timer/Counter Pins

Stop/watch mode
: External interrupt
: To external interrupt circuit AN input enabled

Pull-up resistor
PDR (port data register) About 50 kQ

\'/\ (] Stop/watch mode é

: PDR read Port 4 pull-up resistor

ﬂ control register j)o;ﬂ I:Pch

PDR read (at bit manipulation instruction)

% Output latch ' _| Pch
_|

Internal data bus

Pin
%{: %, : P40/INT20/EC
: DDR ; Nch
(Port data direction register)

' DDR write

< Stop/watch mode (SPL = 1)

' DDR read

DDR (port data direction register)

SPL: Pin state setting pin in the standby control register (STBC)
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Reference:

If "pull-up resistor available" is selected in the port 4 pull-up resistor control register, the pins
are set to the "H" level (pull-up state), not the high impedance state, in stop/watch mode
(SPL bit of STBC = 1). However, the pull-up is disabled during a reset and the pins enter the
Hi-z state.
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12.4 Registers of the 16-bit Timer/Counter

This section describes the registers related to the 16-bit timer/counter.

B Registers Related to the 16-bit Timer/Counter

Figure 12.4-1 Registers Related to the 16-bit Timer/Counter

TMCR (timer control register)

Address bit7  bit6  bits bit4 bit3 bit2 bit1  bit0 Initial value

003CH - — | TCR |TCS1|TCSO|TCEF| TCIE | TCS --0000008

W RW RW RW RW RW

TCR (timer count register)

Upper bits (TCHR)

Address bit7  bit6  bit5 bit4 Dbitd3 bit2  bit1  bitd Initial value
003DH 000000008
RW RW RW RW RW RW RW RW - While the counter is stopped
R R R R R R R R e While the counter is operating

Lower bits (TCLR)

Address bit7  bité  bits bit4  bit3 bit2 bit1  bit0 Initial value
003EH 000000008
RW RW RW RW RW RW RW RW While the counter is stopped
R R R R R R R R While the counter is operating
R/W : Read/write enabled
R :Read only
— :Undefined
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12.4.1 Timer Control Register (TMCR)

The timer control register (TMCR) selects a 16-bit timer/counter function (either the
interval timer or counter function), sets the operating conditions, enables or disables
operation, clears the counter, controls interrupts, and checks the status.

Bl Timer Control Register (TMCR)

Figure 12.4-2 Timer Control Register (TMCR)

Address bit7  bit6  bits bit4 bit3 bit2 bit1  bit0 initial value

003CH - - | TCR | TCS1|TCSO|TCEF| TCIE | TCS --0000008

W RW RW RW RW RW

g

Counter start bit

Disables or stops the count operation.

1 Enables or starts the count operation.
TCIE Interrupt request enable bit

0 Disables interrupt request output.

1 Enables interrupt request output.

Interrupt request flag bit
Read Write

No counter
overflow occurs.

The bit is cleared.

1 | A counter overflow |No change and no influence
occurs. on others

TCsi|Teso Counter operation mode select bit

0 0 | Interval timer operation

Counter Detects the falling edge of external
input.

1
0 | operation Detects the rising edge of external
1

input.

Detects both edges of exiernal
input.

TCR Counter clear bit

0 Clears the counter.

R/W : Read/write enabled - -
W :Write only 1 There is no effect on operation.

- :Unused
[ Initial value
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Table 12.4-1 Functions of the Timer Control Register (TMCR) Bits

Bit name Function
Bit 7 Unused bits ¢ The read value is undefined.
Bit 6 e Writing has no effect on operation.

* C(Clears the timer count register (TCR).
* Writing O to this bit clears the timer count register to
0000g. Writing 1 to this bit has no effect and has no

Bit 5 TCR: Counter clear bit offect on other bits.

Reference:

If this bit is read, the value is always 1.

e Switches the interval timer and counter functions. Setting
these bits to 00g selects the interval timer function that
results in operation using the internal count clock.

Bit 4 TCS1, TCSO: Counter e Selecting an edge to be detected (falling, rising, or both)_
. . . from the external count clock causes operation as a 16-bit
Bit 3 operation mode select bits
counter.

Note:

When using the counter function (when TCS1 and TCS0O
are not 00g), set the P40/INT20/EC pin as an input port.

e Setto 1 if the counter overflows.

) e Setting this bit and the interrupt request enable bit (TCIE)
Bit 2 TCEF: Interrupt request flag to 1 outputs an interrupt request.

bit e Cleared to O for a write. Setting this bit to 1 has no effect
and does not affect operation.

TCIE: Interrupt request ¢ Enables or disables interrupt request output to the CPU.

Bit 1 . ¢ Setting this bit and the interrupt request flag bit (TCEF) to
enable bit .
1 outputs an interrupt request.
e Starts and stops the counter.
_ TCS: Starts or stops the e Writing 1 _to this bit starts. the count operation pf the timer
Bit 0 counter count register (TCR), which counts up according to the
’ count clock. Writing 0 to this bit stops the count
operation, and the TCR retains the counter value.
Note:

When clearing the interrupt request flag bit (TMCR: TCEF), do not overwrite the interrupt
request enable bit (TMCR: TCIE) at the same time.
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12.4.2 16-bit Timer Count Register (TCR)

The timer count register (TCR) is a 16-bit up counter. The counter counts up from the
setting value written in this register.

H Timer Count Register (TCR)

Figure 12.4-3 "16-bit Timer Count Register (TCR)" shows the bit configuration of the 16-bit timer
count register.

Figure 12.4-3 16-bit Timer Count Register (TCR)

Upper byte (TCHR)

Address bit7  bit6  bit5 bit4 Dbit3 bit2 bit1  bitd Initial value
003DH 000000008
RW RW RW RW RW RW RW RW ... While the counter is stopped
R R R R R R R R - While the counter is operating

Lower byte (TCLR)

Address bit7  bit6  bit5 bit4 Dbit3 bit2  bit1  bitd Initial value
003EH 000000008
RW RW RW RW RW RW RW RW ... While the counter is stopped
R R R R R R R R While the counter is operating

R/W : Read/write enabled
R :Read only

Both in the interval timer and counter function modes, set a counter initial value in this register
while the counter operation is disabled (TMCR: TCS=0). When the counter operation is
enabled (TMCR: TCS=1), the counter counts up from the value written in this register. While
the counter is stopped (TMCR: TCS=0), the TCR register maintains its value. If the counter is
cleared (TMCR: TCR=0), the TCR register (counter) becomes 00004,.

After the counter is cleared, writing a value in the TCR register sets the counter to the value
written.

You can calculate the value in the TCR register in interval timer mode as follows. Note that the
instruction cycle is the oscillator frequency divided into four cycles (4/Fc).

TCR register value = 216 (Interval time/Instruction cycle)
Set the upper 8 bits as the TCHR register and the lower 8 bits as the TCLR register.
Note:

The value that is set in this register is valid only when the counter is started for the first time.
The counter, if it overflows, counts up from 0000,.

A value must be written in this register while the counter is stopped (TMCR: TCS=0).
A value can be read from this register even while the counter is operating.

Always use a word transfer instruction (such as MOVW A, 003DH) to read this register.
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12.5 16-bit Timer/Counter Interrupts

A 16-bit timer/counter interrupt is caused by:
¢ An overflow in interval timer function mode (FFFF --> 0000y)

* An overflow in the 16-bit counter function mode (FFFFy --> 0000y)

B Interrupts in Interval Timer Function Mode

If the counter counts up from the defined counter value according to the internal count clock
until it overflows, the interrupt request flag bit (TMCR: TCEF) is set to 1. If, at this time, the
interrupt request enable bit is set to Enabled (TMCR: TCIE=1), an interrupt request (IRQ8)
occurs in the CPU.

Use the interrupt processing routine to write 0 to the TCEF bit and clear the interrupt request.

If the counter is cleared (TMCR: TCR=0) and the counter value overflows at the same time, the
TCEF bit is not set. While the TCEF bit is 1, setting the TCIE bit from Disabled to Enabled (0 to
1) immediately causes an interrupt request.

The TCEF bit is set whenever the counter value overflows regardless of the value in the TCIE
bit.

H Interrupts in Counter Function Mode

If the counter counts up from the defined counter value each time preset edge is detected until it
overflows, the interrupt request flag bit (TMCR: TCEF) is set to 1. If, at this time, the interrupt
request enable bit is set to Enabled (TMCR: TCIE=1), an interrupt request (IRQ8) occurs in the
CPU.

Use the interrupt processing routine to write 0 to the TCEF bit and clear the interrupt request.

If the counter is cleared (TMCR: TCR=0) and the counter value overflows at the same time, the
TCEF bit is not set. While the TCEF bit is 1, setting the TCIE bit from Disabled to Enabled (0 to
1) immediately causes an interrupt request.

The TCEF bit is set whenever the counter value overflows regardless of the value in the TCIE
bit.

H Register Related to the Interrupts of the 16-bit Timer/Counter and the Vector Table

Table 12.5-1 Register Related to the Interrupts of the 16-bit Timer/Counter and the Vector

Table
Interrupt Interrupt level setting register Vector table address
name Register Bit to be set Upper Lower
IRQ8 ILR3 (007Dy) L81 (bit 1) L80 (bit 0) FFEAY FFEBy

For the operation of interrupts, see Section 3.4.2 "Interrupt Processing".
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12.6 Operation of the Interval Timer Function

This section describes the operation of the interval timer function of the 16-bit timer/
counter.

B Operation of the Interval Timer Function

For interval timer function operation, the setting shown in Figure 12.6-1 "Setting the Interval
Timer Function" is necessary.

Figure 12.6-1 Setting the Interval Timer Function

bit7 bit6 bits bit4 bit3 bit2 bit1  bit0

TMCR — — | TCR | TCS1|TCSO|TCEF| TCIE | TCS
1 0 0 © © ©

TCHR Set to the initial value of the counter (upper 8 bits)
© : Used
. . 1: Setto 1
TCLR Set to the initial value of the counter (lower 8 bits) 0 - Setto 0

If the counter is started (TMCR: TCS=1), the counter starts counting up from the value in the
TCR register on every rising edge of the internal count clock (1 tj,: the oscillator frequency

divided into four cycles). If the counter overflows (FFFFy --> 00004), the interrupt request flag
bit is set (TMCR: TCEF=1). After an overflow, the counter starts counting up from 0000,.

Figure 12.6-2 "Operation of the Interval Timer" shows the operation of the interval timer.
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Figure 12.6-2 Operation of the Interval Timer

Counter value

FFFFH g ooy
0080H | -
0000H T T - -
= !’ - The program clears Time
Timer cycle Timer cycle the counter .
TCR value : :
(0000H) (TMCR: TCR=0)

Changing the TCR Overflow *2
value *1(0080H)
! Cleared by the program

| l

TCEF bit rl |_|

TCS bit —l l—l l—

! (Al |

Start Stop Restart Stop

*1: The timer operation is stopped and the TCR value changes (0000H --> 0080H).
Timer operation then starts again.
*2: The counter, when an overflow occurs, starts counting from 0000H.

Note:

Do not write a value to the TCR register while the interval timer function is operating (TMCR:

TCS=1)
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12.7 Operation of the Counter Function

This section describes the operation of the counter function of the 16-bit timer/

counter.

B Operation of the Counter Function

To the counter function operation, the setting shown in Figure 12.7-1 "Setting the Counter
Function", "Setting the counter function," is necessary

Figure 12.7-1 Setting the Counter Function

bit7 bit6 bitc  bit4 bit3 bit2 bit1  bit0
DDR8
0] X X X X X X X
TMCR - - TCR [TCS1|TCSO|TCEF| TCIE | TCS
~ 7
1 Otherthan00 © © ©
TCHR Set to the initial value of the counter (upper 8 bits)
© :Used
X : Not used
- . 1 : Setto1
Set to the initial val f th ter (1 8 bit
TCLR et to the initial value of the counter (lower 8 bits) 0 Setto0

300

If the counter is started (TMCR: TCS=1), the counter starts counting up from the value in the
TCR register whenever the prespecified edge of a pulse that is input to the EC pin (the external
count clock) is detected.

If the counter overflows (FFFFy --> 0000y), the interrupt request flag bit is set (TMCR:
TCEF=1).

Then, if the next prespecified edge is input, the counter starts counting up from 0000y.Figure

12.7-2 "16-bit Counter Operation" shows the operation when the counter operation mode select
bits (TMCR: TCS1, TCS0) are set to 11 (detecting both edges) and the TCR register to 0000.



12.7 Operation of the Counter Function

Figure 12.7-2 16-bit Counter Operation

External input pulse
(EC pin input waveform)

S e IR e F PR [ T e O

Counter value

FFFFH '''''''''''''''''''''''''''''''''''''' _,_

Cleared by the program

’_I_r

0000H

TCEF bit

TCS bit ]

Note:

Do not write a value to the TCR register while the counter function is operating (TMCR:
TCS=1)
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12.8 Status of the 16-bit Timer/Counter in Each Mode

This section describes the operations of switching to the sleep and stop modes and of
receiving a suspend request while the 16-bit timer/counter is operating.

B Operation in Low Power Consumption (Standby) Mode and when the Counter is Suspended

Figure 12.8-1 "Operation of the Counter in Low Power Consumption (Standby) Mode and when
the Counter is Suspended" shows the status of the counter value upon switching to the sleep
and stop modes and upon receiving a suspend request while the interval timer or counter
function is operating.

In stop mode, the counter stops, retaining the value. If stop mode is cleared by an external
interrupt, the counter starts counting from the retained value. Therefore, the initial interval time
and the input pulse edge count cannot be correct values. After stop mode is cleared, initialize
the 16-bit timer/counter again.

The movement for "transition to watch mode (TMD = 1)" and "release of watch mode (TMD =
0)" is the same as that for "transition to stop mode" and "release of stop mode". Watch mode is
released by a clock interrupt and external interrupt.

Figure 12.8-1 Operation of the Counter in Low Power Consumption (Standby) Mode and when the
Counter is Suspended

Counter value
5 o= =TI R 7 < IR
0000H V. SN . /
: — e : : Time
Timer cycle Stop request  Oscillation stabilization wait time
TCR value (0000H) Gleared by the programi .
TCEF bit |A - -
: Suspend
: —— s
TCS bit —I ) : :
T . Sleep :
Start i o ! Stop Restart
SLP bit | : ;
(STBC register) : :
Sleep cleared by IRQ8 ﬂb
STP bit [
(STBC register) .
Stop cleared by an external interrupt

The counter value is retained while the counter is stopped (TMCR: TCS=0).
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12.9 Notes on Using the 16-bit Timer/Counter

This section contains notes on using the 16-bit timer/counter.

B Notes on Using the 16-bit Timer/Counter

O Error

In interval timer function mode, starting of the counter by the program and starting of count-up
by the internal count clock are asynchronous. Thus, an error of one less instruction cycle at the
most may exist in the time elapsing until the counter overflows.

Figure 12.9-1 "Error Until the Count Operation is Started" shows an error until the count
operation is started.

Figure 12.9-1 Error Until the Count Operation is Started

Timer count register (TCR) value

Setting value: n =~ X n+1 X n+2 X n+3 X n+4 )C

Count clock

B [N B S

One cycle

Setting
value:
n cycles

Error

?

Counter started

O Notes on setting the program

* Write a value to the TCR register while the counter operation is stopped (TMCR: TCS=0). A
value can be read even while the counter is counting. However, always use a word transfer
instruction (such as MOVW A, dir) to read this register.

e Change the counter operation mode select bits (TMCR: TCS1, TCS0) while the counter is
stopped (TMCR: TCS=0), an interrupt is disabled (TMCR: TCIE=0), and the interrupt request
is cleared (TCEF=0).

e If the interrupt request flag bit (TMCR: TCEF) is 1 and the interrupt request is enabled
(TMCR: TCIE=1), the counter cannot restored after interrupt processing. Always clear the
TCEF bit.

* If the counter is cleared (TMCR: TCR=0) and the counter value overflows at the same time,
the interrupt request flag bit (TMCR: TCEF) is not set.
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12.10 Programe Example of the 16-bit Timer/Counter

This section contains sample programs for the 16-bit timer/counter.

B Program Example of the Interval Timer Function

O Processing specification

O Coding example

304

Generate a 20-ms interval timer interrupt.

Use the interrupt processing routine to reset the TCR register and generate an interrupt
repeatedly.

The following shows the TCR register value for an interval time of 20 ms when the oscillator
frequency is 12.5 MHz.

TCR register value = 21 - (20 ms / (4/12.5 MHz)) = 3036 (OBDCH)

TMCR
TCHR

TCLR

TCEF

EQU
EQU

EQU
EQU

EQU
EQU

DSEG
ORG
DW
ENDS

CSEG

CLRI
CLRB
MOV
MOV
MOV
MOV

SETI

MOV

PUSHW
XCHW
PUSHW
MOVW

Interrupt program

003CH
003DH

003EH
TMCR: 2

TMCR: 0
007DH

ABS
OFFEAH
WARI

TCS
ILR3,#11111101B
TCHR, #0BH

TCLR, #0DCH
TMCR, #00100011B

TMCR, #00100000B
A

A,T

A

A, TCHR

;Address of the timer control reister
;Upper address of the timer count

register

;Lower address of the timer count
register

;Definition of the interrupt request
flag bit

;Definition of the count start bit
;Address of the interrupt level setting
register

; [DATA SEGMENT]

;Setting interrupt vector

; [CODE SEGMENT]
;Stack pointer (SP) and other
are assumed to have been initialized

ijInterrupt disable

;Count operation stop
;jSetting interrupt level
;Set the 25 ms timer data

(level 1)

;Retain the counter value,

set the interval timer operation,
clearing the interrupt request
flag, enabling interrupt request
output, and start counter operation
;Interrupt enable

;Clearing interrupt request flag
and stop counter operatin

;Add the time from the overflow to the
interrupt acceptance



12.10 Programe Example of the 16-bit Timer/Counter

MOVW A, #0BDCH ;25 ms timer data (at 10 MHz)

CLRC

ADDCW A ;Here, an overflow during addition is
not considered

MOVW TCHR, A ;Strictly, the time while the counter
is stopped must be added

MOV TMCR, #00100011B ;Enable the interrupt, and

start counting

User processing

POPW A
XCHW A,T
POPW A
RETI

ENDS

END
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B Program Example of the Counter Function

O Processing specifications

* Generate an interrupt whenever the rising edge of a pulse being input to the EC pin is
counted 10,000 times.

* Use the interrupt processing routine to reset the TCR register and generate an interrupt
repeatedly.

* The following shows the TCR register value at which the counter overflows when a rising
edge is detected 10,000 times.

 TCR register value = 2'6 - 10000 = 65536 - 10000 = 55536 = D8FOy

O Coding example

DDR4 EQU 0011H

TMCR EQU 003CH ;Address of the timer control reister

TCHR EQU 003DH ;Upper address of the timer count
register

TCLR EQU 003EH ;Lower address of the timer count
register

TCEF EQU TMCR: 2 ;Definition of the interrupt request
flag bit

TCS EQU TMCR: 0 ;Definition of the count start bit

ILR3 EQU 007DH ;Address of the interrupt level setting
register

INT V DSEG ABS ; [DATA SEGMENT]

ORG OFFEAH
IRQ8 DW WARI ;Setting interrupt vector

INT V ENDS
CSEG ; [CODE SEGMENT]
;Stack pointer (SP) and other

are assumed to have been initialized

MOV DDR8, #00000000B ;P40/INT20/EC

CLRI ;Interrupt disable

CLRB TCS ;Count operation stop

MOV ILR3,#11111101B ;Setting interrupt level (level 1)

MOV TCHR, #0D8H ;Initialize the counter value

MOV TCLR, #0F0H

MOV TMCR, #00110011B ;Retain the counter value, set the counter

function (selecting the rising edge of
external input), clearing the interrupt
request flag, enabling the interrupt request
output, and enabling the counter operation

SETI ;Interrupt enable
jommmmm---- Interrupt Program---------- - - - - - - oo
WARI CLRB TCEF ;Clearing interrupt request flag

PUSHW A

XCHW A, T

PUSHW A

CLRB TCS ;Stop counter operation

MOV A, #0D8H ;Initialize the counter value

MOV TCHR, A ;Here, the pulse after overflow is ignored

MOV A, #0FOH

MOV TCLR,A

SETB TCS ;Restart the count operation, and

start counting 10,000 pulses from here
User processing

POPW A
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XCHW A,T
POPW A
RETI

ENDS

END
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CHAPTER 13 EXTERNAL INTERRUPT CIRCUIT 1 (EDGE)

This chapter describes the functions and operation of external interrupt circuit 1
(edge).

13.1 "Overview of the External Interrupt Circuit 1"
13.2 "Configuration of the External Interrupt Circuit 1"
13.3 "Pins of the External Interrupt Circuit 1"

13.4 "Registers of the External Interrupt Circuit 1"
13.5 "External Interrupt Circuit 1 Interrupts"

13.6 "Operation of the External Interrupt Circuit 1"

13.7 "Program Example of the External Interrupt Circuit 1"
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CHAPTER 13 EXTERNAL INTERRUPT CIRCUIT 1 (EDGE)

13.1 Overview of External Interrupt Circuit 1

External interrupt circuit 1 detects the edge of signals that are input from the eight
external interrupt pins and outputs an interrupt request to the CPU.

B Functions of External Interrupt Circuit 1

310

External interrupt circuit 1 detects the specified edges of signals that are input to the external
interrupt pins and outputs interrupt requests to the CPU. These interrupts can be used to wake
up the device from standby mode and restore the normal operating state (the main-RUN state).

External interrupt pins: 4 pins (P60/INT10 to P63/INT13/X0A)

External interrupt sources: Input of edge signals to the external interrupt pins (rising or
falling edge).

Interrupt control: Used to enable or disable an interrupt request output according to the
interrupt request enable bits (EIEO to EIE3) of external interrupt 1 control registers 1 and 2
(EIC1, EIC2).

Interrupt flag: Used to detect the specified edge according to the external interrupt request
flag bits (EIRO to EIR3) of external interrupt 1 control registers 1 and 2 (EIC1, EIC2).

Interrupt requests: Generated according to external interrupt sources (IRQO, IRQ1).



13.2 Configuration of the External Interrupt Circuit 1

13.2 Configuration of the External Interrupt Circuit 1

External interrupt circuit 1 consists of the following two blocks:

¢ Edge detection circuits (0 to 7)
e External interrupt control registers 1, 2, 3, and 4 (EIC1, EIC2, EIC3, and EIC4)

B Block Diagram of External Interrupt Circuit 1

Figure 13.2-1 Block Diagram of External Interrupt Circuit 1

Edge detection circuit 1 Edge detection circuit 0
N _§ |—> N 1 §
P61/|NT11W—E]'—>2 Ly 2 8
N e EIL R ER —‘
P60/INT10 | Pin
External interrupt

| EIR1 [ sEL3 | sEL2 | EIE1 | EIRO [ SELT [ SELO| EIEO | control register EICH

——<IRQ0

e

Edge detection circuit 3 Edge detection circuit 2

N it _§ — N\ i1 _§
[&] [&]
P63/INT13/X0A | Pin AT =2 % = T2 %
N 39 \_> 13 ® —‘
P62/INT12 | Pin

| EIRs [ sEL7 [ SEL6 | EIE3 | EIR2 [ SELS [ SEL4] EIE2 | f:;f:glar'eigit:gfglcz

——< |IRQ1

=

O Edge detection circuit

When the edge polarity of the signal that is input to external interrupt circuit 1 pins (INT10 to
INT13) matches the edge polarity selected by the EIC1 or EIC2 register (specified by the SELO
to SEL7 bits), the corresponding external interrupt request flag bit (EIC1:EIRO, EIR1/EIC2:EIR2,

EIR3) is set to "1".
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O External interrupt control registers (EIC1, EIC2)

The EIC1 to EIC2 registers are used to select edges, enable and disable interrupt requests, and
check for interrupt requests.

B Interrupt sources of external interrupt circuit 1
IRQO:

This interrupt request is generated if the edge of the selected polarity is input to external
interrupt pin INTO/INT1 when the interrupt request output is enabled.

IRQ1:

This interrupt request is generated if the edge of the selected polarity is input to external
interrupt pin INT2/INT3 when the interrupt request output is enabled.
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13.3 Pins of the External Interrupt Circuit 1

This section describes the pins and provides a block diagram of the pins.

B Pins for External Interrupt Circuit 1
External interrupt circuit 1 has four external interrupt pins.

These pins function as an external interrupt input (hysteresis input) or general-purpose input/
output port 6.

Pins PB60/INT10 to P63/INT13/X0A continuously function as external interrupt inputs. If,
however, an interrupt request output is disabled, no interrupt is output. Pin states can always
be read directly from the port data register (PDRB6).

Table 13.3-1 Pins for External Interrupt Circuit 1

External Used as an external interrupt input Used as a general-purpose input/output
interrupt pin (when interrupt request output is port (when interrupt request output is
enabled) disabled)
P60/INT10 INT10 (EIC1:EIE0=1) P60 (EIC1:EIE0=0)
P61/INT11 INT11 (EIC1:EIE1=1) P61 (EIC1:EIE1=0)
P62/INT12 INT12 (EIC2:EIE2=1) P62 (EIC2:EIE2=0)
P63/INT13/X0A INT13 (EIC2:EIE3=1) P63 (EIC2:EIE3=0)

INT10 to INT13: These pins generate the corresponding interrupt when an edge with the selected polarity is
input to these pins.
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B Block Diagram of Pins for External Interrupt Circuit 1

Figure 13.3-1 Block Diagram of Pins for External Interrupt Circuit 1

To external
s interrupt AN

Stop/watch mode (SPL = 1)
External interrupt input enabled ;

 circuit

PDR (port data register)

—

PDR read

Internal data bus

N

Pull-up resistor
About 50 kQ

Pull-up control registeré
' : Pch
Stop/watch mode (SPL = 1)
P63only [T
_QO\O Pin
: | P60/INT10
To X0A Selecting P61/INT11
subclock P62/INT12
P63/INT13/X0A

SPL: Pin state setting pin in the standby control register (STBC)
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Reference:

If "pull-up resistor available" is selected in the pull-up control resistor, the pins are set to the
"H" level (pull-up state), not the high impedance state, in stop/watch mode (SPL bit of STBC

=1). However, the pull-up is disabled during a reset and the pins are set to the Hi-z state.

Note:

If "rising edge", "falling edge", or "both edges" is selected with the edge polarity selection bit
in stop mode (STBC: SPL = 1), input interrupts continue to be input and are not blocked. Fix
the pin voltage via the pull-up option setting register, external pull-up resistor, or external

pull-down resistor.
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13.4 Registers of the External Interrupt Circuit 1

This section describes the registers for external interrupt circuit 1.

B External Interrupt Circuit 1 Registers

Figure 13.4-1 Registers for External Interrupts

EIC1 (External interrupt control register 1)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0  [nitial value
003FH EIR1 |SEL3|SEL2| EIE1 | EIRO |[SEL1|SELO|EIEO| 000000008
RwW RW RW RW RW RW RW RW

IRQO/INT11 IRQO/INT10

EIC2 (External interrupt control register 2)

Address bit7 bt bit5 bit4 bit3 bit2 bit1 bito Initial value

0040H EIR3 |SEL7 |SEL6 | EIE3 | EIR2 |SEL5|SEL4 | EIE2 [ 000000008
RW RW RW RW RW RW RW RW

IRQ1/INT13 IRQ1/INT12

R/W : Can be read and written
X 1 Undefined
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13.4.1 External Interrupt Control Register 1 (EIC1)

External interrupt control register 1 (EIC1) is used to select the edge polarity and
control interrupts for external interrupt pins INT10 and INT11.

B External Interrupt Control Register 1 (EIC1)

Figure 13.4-2 External Interrupt Control Register 1 (EIC1)

Address bit7 bit6 bitd bit4 bitd bit2 bitl bit0 |[nitial value
003 Fu EIR1|SEL3|SEL2|EIE1|EIRO|SEL1 |SELO|EIEO| 00000000s
R/W R/W R/W RW RW RW RMW RMW

EIEO Interrupt request enable bit

0 |Disables interrupt request output
1 | Enables interrupt request output

SEL1 | SELO Edge polarity selection bit

0 | 0 |No edge detection
Rising edge

1
0 | Falling edge
1 | Both edges

External interrupt request flag bit

Read Write

0 | The specified edge has not been input |Clears this bit

1 | The specified edge has been input| Unchanged; no other effect

EIE1 Interrupt request enable bit

0 | Disables interrupt request output
1 | Enables interrupt request output

SEL3 | SEL2 Edge polarity selection bit

0 | 0 | No edge detection
1 Rising edge

0 | Falling edge

1 Both edges

External interrupt request flag bit
Read Write

RV ) H 0 | The specified edge has not been input | Clears this bit
- Can be read and written & ™ o specified edge has been input Unchanged; no other effect

[ : Unused ;
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Table 13.4-1 Functions of the External Interrupt Control Register 1 (EIC1) Bits

Bit Description
This bit is set to "1" when the edge selected by the INT11 edge
EIR1: polarity selection bits (SEL3 and SEL2 bits of EIC1) is input to

INT11 external

external interrupt pin INT11.

request enable bit

bit7 ; When this bit and the INT11 interrupt request enable bit (EIE1 bit of
interrupt request flag EICT wqu . ;
bit ) are "1"; an interrupt request is output.
Writing "0" clears this bit. Writing "1" does not change the bit value
(has no effect on operation).
These bits are used to select the polarity of the edge that becomes
the interrupt source of the pulse input to external interrupt pin INT11.
. SEL3, SEL2: When "00" is written to these bits, edge detection is not used. When
bité . WA w . Iy .
bit5 INT11 edge polarity 01g" is written, rising edge mode is used.
selection bits When "10" is written, falling edge mode is used. When "11g" is
written, both rising and falling modes are used.
To change these bits, always write "0" to EIRO.
EIE1: This bit is used to enable or disable interrupt request output to the
bit4 INT11 interrupt CPU. When this bit and the INT11 external interrupt request flag bit
request enable bit (EIR1) are "1", an interrupt request is output.
This bit is set to "1" when the edge selected by the INT10 edge
. polarity selection bits (SEL1 and SELO bits of EIC1) is input to
EIRO: . .
INT10 external external interrupt pin INT10.
bit3 ; When this bit and the INT10 interrupt request enable bit (EIEO bit of
interrupt request flag EICT e : X
bit ) are "1", an interrupt request is output.
Writing "0" clears this bit. Writing "1" does not change the bit value
(has no effect on operation).
These bits are used to select the polarity of the edge that becomes
the interrupt source of the pulse input to external interrupt pin INT10.
. SEL1, SELO: When "00" is written to these bits, edge detection is not used. When
bit2 . WA m . Iy :
bit{ INT10 edge polarity 01g" is written, rising edge mode is used.
selection bits When "10" is written, falling edge mode is used. When "11g" is
written, both rising and falling modes are used.
To change these bits, always write "0" to EIRO.
EIEO: This bit is used to enable or disable interrupt request output to the
bit0 INT10 interrupt CPU. When this bit and the INT10 external interrupt request flag bit

(EIROQ) are set to "1", an interrupt request is output.
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13.4.2 External Interrupt Control Register 2 (EIC2)

External interrupt control register 2 (EIC2) is used to select the edge polarity and
control interrupts for external interrupt pins INT12 and INT13.

B External Interrupt Control Register 2 (EIC2)

Figure 13.4-3 External Interrupt Control Register 2 (EIC2)

Address  bit7 bit6 bits bitd bit3 bit2 bitl bit0 |nitial value
0040 EIR3|SEL7|SEL6 | EIE3| EIR2|SEL5 | SEL4|EIE2| 00000000z
RW RMW RMW RMW RMW RMW RMW RM

Interrupt request enable bit

0 | Disables interrupt request output
1 | Enables interrupt request output

SEL5 | SEL4 Edge polarity selection bit
0 0 | No edge detection
Rising edge

1
0 | Falling edge
1 | Both edges

External interrupt request flag bit
Read Write
0 [The specified edge has not been input | Clears this bit
1 [The specified edge has been input | Unchanged; no other effect

.................................................................................

EIE3 Interrupt request enable bit

0 | Disables interrupt request output
1 Enables interrupt request output

SEL7 | SEL6 Edge polarity selection bit
0 0 | No edge detection

1 | Rising edge

0 | Falling edge

1 | Both edges

External interrupt request flag bit
Read Write

' | 0 [The specified edge has not been input | Clears this bit
/W Can be read and written | [ |The specified edge has been input| Unchanged; no other effect

1+ Unused T :

EIR3
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Table 13.4-2 Functions of the External Interrupt Control Register 2 (EIC2) Bits

Bit Description
This bit is set to "1" when the edge selected by the INT13 edge
EIR3: polarity selection bits (SEL7 and SELS6 bits of EIC2) is input to

INT13 external

external interrupt pin INT13.

request enable bit

bit7 ; When this bit and the INT13 interrupt request enable bit (EIE3 bit of
interrupt request flag EIC2 nqu . ;
bit ) are set to "1", an interrupt request is output.
Writing "0" clears this bit. Writing "1" does not change the bit value
(has no effect on the operation).
These bits are used to control the input edge polarity mode of the
INT13 pin.
. SEL7, SELG6: When "00" is written to these bits, edge detection is not used. When
bité . WA w . Iy .
bit5 INT13 edge polarity 01g" is written, rising edge mode is used.
selection bits When "10" is written, falling edge mode is used. When "11g" is
written, both rising and falling modes are used.
To change these bits, always write "0" to EIRS.
EIES3: This bit is used to enable or disable interrupt request output to the
bit4 INT13 interrupt CPU. When this bit and the INT13 external interrupt request flag bit
request enable bit (EIR3) are "1", an interrupt request is output.
This bit is set to "1" when the edge selected by the edge polarity
. selection bits (SEL5 and SEL4 bits of EIC2) is input to external
EIR2: ; !
INT12 external interrupt pin INT12.
bit3 ; When this bit and the INT12 interrupt request enable bit (EIE2 bit of
interrupt request flag EIC wqu . ;
bit 2) are "1", an interrupt request is output.
Writing "0" clears this bit. Writing "1" does not change the bit value
(has no effect on operation).
These bits are used to control the input edge polarity mode of the
INT12 pin.
. SELS5, SEL4: When "00" is written to these bits, edge detection is not used. When
bit2 . WA m . Iy :
bit{ INT12 edge polarity 01g" is written, rising edge mode is used.
selection bits When "10" is written, falling edge mode is used. When "11g" is
written, both rising and falling modes are used.
To change these bits, always write "0" to EIR2.
EIE2: This bit is used to enable or disable interrupt request output to the
bit0 INT12 interrupt CPU. When this bit and the INT12 external interrupt request flag bit

(EIR2) are "1", an interrupt request is output.

319




CHAPTER 13 EXTERNAL INTERRUPT CIRCUIT 1 (EDGE)

13.5 External Interrupt Circuit 1 Interrupts

External interrupt circuit 1 triggers an interrupt when it detects the specified edge in
signals that are input to the external interrupt pins.

B Interrupts during External Interrupt Circuit 1 Operation

When the specified edge of external interrupt input is detected, the corresponding external
interrupt request flag bits (EIRO to EIR3 bits of EIC1 and EIC2) are set to "1". If the
corresponding interrupt request enable bits are enabled (EIEO to EIE3 bits of EIC1 and EIC2 =
1) at this time, an interrupt request (IRQO and IRQ1) is output to the CPU. The external
interrupt request flag can be cleared by writing "0".

Note:

To enable interrupts (EIEO and EIE1 bits of EIC1 = 1, EIE2 and EIES bits of EIC2 = 1) after
releasing a reset, be sure to clear the external interrupt request flag bits (EIEO and EIE1 bits
of EIC1 =1, EIE2 and EIES bits of EIC2 = 1) at a time.

If the external interrupt request flag bit is "1" and the interrupt request enable bit is enabled,
the system cannot return from interrupt processing. Always clear the external interrupt
request flag bit as part of the interrupt processing routine.

Reference:

Waking up the device from stop mode with an interrupt can be performed by using only
external interrupt circuits.

An interrupt request is generated immediately after the interrupt request enable bit is
switched from disabled to enabled (0-->1) when the external interrupt request flag bit is "1".

B Registers and Vector Tables for External Interrupt Circuit 1 Interrupts

Table 13.5-1 Registers and Vector Tables for External Interrupt Circuit 1 Interrupts

Interrupt Interrupt level setting register Vector table address
name
Register Setting bit Upper Lower
IRQO LO1 (bit1) LOO (bit0) FFFA4 FFFBy
ILR1 (007By)
IRQ1 L11 (bit3) L10 (bit2) FFF8y FFF9y

See 3.4.2 "Interrupt Processing", for more information about the operation during interrupts.
H Caution When Changing the Edge Polarity Selection

When the INT10 to INT13 edge polarity is changed, always set the corresponding EIR bit to "0".
This prevents generation of interrupts by mistake.
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13.6 Operation of the External Interrupt Circuit 1

External interrupt circuit 1 can be used to detect the specified edges of signals that are
input to the external interrupt pins. This section describes the operation using INT10

as an example.

B Operation of External Interrupt Circuit 1

To operate INTO of external interrupt circuit 1, external interrupt circuit 1 must be set as shown

in Figure 13.6-1 "Settings of External Interrupt Circuit 1."

Figure 13.6-1 Settings of External Interrupt Circuit 1

bit7  bit6  bits  bit4  bit3  bit2  bitl  bit0
EIC1 [ EIR1 [ SEL3 [ SEL2 | EIE1 [ EIR0 [ SEL1 | SELO | EIEO |
© © © © x x x »

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

EIC2 [ EIR3 | SEL7 | SEL6 | EIE3 | EIR2 | SEL5 | SEL4 | EIE2 |
X X X X X X X X

© : Used bit
X : Unused bit

If the edge polarity of the signal input from the external interrupt pin (INT11) matches the edge
polarity (SEL2 to SEL3) selected by the external interrupt control register, the corresponding

external interrupt request flag bit (EIR1) is set to "1".

Without referencing the value of the interrupt request enable bit (EIE1), the external interrupt

request bit is set to "1" when the edge polarities match.

Figure 13.6-2 "External Interrupt 1 (INT11) Operation" shows the operation when the INT11 pin

is used as an external interrupt pin.
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Figure 13.6-2 External Interrupt 1 (INT11) Operation

Input waveform _l_l T—I—,_l—
tothe INT11 pin  : The program sets : :
: the EIE1 bit and : The program
: simultaneously . clears the interrupt
: clears the EIR1 bit. : request flag bit. :
ER1bit  _] ] | []
EIE1 bit '|
SELS3 bit ]
SEL2 bit I B L
Leading edge «——— | —— Trailing edge

Reference:

The pin state can be read directly from the port data register (PDR6) even when the pin is
used as an external interrupt input.
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13.7 Program Example of the External Interrupt Circuit 1

This section shows a program example for external interrupt circuit 1.

B Program Example for External Interrupt Circuit 1

O Processing specifications

Generates an interrupt upon detection of the rising edge of a pulse that is input to the INT11 pin.

O Coding example

EIC1 EQU 003FH ;External interrupt control register 1

EIR1 EQU EIC1:7 ;Definition of the external interrupt request
flag bit

SEL2 EQU EIC1:5 ;Definition of the edge polarity selection bit

EIE1 EQU EIC1:4 ;Definition of the interrupt request enable bit

ILRO EQU 007BH ;Interrupt level setting register 1 setting

INT V DSEG ABS ; [DATA SEGMENT]

ORG OFFFAH

IRQO DW WARI ;Interrupt vector setting

INT V ENDS
CSEG ; [CODE SEGMENT]
;Assume that the stack pointer (SP) and other

registers are already initialized.

CLRI ;Interrupts disabled

CLRB EIR1 ;External interrupt request flag cleared
MOV ILR1,#11111101B ;Interrupt level set to 1

SETB SEL2 ;rising edge selected

SETB EIE1l ;Interrupt request output enabled

SETI ;Interrupts enabled

R Interrupt processing routine-------------------““—““—“- -~

WART CLRB EIR1 ;External interrupt request flag cleared
PUSHW A
XCHW A, T

PUSHW A
User processing

POPW A

XCHW A,T
POPW A
RETI

ENDS

END
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CHAPTER 14 EXTERNAL INTERRUPT CIRCUIT 2

(LEVEL)

This chapter describes the functions and operation of external interrupt circuit 2

(level).

141
14.2
14.3
14.4
14.5
14.6
14.7

"Overview of the External Interrupt Circuit 2 (Level)"
"Configuration of the External Interrupt Circuit 2"
"Pins of the External Interrupt Circuit 2"

"Registers of the External Interrupt Circuit 2"
"External Interrupt Circuit 2 Interrupts"

"Operation of the External Interrupt Circuit 2"

"Program Example of the External Interrupt Circuit 2"
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14.1 Overview of the External Interrupt Circuit 2 (Level)

External interrupt circuit 2 detects the level of the signals that are input from eight
external interrupt pins and outputs an interrupt request to the CPU.

B Functions of External Interrupt Circuit 2 (Level Detection)

326

External interrupt circuit 2 detects an "L" level signal that is input from the external interrupt pins
and outputs an interrupt request to the CPU. This interrupt can be used to wake up the device
from standby mode and restore the normal operating state (the main-RUN or sub-RUN state).

External interrupt pins: 8 pins (P40/INT20/EC to P47/INT27/ADST)
External interrupt source: Input of an "L" level signal to an external interrupt pin

Interrupt control: The external interrupt 2 control register (EIE2) can be used to enable or
disable external interrupts.

Interrupt flag: The external interrupt request flag bit of the external interrupt 2 flag register
(EIF2) indicates detection of an "L" level.

Interrupt requests: An interrupt occurs when the external interrupt pin is "Low" (IRQ4).



14.2 Configuration of the External Interrupt Circuit 2

14.2 Configuration of the External Interrupt Circuit 2

External interrupt circuit 2 consists of the following three blocks:
¢ Interrupt generation circuit

e External interrupt 2 control register (EIE2)

e External interrupt 2 flag register (EIF2)

B Block Diagram of External Interrupt Circuit 2

Figure 14.2-1 Block Diagram of External Interrupt Circuit 2

External interrupt 2 control register (EIE2) External interrupt 2 flag register (EIF2)

IE27|IE26|IE25|IE24|IE23 |IE22|IE21(IE20| | — | — | — | — | — | — | — |IF20

Interrupt generation circuit
P4O/INT20/EC | Pin External interrupt 2
P41/INT21 Pin request
/SCK2 IRQ4
P42/INT22 .
/so2/spa | Pin
P43/INT23 pi
/siz/scL | 7N
P44/INT24 :
uckz | Pin
P45/INT25/U02 | Pin

P46/INT26/UI2 | Pin

P47/INT27
/ADST

Pin

O Interrupt generation circuit

The interrupt request generation circuit generates an interrupt request signal based on the input
signals from the external interrupt pins (INT20 to INT27) and the external interrupt input enable

bits.

O External interrupt 2 control register (EIE2)

The external interrupt input enable bits (EIE2: IE20 to IE27) enable or disable "L" level inputs

from the corresponding external interrupt pins.

O External interrupt 2 flag register (EIF2)

The external interrupt flag bit (EIF2: IF20) is used to store or clear interrupt request signals.
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O External interrupt circuit 2 interrupt sources
IRQ4:

IRQ4 generates an interrupt to the CPU when an "L" level signal is input to any of the
external interrupt pins INT20 to INT27 (pins whose interrupt inputs are enabled).
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14.3 Pins of the External Interrupt Circuit 2

This section describes the pins, registers, and interrupt sources for external interrupt

circuit 2, and provides a block diagram of the pins.

B Pins for External Interrupt Circuit 2

Eight external interrupt pins are used for external interrupt circuit 2.

These external interrupt pins function as external interrupt inputs (hysteresis inputs), general-
purpose input/output ports, or resource pins.

The P40/INT20/EC to P47/INT27/ADST pins function as external interrupt input pins (INT20 to
INT27) when the corresponding pin is set as an input port by the port 4 data direction register
(DDR4) and the corresponding external interrupt input is enabled by the external interrupt 2
control register (EIE2). If pins are set as input ports, the pin states can always be read from the
port data register (PDR4).

Table 14.3-1 "Pins for External Interrupt Circuit 2" shows the pins for external interrupt circuit 2.

Table 14.3-1 Pins for External Interrupt Circuit 2

External interrupt pin

Used as external interrupt input
(interrupt input enabled)

Used as general-purpose input/
output port (interrupt input disabled)

P47/INT27/ADST

P40/INT20/EC INT20(EIE2:IE20=1) P40(EIE2:1E20=0)
P41/INT21/SCK2 INT21(EIE2:IE21=1) P41(EIE2:IE21=0)
P42/INT22/SO2/SDA INT22(EIE2:IE22=1) P42(EIE2:1E22=0)
P43/INT23/S12/SCL INT23(EIE2:IE23=1) P43(EIE2:1E23=0)
P44/INT24/UCK2 INT24(EIE2:IE24=1) P44(EIE2:1E24=0)
P45/INT25/UQ02 INT25(EIE2:IE25=1) P45(EIE2:1IE25=0)
P46/INT26/U12 INT26(EIE2:IE26=1) P46(EIE2:1E26=0)

( ) ( )

INT27(EIE2:IE27=1

P47(EIE2:IE27=0
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B Block Diagram of Pins for External Interrupt Circuit 2

Figure 14.3-1 Block Diagram of External Interrupt Circuit 2 Pins (INT22 and INT23 Only)

Stop/watch mode (SPL = 1)§

External interrupt

: To external input enabled

- interrupt circuit

;

To peripheral
resource input

:

Pull-up resistor
About 50 kQ

2| PDR (port data register) e

o S : .

© : : »— Stop/watch mode (SPL=1) | : %

g < —( = A :

© : T, Port 4 pull-up resistor :

= :PDR read . Peripheral resource output:  control register .

c . : iP41, P44, and P45 only .

‘g ﬂ Peripheral resource:output enabled D_—I I:PCh :
PDR read (at bit manipulation instruction) f_
: . O : :
% Output latch D/Qk _| Pch | "

| PDR write P Pin

: P40/INT20/EC
.ﬁ{- ? —| Nch

: DDR P41/INT21/SCK2

(Port data direction register), P44/INT24/UCK2

: DDR write § P45/INT25/U02

: Stop/watch mode (SPL = 1) P46/INT26/UI2

; :'I : P47/INT27/ADST

‘DDR read

SPL: Pin state setting pin in the standby control register (STBC)

Reference:

If "pull-up resistor available" is selected in the port 4 pull-up resistor control register, the pins
are set to the "H" level (pull-up state), not the high impedance state, in stop/watch mode
(SPL bit of STBC = 1). However, the pull-up is disabled during a reset and the pins enter the
Hi-z state.
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Figure 14.3-2 Block Diagram of External Interrupt Circuit 2 Pins (INT22 and INT23 Only)

Stop/watch mode (SPL = 1)
External interrupt :

TO externgl . T input enabled
: interrupt circuit

.....................................................................................

To peripheral {_CP—
resource input N

‘PDR read . * Peripheral resource
L ¥ %Output(“)

EPDR read (at bit manipulation instruction)

% Output latch

\PDR write Pin

Internal data bus

P42/INT22/SO2/SDA
P43/INT23/S12/SCL

Nch

Stop/watch mode (SPL = 1)

SPL : Pin state setting pin in the standby control register (STBC)
1 Two peripheral resources outputs are connected to P42.
One peripheral resource output is connected to P43.

Reference:

When a pin is set as an input pin (bits 2 and 3 of DDR4 = 0), the pin enters the high
impedance state. If a high-level input state is initially necessary, an external pull-up resistor
must be connected.
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14.4 Registers of the External Interrupt Circuit 2

The external interrupt circuit 2 control register (EIE2) is used to enable or disable
external interrupt pins.

B Registers for External Interrupt Circuit 2

Figure 14.4-1 Registers for External Interrupt 2

EIE2 (External interrupt 2 control register)
Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0056H |IE27‘ IEZG‘ IE25‘IE24‘ |E23‘ |E22‘ IE21 ‘ |E20| 000000008
RW RW R/W RW RW R/W R/W RW

EIF2 (External interrupt 2 flag register)
Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bito Initial value
oos7n | = | = | = = =] =] - [Ire0] e 08
R/W

R/W : Can be read and written
— @ Unused
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14.4.1 External Interrupt 2 Control Register (EIE2)

The external interrupt 2 control register (EIE2) is used to enable or disable interrupt
inputs to external interrupt pins INT20 to INT27.

B External Interrupt 2 Control Register (EIE2)

Figure 14.4-2 External Interrupt 2 Control Register (EIE2)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value
0056H |IE27|IE26|IE25|IE24|IE23|IE22|IE21 ||E20| 000000008

RW RW R/W RW RW RW RW RW
| | | | | | | |

IE20
to | External interrupt input enable bit
IE27
R/W : Can be read and written 0 |[Disables external interrupt input.
[ : Initial value 1 [Enables external interrupt input.

Table 14.4-1 Correspondence between the Bits of the External Interrupt 2 Control
Register (EIE2) and the External Interrupt Pins

Bit name External interrupt pin
bit7 IE27 INT27
bité IE26 INT26
bit5 IE25 INT25
bit4 IE24 INT24
bit3 IE23 INT23
bit2 IE22 INT22
bit1 IE21 INT21
bit0 IE20 INT20
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Table 14.4-2 Functions of the External Interrupt 2 Control Register (EIE2) Bits

Bit name Function

¢ These bits enable or disable interrupt inputs from external

interrupt pins INT20 to INT27.

* Setting these bits to "1" sets the corresponding external interrupt
bit7 pin to function as an external interrupt input pin and to accept
bit6 external interrupt inputs.

. * Setting these bits to "0" sets the corresponding external interrupt
bit5 i . .
bitd IE20 to IE27: pin to function as a general-purpose port and not to accept
bit3 External interrupt input external interrupt inputs.

. enable bits Reference:
bit2 . ; . .
bit1 * |f external interrupt pins are used, set the corresponding bit of
bit0 the port data direction register (DDR4) to "0" to specify that this

pin becomes an input.

The state of external interrupt pins can be read directly from the
port data register (PDR4) regardless of the state of the external
interrupt input enable bits.
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14.4.2 External Interrupt 2 Flag Register (EIF2)

The external interrupt 2 flag register (EIF2) is used to indicate detection of a level
interrupt, to clear the interrupt request flag, and to store the interrupt state.

B External Interrupt 2 Flag Register (EIF2)

Figure 14.4-3 External Interrupt 2 Flag Register (EIF2)

Address . s bits

bitd bit3 bitz bitt bito ualvalue

oosm [~

—[—[—[—[re0] -~

R/W

External interrupt request flag bit

R/W : Can be read and written
— : Unused

[ 1: Initial value

F20 Read Write

o |Interrupt request not detected
(an "L" level not detected)

Clears this bit.

1 Interrupt request detected
(an "L" level detected)

Unchanged; no other effect

Table 14.4-3 Functions of the External Interrupt 2 Flag Register (EIF2) Bits

Bit name Function
bit7 * During read operations, the values of these bits are undefined.
bit6 * Writing these bits has no effect on operation.
bit5
bit4 Unused
bit3
bit2
bit1
e This bit is set to "1" if an "L" level signal is input to the external
interrupt pins (INT20 to INT27) for which external interrupt input
is enabled.
) e Writing "0" clears this bit. Writing "1" does not change the bit
IF20:
. . and has no other effect.
bit0 External interrupt Note:
request flag bit Setting the external interrupt input enable bits (EIE2: IE20 to
IE27) of the external interrupt 2 control register to "0" only
disables external interrupt input. Interrupt requests are output
continuously until the IF20 bit is cleared to "0".
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14.5 External Interrupt Circuit 2 Interrupts

Input of an "L" level signal to an external interrupt pin triggers an interrupt from
external interrupt circuit 2.

B Interrupts during External Interrupt Circuit 2 Operation

Input of an "L" level to an external interrupt pin for which interrupt input has been enabled sets
the external interrupt request flag bit (EIF2: 1F20) to "1" and outputs an interrupt request (IRQ4)
to the CPU. Write "0" to the IF20 bit in the interrupt handling routine to clear the interrupt
request.

If the external interrupt request flag bit (EIF2) is set to "1", interrupt requests are output
continuously until the IF20 bit is cleared to "0". Output of the interrupt request continues even if
input of external interrupts is disabled by the interrupt enable bits (IE20 to IE27) of the external
interrupt 2 control register (EIE2). Therefore, always clear the IF20 bit.

Also, if an external interrupt pin is still at the "L" level when the IF20 bit is cleared with no
external interrupt input disabled, the IF20 bit is immediately set again. If necessary, disable
external interrupt input or clear the external interrupt source itself.

Reference:

Always clear the IF20 bit before enabling CPU interrupts after a reset. The use of external
interrupt circuits 1 and 2 enables return from standby mode.

Note:

An "L" level input to any of the external interrupt pins (INT20 to INT27) generates the same
interrupt request (IRQ4). To determine which external interrupt input triggered the interrupt,
you must read the port data register (PDR4) before the input changes to an "H" level.

Waking up the device from stop mode with in interrupt can be done using only external
interrupt circuits 1 and 2.

B Register and Vector Table for the External Interrupt Circuit 2 Interrupt

Table 14.5-1 Register and Vector Table for the External Interrupt Circuit 2 Interrupt

Interrupt Interrupt level setting register Vector table address
name
Register Setting bit Upper part of the Lower part of
address the address
IRQ4 ILR2 (007Cy) L41 (bit1) L40 (bit0) FFF2y FFF34

336

See 3.4.2 "Interrupt Processing", for more information about the operation of interrupts.
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14.6 Operation of the External Interrupt Circuit 2

External interrupt circuit 2 can be used to detect an "L" level on the external interrupt
pin and output an interrupt request to the CPU.

B Operation of External Interrupt Circuit 2

Figure 14.6-1 "External Interrupt Circuit 2 Settings" shows the settings required for operation of
the external interrupt circuit.

Figure 14.6-1 External Interrupt Circuit 2 Settings

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
EIE2 |IE27|IE26|IE25|IE24|IE23|IE22|IE21|IE20|

: Used

. Set to "0" when the
corresponding pin is
used

—: Unused

DDR4

X O

Input of an "L" level signal to the corresponding external interrupt pins of INT20 to INT27 for
which any of the external interrupt inputs IE20 to IE23 has been enabled outputs an IRQ4

interrupt request to the CPU.

Figure 14.6-2 "Operation of External Interrupt 2 (INT20)" shows the operation of external
interrupt circuit 2 (with the INT20 pin used).
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Figure 14.6-2 Operation of External Interrupt 2 (INT20)

Input waveform to the INT20 pin : : :
(an "L" level is detected) |_| |_| '
External interrupt input enabled
EIE2 : IE20 ; a
: Cleared by the interrupt
hqndgng routine
EIF2 : IF20
(Same as IRQ4 state) Ir§1terrupt handling Interrupt handling
El i
Operation of interrupt : | I_
handling routine in response : RETI : RETI
to IRQ4 Can be read at any time i
PDR2 : bit0 ' |_| ] [
Reference:

The pin state can be read directly from the port data register (PDR4) even when the external

interrupt pins are used as external interrupt inputs.




14.7 Program Example of the External Interrupt Circuit 2

14.7 Program Example of the External Interrupt Circuit 2

This section shows a program example for external interrupt circuit 2.

B Program Example for External Interrupt Circuit 2

O Processing specifications

Generates an interrupt upon detection of an "L" level signal that is input to the INT40 pin.

O Coding example

DDR4
EIE2

EIF2

IF20

EQU
EQU

EQU
EQU

EQU

DSEG
OFFF2H
DW
ENDS

CLRI
CLRB
MOV
MOV
MOV

SETI

MOV

CLRB
PUSHW
XCHW
PUSHW

0011H
0056H

0057H

EIF2:0

007CH

ABS

WARI

program----------

IF20

ILR2,#11111110B
DDR4, #00000000B
EIE2,#00000001B

EIE2,#00000000B

IF20
A
A,T
A

User processing

POPW
XCHW
POPW
RETI
ENDS

A
A,T
A

;Address of the port 4 direction register
;Address of the external interrupt 2 control
register

;Address of the external interrupt 2 flag
register

;Definition of the external interrupt request
flag bit

;Address of the interrupt level setting register
; [DATA SEGMENT]

;Interrupt vector setting

; [CODE SEGMENT]
;Assume that the stack pointer (SP) and other
registers are already initialized.

;Interrupts disabled

;External interrupt request flag cleared
;Interrupt level set to 2

;The P40/INT20 pin set to input

;External interrupt input of the P40/INT20 pin
is enabled

;Interrupts enabled

Interrupt handling routine------------------—~-~—~-~~-~—“~ -~ -~~~

;External interrupt input of the INT20 pin
is disabled
;External interrupt request flag cleared
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CHAPTER 15 A/D CONVERTER

This chapter describes the functions and operations of the A/D converter.

15.1 "Overview of the A/D Converter"

15.2 "Configuration of the A/D Converter"
15.3 "Pins of the A/D Converter"

15.4 "Registers of the A/D Converter"

15.5 "A/D Converter Interrupt"

15.6 "Operation of the A/D Converter"

15.7 "Notes on Using the A/D Converter"

15.8 "Program Example of the A/D Converter"
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15.1 Overview of the A/D Converter

The 10-bit sequential comparison type A/D converter selects one input signal from the
8-channel analog input pins. It can be activated by software, internal clocks, or an
input from the ADST pin.

However, the MB89F538/F538L cannot use an input (external clock) from the ADST pin.

H A/D Conversion Function

The A/D conversion function converts the analog voltage (input voltage) input to an analog input
pin to an 10-bit digital value.

* One signal can be selected from 8 analog input pins.

* Conversion speed is 60 instruction cycles (24 us at 10 MHz main clock oscillation).
* Generates an interrupt when A/D conversion completes.

* Conversion completion can also be determined by software.

The following methods are available to activate A/D conversion:

¢ Software activation

e Continuous activation by a timebase timer output (divide-by-28 main clock oscillation)

¢ Continuous activation (ADST) in synchronization with an external clock

342



15.2 Configuration of the A/D Converter

15.2 Configuration of the A/D Converter

The A/D converter consists of the following nine blocks:

Clock selector (selects the input clock for activating A/D conversion)

Analog channel selector
Sample and hold circuit
D/A converter
Comparator

Control circuit

A/D data registers (ADDH, ADDL)

A/D control register 1 (ADC1)
A/D control register 2 (ADC2)

B Block Diagram of the A/D Converter

Figure 15.2-1 A/D Converter Block Diagram

P47/INT27/ADST

A/D control register 2 (ADC2)

(External clock) —™] Clock
28/FcH —s| selector

RESV

RESV|ADCK| ADIE |ADMD| EXT |[RESV

(Timebase timer output) |

P57/AN7 —]
P56/AN6 —>
P55/AN5 —>{ Analog
P54/AN4 —>{ channel

l

P53/AN3 —>| selector
P52/AN2 —>| ||

Sample hold

circuit

Comparator

P51/AN1 —>

% Control circuit

P50/ANO —>

1l

A/D data registers
(ADDH, ADDL)

AVR —
AVcc — D/A converter
AVss —>

<«

T —

ANS3

ANS2

ANS1|ANSO| ADI ADMV| —

AD

FcH: Main clock oscillation

A/D control register (ADC1)

IRQD <—(

~ _~

Internal data bus
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O Clock selector

Selects the clock used to activate A/D conversion when continuous activation is enabled (ADC2:
EXT ="1").
Analog channel selector

This circuit selects one signal from 8 analog input pins.

Sample and hold circuit

This circuit holds the input voltage of the channel selected by the analog channel selector. The
circuit samples and holds the input voltage immediately after the A/D conversion is activated.
This allows A/D conversion to proceed without being affected by input voltage variation.

D/A converter

Generates the voltage corresponding to the value set in the ADDH and ADDL registers.

Comparator

Compares the sampled and held input voltage with the output voltage of the D/A converter, and
determines which voltage is higher or lower.

Control circuit

The control circuit successively determines the value of each bit of the 10-bit A/D data register,
starting from the most significant bit and proceeding to the least significant bit, based on the
greater-than/less-than signal from the comparator. When conversion is complete, the circuit sets
the interrupt request flag bit (ADC1: ADI).

A/D data registers (ADDH/ADDL)

The upper two bits of the 10-bit A/D data are stored in the ADDH register, and the lower eight
bits are stored in the ADDL register.

The result of A/D conversion is stored in the ADDH/ADDL registers.

A/D control register 1 (ADC1)

Enables and disables the functions of the A/D converter, selects an analog input pin, checks the
state, and controls interrupt.

A/D control register 2 (ADC2)

Selects the input clock, enables or disables interrupts, and selects the function.

AD converter interrupts
IRQB:

When A/D conversion is complete, an interrupt request is issued if interrupt request output is
enabled (ADC2: ADIE = 1).



15.2 Configuration of the A/D Converter

Bl A/D Converter Power Supply Voltage

O AVcc

Power supply pin for the A/D converter. Use the same potential that is used for Vcc. If extreme
A/D conversion accuracy is required, make sure that AVcc is free of Vcc noise or use another
power supply. If the A/D converter is not used, still connect this pin to the power supply.

O AVss

Ground pin for the A/D converter. Use same potential as that is used for Vss. If extreme A/D
conversion accuracy is required, make sure that AVss is free of Vss noise or use another power
supply. If the A/D converter is not used, still connect this pin to ground (GND).

O AVR

Pin to inputting the reference voltage for the A/D converter. 10-bit A/D conversion is performed
between AVR and AVss. If the A/D converter is not used, connect it to AVss.
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15.3 Pins of the A/D Converter

This section describes the pins related to the A/D converter and shows a block

diagram.

H Pins Related to A/D Converter

346

The pins related to the A/D converter are P47/INT27/ADST and P50/ANO to P57/AN7.

P47/INT27/ADST

The P47/INT27/ADST pin functions as a general-purpose input/output port (P47), the external
clock input pin for A/D conversion activation (ADST), or an external interrupt pin. To enable the
P47/INT27/ADST pin to function as the ADST pin, set this pin as an input port (bit 7 = 0), enable
continuous activation (EXT bit of ADC2 = 1), and set the input clock selection bit as external
clock input (ADCK bit of ADC2 = 1).

ADST:

When performing continuous activation in synchronization with external clock input, input an
external clock to this pin.

P50/ANO to P57/AN7

The P50/ANO to P57/AN7 pins function as the output-only port for N-ch open-drain output (P50
to P57) or analog input pins (ANO to AN7).

ANO to AN7:

When using the A/D conversion function, input the analog voltage to be converted to these
pins. To enable these pins to function as analog input pins, set "1" in the corresponding bits
in the port data register (PDRS5), turn off the output transistor, and then select these pins with
the analog input channel selection bits (ANSO to ANS3 of ADC1). Even if the A/D converter
is used, those pins that are not used as analog inputs can be used as general-purpose input/
output ports.



15.3 Pins of the A/D Converter

B Block Diagram of P50/ANO to P57/AN7 Pins

Figure 15.3-1 Block Diagram of Pins P50/ANO to P57/AN7

A/D converter
channel selector
A/D converter
g analog input
fo PDR (port data register)
= PO LS SRR
3 :
< /I :
£ : N :
"GE) : PDR read (for bit manipulation instructions)
%D_ Output latch Pch
| PDR write :
Nch
—
Stop/watch mode (SPL = 1)

SPL: Pin state designate bit of the standby control register (STBC)

Pin

P50/ANO,P51/AN1
P52/AN2,P53/AN3
P54/AN4,P55/AN5
P56/AN6,P57/AN7
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15.4 Registers of the A/D Converter

This section shows the registers related to the A/D converter.

B Registers Related to A/D Converter

Figure 15.4-1 Registers Related to the A/D Converter

ADC1 (A/D control register 1)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
0034n — |ANS2|ANS1|ANSO| ADI |ADMV| — | AD
RW RW RW RW R R/W
ADC2 (A/D control register 2)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
0035H — |RESV|RESV|ADCK| ADIE |ADMD| EXT |RESV
RW RW RW RW RW RW R/W
ADDL (A/D data register L)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
00 36H D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RW RW RW RW RW RW RW R/W
ADDH (A/D data register H)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
0037H — — — — - — | D9 | D8
R/W : Read/write enabled W RW
R :Read only
— :Not used
X :Undefined

Initial value

X00000X0s

Initial value

-00000018

Initial value

XXXXXXXXs

Initial value
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15.4.1 A/D Control Register 1 (ADC1)

15.4 Registers of the A/D Converter

A/D control register 1 (ADC 1) enables and disables the functions of the A/D converter,
selects analog input pins, and checks the operation state.

Bl A/D Control Register 1 (ADC1)

Figure 15.4-2 A/D Control Register 1 (ADC1)

R

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
00 3 4+ — |ANS2|ANS1|ANSO| ADI |ADMV| — | AD X00000X0s
RW RW RW RW R R/W

: Read only

[ :Initial value

L

A/D conversion activation bit

Conversion has not been completed.

AD
Valid only when this function is activated by software (ADC2:EXT = 0)

0 | A/D conversion function has not activated.

1 | A/D conversion function has activated.
ADMV| Conversion flag bit

0 Conversion is not in progress.

1 Conversion is in progress.

Interrupt request flag bit

ADI During a read During a write

0 The bit is cleared.

Conversion is complete.

There is no change, and there is
no effect on other bits.

R/W : Read/write enabled

ANS2|ANS1|ANSO Analog input channel select bit
0| O 0 P50/ANO Pin
0|0 1 P51/AN1 Pin
0 1 0 P52/AN2 Pin
0 1 1 P53/AN3 Pin
1 0 0 P54/AN4 Pin
1 0 1 P55/AN5 Pin
1 1 0 P56/AN6 Pin
1 1 1 P57/AN7 Pin
X X X Setting prohibited
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Table 15.4-1 Functions of the A/D Control Register 1 (ADC1) bits

Bit name

Function

Bit 7
Bit 6
Bit 5
Bit 4

ANS2, ANS1, ANSO: Analog
input channel select bits

These bits select a pin to be used as an analog input pin
from ANO to AN7.

When this function is activated by software (ADC2:EXT =
0), these bits can be rewritten when A/D conversion is
activated (AD = 1).

Note:

If the ADMV bit is "1", do not rewrite these bits.

Reference:

The pins that are not used as analog input pins can be
used as general-purpose ports.

Bit 3

ADI:
Interrupt request flag bit

In A/D conversion function operation, this bit is set to 1
when A/D conversion is completed.

When this bit and the interrupt request enable bit
(ADC2:ADIE) are 1, an interrupt request is issued.

For a write operation, writing O clears this bit. Writing 1
has no effect and no effects on other bits.

Bit 2

ADMV:
Conversion flag bit

In the A/D conversion function operation, this bit indicates
that conversion is being performed.
During conversion, this bit is setto 1.

Reference:

This bit is read only. Writing to this bit has no meaning
and has no effect on operation.

Bit 1

Unused bit

The read value is undefined.
Writing has no effect on operation.

Bit 0

AD:
A/D conversion activation bit

This bit activates the A/D conversion function from
software.

When continuous activation is disabled (ADC2:EXT = 0),
setting this bit to 1 activates the A/D conversion function.

Note:

Even though 0 is written to this bit, the operation of the A/
D conversion function cannot be stopped. The read value
is always 0.

During continuous activation, this bit is ignored.
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15.4.2 A/D Control Register 2 (ADC2)

The A/D control register 2 (ADC 2) selects the functions of the A/D converter, selects

the input clock, enables and disables interrupts and continuous activation, and checks

the state.

Bl A/D Control Register 2 (ADC2)

Figure 15.4-3 A/D Control Register 2 (ADC2)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

00354 | — |RESV |RESV|ADCK

ADIE|ADMD| EXT |[RESV| -0000001s

RW RW RW RW RW R/W R/W

Reserved bit

Be sure to write 1 to this bit.

Continuous activation enable bit

Activating with the AD bit of the ADC1 register

1 | Continuous activation with the clock selected by the ADCK bit

ADMD Function selection bit
0 A/D conversion function
1 Setting prohibited
ADIE Interrupt request enable bit
0 Disables interrupt request output.
1 Enables interrupt request output.
ADC Input clock selection bit

K
Valid only when continuous start is selected (EXT = 1)

0 | Timebase timer output (main clock oscillation divided by 28)
1 External clock (P47/INT27/ADST)
RESV| Reserved bit

R/W : Read/write enabled
— : Unused

[ 1: Initial value

Be sure to write 00 to this bit.
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Table 15.4-2 Functions the A/D Control Register 2 (ADC2) bits

Bit name Function
Bit 7 Unused bit . Th(_—:'_read value is undefined. .
* Writing has no effect on operation.
Bit 6 TIM1, TIMO: e Be sure to write 00 to this bit.
Bit 5 Reserved bit
¢ When continuous activation is enabled (EXT = 1), this bit
selects the input clock that activates the A/D conversion
function. When this bit is "0", the timerbase timer (divide-
ADCK: by-28 output of main clock oscillation) is selected. When
Bit 4 : . . this bit is "1", the P47/INT27/ADST pin is selected.
Input clock selection bit Note:
If the main clock oscillation is stopped in subclock mode,
the timerbase timer cannot be used to activate continuous
mode conversion.
ADIE: e This bit enables and disables interrupt output to the CPU.
Bit 3 ' . *  When this bit and the interrupt request flag bit (ADC1:
Interrupt request enable bit ; )
ADI) are 1, an interrupt request is output.
Bit 2 ADMD: * Reserved bit
Operation selection bit e Be sure to write 0 to this bit.
¢ This bit determines whether the A/D conversion function
is activated by software or whether it is continuously
EXT: activated in sync with the input clock.
Bit 1 Contlinuous activation * When this bit is set to 0, activating by software using the
. A/D conversion activation bit is enabled. When this bit is
enable bit . o . . ..
set to 1, continuous activation synchronized with the rising
edge of the clock selected by the input clock selection bit
(ADC2:ADCK) is enabled.
. Note:
Bit 0 RESV: * Be sure to write 1 to this bit.

Reserved bit

e The read value is always 1.
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15.4.3 A/D Data Registers (ADDH, ADDL)

These data registers store the result of A/D conversion.
The upper two bits of the 10-bit data correspond to the ADDH register, and the lower
eight bits correspond to the ADDL register.

Bl A/D Data Registers (ADDH, ADDL)
Figure 15.4-4 "A/D Data Registers (ADDH, ADDL)" shows the bit configuration of the A/D data

register.
Figure 15.4-4 A/D Data Registers (ADDH, ADDL)
ADDH
Address bit7  bit6 bit5 bit4 bitd3 bit2 bit!  bit0 Initial value
0037H - -/ —|—1|— | — | D9 | D8 | XXB
RW R/W
ADDL
Address bit7 bit6 bit5 bitd bit3 bit2 bit!  bit0 Initial value
0036H D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO XXXXXXXXB
RW RW RW RW RW RW RW RW
R/W : Read/write enabled
— :Unused
X :Undefined

The upper two bits of the 10-bit A/D data correspond to bits 1 and 0 of the ADDH register, and
the lower eight bits correspond to bits 7 to 0 of the ADDL register.

When A/D conversion function

When A/D conversion is activated, the conversion result data is determined after about 60
instruction cycles and is stored in these registers. Between the completion of A/D conversion
and the start of the next A/D conversion cycle, read the contents of these registers (conversion
result), write 0 to ADI (bit 3) of the ADC1 register, and clear the flag when conversion is

complete.
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15.5 A/D Converter Interrupt

The following function is provided as the A/D converter.
® Completion of conversion in A/D conversion function operation

H Interrupt for A/D Conversion Function

When A/D conversion is completed, the interrupt request flag bit (ADC: ADI) is set to 1. If the
interrupt request enable bit is then set to enable (ADC2: ADIE=1), an interrupt request to the
CPU (IRQD) occurs. Clear the interrupt request by writing 0 to the ADI bit with the interrupt
processing routine.

The ADI bit is set when A/D conversion is completed irrespective of the value of the ADIE bit.
Reference:

If the ADIE bit is changed from "disable" to "enable" (0 --> 1) when the ADI bit is set to 1, an
interrupt request occurs immediately.

B Register and Vector Table Related to A/D Converter Interrupt

Table 15.5-1 Register and Vector Table Related to the A/D Converter Interrupt

Interrupt Interrupt level setting register Vector table address
name
Register Bit to be set Higher Lower
IRQD ILR4 (007Ep) LD1 (bit 3) LDO (bit 2) FFEOH FFE1H

For the operation of interrupts, see Section 3.4.2 "Interrupt Processing".
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15.6 Operation of the A/D Converter

The A/D converter is activated by software.

B Activating the A/D Conversion Function

O Activating software

Activating of the software for the A/D conversion function requires the setting shown in Figure
15.6-1 "Setting the A/D Conversion Function (When Software Activation)".

Figure 15.6-1 Setting the A/D Conversion Function (When Software Activation)

ADC1

ADC2

ADDH

ADDL

bit7 bit6 bit5 bitd bitd bit2 bit!  bit0

ANS3|ANS2|ANS1|ANSO| ADI [ADMV| — | AD
o0 6 o© o6 © o0 1
— |RESV|RESV|ADCK| ADIE [ADMD| EXT |RESV

0 0 X © 0 0 1

The comparison voltage value is held.

The comparison voltage value is held.

— : Unused
© : Used bit
X 1 Unused bit
1 : Set1

0 : SetO

When A/D conversion is activated, the A/D conversion function starts operation.

The A/D

conversion function can be restarted even during conversion.

O Continuous activation

For continuous activating of the A/D conversion function, the settings shown in Figure 15.6-2
"Settings for the A/D Conversion Function (Continuous Activation)" are required.

Figure 15.6-2 Settings for the A/D Conversion Function (Continuous Activation)

ADC1

ADC2

ADDH

ADDL

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
ANS3|ANS2|ANS1|ANSO| ADI [ADMV| — | AD
6 ©o © o ©o o0 X
— |RESV|RESV|ADCK| ADIE |ADMD| EXT |RESV
0 0 © © 0 1 1

The comparison voltage value is held.

The comparison voltage value is held.

— : Unused
© : Used bit
X 1 Unused bit
1 : Set1

0 : SetO
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When continuous activation is allowed, A/D conversion starts in sync with the rising edge of the
selected input clock and the A/D conversion function starts operating. To disable continuous
activation, set the EXT bit of ADC2 to 0. Activating by software is enabled.

B Operation of A/D Conversion Function

356

A/D converter operation is described in the following. The time from activation to completion of
the A/D conversion is about 60 instruction cycles.

1. When A/D conversion is activated, the conversion flag bit is set (ADC1: ADMV = 1) and the
set analog input pin is connected to the sample hold circuit.

2. The voltage on the analog input pin is added to the internal sample hold capacitor for about
16 instruction cycles. This voltage is held until A/D conversion is complete.

3. The comparator compares the voltage added to the sample hold capacitor with the reference
voltage for A/D conversion in order from the most significant bit (MSB) to the least significant
bit (LSB), and each comparison result is transferred on at a time to the ADDH and ADDL
registers.

4. When result transfer ends, the conversion flag bit is cleared (ADMV bit of ADC1 = 0) and the
interrupt request flag bit is set (ADI bit of ADC1 = 1).



15.7 Notes on Using the A/D Converter

15.7 Notes on Using the A/D Converter

This section contains notes on using the A/D converter.

Bl Notes on Using the A/D Converter

O Input impedance of the analog input pins

The A/D converter contains the sample hold circuit shown in Figure 15.7-1 "Equivalent Circuit
for Analog Input" and adds the voltage of the analog input pin to the sample hold capacitor in
about 15 instruction cycles after A/D conversion starts. Therefore, if the output impedance of
the external circuit for analog input is high, the analog input voltage may not be stabilized within
the analog input sampling period. To avoid this problem, keep the output impedance of the
external circuit low enough to stabilize the voltage (less than 10 kQ). If the output impedance of
the external circuit cannot be kept low, it is recommended that an external capacitor of about 0.1
uF be added to the analog input pin.

Figure 15.7-1 Equivalent Circuit for Analog Input

MB89530/530H/530A series

i e

Comparator

B
i

controller

j |
yT R c
1 : '

Close for 16 instruction cycles after activating A/D conversion

Analog channel selector

O Notes on setting with a program

In A/D conversion function operations, the ADDH and ADDL registers hold the previous
values until A/D conversion is activated. As soon as A/D conversion is activated, the
contents of the ADDH and ADDL registers become undefined.

During operation of the A/D conversion function, do not reselect an analog input channel
(ADC1: ANS2 to ANSO0). In particular, while continuous activation is in operation, disable
continuous activation (ADC2:EXT = 0) and wait for the flag bit (ADC1:ADMV) to change to 0
during conversion.

The A/D converter is stopped via a reset and activation of the stop mode and watch mode.

If the interrupt request flag bit (ADC1: ADI) is set to 1 and the interrupt request is enabled
(ADC2: ADIE = 1), it is not possible to return from interrupt processing. Be sure to clear the
ADI bit.

For continuous activation by external clocks, input clocks according to the conversion/
comparison time and result read time.
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358

O Notes on interrupt requests

If A/D conversion is reactivated (ADC1: AD = 1) and terminated at the same time, the interrupt
request flag bit (ADC1: ADI) is not set.
About errors

As |IAVR-AVss| decreases, errors become relatively larger.

Order of applying A/D converter power and analog input

Power on the A/D converter (AVcc, AVss) and apply an analog input (ANO to AN7) at the same
time as, or after turning on the digital power supply (Vcc).

To turn off the power, turn off the digital power supply (Vcc) concurrently with or after turning off
the power supply of the A/D converter (AVcc, AVss) and the analog input (ANO to AN7).

When the A/D converter is turned on or off, prevent an analog input from exceeding the voltage
of the digital power supply.

Conversion time

The conversion speed of the A/D conversion function is affected by the clock mode, main clock
oscillation frequency, or speed switching of main clock (gear function).

Input clock for continuous activation

Although the timebase timer output is not affected by the gear function, this output cannot be
used because the oscillation of the main clock stops in subclock mode. In addition, when the
timebase timer is cleared, the clock period (one cycle) is affected.



15.8 Program Example of the A/D Converter

15.8 Program Example of the A/D Converter

This section contains a sample program for the 10-bit A/D converter.

B Program Example of the A/D Conversion Function

O Processing specification

The analog voltage input to the ANO pin is digitized by activating of the software.

An interrupt is not used, and the completion of conversion is detected by the loop in the

program.

O Coding example

DDR5

ADC1
ADC2
ADDH
ADDL

ANO
ADI
ADMV
AD

EXT

AD WAIT

AD CONV

EQU

EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU

EQU

MOV

SETI
SETB

BBS

0012H

0034H
0035H
0037H
0036H

DDR5:
ADC1:
ADC1:
ADC1:

o N W o

ADC2:1

PLOg A= = = = = = = = = = = = = = mmm e oo

ANO
EXT
ADMV,AD WAIT

ADC1, #00000000B

ADC2, #00000001B

AD
ADMV, AD CONV
ADI

A, ADDL
A, ADDH

;Address of the Port 5 direction register

;Address of the A/D control register
;Address of the A/D control register
;Address of the A/D data register H
;Address of the A/D data register L

1
2

;Definition of the ANO analog input pin

;Definition of the interrupt request flag bit

;Definition of the conversion flag bit

;Definition of the A/D conversion activation

bit (software activation)

;Definition for the continuous activation

enable bit
; [CODE SEGMENT]

;Interrupt disable

;Specify the P0O0/ANO pin as an analog input

pin
;Continuous activation disabled
;A/D converter stop check loop

;Select analog input channel 0 (ANO),
clearing the interrupt request flag,

and

set that software activating is not used

;Disable interrupt request output, and select

the A/D conversion function. Select
activation by software.

;Interrupt enable

;Activate the software

;A/D conversion completion wait loop
[Approx. 24us (at 10 MHz)]
;clearing the interrupt request flag
;Read the A/D conversion data (lower
;Read the A/D conversion data (upper

8 bits)
2 bits)
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CHAPTER 16 UART/SIO

This chapter describes the functions and operations of the UART/SIO.

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8

"Overview of the UART/SIO"
"Configuration of the UART/SIO"
"Pins of the UART/SIO"

"Registers of the UART/SIO"
"UART/SIO Interrupt"

"Operation of the UART/SIO"
"Operation of the Operation Mode 0"
"Operation of the Operation Mode 1"
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16.1 Overview of the UART/SIO

The UART/SIO is a general-purpose serial data communication interface. Variable-
length serial data can be transferred in clock synchronous or asynchronous mode.
The NRZ transfer format is adopted and the transfer rate can be set with the dedicated
baud rate generator, the external clock, or the internal timer.

H Functions of UART/SIO

The UART/SIO functions to transmit/receive serial data (serial 1/0) to/from other CPUs and
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peripheral devices.

» |ts full-duplex double buffer allows bidirectional transmission in full-duplex mode.

* A synchronous transfer mode or asynchronous transfer mode can be selected.

e With the built-in baud rate generator, 14 types of baud rates can be selected. In addition,
free baud rates can be set using the externally input clock.

* The data length is variable. 7-bits to 8-bits can be set when a parity bit is not attached, and
8-bits to 9-bits can be set when a parity bit is attached (See Table 16.1-1 "Operation Mode of

UART/SIO").

* The NRZ (Non Return to Zero) method is adopted as the data transfer format.

Table 16.1-1 Operation Mode of UART/SIO

; Data length
Opere;tlon Synchr:nous Stop bit length
mode No parity With parity mode
7 8
0 Asynchronous 1 bit or 2 bits
8 9
1 8 Synchronous -




16.2 Configuration of the UART/SIO

16.2 Configuration of the UART/SIO

The UART/SIO consists of the following six blocks.

Serial mode control register 1 (SMC21)
Serial mode control register 2 (SMC22)
Serial rate control register (SRC2)
Serial status/data register (SSD2)
Serial input data register (SIDR2)
Serial output data register (SODR2)

Block Diagram of UART/SIO

Figure 16.2-1 UART/SIO Block Diagram

Internal data bus

Port generator reload
register (SRC2)

@ Reload

‘ 8-bit counter

CLK2 to CLKO

R : Selector
0.8 us —
0.4 us BRGE 3.2us —s
(During 10 MHz) 128us —

P31/SCK1(UCK1)/LMCO —

Divide
by 8

MD =1 OMD=0
<—— MD bit

777777777777777 @ Registers

SMC21 | MD | PEN | TDP | SBL | CL |CLK2|CLK1|CLKO

iy

SMC22 |RERC| RXE | TXE |BRGE|TXOE |SCKE| RIE | TIE

SSD2 | PER | OVE | FER |RDRF|TDRE

SODR2

SIDR2

Start bit Reception Parity

detection counter generator RIE
Received TDRE
data TIE
register

Pin ‘ ‘ ® Shifter

Reception |— PER
state OVF

evaluating | FER
circuit ——RDRF

IRQA

SCKE)_pa1/sCK1(UCKIYLMCO

TXOE

CL
P33/SI1 L ISVIB[l)-
(ui) 3 j [
[Transmission Transmission
start circuit counter
TXE TDRE Transmission

data register

TDP,PEN

—P32/SO1(UO1)
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O Serial mode control register 1 (SMC21)

A register to control the operation mode of the UART/SIO. This bit is used to select a serial
clock and to set a character bit length, stop bit length, parity polarity, parity presence/absence,
and clock synchronization/asynchronization.

Serial mode control register 2 (SMC22)

A register to control the operation mode of the UART/SIO. This register sets the permission/
prohibition of serial clock output, permission/prohibition of serial data output, switching between
the serial port and the general-purpose port, and permission/prohibition of interrupts.

Serial status/data register (SSD2)

A register that indicates the state of transmission/reception of the UART/SIO and errors.

Serial input data register (SIDR2)

A register that holds received data. Serial input is converted and stored in this register.

Serial output data register (SODR2)

A register that sets transmission data. The data written to this register is converted into serial
data and output. When the data length is set to 7-bits, bit 7 is ignored.

Port generator reload register (SRC2)

A register that controls the UART/SIO data transfer speed (baud rate).



16.3 Pins of the UART/SIO

16.3 Pins of the UART/SIO

This section shows the pins related to the UART/SIO and shows a block diagram of the

pins.

H Pins Related to the UART/SIO

The pins related to the UART/SIO are the clock 1/O pin (P31/SCK1(UCK1)/LMCO), serial data
output pin (P32/S0O1(UO1)), and serial data input pin (P33/SI1(Ul1)).

P31/SCK1(UCK1)/LMCO

This pin functions as a general-purpose I/O port (P31) or UART/SIO clock I/O pin (hysteresis
input). When clock output is enabled (SCKE bit of SMC22 = 1), this pin functions as a
UART/SIO clock output pin (SCK1(UCK1)) regardless of the value of the corresponding port
data direction register. In this case, do not select an external clock (other than CLK2, CLK1,
and CLKO bits of SMC21 = 100g). To use this pin as a UART/SIO clock input pin, disable
clock output (SCKE bit of SMC22 = 0) and then set this bit as an input port with the
corresponding port data direction register (bit 1 of DDR3 = 0). In this case, select an
external clock (CLK2, CLK1, and CLKO bits of SMC21 = 100g).

P32/SO1(UO1)

This pin functions as a general-purpose 1/0O port (P32) or a UART/SIO serial data output pin
(S01/U01). When serial data output is enabled (TXOE bit of SMC22 = 1), this pin functions
as the UART/SIO serial data output pin (S01/U01) without reference to the value of the
corresponding port data direction register.

P33/SI11(UN)

This pin functions as a general-purpose I/O port (P33) or a UART/SIO serial data input pin
(hysteresis input) (SI1/UI1). To use this pin as the UART/SIO serial data input pin, set it as
an input port (bit 3 of DDR3 = 0) with the corresponding port data direction register.
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B Block Diagram of Pins Related to UART/SIO

Figure 16.3-1 Block Diagram of Pins Related to UART/SIO

VT e . P33/SI1(UI1) and P31/SCK1(UCK1)/LMCO only

To external
interrupt circuit

I ' Pull-up resistor

PDR read (at bit manipulation instruction)

9 PDR (port data register) About 50 ke
g ; Stop/watch mode (SPL=1) | : % :
3 : LT . : ;
= 'PDR read :Periph(ekg:ll resource  :  port 3 pull-up
% : P f EoutputP heral : resistor control : I: :
— o eripheral resource ist . .
£ N L output enabled register 2 : 5 Pch

i b | -

1 Pch

S Output latch

it

PDRwrite Pin

o Nop | P31/SCKI(UCK1)LMCO
ﬁ{? ? DDR ch  paoso1 (UOY)

(Port data direction register) P33/SI1 (UI)

: DDR write

:DDR read

SPL: Pin state setting pin in the standby control register (STBC)
*1  Two peripheral resources outputs are connected to P31/SCK1(UCK1)/LMCO.
One peripheral resource output is connected to P32/SO1(UO1).

Reference:

If "pull-up resistor available" is selected in the port 3 pull-up resistor control register, the pins
are set to the "H" level (pull-up state), not the Hi-z level, in stop/watch mode (SPL bit of
STBC = 1). However, the pull-up is disabled during a reset and the pins are set to the Hi-z
level.
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16.4 Registers of the UART/SIO

This section shows the registers related to the UART/SIO.

B Registers Related to UART/SIO

Figure 16.4-1 Registers Related to UART/SIO

Address

002FH

Address

0030H

Address

0031H

Address

0032H

Address

0032H

Address

0033H

R/W : Read/write enabled
: Read only

: Write only

: Not used

: Undefined

X | =2

SMC21 (Serial mode control register 1)

SMC22 (Serial mode control register 2)

SSD2 (Serial status/data register)

SIDR2 (Serial input data register)

SODR2 (Serial output data register)

SRC2 (Baud rate generator reload register)

bit7 bité bits bit4 bit3 bit2 bit1 bit0
MD | PEN | TDP | SBL CL | CLK2 | CLK1 | CLKO
RW RW RW RW RW RW RW RW
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
RERC| RXE | TXE |BRGE | TXOE|SCKE| RIE TIE
W RW  RW W RW RW RW RW
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
PER | OVE | FER |RDRF | TDRE - - -
R R R R R
bit7 bit6é bits bit4 bit3 bit2 bit1 bit0
R R R R R R R R
bit7 bité bits bit4 bit3 bit2 bit1 bit0
W W W W W W W w
bit7 bité bits bit4 bit3 bit2 bit1 bit0
RW RW RW RW RW RW RW RW

Initial value

000000008

Initial value

000000008

Initial value

00001---8

Initial value

XXXXXXXXB

Initial value

XXXXXXXXB

Initial value

XXXXXXXXB
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16.4.1 Serial Mode Control Register 1 (SMC21)

The serial mode control register 1 (SMC21) controls the operation mode of the UART/
SI0. This register sets the presence/absence of parity, stop bit length, operation mode
(data length), synchronous/asynchronous mode, and serial clock.

B Serial Mode Control Register 1 (SMC21)

Figure 16.4-2 Serial Mode Control Register 1 (SMC1)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value

002FH MD | PEN | TDP | SBL CL | CLK2 | CLK1 | CLKO 000000008

RW RW RW RW RW RW RW RW

L CLK2 [CLK1|CLKO Clock selection bit
0 | 0 | 0 | 2-instruction cycle (0.64 us)('!)
0 | 0 | 1 | 8-instruction cycle (2.5 us)('")
0 | 1 | 0 | 32-instruction cycle (10.24 us)("1)
0 1 1 Dedicated baud rate generator
1 0 | 0 [ External clock
CL Character bit length control bit
0 | 7-bitlength
8-bit length
SBL Stop bit length control bit
0 | 1-bitlength
1 | 2-bitlength
TDP Parity polarity bit
0 | Even parity
1 | Odd parity
PEN Parity control bit
0 | No parity
1 With parity (Even or odd parity is selected based on the TDP bit.)
MD Mode control bit

0 | Clock asynchronous mode (UART)
Clock synchronous mode (SIO)

R/W : Read/write enabled

— :Unused
X :Undefined
[ Initial value

*1 This cycle is calculated assuming that FCH is 12.5 MHz.
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Table 16.4-1 Functions of Each Bit in Serial Mode Control Register 1 (SMC21)

Bit name Function
This bit specifies the operation mode of the UART/SIO. In
Bit 7 MD: asynchronous mode, the UART/SIO operates with the
Mode control bit serial clock divided by 8. In clock synchronous mode, the
UART/SIO operates with the selected serial clock.
; PEN: This bit specifies whether there is parity in clock
Bit 6 . .
Parity control bit asynchronous mode.
. This bit specifies the parity data attached at the time of
; TDP: ; Lo
Bit 5 Paritv polarity bit serial transmission in clock asynchronous mode. At the
yp y time of serial reception, this bit checks the parity data.
This bit specifies the stop bit length in clock asynchronous
SBL- mode. At the time of serial transmission, this bit attaches
Bit 4 Sto .bit lenath control bit a stop bit of the specified bit length. At the time of serial
P 9 reception, this bit evaluates the stop bit with one bit length
irrespective of the set value.
CL: This bit specifies the character bit length in clock
Bit 3 Character bit length control asynchronous mode.
bit In clock synchronous mode, set this bit to "1".
B!t 2 CLK2 CLK1 CLKO: These bits select a serial clock.
Bit 1 . )
Bit 0 Clock selection bits
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16.4.2 Serial Mode Control Register 2 (SMC22)

The serial mode control register 2 (SMC22) controls the operation mode of the UART/
SI10. This register also enables or disables serial clock output, serial data output,
interrupts during data transfer, and the baud rate generator.

B Serial Mode Control Register 2 (SMC22)

Figure 16.4-3 Serial Mode Control Register 2 (SMC22)

Address bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value

0030H RERC| RXE | TXE |BRGE| TXOE|SCKE| RIE | TIE 000000008

w RW  RW w RW RW RW RW

N | ‘

|€ TIE Transmission interrupt enable bit

0 | Disables transmission interrupts

1 Enables transmission interrupts

RIE Reception interrupt enable bit

0 | Disables reception interrupts

1 Enables reception interrupts

SCKE Serial clock output bit

0 | Clock input (available as a port)

1 | Permits clock output

TXOE Serial data output bit
0 | Serial data input (I/O setting enabled)
1 | Permits serial data output

BRGE Baud rate generator start bit

0 | Stops baud rate generator

1 Starts baud rate generator

TXE Transmission operation enable bit

0 | Prohibits transmitting operation
1 Permits transmitting operation

RXE Reception operation enable bit

0 | Prohibits receiving operation
1 Permitsreceiving operation

RERC Received error flag clear bit

0 | Clears each error flag
1 No change and no effect on others

R/W : Read/write enabled
W : Write only
[ Initial value
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Table 16.4-2 Functions of Each Bit in Serial Mode Control Register 2 (SMC2)

enable bit

Bit name Function
When "0" is written to this bit, each error flag (PER/OVR/
: RERC: FER) in the SSD2 register is cleared. In read cycle, the
Bit 7 ; . ; nqn
Received error flag clear bit value is always "1".
Writing "1" has no effect on operation.
) This bit permits the reception of serial data. When "0" is
RXE: . - . - .
. L . written to this bit during a receiving operation, the
Bit 6 Receiving operation enable . L2
bit operation stops after data reception is completed and the
receiving operation is prohibited.
] This bit permits the transmission of serial data. When "0"
TXE: . ; o . o .
; - : is written to this bit during a transmitting operation, the
Bit 5 Transmitting operation . TS
. operation stops after data transmission is completed and
enable bit - S o
the transmitting operation is prohibited.
; BRGE: This bit starts the baud rate generator.
Bit 4 .
Baud rate generator start bit
. TXOE: This bit controls the permission/prohibition of serial data
Bit 3 ; .
Serial data output bit output.
This bit controls the I/O of the serial clock in clock
Bit 2 SCKE: synchronous mode. To input an external clock to the
Serial clock output bit P31/SCK1(UCK1)/LMCO pin, set the port 3 data direction
register to input (bit 1 of DDR3 = 0).
RIE: This bit enables reception interrupts. If reception
. L interrupts are enabled when the RDRF bit is "1" or when
Bit 1 Reception interrupt enable  waun L
bit each error flag is "1", a reception interrupt occurs
immediately.
TIE: This bit enables transmission interrupts. If transmission
Bit 0 Transmission interrupt interrupts are enabled when the TDRE bitis "1", a

transmission interrupt occurs immediately.
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16.4.3 Serial Status/Data Register (SSD2)

The serial status/data register (SSD2) indicate the state of transmission/reception of
the UART/SIO and errors.

B Serial Status/Data Register (SSD2)

Figure 16.4-4 Serial Status/Data Register (SSD2)

Address bit7  bit6  bit5  bit4  bit3  bit2  bit] bt Initial value
0031H PER | OVE | FER |RDRF|TDRE| — | — | — 00001---B
R R R R R

1,,

TDRE Transmission data register empty

0 | Transmission data present

1 | Transmission data absent

RDRF Received data register full

0 | Received data absent

1 Received data present

FER Framing error flag

0 | Framing error absent
1 Framing error present

OVE Overrun error flag

0 | Overrun error absent

1 | Overrun error present

PER Parity error flag

0 | Parity error absent

1 Parity error present

R :Read only
— :Unused
[1: Initial value
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Table 16.4-3 Functions of Each Bit in Serial Status/Data Register (SSD2)

Bit name

Function

Bit 7

PER:
Parity error flag

This bit is set if a parity error occurs during reception and
is cleared when "0" is written to the RERC bit in the
SMC22 register. When this flag is set, the data in SIDR2
becomes invalid. If the PER bit is set when the RIE bit is
setto "1", an interrupt occurs.

Bit 6

OVE:
Overrun error flag

This bit is set if an overrun error occurs during reception
and is cleared when "0" is written to the RERC bit in the
SMC22 register. When this flag is set, the data in SIDR2
becomes invalid. If the OVE bit is set when the RIE bit is
set to "1", an interrupt occurs.

Bit 5

FER:
Framing error flag

This bit is set if an framing error occurs during reception
and is cleared when "0" is written to the RERC bit in the
SMC22 register. When this flag is set, the data in SIDR2
becomes invalid. If the FER bit is set when the RIE bit is
set to "1", an interrupt occurs.

Bit 4

RDRF:
Received data register full

This bit is a flag indicating the state of the received data
register (SIDR2). This bit is set when the received data is
loaded to the SIDR register and is cleared when the
SIDR2 register is read. If the RDRF bit is set when the
RIE bit is set to "1", an interrupt occurs.

Bit 3

TDRE:
Transmission data register
empty

This bit is a flag indicating the state of the serial
transmission data register (SODR2). This bit is cleared
when the transmission data is written to the SODR
register and is set when the data is loaded to the shifter
for transmission and transmission of the data starts. If the
TDRE bit is set when the TIE bit is set to "1", an interrupt
occurs.

Bit2
Bit1
Bit0

Unused bits

The read value is undefined.
Writing has no effect on operation.
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16.4.4 Serial Input Data Register (SIDR2)

The serial input data register (SIDR2) is a register for inputting (receiving) serial data.

B Serial Input Data Register (SIDR2)

374

Figure 16.4-5 "Serial Input Data Register (SIDR2)" shows the bit configuration of the serial input
data register.

Figure 16.4-5 Serial Input Data Register (SIDR2)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0032H XXXXXXXXB
R R R R R R R R
R :Read only
X :Undefined

The SIDR is a register for storing the received data. The serial data signal sent to the serial
input pin (SI1(UI1) pin) is converted in the shift register and stored in this register.

O Operation in mode 0 and mode 1

When the received data is set to this register successfully, the received data flag bit
(SSD2: RDRF) is set to "1". If the reception interrupt request is enabled, an interrupt occurs.
When the received data is stored in this register in an interrupt or when checking the RDRF bit
with the program, the RDRF flag is cleared by reading the description in this register.
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16.4.5 Serial Output Data Register (SODR2)

The serial output data register (SODRZ2) is a register for outputting (transmitting) serial
data.

B Serial Output Data Register (SODR2)

Figure 16.4-6 "Serial Output Data Register (SODR2)" shows the bit configuration of the serial
output data register.

Figure 16.4-6 Serial Output Data Register (SODR2)

Address bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value

0032H XXXXXXXXB

R :Write only
X :Undefined

If the SSD2 register is read and the data to be transmitted is written to this register when
transmission is permitted, transmission data is transferred to the sift register for transmission
and converted to serial data. The converted data is then transmitted from the serial data output
pin (SO1(UO1) pin).

When the transmission data is written to the SODR2 register, the transmission data flag bit is
set to "0". After the transmission data is transferred to the shift register for transmission, the
transmission data flag bit is set to "1" so that the next transmission data can be written in the
register. If the interrupt request is enabled at this time, an interrupt occurs. The next
transmission data can be written by generating an interrupt or when the transmission data flag
bit is set to "1".
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16.4.6 Baud Rate Generator Reload Register (SRC2)

The baud rate generator reload register (SRC2) controls the UART/SIO data
transmission speed (baud rate).

B Baud Rate Generator Reload Register (SRC2)

Figure 16.4-7 "Baud Rate Generator Reload Register (SRC2)" shows the bit configuration of the

baud rate generator reload register (SRC2).

Figure 16.4-7 Baud Rate Generator Reload Register (SRC2)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
0033H
RW RW RW RW RW RW RW RW
R/W: Read/write enabled
X :Undefined

Initial value

XXXXXXXXB

When CLK2 to CLKO (clock selection bits) are "011g", the dedicated baud rate generator is
selected as a serial clock. This register can be used to set an optional baud rate. Write data to
this register when UART operation is stopped.
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16.5 UART/SIO Interrupt

The UART/SIO has three flags related to interrupts, the error flag bits (PER, OVE, FER),

the received data flag bit (RDRF), and the transmission data flag bit (TDRE), as well as

the following two interrupt sources.

¢ When the received data is transferred from the shift register for reception to the
serial input data register (SIDR2) (reception interrupt)

* When the transmission data is transferred from the serial output data register
(SODR2) to the shift register for transmission. (transmission interrupt)

H Transmission Interrupt

Output data is written to the SODR2 register and then transferred to the shift register for internal
transmission. When the register is ready to accept the next data, the TDRE bit is set to "1". If
the transmission interrupt is enabled (SMC22: TIE = 1), an interrupt request to the CPU (IRQA)
occurs.

Bl Reception Interrupt

After data is input up to the stop bit successfully, the RDRF bit is set to "1". If an overrun, parity,
or error framing error has occurred, the bit of the corresponding error flag is set to "1".

These bits are set when the stop bit is detected. If the reception interrupt is enabled (SMC22:
RIE = 1), an interrupt request to the CPU (IRQA) occurs.

B Register and Vector Table Address Related to Interrupt of UART/SIO

Table 16.5-1 Register and Vector Table Address Related to Interrupt of UART/SIO

Interrupt Interrupt level setting register Vector table address
name
Register Bit to be set Upper Lower
IRQA ILR3 (007Dy) LA1 (bit 5) LAO (bit 4) FFE6H FFE7H

For interrupt operation, see Section 3.4.2 "Interrupt Processing".
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16.6 Operation of the UART/SIO

This section describes the operation of the UART/SIO.
The UART/SIO has ordinary serial communication functions (operation modes 0 and

1).

B Operation of UART/SIO

O Operation modes

The UART/SIO has two operation modes: clock synchronous mode (SIO) and clock
asynchronous mode (UART). (See Table 16.1-1 "Operation Mode of UART/SIO".)
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16.7 Operation of the Operation Mode 0

Operation mode 0 operates in clock asynchronous mode.

B Explanation of Operation Mode 0 of UART/SIO

The serial clock is selected, with bits CLK21 to CLKO in the SMC1 register, from among three
types of internal clocks, an external clock, and a baud rate generator output. When the external
clock is selected, the clock must be entered.

In CLK asynchronous mode, the shift clock selected with bits CLK2 to CLKO is divided by 8 and
data can be transferred in the range between -2% and +2% of the selected baud rate. The
baud rate calculation expressions for the internal and external clocks and the baud rate
generator are shown in the following.

Figure 16.7-1 Baud Rate Calculation Expression when Dedicated Baud Rate Generator is Used

1
Baud rate value = [bps]
8x2x 64/Fen % | SRC2 register value
8/FcH
4/FcH

Clock gear selection
FcH: Frequency used

Figure 16.7-2 Expression for Baud Rate Calculation with Internal and External Clocks

Baud rate value = [bps]

8 x Clock selected according
to CLK2 to CLKO
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Table 16.7-1 Example of the Asynchronous Transfer Rate with the Baud Rate Generator

Operating 10 MHz 8 MHz 7.3728 MHz 4.9152 MHz
frequency
Instruction cycle 4/Fcy 4/Fcy 4/Fcy 4/Fcy
0.4 us 0.5 us 0.54 us 0.81 us
78125(n=2) 62500(n=2) - 76800(n=1)
39062(n=4) 31250(n=4) 38400(n=3) 38400(n=2)
19531(n=8) 17857(n=7) 19200(n=6) 19200(n=4)
Baud rate
9765(n=16) 9615(n=13) 9600(n=12) 9600(n=8)
Values in 4882(n=32) 4807(n=26) 4800(n=24) 4800(n=16)
parentheses
indicate SRC2 2403(n=65) 2403(n=52) 2400(n=48) 2400(n=32)
register set values
1201(n=130) 1201(n=104) 1200(n=96) 1200(n=64)
- 600(n=208) 600(n=192) 600(n=128)
- - - 300(n=0)
B Transfer Data Format
The UART/SIO can only use the NRZ (Non Return to Zero) format data. Figure 16.7-3

"Transfer Data Format" shows the data format. In the following example, the stop bit length is
two bits.

As shown in Figure 16.7-3 "Transfer Data Format", data transfer always starts with the start bit
("L" level), followed by the data bit length specified as the LSB first, and ends with the stop bit
("H" level). In an idle state, it is at the "H" level.

Figure 16.7-3 Transfer Data Format

7-bit length —

No parity St |DO|D1| D2| D3| D4| D5|D6| Spi Sp

Stop bits: 2 bits

7-bit length -

With parity St |DO|D1|D2| D3| D4|D5|D6| P | Spi Sp

Stop bits: 2 bits

8-bit length —

No parity St |DO|D1| D2| D3| D4| D5|D6| D7| Spi Sp

Stop bits: 2 bits

8-bit length — T

With parity St [DO|D1|D2| D3| D4|D5|D6|D7| P |[Spi Sp

Stop bits: 2 bits )
St : Start bit
DO to D7 : Data bit
P : Parity bit
Sp : Stop bit
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B Receiving Operation in CLK Asynchronous Mode

Select the baud rate clock with bits CLK2 to CLKO in the SMC21 register. For the baud rate
clock, see the section about clock selection. In a receiving operation, reception is permitted
when the RXE bit in the SMC1 register is "1" and the receiving operation starts at the first falling
edge of the input data (detection of the start bit). When the receiving operation is completed,
the RDRF bit in the SSD register is set to "1" and the received data is loaded to the SIDR
register. If the RDRF bit is set to "1" when the RIE bit is "1", a reception interrupt to the CPU is
generated. If any of the three errors (PER/OVE/FER) is detected when reception is completed,
the RDRF bit is not set to "1" and the received data is not loaded to the SIDR register.
Therefore, the value in the SIDR register is the previously received data. Unless the RXE bit is
set to "0", the receiving operation is continued whenever a start bit is detected even if an error
flag is set.

If "0" is written to the RXE bit of the SMC22 register during a receiving operation, the receiving
operation is prohibited after data reception is completed.

Figure 16.7-4 Receiving Operation of CLK Asynchronous Mode
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B Reception Error in CLK Asynchronous Mode
In CLK asynchronous mode, three types of errors are detected. When a parity error, overrun
error, or framing error is detected, the PER, OVE, or FER bit in the SSD2 register is set to "1",
respectively.
The detection of these errors are performed at the end of reception as shown in the following.
When any of these errors is detected, RDRF is not set and the received data is not loaded to

the SIDR2 register. Therefore, the value in the SIDR2 register is the previously received data.
By writing "0" to the RERC bit in the SCM22 register, all of the three error flags are cleared.

Figure 16.7-5 Reception Error Setting Timing

Ui | D5 | D6 |D7/P| Sp i Sp

PER |
OVE
FER

Error |
interrupt

B Detecting the Start Bit At Receiving Operation

When the "L" level remains for four clocks with the selected serial clock (generator output, etc.)
after the first falling edge of the input data, the UART/SIO regards it as a start bit. After the start
bit is detected, data is sampled at the rising edge of the fifth clock of the serial clock after the

start bit is detected.

Figure 16.7-6 Detecting a Start Bit

Serial clock
‘{1 2 3 4:!5 6 7 8!1 2 3 4:'5 6 7 8
Ul _I DO

4 clocks
/I\ /l\

Data is sampled.
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St : Start bit
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B Transmitting Operation in CLK Asynchronous Mode

If transmission data is written to the SODR2 register when the TXE bit in the SMC22 register is
"1", the TDRE bit in the SSD2 register is cleared and a transmitting operation starts. When the
data in the SODR2 register is loaded to the shifter and the output of transmission data starts,
the TDRE bit in the SSD2 register is set. If data is written to the SODR register when data is
being transmitted (when the TDRE bit is set to "1"), the TDRE bit is cleared and data is
transmitted continuously following the transmission of the specified bit length data.

If "0" is written to the TXE bit in the SMC22 register during a transmitting operation, the
transmitting operation is prohibited following the transmission of the specified bit length data
when the SODR2 register is vacant (when the TDRE bit is set to "1"). When there is data in the
SODR2 register (when the TDRE bit is set to "1"), the transmitting operation is prohibited after
the data in the SODR register is transmitted.

Figure 16.7-7 Transmission in CLK Asynchronous Mode
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16.8 Operation of the Operation Mode 1

Operation mode 1 operates in clock synchronous mode.

B Explanation of UART/SIO Operation Mode

In CLK synchronous mode, the clock is selected, with bits CLK2 to CLKO in the SMC21 register,
from among three types of internal clocks, an external clock, and a baud rate generator output.
Shift operation is performed with the selected clock as a shift clock. When the external clock is
entered, set the SCKE bit to "0".

When the internal clock or the output of the baud rate generator is output as a shift clock, set
the SCKE bit to "1". The baud rate calculation expressions for the internal and external clocks
and the baud rate generator are shown in the following

Figure 16.8-1 Baud Rate Calculation Expression when the Dedicated Baud Rate Generator is Used
(CLK2, CLK1, CLKO = 011B)

1
Baud rate value = [bps]
2 x 64/Fci | | SRC2 register value
8/FcH
4/FcH

Clock gear selection

FcH: Main clock oscillation frequency

Figure 16.8-2 Baud Rate Calculation Expression for the Internal and External Clocks (Other than CLK2,
CLK1, CLKO = 011B)

Baud rate value = [bps]

Selected clock for
CLK2 to CLKO

384



16.8 Operation of the Operation Mode 1

B 8-bit Receiving Operation

Figure 16.8-3 Registers Used at Reception in Operation Mode 1

: Used bit

(@)

x : Unused bit PER |OVE | FER |RDRF|TDRE| — | — | —
1 Bit with 1

0 : Bitwith 0 x © x © «x

Serial mode control register 1 (SMC21)
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

| MD ‘PEN ‘TDP‘ SBL‘ CL ‘CLK2‘CLK1‘CLKO|
1 0 0 0 1 (@)} © ©

Serial mode control register 2 (SMC22)
bit7 bit6 bits bit4 bit3 bit2 bitt  bito
[rerc| rxe | Txe |BRaE [Tx0E scke| RIE | TIE |
© © o0 X 0 © © X

Serial status and data register (SSD2)
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Receiving operation is permitted by setting the TXE and RXE bits of serial mode control register
2 (SMC22) to "1" and then started when data is written to the SODR2 register. Reception is
performed in synchronization with the rising edge of the shift clock. Upon the completion of 8-bit
data reception, shifter data is loaded to the SIDR2 register and the RDRF flag is then set to "1".
If the RIE bit is set to "1" at this time, an interrupt request to the CPU is generated. If an overrun
error occurs when the receiving operation finishes, data is not loaded into the SIDR2 register.
Writing "0" to the RXE bit during a receiving operation stops the receiving operation after the 8-
bit data has been received. When serial operation is stopped, always keep the serial clock input
at the "H" level (without referencing the value of the RXE bit).

Figure 16.8-4 8-Bit Data Receiving Operation in CLK Synchronous Mode
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B Continuous Receiving Operation

386

In CLK synchronous mode, not only 8-bit data reception but also continuous reception can be
performed. In continuous reception, the TIE bit of the SMC22 register and the TDRE bit of the
SSD2 register are used in addition to the bits used for 8-bit data reception. Reception is
enabled by setting the TXE and RXE bits of the serial mode control register 2 (SMC22) to "1"
and starts when data is written to the SODR2 register. This is performed in synchronization with
the rising edge of the shift clock. When a shift operation is started, the TDRE bit of SSD2 is set
to "1". If the TIE bit of SMC22 is set to "1" at this time, a CPU interrupt is generated. Writing
data to the SODR2 register before 8-bit shift operation finishes permits the next shift operation
and continuous reception even after the reception of 8-bit data. When 8-bit data reception
finishes, shifter data is loaded to the SIDR2 register and the RDRF flag of SSD2 is set to "1". If
the RIE bit of SMC22 is "1" at this time, a CPU interrupt request is generated.

If an overrun error occurs upon the completion of 8-bit data reception, data is not loaded to the
SIDR2 register. In this case, the contents of the SIDR2 register are those of the previously
received data. Reading the SIDR2 register clears the reception interrupt (RDRF flag of SSD2).
Continuous reception stops when "0" is written to the RXE bit of SMC22. If "0" is written to the
RXE bit of SMC22 when 8-bit data is being received, continuous reception stops after 8-bit data
has been received.

Figure 16.8-5 Continuous Receiving Operation in CLK Synchronous Mode
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16.8 Operation of the Operation Mode 1

B 8-bit Transmitting Operation

Figure 16.8-6 Registers Used at Transmission in Operation Mode 1

O—l><©

Serial mode control register 1 (SMC21)
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

[mp [ Pen|ToP | sBL | cL [cLke|cikilcLko]
1 0 0 0 1 © © O

Serial mode control register 2 (SMC22)
bit7 bits bits bit4 bit3 bit2 bitl bitd
|REHC‘ RXE‘ TXE‘BRGE‘TXOE‘SCKE‘ RIE ‘ TIE |

© 6 6 x 1 © ©O0 ©o

Serial status and data register (SSD2)
bit7 bit6 bits5 bit4 bit3 bit2 bit1 bit0

+ Usedbit PER| OVE | FER |RDRF|TDRE| — | — | —
: Unused bit

: Bit with 1 x X x © ©

: Bit with 0

Transmission is started by setting the TXE and RXE bits of the serial mode control register 2
(SMC22) to "1" and writing data to the SODR2 register. When transmission is started, the data
written to the SODR2 register is loaded to the shifter and then shift operation is performed.
When data is loaded from the SODR2 register to the shifter, the TDRE flag of SSD2 is set to
"1". If the TIE bit of SMC22 is "1" at this time, a CPU interrupt request is generated. Serial data
output is permitted by setting the TXOE bit of SMC22 to "1". Serial data is output in
synchronization with the falling edge of the shift clock.

If "0" is written to the TXE bit of SMC22 when 8-bit data is being transmitted, transmission stops
after 8-bit data has been transmitted. After 8-bit data has been transmitted, the RDRF bit of
SSD2 is set to "1". If the RIE bit of SMC22 is "1" at this time, a CPU interrupt request is
generated. Data transmission starts with bit 0 and ends with bit 7. When serial operation is
stopped, keep the serial clock input at the "H" level (without referencing the value of the TXE bit
of SMC22).

Figure 16.8-7 8-Bit Transmitting Operation in CLK Synchronous Mode

Write to
SODR2 H
SCK1
SO1 |po|D1|D2| D3| D4|D5| D6 | D7
TDRE
RDRF
A A
Interrupt to CPU Interrupt to CPU

387



CHAPTER 16 UART/SIO

B Continuous Transmission at Operation Mode 1

388

In CLK synchronous mode, not only 8-bit data transmission but also continuous transmission
can be performed. Transmission is started by setting the TXE and RXE bits of serial mode
control register 2 (SMC22) to "1" and writing data to the SODR2 register. When transmission is
started, the data written to the SODR2 register is loaded to the shifter and then shift operation is
performed. When data is loaded from the SODR2 register to the shifter, the TDRE flag of SSD2
is set to "1". If the TIE bit of SMC22 is "1" at this time, a CPU interrupt request is generated.

Continuous transmission is performed by writing the next transmission data to the SODR2
register during transmission when the TDRE bit is "1" (the SODR2 register is vacant). When
data is written to the SODR2 register, the TDRE bit of SSD2 is cleared. After 8-bit data has
been transmitted, the data written to the SODR2 register is loaded to the shifter to continue
transmission. Transmission stops when "0" is written to the TXE bit of SMC22. If the SODR2
register is vacant (TDRE bit of SSD2 = "1") when "0" is written to the TXE bit during
transmission, transmission stops after 8-bit data has been transmitted. If data exists in the
SODR2 register (TDRE bit of SSD2 = "0"), transmission stops after data in the SODR2 register
has been transmitted. When 8-bit data transmission finishes, the RDRF bit of SSD2 is set to
"1". If the RIE bit is "1" at this time, a CPU interrupt request is generated.

Figure 16.8-8 Continuous Receiving Operation in CLK Synchronous Mode
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CHAPTER 17 HIGH-SPEED UART

This chapter describes the functions and operation of the high-speed UART.

17.1 "Overview of the High-Speed UART"

17.2 "Configuration of the High-Speed UART"
17.3 "Pins of the High-Speed UART"

17.4 "Registers of the High-Speed UART"

17.5 "High-Speed UART Interrupts"

17.6 "Operation of the High-Speed UART"

17.7 "Operation of Operation Modes 0, 1, 2, and 4"
17.8 "Operation of Operation Mode 3"

17.9 "Program Example of the UART"
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CHAPTER 17 HIGH-SPEED UART

17.1 Overview of the High-Speed UART

The high-speed UART is a general-purpose serial data communication interface used
to transfer variable-length data in clock synchronous or clock asynchronous mode.
The transfer format is the non-return-to-zero (NRZ) transfer format. The transfer rate
can be set with a dedicated baud rate generator, external clock, or internal timer (2-
channel 8-bit PWM timer 1). Either a single-clock or a dual-clock system can be used.

B Function of the High Speed UART

The high-speed UART transmits serial data to and receives serial data from other CPUs and

peripheral devices (input and output of serial data).

Table 17.1-2 "Transfer Cycles and Transfer Rates When Baud Rate Generator Used", Table
17.1-3 "Transfer Cycles and Transfer Rates When External Clock Used", and Table 17.1-4
"Transfer Cycles and Transfer Rates When 2-channel 8-Bit PWM Timer 1 Used" list the transfer
rates provided by the dedicated baud rate generator, external clock, and 2-channel 8-bit PWM

Its full-duplex double buffer allows bidirectional transmission in full-duplex mode.

Synchronous transfer mode or asynchronous transfer mode can be selected.

With the built-in baud rate generator, one of 14 baud rates can be selected. Moreover, an
arbitrary baud rate can be specified using the externally input clock and 2-channel 8-bit

PWM timer 1 output.

Variable-length data is supported. Without a parity bit, a data length of 5-bits to 9-bits can be
selected. With a parity bit, 4-bits to 8-bits can be specified (see Table 17.1-1 "Operation
Modes of the High-Speed UART".

The non-return-to-zero (NRZ) transfer format is used for data transfer.

Use of either the single-clock system or dual-clock system can be specified by software.

timer 1, respectively.

Table 17.1-1 Operation Modes of the High-Speed UART

Operation mode Data length
Synchronous mode Stop bit count
No parity With parity

0 5 4 Asynchronous/synchronous 1-bit or 2-bits (*1)
1 7 6 Asynchronous/synchronous 1-bit or 2-bits (*1)
2 8 7 Asynchronous/synchronous 1-bit or 2-bits (*1)
3 8+1 - Asynchronous/synchronous 1-bit or 2-bits (*1)
4 9 8 Asynchronous/synchronous 1-bit or 2-bits (*1)

*1: However, only one stop bit can be identified during reception. The second stop bit is ignored if transmitted.
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17.1 Overview of the High-Speed UART

H Transfer Clock Selection

Figure 17.1-1 Baud Rate Generator and Serial Clock Generator

Divider of dedicated baud rate generator Clock divider
| PDCK PDS2,1,0 | RC210 | SCS1,0 SMDE CR E
1/3 o ‘
CPU operation E 140 E i E
clock ‘s ! . H
Tinst/2 (1) T ~ol_| 60 T : ° 18 0 !
Subclock ———0 1136 i ! _O/C 1600 ° i
| | ! © o 112 o ~ ol Serial
! 1/65 0 ! \ o 1/640 o) : clock
PWM1 boomomooooooo oo '
output ! i
SCK ' i

*1 Tinst: Instruction cycle

Table 17.1-2 Transfer Cycles and Transfer Rates When Baud Rate Generator Used

In synchronous
In asynchronous transfer mode
transfer mode
9.216MHz 9.984MHz 10MHz Clock
frequency
1/3 1/65 1/3 PDS division
1/8 1/8 1" SCS, CR
division
RC2 | RC1 | RCO | Baud rate Transfer rate (*1) Transfer rate (*1) Transfer rate (*1)
selection (us/baud) (us/baud) (us/baud)
division ratio
0 0 0 1 5.2/192K 104/9600 0.6/1.67M
0 0 1 2 10.4/96K 208/4800 1.2/833.3K
0 1 0 4 20.8/48K 416/2400 2.4/416.7K
0 1 1 8 41.7/24K 832/1200 4.8/208.3K
1 0 0 16 83.3/12K 1664/600 9.6/104.2K
1 0 1 32 166.7/6K 3328/300 19.2/52.08K
1 1 0 64 333.3/3K - 38.4/26.04K
1 1 1 128 666.7/1.5K - 76.8/13.02K

*1: When the maximum main clock rate is selected

391



CHAPTER 17 HIGH-SPEED UART

Figure 17.1-2 Example for Baud Rate Calculation

Clock gear selection

Baud rate selection
(PDS2, PDS1, PDS0)

Baud rate selection
(RC2, RC1, RCO)

Baud rate

FcH: Main clock oscillation frequency

?Q;ECH Clock division ratio
_ S/Fg: x 1/2 x | (scst, scso, cR)
4/FcH

Reference:

A dedicated baud rate is set by the clock gear register/clock division ratio register (SCS1,

SCSO0) and the baud rate selection register.
High-Speed UART" for examples of baud rate calculation.

See Table 17.1-1 "Operation Modes of the

1/208333 baud = 0.4 us (4/Fcp) x 1/2 x 8 (asynchronous mode) x 3 (RC2 = RC1 = RCO = 0)

(FCH =10 MHZ)

Table 17.1-3 Transfer Cycles and Transfer Rates When External Clock Used

Asynchronous transfer mode

Synchronous transfer mode

Baud rate Transfer cycle Transfer rate (*1) Baud rate Transfer | Transfer rate (*1)
division ratio (baud) division ratio cycle (baud)
CR=0 | 16 96/FcH or more 104.2 k or less

1 16/Fonor 625 k or less
CR=1 | 64 | 384/Fcyormore | 26041 orless more

Fch: Main clock oscillation frequency
*1: The minimum external clock cycle when Fgp is set to 10 MHz (6/Fc = 0.6 us)

Figure 17.1-3 Example of Baud Rate Calculation (When External Clock is Selected)
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17.1 Overview of the High-Speed UART

Table 17.1-4 Transfer Cycles and Transfer Rates When 2-channel 8-Bit PWM Timer 1 Used

PWM timer Asynchronous transfer mode Synchronous transfer mode
counter clock . .
cycle Clock division Transfer rate Clock division | Transfer rate (baud)
ratio (baud) ratio

1 tinst CR=0 16 7812510 610.4 2 625k to 4.88k
CR=1 64 19531.3 to 152.6

8 tinst CR=0 16 9765.6 to 76.3 2 7812510 610.4
CR=1 64 2441.4t0 191

16 tingt CR=0 16 4882.8 to 38.2 2 39062.5 to 305.2
CR=1 64 1220.7t0 9.5

64 tinet CR=0 16 1220.7 t0 9.5 2 9765.6 to 76.3
CR=1 64 305.2t02.4

Tinst: Instruction cycle (affected by the clock mode)
* In main clock mode (SCS = 1), the maximum clock rate (CS1, CSO = 11g, 1 instruction cycle = 4/Fch) is
selected by the system clock control register (SYCC).

Figure 17.1-4 Example for Baud Rate Calculation (When PWM Timer 1 is Selected)

1

Baud rate

FcH: Main clock oscillation frequency

Input clock selection bit

Clock gear (PWM timer) Compare register
selection (SC11=SC21/SC10=SC20) (COMR1/COMR2)
64/FcH 1(SC11=0,SC10=0)

Compare
_ 16/FcH | 8(SC11=0,SC10=1) | % register setting

8/FcH 16(SC11=1,SC10=0) value + 1
4/FcH 64(SC11=1,SC10=1)

x 2 x CR [16forCR=0]
(cycle) 64 for CR=1

Reference:

The baud rate is determined by the input clock specified by the clock division ratio register
(SCS1, SCS0). For the input clock, the external clock or PWM timer 1 is selected. See
Table 17.1-2 "Transfer Cycles and Transfer Rates When Baud Rate Generator Used" and
Table 17.1-3 "Transfer Cycles and Transfer Rates When External Clock Used" for the
calculation.

When the external clock is selected

1/39k baud = 1.6 us (min.) x 16 (CR=0)  (FcH =10 MHz)

When PWM timer 1 is selected

1/78k baud = 0.4 us (4/FcH) x 1 (SC11 =0, SC10=0) x 1 (COMR1 =0) x2x 16 (CR =0)
(FcH =10 MHz)

1/19531 baud = 0.4 us (4/FcH) x 1 (SC11 =0, SC10 =0) x 1 (COMR1 = 3) x 2 x 16(CR = 0)
(FcH =10 MHz)

See CHAPTER 8 "2-CHANNEL 8-Bit PWM TIMERS", for the PWM timer count clock cycle,
PWM compare register setting value, and PWM timer output cycle.
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17.2 Configuration of the High-Speed UART

The high-speed UART consists of the following nine blocks:
¢ Serial mode control register 1 (SMC11)
e Serial mode control register 2 (SMC12)
¢ Serial rate control register (SRC1)

¢ Serial status/data register (SSD1)

e Serial input data register (SIDR1)

¢ Serial output data register (SODR1)

¢ Clock generator

¢ Reception control circuit
¢ Transmission control circuit

B Block Diagram of High-Speed UART
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Figure 17.2-1 Block Diagram of High-Speed UART
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17.2 Configuration of the High-Speed UART

Serial mode control register 1 (SMC11)

One of the registers that controls the operation mode of the high-speed UART. This register
specifies whether parity is used, the stop bit count, the operation mode (data length), and
whether synchronous or asynchronous mode is used, and enables serial clock output of the
high-speed UART and serial data output.

Serial mode control register 2 (SMC12)

One of the registers that controls the data transfer rate (baud rate) of the high-speed UART.
This register selects the input clock and sets the transfer rate for the baud rate generator.

Serial rate control register (SRC1)

SRC1 controls the data transfer rate (baud rate) of the high-speed UART. This register selects
the input clock and sets the transfer rate for the baud rate generator.

Serial status/data register (SSD1)

SSD1 indicates the operational state of transmission or reception, errors occurring in the high-
speed UART, and whether data transfer with parity bit or with bit 8 used for transmission data
has been specified. This register also enables interrupts and can be used to set and check
whether transmission is to be performed with a parity bit or with bit 8 used for transmission data.
Serial input data register (SIDR1)

Register for storing received data. Serial input is converted and stored in this register. For a
data length of 9-bits, the leading bit is stored in the SSD1: RD8/RP bit.

Serial output data register (SODR1)

Register that sets transmission data. Data written to this register is converted to serial data and
output. For a data length of 9-bits, the leading bit is stored in the SSD1: TD8/TP bit.

Clock generator

This circuit generates transmission or reception clock pulses using the dedicated baud rate
generator, the external clock, and two-channel 8-bit PWM timer output.

Reception control circuit

This circuit consists of a received byte counter, start bit detection circuit, and received parity
circuit.

The received byte counter counts the bits of data received. It generates an interrupt request
whenever a data item of the specified length has been received.

The start bit detection circuit detects a start bit in the serial input signal. Upon detection of the
start bit, this circuit writes data to the SIDR, applying shifts according to the specified transfer
rate.

The received parity circuit stores a parity bit in received data if transfer with parity is specified.
However, if a data length of 9-bits is specified, the circuit stores the leading bit of the received
data.
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O Transmission control circuit

The transmission control circuit consists of a transmission byte counter and transmission parity
circuit.

The transmission byte counter counts the bits of transmission data. It generates an interrupt
request whenever a data item of the specified length has been transferred.

The transmission parity circuit generates a parity bit for data to be transferred if transmission
with parity is specified. For a data length of 9-bits, the leading bit of the transmission data is
stored.

Interrupt sources related to the high-speed UART

Reception: IRQB

If interrupt requests are enabled (SSD1: RIE = 1), a reception interrupt request (IRQB) is
generated when a data item of the specified length has been received correctly or when an
overrun error or a framing error occurs during reception.

Transmission: IRQC

If transmission request interrupts are enabled (SSD1: TIE = 1), a transmission interrupt
request (IRQC) is generated when data written to the SODR1 register has been transferred
to the internal shift register and writing of the next item of data is allowed.



17.3 Pins of the High-Speed UART

17.3 Pins of the High-Speed UART

This section describes the pins related to the high-speed UART and provides block
diagrams of the pins.

H Pins Related to the High-Speed UART

The pins related to the high-speed UART are the clock 1/O pin (P44/INT24/UCK2), serial data
output pin (P45/INT25/U0O2), and serial data input pin (P46/INT26/U12).

P44/INT24/UCK2:

The P44/INT24/UCK2 pin functions as a general-purpose I/O pin (P44), external interrupt pin
(INT24), or clock 1/O pin (hysteresis input) for the high-speed UART (UCK2). When clock
output is enabled (SMC1: UCKE = 1), this pin functions as the clock I/O pin (UCK2) of the
high-speed UART regardless of the value of the corresponding port direction register. At this
time, do not select the external clock (SRC1: SCS1, SCSO = other than 00g). When using
this pin as the clock input pin of the high-speed UART, disable clock output (SMC1: UCKE =
0) and set used input port as the use of this pin in the corresponding port direction register
(DDR4: bit 4 = 0). Also select the external clock (SRC1: SCS1, SCSO0 = 00g).

P45/INT25/U02:

The P45/INT25/UO2 pin functions as a general-purpose 1/O pin (P45), external interrupt pin
(INT25), or serial data output pin for the high-speed UART (UO2). When serial data output
is enabled (SMC11: UOE = 1), this pin functions as the serial data output pin (UO2) of the
high-speed UART regardless of the value of the corresponding port direction register.

P46/INT26/UI2:

The P46/INT26/UI2 pin functions as a general-purpose I/O pin (P46), external interrupt pin
(INT26), or serial data input pin (hysteresis input) for the high-speed UART (Ul2). To use
this pin as the serial data input pin for the high-speed UART, set the corresponding port data
register for the input port (DDR4:bit 6 = 0).
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B Block Diagrams of Pins Related to the High-Speed UART

Figure 17.3-1 Block Diagram of Pins Related to the High-Speed UART

Stop/watch mode

External interrupt input

To external T enable
interrupt circuit

P44, P45, and P46 only

. To resource

Pull-up resistor
About 50 kQ

Stop/watch mode (SPL = 1) %

PDR (port data register)

: Port 4 pull-up

PDR read éFrom resource output :

resistor control
P i: | Fromresource : register j)o—ﬂl Pch
N © . | outputenable
EPDR read (for bit manipulation instructions) |
. _O
— [ _Peh

S Output latch

Internal data bus

T 3

PDRwrite i M Pin

P — § P44/INT24/UCK2
% DDR ; Neh P45/INT25/U02

(port data direction register)| : P46/INT26/U12

: DDR write

< Stop/watch mode (SPL = 1)

' DDR read :

DDR (port data direction register)

SPL: Pin status specification bit of standby control register (STBC)

Reference:

When "pull-up resistor available" is selected using the port 4 pull-up resistor control register
the pins are set to "H" (pulled up) level, not the high impedance state, in stop mode or watch
mode (STBC:SPL = 1). During a reset, however, pull-up is disabled and the pins are set to
Hi-z.
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17.4 Registers of the High-Speed UART

This section describes the registers related to the high-speed UART.

B High-Speed UART Registers

Figure 17.4-1 High-Speed UART Registers

SMC11 (serial mode control register 1)
Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value

00224 |PEN|SBL|MC2|MC1|MCO SMDEUCKE| UOE| 000000008
RW R/W R/W R/W RW RW RW R/W

SMC12 (serial mode control register 2)
Address bit7 bit6 bit5 bit4 bitd3 bit2 bit1 bit0  Initial value
0026w - — |PSEN|LSEL|PDCK|PDS2 PDS1|PDS0| --100001s
RW RW RW RW RW RW

SRC1 (serial rate control register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0023n - — | CR |SCS1|SCS0| RC2 | RC1 | RCO | --0110008
RW RW RW RW R/W R/W

SSD1 (serial status/data register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0  Initial value

00244 |RDRF|ORFE|TDRE| TIE | RIE

TD8/TPRD8/RA 00100-1Xs

R R RW RW RW RW R

SIDR1 (serial input data register)
Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value

0025H XXXXXXXXs
R R R R R R R R

SODRT1 (serial output data register)
Address bit7 bit6 bit5 bit4 bitd3 bit2 bit1 bit0  Initial value
002 5+ XXXXXXXXs
W W W W W W wW w

R/W : Read/Write enabled
: Read only

: Write only

: Unused

: Undefined

X | =3
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17.4.1 Serial Mode Control Register 1 (SMC11)

Serial mode control register 1 (SMC11) specifies whether parity is used, defines the
stop bit length, sets the operation mode (data length), sets synchronous or
asynchronous mode, and enables/disables serial clock output and serial data output
of the high-speed UART.

B Serial Mode Control Register 1 (SMC11)

Figure 17.4-2 Serial Mode Control Register 1 (SMC11)

Address bit7 bit6 bitdh bit4d bit3 bit2 bitl bit0 |nitial value
PEN | SBL | MC2 | MC1 | MCO |SMDE |UCKE| UOE | 000000008
RW RW RW RW RMW RW RW RMW

—1 | | |

0022

L UOE Serial data output enable bit

0 | General-purpose port
1| Serial data output pin of high-speed UART

UCKE Clock output enable bit

0 | General-purpose port or clock input pin of high-speed UART
1 | Clock output pin of high-speed UART

SHDE Synchronous mode selection bit

0 | Synchronous transfer mode (synchronous)
1| Asynchronous transfer mode (asynchronous)

Operation mode selection bit
MG2 | MC1 [MCO | Operation During write
mode Without parity (PEN=0)| With parity (PEN=1)
0 0|0 0 5 4
0 0 1 1 7 6
0 1 0 2 8 7
0 1 1 3 8+1 -
1 010 4 9 8
SBL Stop bit count selection bit
0 | 2 bits
1 | 1bit
PEN Parity control bit
0 [ Without parity
1 | With parity (Odd or even parity can be set by TD8/TP in the SSD
register.)

RV Can be read and written

[ : initial value
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Table 17.4-1 Functions of the Serial Mode Control Register 1 (SMC11) Bits

Bit name Function
PEN- ¢ For serial data I/O, this bit specifies whether a parity bit is
bit7 . . added during transmission and whether parity bits are
Parity enable bit ; )
detected during reception.
SBL: ¢ This bit specifies the stop bit count of transmission data.
bit6 Stop bit count Note: : : . -
. : During reception, only the first stop bit is detected; subsequent
selection bit . )
stop bits are ignored.
bit5 MC2, MC1, MCO: ¢ These bits select the operation mode (data length).
bit4 Operation mode e Six types of data length can be selected in combination with a
bit3 selection bits parity bit.
SMDE: e This bit selects synchronous or asynchronous transfer.
bit2 Synchronous mode ¢ When this bit is "0", synchronous transfer mode is selected.
selection bit When this bit is "1", asynchronous transfer mode is selected.
e This bit controls serial clock I/O.
¢ When this bit is "0", the P44/INT24/UCK2 pin functions as the
serial clock input pin. When this bit is "1", the pin functions as
the serial clock output pin.
Note:
¢ When the UCK2 pin is set to function as serial clock input
(UCKE = 0), set the P44/INT24/UCK2 pin to be an input port.
bit{ UCKE: Alternatively, select use of the external clock with the clock
Clock output enable bit input selection bit (SRC1: SCS1, SCSO = 00g).
¢ When the UCKE pin is set to function as a serial clock output
(UCKE = 0), select a clock other than the external clock
(SRC1:SCS1, SCSO = other than 00g).
Reference:
When the UCK2 pin is set to function as a serial clock output
(UCKE = 1), the pin functions as the UCK2 output pin
regardless of the state of the general-purpose port (P44).
¢ When this bit is "0", the P45/INT25/UQ2 pin functions as a
general-purpose port (P45). When this bit is "1", it functions
UOE: as a serial data output pin (UO).
bit0 Serial data output Reference:
enable bit When serial clock output is specified (UOE = 1), the pin

functions as the UO2 pin regardless of the state of the
general-purpose port (P45).
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17.4.2 Serial Mode Control Register 2 (SMC12)

Serial mode control register 2 (SMC12) enables/disables the baud rate generator,
specifies whether the output of the high-speed UART /O signal pins is to be inverted,

and sets the input clock division ratio of the baud rate generator.

B Serial Mode Control Register 2 (SMC12)

Figure 17.4-3 Serial Mode Control Register 2 (SMC12)

Address
00 2 6u

R/W

1

bit7 bit6 bitd bit4d bitd bit2 bitl

bit0

- — | PSEN

LSEL

PDCK

PDS2 | PDS1

PDSO

R/W

R/W

R/W

R/W RMW

R/W

Initial value
--1000018

PDSO

Baud rate generator divider setting bit

Clock division ratio

3

4

6

13

o = o] =

65

Baud rate generator clock selection bit

CPU operation clock

Subclock

High-speed UART 1/O signal inversion bit

Not inverted

Inverted

Baud rate generator enable bit

Disabled

Enabled

: Can be read and written

. Unused
Initial value
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Table 17.4-2 Functions of the Serial Mode Control Register 2 (SMC12) Bits

Bit name Function
bit7 Unused * Value read is undefined.
bit6 * Writing has no effect on the operation.
bit5 PSEN: ¢ This bit enables or disables the baud rate generator.
Baud rate generator
enable bit
bit4 LSEL: * This bit specifies whether to invert the high-speed UART 1/O data.
High-speed UART 1I/O
signal inversion bit
bit3 PDCK: Baud rate generator enable bit
Clock selection bit e This bit selects a division ratio of the divider, which is located in the
stage preceding the baud rate generator.
Note:
For the CPU operation clock, "Fg/2" is used in main watch mode
(SYCC:SCS = 1), and "F¢ " is used in subwatch mode (SYCC:SCS =
0).
bit2 PDS2, PDS1, PDSO0: ¢ Bits 2, 1, and 0 select the division ratio of the divider, which is located
bit1 Baud rate generator in the stage preceding the baud rate generator.
bit0 divider setting bits * In clock synchronous mode, any divide-by-three setting is prohibited.

* These bits enable/disable the baud rate generator.
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17.4.3 Serial Rate Control Register (SRC1)

The serial rate control register (SRC1) controls the data transfer rate (baud rate) in
asynchronous mode. This register selects an input clock and sets the transfer rate for
the baud rate generator.

B Serial Rate Control Register (SRC1)

Figure 17.4-4 Serial Rate Control Register (SRC1)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0  Initial value
— | — | cr |scstiscsol rez | Ret| Reo| 0110008
RW RW RW RW RW RW
|

| |

0023n

L Clock rate input selection bit
RC2| RC1|RCO — -
Division ratio

0 0 0 1

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

Clock rate input selection bit
SCS1SCS0 CR bit Clock division ratio
Asynchronous | Synchronous
0 16
External clock
0 0 1 64 !
ol 1 PWM timer 1 0 16 5
output (1) 1 64
0 16
1] o0 2
Dedicated baud 1 64
rate generator 0
1 1 3 8 1

*1 PWM timer 1 output of the 2-channel 8-bit PWM timer

Clock rate input selection bit
CR Valid only in asynchronous transfer mode (SMC: SMDE = 1) (*2)
Clock division ratio

0 16
1 64
R/W : Can be read and written
— : Unused *2 If the dedicated baud rate generator is used (SCS1, SCSO0 = 118), input
[ : Initial value clock divide by 8 is used regardless of the CR bit value.
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Table 17.4-3 Functions of the Serial Rate Control Register (SRC1) Bits

Bit name Function
bit7 Unused ¢ The read value is undefined.
bit6 e Writing has no effect on operation.

e This bit selects the clock rate in asynchronous transfer mode.
If the dedicated baud rate generator is used (SCS1, SCSO0 =
11g), divide by 8 is used regardless of the CR bit value.

bit5 CR: * When the external clock or two-channel 8-bit PWM timer
Clock rate selection bit output is specified as the clock input, the baud rate becomes
1/16 or 1/64 of the clock frequency, depending on the CR
value.

¢ This bit has no meaning in synchronous transfer mode.

SCS1, SCSO: ¢ These bits select clock input.

bit4 : . ¢ The clock input can be selected from the external clock (UCK
Clock input selection

bit3 . pin), two-channel 8-bit PWM timer (PWM timer 1 output), and
bits ;
dedicated baud rate generator.
¢ In asynchronous transfer mode, eight baud rates can be
selected. In synchronous transfer mode, six baud rates can
bit2 RC2, RC1, RCO: be selected.
bit1 Baud rate selection * These bits are valid only when the dedicated baud rate
bit0 bits generator is used for clock input. These bits are invalid when
the external clock or two-channel 8-bit PWM timer 1 output is
used.

405



CHAPTER 17 HIGH-SPEED UART

17.4.4 Serial Status/Data Register (SSD1)

The serial status/data register (SSD1) indicates the transmission/reception status,
error status, and received parity data or bit 8 received data in the high-speed UART.
SSD1 also enables/disables interrupts, and can be used to set and check transmission

parity data or bit 8 transmission data.

B Serial Status/Data Register (SSD1)

Figure 17.4-5 Serial Status/Data Register (SSD1)

=l

Address bit7 bit6 bitd bit4 bit3 bit2 bitl bit0 |nitial value

D8 | RD8
002 4H| RORF | ORFE | TDRE| TIE | RIE | - | 8| hos | 00100-1X8
R R RM RW RM - RM

RD8
/RP

Bit 8 received d

ata/parity bit

With parity
(SMC11 : PEN = 1)

Without parity
(SMC11 : PEN = 0)

Odd parity is detected.

Even parity is detected.

Bit 8 received data (*1)

D8

Bit 8 transmiss

ion data/parity bit

With parity

Without parity

/TP (eMC11:PEN = 1) (SMC11 : PEN = 0)
0 | Odd parity is added. Bit 8 transmission data
1 | Even parity is added. (*1) is set.

Reception interrupt

request enable bit

Disables reception interru

pt request output.

Enables reception interrupt request output.

Transmission interrupt request enable bit

Disables transmission interrupt request output.

Enables transmission interrupt request output.

Transmission data flag bit

Transmission data is found.

Transmission data is not found.

R/W : Can be read and written
* Read only
* Unused

* Undefined
C 1 nitial value

ORFE Received data flag bit/error flag bit

0 | No data is found.

Framing error

1
0 | Normal data
1| Overrun error (The o

Id data is retained.)

*1 : Valid only for a data length of nine bits (SMC: MC2, MC1, MCO = 1008, operation mode 4)
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Table 17.4-4 Functions of the Serial Status/Data Register (SSD1) Bits

Bit name

Function

RDRF: Received

This bit indicates the state of the serial input data register (SIDR1).
Setting this bit to 1 start to read the SSD1 register and then reading the
SIDR1 register clears the received data flag bit (RDRF).

parity bit

bit7 . When this bit and the reception interrupt request enable bit (RIE) are both
data flag bit o . .
1", a reception interrupt request is output.
This bit is a read-only bit. Writing does not change the value of this bit
and has no effect on operation.
This bit is a flag for indicating whether an overrun or a framing error has
occurred.
If an error occurs (ORFE = 1), no data is transferred from the reception
shift register to the SIDR1 register. Consequently, the RDRF bit is not set
ORFE: in this case.
bit6 Overrun error flag When this bit is "1", reading the SSD1 register and SIDR1 register, in this
bit sequence, clears this bit to "0".
When this bit and the reception interrupt request enable bit (RIE) are both
"1", a reception interrupt request is output.
This bit is a read-only bit. Writing does not change the value of this bit
and has no effect on operation.
This bit is a flag indicating the state of the serial output data register
(SODR1).
TDRE: When this bit is "1", reading the SSD1 register then writing data in the
bit5 Transmission data SODR1 register causes the data to be output to the serial data output pin
flag bit (U02).
When "1" is written to this bit and the transmission interrupt request
enable bit (TIE), a transmission interrupt request is output.
TIE: Transmission This bit enables transmission interrupt requests to the CPU.
bit4 interrupt request When both this bit and the transmission data flag bit (TDRE) are "1", a
enable bit transmission interrupt request is output.
This bit enables reception interrupt requests to the CPU.
RIE: When both this bit and the received data flag bit (RDRF) are "1", a
bit3 Reception interrupt reception interrupt request is output.
request enable bit When both this bit and the overrun error flag bit (ORFE) are "1", a
reception interrupt request is output when an error occurs.
bit2 Unused Th(_e_read va!ue _of this bit is undefined. _
Writing to this bit has no effect on operation.
This bit is treated as bit 8 of the SODR1 register in operation mode 3
TD8/TP: without parity (data length for transmission or reception: 9-bits). This bit
bit1 bit 8 transmission has no meaning in operation modes other than mode 3 without parity.
data/parity bit This bit specifies which parity, even or odd, is selected for data
transmission when a parity bit is attached.
This bit is treated as bit 8 of the SIDR1 register in operation mode 3
RD8/RP: without parity (data length for transmission or reception: 9-bits). This bit
bit0 bit 8 received data/ has no meaning in operation modes other than mode 3 without parity.

This bit indicates detection of parity in received data if a parity bit is
attached.

407




CHAPTER 17 HIGH-SPEED UART

17.4.5 Serial Input Data Register (SIDR1)

The serial input data register (SIDR1) is used for inputting (receiving) serial data.

B Serial Input Data Register (SIDR1)

408

Figure 17.4-6 "Serial Input Data Register (SIDR1)" shows the bit configuration of the serial input
data register.

Figure 17.4-6 Serial Input Data Register (SIDR1)

Address  bit7 bit6 bith bit4d bit3 bit2 bitl bit0 Initial value

002 bn XXXXXXXXs
R R R R R R R R
R : Read only
X : Undefined

The SIDR1 is used for storing received data. The serial data signal sent to the serial data input
pin (Ul pin) is first converted in the shift register and then stored in this register.

In operation mode 0, 1,2 or 4

When the received data has been successfully stored in SIDR1, the receive data flag bit (SSD1:
RDRF) is set to "1". If reception interrupt requests are enabled, a reception interrupt will occur.
If a check of the SSD1: RDRF bit during interrupt processing or by the program indicates that
the received data is stored in SIDR1, read SSD1 and SIDR1, then clear the SSD1: RDRF flag.

In operation mode 3

Both RDRF and ORFE are set when data transfer ends, the last data bit (D8) is "1", and the
stop bit for the last transfer has been detected. If a framing error is detected, however, the flags
are set irrespective of the last data bit.

An interrupt request to the CPU occurs when these flags are set and the data input bit is "1".



17.4 Registers of the High-Speed UART

17.4.6 Serial Output Data Register (SODR1)

The serial output data register (SODR1) is used for outputting (transmitting) serial
data.

B Serial Output Data Register (SODR1)

Figure 17.4-7 "Serial Output Data Register (SODR1)" shows the bit configuration of the serial
output data register.

Figure 17.4-7 Serial Output Data Register (SODR1)

Address  bit7 bit6 bits bitd bit3 bit2 bitl bit0 |nitial value

oozs | ] 1 1 1 1 1 1 ] oo
W W W W W W W W

W : Write only

X : Undefined

When data to be transmitted is written to this register after the SSD1 register has been read in
the transmission-enabled state, the data is transferred to the shift register for transmission,
converted to serial data, and transmitted from the serial data output pin (UO pin).

When the transmission data is written to SODR1, the transmission data flag bit is set to "0".
After the transmission data is transferred to the shift register for transmission, the transmission
data flag bit is set to "1" so that the next transmission data item can be written to the register. If
interrupt requests are enabled at this time, an interrupt occurs. The transmission data next item
can be written when a transmission interrupt is generated or when the transmission data flag bit
is setto "1".
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17.5 High-Speed UART Interrupts

The high-speed UART has three flags related to interrupts: the error flag bit (SSD1:

ORFE), received data flag bit (SSD1: RDRF), and transmission data flag bit (SSD1:

TDRE). These flags are used for the following two interrupt sources:

¢ Received data is transferred from the shift register for reception to the serial input
data register (SIDR1) (reception interrupt)

e Transmission data is transferred from the serial output data register (SODR1) to the
shift register for transmission (transmission interrupt)

B Transmission Interrupt

When output data is written to SODR1 after SSD1 is read, the data written to SODR1 is
transferred to the shift register for internal transmission. When the register is ready to accept
the next data item, the TDRE bit is set to "1". If transmission interrupts are enabled (SSD1: TIE
= 1), an interrupt request is issued to the CPU (IRQC).

Bl Reception Interrupt

O In operation mode 0, 1,2, or 4

After data has been input up to the stop bit, the RDRF bit is set to "1". If an overrun error or
framing error occurs, the ORFE bit is set to "1".

These bits are set when the stop bit is detected. If reception interrupts are enabled (SSD1: RIE
= 1), an interrupt request is issued to the CPU (IRQB).
O In operation mode 3

Both the SSD1: RDRF and ORFE flags are set when the last data bit (D8) is "1" because data
transfer has been completed and the stop bit for the last transfer has been detected. If a
framing error is detected, however, these flags are set regardless of the last data bit.

An interrupt request to the CPU is generated when these flags are set and the data input bit is
II1 II.

B Register and Vector Table Address for High-Speed UART Interrupts

Table 17.5-1 Register and Vector Table Address for High-Speed UART Interrupts

Interrupt level setting register Vector table address
Interrupt
name Register Setting bits Upper part of the Lower part of
address the address
IRQB ILR3 (007DR) LB1 (bit7) LBO (bit6) FFE4H FFE5H
IRQC ILR4 (007En) LC1 (bit1) LCO (bit0) FFE2y4 FFE3H

For an explanation of the operation of interrupts, see 3.4.2 "Interrupt Processing "
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17.6 Operation of the High-Speed UART

This section describes the operation of the high-speed UART.
The high-speed UART has standard serial communication functions (in operation
modes 0, 1, 2, 3, and 4).

B Operation of the High-Speed UART

O Operation modes

The high-speed UART has five operation modes. Modes 0, 1, 2, and 4 support ordinary serial
transfer. Whether a parity bit is to be attached can be selected and the data length for transfer
can be selected from four bits to 9-bits (see Table 17.1-1 "Operation Modes of the High-Speed
UART").

Operation mode 3 supports serial transfer of eight-bit data and one slave bit. This mode can be
used for connection of two or more slave CPUs to one host CPU.

O Transfer data format
The high-speed UART can only handle data in non-return-to-zero (NRZ) format.

Data transfer starts with the start bit ("L" level), then data of the data length specified in bits is
transferred using the LSB-first method, and data transfer ends with the stop bit ("H" level).

During asynchronous transfer, the relationship between the serial clock and serial I/O signal
differs from that shown in Figure 17.6-1 "Transfer Data Format".

Figure 17.6-1 "Transfer Data Format" shows the relationship between the transmission or
reception clock and data when no parity is attached; operation mode 1, two stop bits, and
synchronous transfer are selected; and the transfer data is 010011015 (8-bits).

Figure 17.6-1 Transfer Data Format

reception clock : : : : : : : : : : : :

Transmission or E E é é é é é é

received data |—| |—| | | | |
0 i1 03018100101
START  LSB MSB  STOP STOP
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17.7 Operation of Operation Modes 0, 1, 2, and 4

Operation modes 0, 1, 2, 3, and 4 support the standard serial communication function.

B Explanation of Operation Modes 0, 1, 2, and 4

412

Figure 17.7-1 Operation Modes 0, 1, 2, 3, and 4

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
SMC11 |PEN| SBL | MC2 | MC1 | MCO |SMDE|UCKE| UOE
© ©0 * * * O © 1
SMC12 | — | — |PSEN| LSEL|PDCK|PDS2 | PDS1|PDS0
X X X X X X
© : Used
SRC1 — | — | CR |SCS1|SCS0| RC2 | RC1 | RCO % - Unused
© © © O© 0 o 1 : With 1
0 : WithO
sspi1  |RDRF|OREF|TDRE| TIE | RIE | — | 108 | D8 ¢ : These pins serve as
o) © o) 7 we TD8 and RD8,
respectively, in mode 4
SIDR1 Received data is saved. without parity.
* : Set as follows:
Mode 0 = 0008,
SODR1 Transmission data is written. Mode 1 = 001s,
Mode 2 = 0105,
Mode 3 = 0118,
Mode 4 = 1008,
DDR4 — : Unused

O Transmission operation

When transmission data is written to SODR1 after SSD1 is read, the data is transferred to the
shift register for transmission and parallel-serial conversion starts. The converted transmission
data is output from the serial data output pin beginning with the LSB bit (LSB first). When
writing of the next item of data is enabled, the TDRE bit is set to "1". If transmission interrupts
are enabled (SSD1: TIE = 1), an interrupt request to the CPU is issued. Figure 17.7-2
"Transmission Operation in Operation Modes 0, 1, 2, 3, and 4" shows the transmission
operation performed when operation mode 2 is set, no parity is added, and one stop bit is used.



17.7 Operation of Operation Modes 0, 1, 2, and 4

Figure 17.7-2 Transmission Operation in Operation Modes 0, 1, 2, 3, and 4

SSD1 read I |_|
SODR1 write ; : 3 :
(interrupt 11 i i i I

processing routine) iTrans‘missijon buffer fuil

Transmission
interrupt

Tran‘sferto:the sHifI N : : : i Transfer to the shift

register fot transmlssmn 3 : : :  register for trangmission
Transmission ‘ : : ‘ ‘ ‘ : : : ! ;
data

7 STOP START |

O Reception operation (modes 0, 1, 2, and 4)

When received data is sent to the serial data input pin, the data is converted from serial to
parallel format using the internal shift register for reception. When data has been sent
successfully up to the stop bit, the data in the internal shift register is transferred to the SIDR1
register and the SSD1: RDRF bit is set to "1".

If an overrun or framing error occurs, the received data is not transferred to the SIDR1 register
and the SSD1: ORFE bit is set to "1".

The SSD1: RDRF and ORFE bits are set when data reception is completed and the last stop bit
is detected. If reception interrupts are enabled (SSD1: RIE = 1), an interrupt request (IRQB) to
the CPU is generated. When the RDRF bit is set, the received data has been transferred to the
SIDR1 register.

Figure 17.7-3 "Reception Operation in Modes 0, 1, 2 and 4" to Figure 17.7-5 "Operation When a
Framing Error Occurs in Operation Modes 0, 1, 2, and 4" show the reception operation
performed when operation mode 0, 1, 2, and 4 are set, no parity is attached, and one stop bit is
set.

Figure 17.7-3 Reception Operation in Modes 0, 1, 2 and 4

Data

RDRF IR Y
Reception ,—
interrupt —
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Figure 17.7-4 Operation When an Overrun Error Occurs in Operation Modes 0, 1, 2, and 4

Data ﬂ

ST o0 i1 P2 i3 4 f5 ie io7 istopd
RDRF . . . . . . . . . . .
(reception buffer full) : : : : : : : : : :
ORFE SRS S N S U U NS N N B IR

Reception BN e
interrupt j j 3 3 : : 3 3 3 | % |

Figure 17.7-5 Operation When a Framing Error Occurs in Operation Modes 0, 1, 2, and 4

Data

RDRF=0

ORFE SN S NN S U SRS NS NN S N B

Reception T
interrupt

Note:

After initialization has been canceled by a reset, a period of 11 shift clocks is required for
initialization of the internal control section. To perform the initialization, the microprocessor
sends dummy data "FFy" at the UART setting baud rate. If UO2 pin output enable is set in
the SMC11 register during initialization, the start bit of the dummy data is output. Thus, UO2
pin output enable must be set after 12 shift clocks of the initial baud rate have elapsed after
a reset.

The dummy data is transmitted only once at UART initialization after a reset. No dummy
data is sent unless a reset is performed again. The initial value of the SSD1 register
described in the manual is the value set after the completion of UART initialization.
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17.8 Operation of Operation Mode 3

Operation mode 3 applies to cases where one host CPU connects to multiple slave

CPUs

B Description of high-speed UART operation mode 3

O Transmission operation

After data is read from the SSD1 register and written into the SODR1 register, the data is
transferred to the shift register for transmission and parallel-serial conversion starts. The
converted transmission data is output from the serial data output pin beginning with the LSB bit
(LSB first). When writing of the next item of data is enabled, the TDRE bit is set to "1". If the
transmission interrupts are enabled (SSD1:TIE = 1), an interrupt request is issued to the CPU.
Figure 17.8-1 "Transmission Operation in Operation Mode 3" shows the transmission operation
that is performed when operation mode 0 is set, no parity is added, and two stop bits are used.

Figure 17.8-1 Transmission Operation in Operation Mode 3

SSD1 read N |'|

SODRiwrite [ © = ]

(|nte_rrupt processing : : © Transmission buffer full : : : : :
routine) P A
TDRE [ I R R R R

Transmission : : : : : : : : :
interrupt Transfer to the shift register : : : Transfer to the shift register
4 for transmission : : ; for transmission 4

Transmission data

STARE 0 {1 2 i3 i 4 i5 {6 i7 ISTOPSTART

Reception operation

When data is received at the serial data input pin, the data is converted from serial to parallel
using the internal shift register for reception. Once the data has been received successfully up
to the stop bit, the data in the internal shift register is transferred to the SIDR1 register and the
SSD1:RDRF bit is then set to "1".

If an overrun or framing error occurs, the received data is not transferred to the SIDR1 register
and the SSD1:ORFE bit is set to "1".

The flags of the SSD1:RDRF and ORFE bits are set when received data is successfully
transferred with the last data bit set to "1" and the last stop bit detected. If, however, a framing
error occurs, the flags are set regardless of the last data bit. A CPU interrupt request is
generated when the flags are set and the input data becomes "1".

If reception interrupts have been enabled (SSD1:RIE = 1), a CPU interrupt request (IRQB) is
generated. When the RDRF bit has been set, the received data is transferred to the SIDR1
register. Figure 17.8-2 "Reception in Operation Mode 3" to Figure 17.8-4 "Operation for a
Framing Error in Operation Mode 3" illustrate reception in operation mode 3.
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Figure 17.8-2 Reception in Operation Mode 3

Data X Y v ; ;

415 i6 7 is8 iSTOPSTOP
e T
Reception : i i i Pl
interrupt : : : : : : :

Figure 17.8-3 Operation for an Overrun Error in Operation Mode 3

Data

RDRF = 1 A
oE T
Reception
interrupt

Figure 17.8-4 Operation for a Framing Error in Operation Mode 3

Data X :

4 5 6 7 8 %STOP%STOP%
RORF=0 __ =+ i &
o
Reception l—_
interrupt : : : : : : :

Note:
Operation of UART initialization

This UART requires a period of 11 shift clocks (after supply of the clock for generating a
baud rate is started) to initialize. To perform initialization, the microprocessor sends dummy
data "FFy4" at the UART setting baud rate. Setting UO2 output enable in the SMC11 register
during the initialization, the start bit of the dummy data is output. Thus, UO2 output enable
must be set after 12 shift clocks of a specified baud rate have elapsed after the supply of the
clock for generating a baud rate to the UART is started.

The dummy data is transmitted only once upon UART initialization after a reset. No dummy
data is sent unless another reset is issued. The initial value of the SSD1 register described
in the manual is the value that is set after the completion of UART initialization.

* Timing at which the supply of the clock for generating a baud rate is started:

e (Case in which a dedicated baud rate generator is being used: When operation of the
baud rate generator is allowed (When "1" is written into the PSEN bit of the SMC12
register)

* Case in which the internal timer is being used: When the PWM timer 1 counter starts
operating

* Case in which an external clock is being used: When input of the external clock is started
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17.9 Program Example of the UART

This section shows a program example for the UART.

B Program Example of the UART

O Processing specifications

Serial transfer, transmission, and reception operations are performed using the
communication function of the UART.

P44/INT24/SCK2, P45/INT25/S02, and P46/INT26/UI2 are used for communication.
The transfer rate is set to 300 baud by the internal baud rate generator.

13y is transmitted from the UO pin to trigger the operation with an interrupt.

The baud rate indicated is that used when the main clock oscillation frequency (Fgp) is set to
10 MHz and the main clock is set to the fastest (instruction cycle = 4/Fcy) (1/300 baud =
8320t;,51)-
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O Coding example

PDR4
DDR4
SMC11
SRC1
SSD1
SIDR1
SODR1
ILR3
INT V

IRQB
INT V

EQU 0010H ;Address of port data register

EQU 0011H ;Address of port data direction register

EQU 0022H ;Address of serial mode control register

EQU 0023H ;Address of serial rate control register

EQU 0024H ;Address of serial status/data register

EQU 0025H ;Address of serial input data register

EQU 0025H ;Address of serial output data register

EQU 007DH ;Address of interrupt level setting register
DSEG ABS ; [DATA SEGMENT]

ORG OFFE4H

DW WARI ;Set interrupt vector.

ENDS

--Maln Program--—- - - - - o oo oo o e e oo
CSEG ; [CODE SEGMENT]

CLRI ;Disable interrupts.

MOV ILR3,#01111111B ;Set the interrupt level (level 1).

MOV DDR4,#00000000B  ;Set the UI2 pin as an input pin.

MOV SMC11,#01001111B ;Attach no parity; set one stop bit, operation

mode 1, and asynchronous mode, clock output
enable, and serial data output enable.

(Set them after the 11 shift clock period
needed for UART initialization after a reset
has elapsed.)

MOV SRC1,#00011101B ;Select the dedicated baud rate generator
and set the baud rate to 300 baud.

MOV SSD1,#00001000B ;Disable transmission interrupt requests
and enable reception interrupt requests.

MOV A,SSD1 ;Perform this before transmission.
(Setting TDRE = 1 enables transmission.)

MOV A,SIDR1 jClear an error flag.

MOV SODR1, #13H ;Write transmission data (13y).

SETI ;Enable interrupts.

--Interrupt processing routine-----------------~-—-~-~-~—~-~ -~

PUSHW A ;Save A and T.

XCHW A, T

PUSHW A

MOV A,SSD1 ;Read transfer data and clear the input
data flag.

MOV A,SIDR1
User processing

POPW A ;Restore A and T.

XCHW A,T
POPW A
RETI

ENDS

END



CHAPTER 18 8-BIT SERIAL I/O

This chapter describes the functions and operation of the 8-bit serial I/O.

18.1 "Overview of the 8-Bit Serial I/0"

18.2 "Configuration of the 8-Bit Serial I/0"

18.3 "Pins of the 8-Bit Serial /0"

18.4 "Registers of the 8-Bit Serial /0"

18.5 "8-Bit Serial I/0 Interrupts"”

18.6 "Operation of the Serial Output"

18.7 "Operation of the Serial Input”

18.8 "States in Each Mode of 8-Bit Serial I/0 Operation"
18.9 "Notes on Using the 8-Bit Serial /0"

18.10 "8-Bit Serial I/O Connection Example"
18.11 "Program Examples of the 8-Bit Serial 1/0"

419



CHAPTER 18 8-BIT SERIAL I/O

18.1 Overview of the 8-Bit Serial I/0

The 8-bit serial I/O transfers 8-bit serial data synchronized by the shift clock. The shift
clock can be selected from three internal clocks and an external clock. Either LSB-
first or MSB-first can be selected as the data shift direction.

B Serial I/O Function
The 8-bit serial I/O transfers 8-bit serial data synchronized by the shift clock.

e Converts 8-bit parallel data to serial data and outputs. Converts serial data into parallel data
and stores it.

¢ The shift clock can be selected from three internal clocks and an external clock.
e Shift clock input and output can be controlled and the internal shift clock can be output.

e Either LSB-first or MSB-first can be selected as the data shift direction (transfer direction).

Table 18.1-1 Shift Clock Period and Transfer Speed

. . Transfer speed (Fcy = 10 MHz,
Shift clock Clock period Frequency (Hz) . -
maximum clock speed ( ))
2tinst 1/(2tnst) 1250 kbps
Internal shift clock (output) Btinst 1/(8tingt) 312.5 kbps
32tinet 1/(32tjq1) 28.125 kbps
External shift clock (input) 2tjnst OF more 1/(2tgp) OF less DC to 1250 kbps

Fcu: Main clock oscillation

tinst: INstruction cycle (depends on clock mode, etc.)

*1: For the case of main clock mode (SCS = 1) with the maximum clock speed (CS1, CS0O = 11, 1
instruction cycle = 4/Fgp) selected in the system clock control register (SYCC).
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18.2 Configuration of the 8-Bit Serial I/O

Each channel of the 8-bit serial I/O consists of the following four blocks:

Shift clock control circuit
Shift clock counter

Serial data register (SDR)
Serial mode register (SMR)

Figure 18.2-1 Block Diagram of 8-Bit Serial 1/0

Block Diagram of 8-Bit Serial I/O

Internal data bus

K)llosg)-fli::; Transfer direlction selection/T E;I;?fi?s(:
P43/INT23/ L ~ ~
D7 to DO
SI2/SCL (Shift direction)
Pin > 5 5 =
Serial data register (SDR) SST
BDS
P42/INT22/SO2/SDA OQutput buffer CKSO0
. |
Pin | CKST
T Output enable SOE
Output enable
SCKE
( Shift clock selection SIOE
2tinst SIOF
Sgttinst Serial mode register
inst
Shift clock control S (SMR)
circuit E
P41/INT21/SCK2 @] Interrupt request
Output buffer
Clear
Shift clock counter

tinst: Instruction cycle
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O Shift clock control circuit

The shift clock can be selected from three internal clocks and an external clock.

If an internal clock is selected, the shift clock can be output to the SCK2 pin. Selecting the
external clock uses the clock input from the SCK2 pin as the shift clock. The SDR register shift
operation is driven by this shift clock and the shifted-out values are output from the SO2 pin.
Similarly, the SI2 pin input is shifted into the SDR register.

Shift clock counter

This counter counts the number of SDR register shifts driven by the shift clock and overflows
after the 8-bit shift is complete.

When the counter overflows, the serial I/O transfer start bit of the SMR register is cleared (SMR:
SST = 0) and the interrupt request flag is set (SMR: SIOF = 1). Halting serial transfer (SMR:
SST = 0) halts the count on the shift clock counter and the counter is cleared by the next start
(SMR: SST =1).

Serial data register (SDR)

This register stores the transfer data. The data written to this register is converted to serial data
and is output. At the same time, the serial data is converted to parallel data and stored.

Serial mode register (SMR)

This is the control register for the serial I/O. The register functions include enabling and
disabling serial 1/0O operation, selecting the shift clock, setting the transfer (shift) direction,
controlling interrupts, and checking the status.

Cause of an interrupt related to 8-bit serial I/O
IRQ9:

When the I/0 function completes 8-bit serial data I/O, 8-bit serial I/O generates an interrupt
request (IRQ9) if output of interrupt requests has been enabled (SMR:SIOE = 1).
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18.3 Pins of the 8-Bit Serial I/0

This section describes the 8-bit serial I/O pins, provides block diagrams of the pins,
and explains the causes of 8-bit serial I/O interrupts.

B 8-bit Serial I/O Pins
The 8-bit serial I/0 pins are P43/INT23/SI2/SCL, P42/INT22/SO2/SDA, P41/INT21/SCK2.

O P43/INT23/SI2/SCL pin

The P43/INT23/SI2/SCL pin can function as an N-ch open-drain I/O port (P43), external
interrupt pin (INT23), serial data input (hysteresis input) for 8-bit serial /O (SI2), or I°C serial

clock 1/0 pin (SCL).
O P42/INT22/SO2/SDA pin

The P42/INT22/SO2/SDA pin can function as a general-purpose /O port (P42), external

interrupt pin (INT22), serial data output pin (N-ch open-drain) for 8-bit serial /O (SO), or 1°C
data I/O pin (SDA).

Enabling serial data output (SMR:SOE = 1) automatically sets the pin for output (SO2).

O P41/INT21/SCK2 pin

The P41/INT21/SCK2 pin can function either as a general-purpose I/O port (P41), external
interrupt pin (INT21), or shift clock I/O pin (hysteresis input) for serial /0O (SCK2).

* When used as the shift clock input pin:

To use the SCK pin as an input, set as an input port in the port data direction register
(DDR4: bit 1 = 0) and disable shift clock output (SMR:SCKE = 0). In this case, select the
external shift clock (SMR:CKS1, CKSO0 = 11p).

* When used as the shift clock output pin:

Enabling shift clock output (SMR:SCKE = 1) automatically sets the P41/INT21/SCK2 pin as
an output pin regardless of the value of the port data direction register (DDR4: bit 1) and sets
the pin to function as the SCK2 output pin. In this case, select an internal shift clock
(SMR:CKS1, CKSO = other than 11p).
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B Block Diagram of 8-Bit Serial I/O Pins

Figure 18.3-1 Block Diagram of SCK2 Pin

Stop/watch mode (SPL = 1)§
To external External interrupt input enable :
©interrupt

CIrCUIt

...............................................................................

Pull-up resistor
About 50 kQ
o | PDRporttdataregistery | |
< +— Stop/watch mode (SPL = 1) %
©
g < s
5 : PDR read | 1SCK2 output ; Port 4 pull-up resistor
s : i SCK2 output control register |_j>7 :
= ﬂ . enable : _—I [PCh
EPDR read (for bit manipulation instructions) f_ :
\l\ Qutputlatech _{ ' : |~TT7 1 Yo—+——B Pch | [
: put latch Pch
LT
tPDRwrite Pin
: DDR Nch P41/INT21/SCK2
(port data direction register)

: DDR write

: ;I] Stop/watch mode (SPL = 1)

‘DDR read

SPL: Pin status specification bit of standby control register (STBC)

Reference:

If "pull-up resistor available" is selected using the port 4 pull-up resistor control register, the
pins are set to the "H" (pulled up) level, not the high impedance state, in stop mode or watch
mode (STBC:SPL =1) .

During a reset, however, the pull-up is disabled and the pins are set to the Hi-z level.
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Figure 18.3-2 Block Diagram of SI2 Pin

Stop/watch mode (SPL = 1)
To external External interrupt input enable
; interrupt AN :

: circuit

To peripheral

resource input @_

Internal data bus

A
W

PDR read (for bit manipulation instructions)

'PDR read %

SCL output enableé

%D— Output latch

' PDR write

Nch

Stop/watch mode (SPL = 1)

SPL: Pin status specification bit of standby control register (STBC)

Pin

P43/INT23/S12/SCL

Reference:

For the P43/INT23/SI12/SCL pin, the port 4 pull-up control register cannot be used to select
whether pull-up resister is available or unavailable.

To use the P43/INT23/S12/SCL pin as an output pin, attach a pull-up resistor to the external

pin.
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Figure 18.3-3 Block Diagram of SO2 Pin

Stop/watch mode (SPL = 1)
To external External interrupt input enabl@a
Jinterrupt :

cwcwt

(2]
S | e S
o
+— Stop/watch mode (SPL = 1)
©
5| —( =
T EPDR read ; : SD2 output :
§ : /] SDA output Peripheral resource output enable
= - N

;PDR read (for bit manipulation instructions) {—O
: i1 =70
% Output latch i

'PDR write

Pin

Nch P42/INT22/SO2/SDA

Stop/watch mode (SPL = 1)

SPL: Pin status specification bit of standby control register (STBC)

Reference:

For the P42/INT22/SO2/SDA pin, the port 4 pull-up control register cannot be used to select
whether the pull-up resistor is available or unavailable.

To use the P42/INT22/SO2/SDA pin as an output pin, attach a pull-up resistor to the external
pin.
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18.4 Registers of the 8-Bit Serial I/0

This section describes the 8-bit serial I/O registers.

B 8-Bit Serial I/O Registers

Figure 18.4-1 8-Bit Serial I/O Registers
SMR (Serial mode register)
Address

bit7 bit6 bit5 bit4 bit3 bit2 bit1
0070H SIOF|SIOE [SCKE| SOE

bit0 Initial value
CKS1|CKS0| BDS | SST

000000008
RW RW RW RW RW RW RW RW
SDR (Serial data register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bit1  bit0 Initial value
007 1H XXXXXXXXs

RW RW RW RW RW RW RW RW
R/W : Readable and writable
X : Undefined
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18.4.1 Serial Mode Register (SMR)

The serial mode register (SMR) is used to enable and disable 8-bit serial I/O operation,
select the shift clock, set the transfer direction, control interrupts, and check the
status.

B Serial Mode Register (SMR)

Figure 18.4-2 Serial Mode Register (SMR)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitt bit0 Initial value
0070x [sioF|sioE|scke| soE |cksilckso| Bps | ssT| 00000000,
RW RW RW RW RW RW RW RW

L

— |

SST

Serial I/O transfer start bit
Read Write
0 | Serial transfer halted Halt/disable serial transfer

1 | Serial transfer in progress Start/enable serial transfer

BDS Transfer direction select bit
0 LSB-first
(start transfer from least significant bit)
MSB-first

(start transfer from most significant bit)

CKS1|CKS0 Shift clock select bits SCK pin
0 0 2tinst | Output
0 1 Internal shift clock 8tinst | Output
1 0 32tinst | Output
1 9 External shift clock Input

tinst: Instruction cycle

SOE Serial data output enable bit
0 Use P42/INT22/SO2/SDA as a general-purpose port
Use P42/INT22/SO2/SDA as the serial data output pin

SCKE Shift clock output enable bit

Use P41/INT21/SCK2 as a general-purpose

port or shift clock input pin

Use P41/INT21/SCK2 as the shift clock output pin

SIOE Interrupt request enable bit
0 [ Disable output of interrupt requests
1 Enable output of interrupt requests

Interrupt request flag bit
SIOF -
Read Write
R/W : Readable and writable 0 ([Transfer |§ incomplete Clear this bit
[1: Initial value 1 |Transfer is complete No change, no other effect
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Table 18.4-1 Function of Each Serial Mode Register (SMR) Bit

Serial I/0 transfer start bit

Bit Description
bit7 | SIOF: e Set to "1" after the serial I/0O operation has input and output 8 bits of serial data.
Interrupt request flag bit An interrupt request is output if this bit and the interrupt request enable bit
(SIOE) are "1".

e Writing "0" clears the bit. Writing "1" has no effect and does not change the bit

value.
bité | SIOE: This bit enables or disables output of interrupt requests to the CPU.
Interrupt request enable bit An interrupt request is output if this bit and the interrupt request flag bit (SIOF) are

"

bit5 | SCKE: e This bit controls shift clock input and output.
Shift clock output enable bit e The P41/INT21/SCK2 pin becomes the shift clock input pin when this bit is "0"
and the shift clock output pin when the bit is "1".

Note:

e When used as the shift clock input, the P41/INT21/SCK2 pin must be set as an
input port. Also, select the external shift clock in the shift clock select bits
(CKS1, CKSO = 11p).

* Select an internal shift clock (CKS1, CKSO0 = other than 11g) when the pin is the
shift clock output (SCKE = 1).

Reference:

* Enabling the shift clock output (SCKE = 1) causes the P41/INT21/SCK2 pin to
function as the SCK output pin regardless of the state of the general-purpose
port (P41).

* When using the P41/INT21/SCK2 pin as a general-purpose port (P41), set as a
shift clock input (SCKE = 0).

bit4 | SOE: The P42/INT22/SO2/SDA pin becomes a general-purpose port (P42) when this bit is
Serial data output enable bit "0" and the serial data output pin (SO2) when the bit is "1".
Reference:
Enabling serial data output (SOE = 1) causes the P42/INT22/SO2/SDA pin to
function as the SO2 pin regardless of the state of the general-purpose port
(P42).
bit3 | CKS1, CKSO: * These bits select the external shift clock or one of the three internal shift clocks.
bit2 | Shift clock select bits * When these bits are other than "11g", an external shift clock is selected and, if
the shift clock output enable bit (SCKE) is "1", the shift clock is output from the
SCK2 output pin.

* When these bits are "11g", the external shift clock is selected and, if set as the
shift clock input, the shift clock is input from the SCK2 output pin (SCKE=0,
DDR2:bit5=0).

bit1 | BDS: This bit selects whether to transfer the serial data starting from the least significant
Transfer direction select bit bit (LSB-first, BDS = 0) or the most significant bit (MSB-first, BDS = 1).

Note:

As the bit order is set when the data is read or written to the serial data register
(SDR), changing the value of this bit after data has been written to the SDR
register invalidates the data.

bit0 | SST: e This bit controls starting and enabling of serial I/O transfer. The bit can also be

used to test whether transfer is complete.

*  When using an internal shift clock (CKS1, CKSO = other than 11p), writing "1" to
this bit clears the shift clock counter and starts transfer.

*  When using an external shift clock (CKS1, CKSO0 = 11g), writing "1" to this bit
enables transfer, clears the shift clock counter, and waits for input of the external
shift clock.

e When transfer is completed, the bit is cleared to "0" and the SIOF bit is set to "1".

*  Writing "0" to this bit during transfer (SST = 1) halts the transfer. Once a transfer
has been halted, the output SDR register must be written to again and the
transfer restarted for data input (to clear the shift clock counter).
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18.4.2 Serial Data Register (SDR)

The serial data register (SDR) stores the 8-bit serial I/O transfer data.
For serial output operation, the register functions as the transmission data register.
For serial input operation, the register functions as the reception data register.

B Serial Data Register (SDR)

430

Figure 18.4-3 "Serial Data Register (SDR)" shows the bit structure of the serial data register.

Figure 18.4-3 Serial Data Register (SDR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

0071H XXXXXXXXe
RW RW RW RW RW RW R/W R/W

R/W : Readable and writable
X : Undefined

O Serial output operation

The register functions as the transmission data register. Starting serial I/O transfer (SMR:SST =
1) performs serial transfer of the data written to this register.

As the transmission data is shifted out by the transfer operation, the data does not remain in the
SDR register.

Serial input operation

The register functions as the reception data register. Starting serial I/O transfer (SMR:SST = 1)
stores the received serial transfer data in this register.

During serial I/O transfer

Do not write data to the SDR register while a serial 1/0 transfer operation is in progress.
Similarly, values read from the register at this time have no meaning.

If serial output and serial input are enabled at the same time, both serial input and output
operations are performed.
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18.5 8-Bit Serial I/O Interrupts

Completion of an 8-bit serial I/O operation generates an interrupt request from the 8-bit
data serial 1/0O.

B Interrupts during Serial I/O Operation

The 8-bit serial /O performs serial input and serial output simultaneously. When serial transfer
starts, the contents of the serial data register (SDR) are input and output one bit at a time
synchronized with the period of the specified shift clock. The interrupt request flag bit
(SMR:SIOF) is set to "1" on the leading edge of the eighth shift clock pulse.

An interrupt request (IRQ9) is output to the CPU if the interrupt request output enable bit is
enabled (SMR:SIOE = 1) at this time.

Write "0" to the SIOF bit in the interrupt processing routine to clear the interrupt request. The
SIOF bit is always set when the output of 8 bits of serial is completed, regardless of the SIOE bit
value.

Reference:

During serial I/O operation, setting the interrupt request flag bit (SMR:SIOF = 1) is not
performed if serial transfer is halted (SMR:SST = 0) at the same time that serial data transfer
is completed. An interrupt request is generated immediately if the SIOF bit is "1" when the
SIOE bit is switched from disabled to enabled (0 to 1).

B Register and Vector Table for the 8-Bit Serial I/O Interrupt

Table 18.5-1 Register and Vector Table for the 8-Bit Serial I/O Interrupt

Interrupt level setting register Vector table address
Interrupt
Register Setting bits Upper Lower
IRQ9 ILR3 (007Dy) L91 (bit3) L90 (bit2) FFE8H FFE9

For more information on interrupt operation, see Section 3.4.2 "Interrupt Processing".
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18.6 Operation of the Serial Output

The 8-bit serial /0 can output 8-bit serial data synchronized with a shift clock.

B Serial Output Operation

Serial output can operate using either an internal or external shift clock. When serial 1/0
operation is enabled, the contents of the SDR register are output from the serial data output pin
(SO2) at the same time that serial input is performed.

O When using an internal shift clock

Figure 18.6-1 "Serial Output Settings (for an Internal Shift Clock)" shows the settings required
for operating serial output using an internal shift clock.

Figure 18.6-1 Serial Output Settings (for an Internal Shift Clock)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
SMR SIOF | SIOE|SCKE| SOE |CKS1|CKS0| BDS | SST

© © 1 1 Other than "11" © 1

© : Used bit
1: Set"1"

SDR Sets transmit data

Activating the serial output operation outputs the contents of the SDR register from the serial
data output pin (SO2). Output is synchronized with the trailing edge of the selected internal shift
clock. At this time, the device being communicated with (serial input device) must be waiting for
the input of an external shift clock.

O When using an external shift clock

Figure 18.6-2 "Serial Output Settings (for an External Shift Clock)" shows the settings required
for operating serial output using an external shift clock.

Figure 18.6-2 Serial Output Settings (for an External Shift Clock)

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

DDR4

SMR SIOF|SIOE|SCKE| SOE |[CKS1|CKSO0| BDS | SST

© © o f 1 1T e i © : Used bit
x : Unused bit
: 1: Set"1"
SDR Sets transmit data 0 Set"0"

Enabling the serial output operation outputs the contents of the SDR register from the serial
data output pin (SO2). Output is synchronized with the trailing edge of the external shift clock.
When serial output is completed, the SDR register must immediately be set again and operation
enabled (SMR:SST = 1) so as to be ready to output the next data.

When the serial input operation is completed (leading edge) at the receiving device, set the
external shift clock to the "H" level while waiting for output of the next data (idle state).
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18.6 Operation of the Serial Output

Figure 18.6-3 "Operation of 8-Bit Serial Output" shows the operation of 8-bit serial output.

Figure 18.6-3 Operation of 8-Bit Serial Output

For LSB-first transfer
bit7 bit6 bits bit4 bit3 bit2 bit1  bit0

SDR #7 | #6 | #5 | #4 | #3 | #2 | #1 #0 |— —‘

SO pin

i L>< ROOOZ000ON
data #0 #1 #2 #3 #4 #5 #6 #7

program

Interrupt request

swtdook  — [ ) L fon
0 1 5 3 4 5 7 Cleared by the
SIOF bit ’J
Tr:':lnsfer start
SST bit N

Automatically cleared when transfer is completed

-

H Operation when serial output is completed
The interrupt request flag bit is set (SMR:SIOF

= 1) and the serial 1/0 start bit cleared

(SMR:SST = 0) on the leading edge of the shift clock after inputting and outputting the eighth bit

of serial data.
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18.7 Operation of the Serial Input

The 8-bit serial I/O can input 8-bit serial data synchronized with a shift clock.

B Serial Input Operation

Serial input can operate using either an internal or external shift clock. When serial 1/0
operation is enabled, the contents of the SDR register are output from the serial data output pin
(SO2) at the same time that serial input is performed.

O When using an internal shift clock

Figure 18.7-1 "Serial Input Settings (for an Internal Shift Clock)" shows the settings required for
operating serial input using an internal shift clock.

Figure 18.7-1 Serial Input Settings (for an Internal Shift Clock)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

DDR4

X X X X X X X X

SMR SIOF | SIOE|SCKE| SOE |CKS1|CKS0| BDS | SST

© © 1 x Otherthan"11s" @ 1 © : Used bit

x . Unused bit
SDR h ; 1 : Set"1"
Stores the received data 0 Set"0"

Activating the serial input operation inputs the value of the serial data input pin (SI2) to the SDR
register. Input is synchronized with the leading edge of the selected internal shift clock. At this
time, the device being communicated with (serial output device) must have set a value in the
SDR register and be waiting for input of an external shift clock.

O When using an external shift clock

Figure 18.7-2 "Serial Input Settings (for an External Shift Clock)" shows the settings required for
operating serial input using an external shift clock.

Figure 18.7-2 Serial Input Settings (for an External Shift Clock)

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

DDR4

X X X X X X 0 X

SMR SIOF|SIOE|SCKE| SOE |[CKS1|CKSO0| BDS | SST

© : Used bit

© @ o x 1 1 0 1 x - Unused bit
s s . 1 : Set"1"
DR tores the received data 0 : Set"0"
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18.7 Operation of the Serial Input

Enabling the serial input operation inputs the value of the serial data input pin (SI1) to the SDR
register. Input is synchronized with the leading edge of the external shift clock. When serial
input is completed, the SDR register must immediately be read and operation enabled
(SMR:SST = 1) so as to be ready to input the next data.

While waiting for output of the next data (idle state), set the external shift clock to the "H" level.

Figure 18.7-3 "Operation of 8-Bit Serial Input" shows the operation of 8-bit serial input.

Figure 18.7-3 Operation of 8-Bit Serial Input

For MSB-first transfer
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

SI2 pin
SDR #7 | #6 #5 #4 #3 | #2 #1 #0 %:ij ﬁ‘

Serial input L
data #7 #6 #5 #4 #3 #2 #1 #0

Shitlodk /] ML L Lf Lf Lf LS L fce
Cleared by the program

0 1 2 3 4 5 6 7
SIOF bit P_
Interrupt request
SST bit ]

Automatically cleared when transfer is completed

B Operation When Serial Input is Completed

The interrupt request flag bit is set (SMR:SIOF = 1) and the serial I/O start bit is cleared
(SMR:SST = 0) on the leading edge of the shift clock after inputting and outputting the eighth bit
of serial data.
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18.8 States in Each Mode of 8-Bit Serial I/0 Operation

This section describes the operation when the device enters sleep mode, the device
enters stop or watch mode, or a halt request occurs during operation of the 8-bit serial

I/0.

B When Using an Internal Shift Clock

O Operation in sleep mode

Figure 18.8-1 "Operation in Sleep Mode (Internal Shift Clock)" shows how serial I/O operation
does not halt and transfer continues when the device enters sleep mode.

Figure 18.8-1 Operation in Sleep Mode (Internal Shift Clock)

SCK2 output ey
SST bit J : : : : : : :

Cleared by the program
SIOF bit /

L Interrupt request
S02 pin output X0 Xt X2 XX X s X 6 X #7

Sleep

SLP bit l: /:

(STBC register) Wakeup from sleep mode via IRQ9

O Operation in stop or watch mode

Figure 18.8-2 "Operation in Stop or Watch Mode (Internal Shift Clock)" shows how serial I/O
operation halts and transfer is interrupted when the device enters stop or watch mode. When
the device wakes up from stop or watch mode, operation restarts from the point where it halted.
Therefore, initialize the serial 1/0 in accordance with the state of the device with which you are

communicating.

Figure 18.8-2 Operation in Stop or Watch Mode (Internal Shift Clock)

Sckzouput ) [ [} [} [ L1

: : : : : — - e
SST bit ] | Oscillation stabilization delay time

: : : : Stop or watch mode request : Cleared by the program
SIOF bit  SlopoTE S

: L Interrupt request

SO2 pin output §<#O>E<#1>E<#2>E<#3>E<#4>E< #5 §><#6><#7
Stop or watch mode

STP bit | e

(STBC register) Wakeup from stop or watch mode via an external interrupt
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18.8 States in Each Mode of 8-Bit Serial I/0 Operation

O Operation during a halt

Figure 18.8-3 "Operation during a Halt (Internal Shift Clock)" shows how transfer halts and the
shift clock counter is cleared when operation is halted midway through a transfer (SMR:SST =
0). Accordingly, the device with which you are communicating must also be initialized. When
performing serial output, update the SDR register before restarting operation.

Figure 18.8-3 Operation during a Halt (Internal Shift Clock)

SCK2 output m
SST bt J . Oper.atlon h:alted /IT—I;;T
SIOF bit : ; : : : . Update SDR reglster :

SO2 pin output ><#o><#1><#2><#3><#4>< 45 ><#o><#1><

B When Using an External Shift Clock

O Operation in sleep mode

Figure 18.8-4 "Operation in Sleep Mode (External Shift Clock)" shows how serial 1/O operation
does not halt and transfer continues when the device enters sleep mode.

Figure 18.8-4 Operation in Sleep Mode (External Shift Clock)

> Clock for next data

SOz input A
SST bit I R R R R I S
SIOF bit 5 5 5 5 5 5 5 5 —§—|/Cleared by the program
L— Interrupt request
SO2 pin output ><#O><#1><#2><#3><#4><#5><#6><#7
: Sleep :
SLP bit -
(STBC register) —

Wakeup from sleep mode via IRQ9
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O Operation in stop or watch mode

Figure 18.8-5 "Operation in Stop or Watch Mode (External Shift Clock)" shows how serial I/O
operation halts and transfer is interrupted when the device enters stop or watch mode. When
the device wakes up from stop or watch mode, operation restarts from the point where it halted.
Therefore, a transfer error occurs. You must reinitialize the serial I/0O.

Figure 18.8-5 Operation in Stop or Watch Mode (External Shift Clock)

SoKzimput L L L L L ML LT L L
. . . . . . 1 - .

SST bit
SIOF bit

SO2 pin output X#oXmX#zX#sXmX #5 ><#6><#7

STP bit
(STBC register) Wakeup from stop or watch mode via an external interrupt

‘—> Clock for next data

_: ? ? ? ? 1 # 47 ogilation’
: : : : : Stop or watch mode request  stabilization Cleared by the program

wait time |

L— Interrupt request

Stop or watch mode Transfer error occurs
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O Operation during a halt

Figure 18.8-6 "Operation during a Halt (External Shift Clock)" shows how transfer halts and the
shift clock counter is cleared when operation is halted midway through a transfer (SMR:SST =
0). Accordingly, the device with which you are communicating must also be initialized. When
performing serial output, update the SDR register before restarting operation. At this time, the
SO02 pin output changes when an external clock is input.

Figure 18.8-6 Operation during a Halt (External Shift Clock)

i—s Clock for next data

SCK2inputjmmmmmmmmmm
SST bit J - :/#16 #17 -

O eration halted '
P Restart

SIOF bit 5 5 5 5 5 Update SDR regrster

S02 pin output ><#o><#1><#2><#3><#4>< 45 >< #0 ><#1><




18.9 Notes on Using the 8-Bit Serial 1/0

18.9 Notes on Using the 8-Bit Serial I/O

This section describes points to note when using the 8-bit serial 1/0O.

H Notes on Using 8-Bit Serial I/O

O Error in serial transfer start timing
As the timing at which serial transfer is activated by the program (SMR:SST = 1) is
asynchronous to the trailing (output) or leading (input) edge of the shift clock, the timing of the
first serial data input or output may be delayed by up to the period of the specified shift clock.

O Malfunction due to noise
Malfunction may occur on the serial I/O if an unwanted pulse (a pulse which exceeds the
hysteresis width) is present on the shift clock due to external noise during serial data transfer.

O Notes on setting the serial /O by using the program

* Write to the serial mode register (SMR) and serial data register (SDR) when the serial 1/O is
halted (SMR:SST = 0).

¢ Do not change the values of other SMR register bits when starting (enabling) serial I/O
transfer (SMR:SST = 1).

e When inputting an external shift clock and when serial data output is enabled (SMR:SOE =
1), the output level of the SO1 pin enters the level of the most significant bit (for MSB-first
transfer) or least significant bit (for LSB-first transfer) when the external shift clock is input,
even if serial I/O transfer is halted (SMR:SST = 0).

* If serial I/O transfer is halted (SMR:SST = 0) at the same time that a serial data transfer is
completed, the interrupt request flag bit (SMR:SIOF) is not set.

e Interrupt processing cannot return if the SIOF bit is "1" and interrupt request output is
enabled (SIOE = 1). Always clear the SIOF bit.
O Serial I/O transfer speed
The serial data output pin (SO2) for serial I/O cannot be used for high-speed transfer because
of N-ch open-drain output. Note this point when high-speed shift clocks are used.
O Shift clock idle state

During the delay between 8-bit data transfers (idle state), set the external shift clock to the "H"
level. When using an internal shift clock (SMR2:CKS1, CKSO0 = other than 11g) to provide the

shift clock output (SMR:SCKE = 1), the output enters the "H" level when idling.
Figure 18.9-1 "Shift Clock Idle State" shows the idle state of the shift clock.

Figure 18.9-1 Shift Clock Idle State

Idle state . 8-bit data transfer . Idle state . 8-bit data transfer . Idle state
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18.10 8-Bit Serial /O Connection Example

This section shows an example of connecting together the 8-bit serial I/0 of two
MB89530/530H/530A series devices to perform bi-directional serial 1/O.

H Bi-Directional Serial I/0

Figure 18.10-1 8-Bit Serial /0 Connection Example (Interfacing Two MB89530/530H/530A Devices)

SO Sl
sio-A S SO gio0-B
SCK Output Input | 5ok
oy
Internal shift clock - External shift clock
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18.10 8-Bit Serial I/O Connection Example

Figure 18.10-2 Operation of Bidirectional Serial I/O

SIO-A

START

Halt operation of SIO-A
(SST =0)

|

Set the SI1 pin as a serial
data input (input port)

|

Set the SCK1 pin as the
shift clock output

Set the SO1 pin as the
serial data output

Select an internal shift clock
Set the data transfer (shift)
direction

erial
transfer enabled for

SI0-B? (*1)

Set output data

L

Start serial transfer (*2)

(SST =1)

Serial data transfer

Transfer enable state "~

SIO-A outputs serial data

SI0-B

START

Halt operation of SIO-B
(SST =0)

|

Set the SI1 pin as a serial
data input (input port)

|

Set the SCK1 pin as the

shift clock input

Set the SO1 pin as the

serial data output

Select the external shift clock
Select the same data
transfer (shift) direction

as SIO-A

4
Set output data

|

- Enable serial transfer
(SST=1)

SIO-B

in progress

8-bit transfer
completed? (*3

YES (SST=0)

Read input data

s there more data
for transfer?

Simultaneously, SIO-A feeds
the SIO-B data

Serial data transfer
-- in progress

8-bit transfer
completed? (*3

YES (SST=0)

Read input data

SST: The SST bit is the serial I/O transfer start bit of the serial

mode register (SMR).

*1 When only the SO, SI, and SCK pins are connected, there is no

direct means of determining if serial transfer is enabled on SIO-B.
Therefore, use a software timer or other method to have the system
wait a sufficient amount of time for SIO-B to enable transfer.
*2 Data transfer is not performed correctly if SIO-A starts transfer
when serial transfer is not enabled on SIO-B.
*3 An interrupt request is generated when an 8-bit data transfer is completed.
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18.11 Program Examples of the 8-Bit Serial I/0

This section describes example programs using the 8-bit serial I/O.

B Program Example for Serial Output

O Program specifications

* Output 8 bits of serial data (554) from the SO2 pin of the serial I/O and generate an interrupt
when transfer is completed.

* In the interrupt processing routine, set the next data to be transferred and restart output.
* Operate using an internal shift clock and output the shift clock from the SCK pin.

* The transfer speed and time between interrupts is as follows for a main clock oscillation
(Fcp) of 10 MHz, the main clock speed (gear) set to maximum speed (1 instruction cycle = 4/

Fcn), and 32t shift clock.

* Transfer speed = 10 MHz/4/32 = 78.1 kbps
* Interrupt period = 8 x 32 x 4/10 MHz = 102.4 us
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O Coding exampl
SMR EQU
SDR EQU
SIOF EQU
SST EQU
ILR3 EQU
INT V DSEG

ORG
IRQO DW
INT V ENDS
P Main
CSEG
CLRI
CLRB
MOV
MOV
MOV
SETB
SETI

e

0070H
0071H
SMR: 7
SMR: 0
007DH
ABS
OFFE8H
WARI

program

SST
ILR3,#11110111B
SDR, #55H

SMR, #01111000B

SST

18.11 Program Examples of the 8-Bit Serial I/0

;Address of serial mode register

;Address of serial data register

;Interrupt request flag bit definition
;Serial I/0 transfer start bit definition
;Address of the interrupt level set register
; [DATA SEGMENT]

;Interrupt vector setting

; [CODE SEGMENT]
;Assume stack pointer (SP), etc.,
;have been already initialized.

;Disable interrupts.

;Halt serial I/0 transfer.

;Set interrupt level (level 1).

;Set transfer data (55y) .

;Clear interrupt request flag,

enable output of interrupt requests, enable shift
clock output (SCK2), enable serial data output (S02),
and select 32tj,g, LSB-first.

;Start serial I/0 transfer.

;Enable interrupts.

o= Interrupt processing routine-----------------~--~-~-~—~—~ -~~~

WARI CLRB
PUSHW
XCHW
PUSHW
MOV
SETB

User

POPW
XCHW
POPW
RETI
ENDS

SIOF

A

A, T

A

SDR, #55H
SST

processing

;Clear interrupt request flag.
;Save A and T.

;Update transfer data (55y) .

;Start serial I/0 transfer.

;Restore A and T.
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B Program Example for Serial Input

O Program specifications

* Input 8 bits of serial data from the SI1 pin of the serial I/O and generate an interrupt when
transfer is completed.

* In the interrupt processing routine, read the transfer data and re-enable input.

* Operate using the external shift clock and input the shift clock from the SCK pin.

O Coding example

DDR4 EQU 0011H ;Address of port direction register
SMR EQU 0070H ;Address of serial mode register
SDR EQU 0071H ;Address of serial data register
SIOF EQU SMR: 7 ;Interrupt request flag bit definition
SST EQU SMR: 0 ;Serial I/O transfer start bit definition
ILR3 EQU 007DH ;Address of the interrupt level set register
INT V DSEG ABS ; [DATA SEGMENT]
ORG OFFE8H
IRQY DW WARI ;Interrupt vector setting

INT V ENDS
j------ Maln pProgram-—— - - - - - - oo oo oo o oo
CSEG ; [CODE SEGMENT]
;Assume stack pointer (SP), etc.,
have been already initialized.

MOV DDR4, #00000000B ;Set P41/INT21/SCK2 and P43/INT23/SI2/SCL as inputs.

CLRI ;Disable interrupts.

CLRB SST ;Halt serial I/O transfer.

MOV ILR3,#11110111B ;Set interrupt level (level 1).
MOV SMR, #01001100B ;Clear interrupt request flag bit,

enable output of interrupt requests,
set shift clock input (SCK2),
disable serial data output (S02),
and select the external clock,

LSB-first.
SETB SST ;Enable serial I/O transfer.

SETI ;Enable interrupts.

jo----- Interrupt processing routine------------------—“-“-“- -~

WARI CLRB SIOF ;jClear interrupt request flag.
PUSHW A
XCHW A, T
PUSHW A
MOV A, SDR ;Read transfer data.

SETB SST ;Enable serial I/O transfer.
User processing

POPW A

XCHW A, T
POPW A
RETI

ENDS

END
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CHAPTER 19 12C INTERFACE

This chapter describes the functions and operations of the I2C interface.

19.1 "Overview of the I°C Interface"

19.2 "Configuration of the I°C Interface"
19.3 "Configuration of the I°C Bus Interface"
19.4 "Registers of the I°C Bus Interface"
19.5 "I2C Interface Interrupts”

19.6 "Operation of the 1°C Interface"

19.7 "Notes on Using the I°C Bus Interface"
19.8 "I°C Bus Interface Flowcharts"

19.9 "Program Example of the I°C Bus Interface"
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CHAPTER 19 12C INTERFACE

19.1 Overview of the I2C Interface

The I2C interface that supports Philips's 12C bus specification and Intel's SM bus
specification provides master/slave transmission and reception, arbitration lost
detection, slave address/general call address detection, generation and detection of
start/stop conditions, and buss error detection.

B I12C interface Functions
(for MB89PV530, MB89P538, MB89F538/F538L, MB89537C/538C, MB89537HC/538HC,

446

MB89537AC/538AC only)

The I2C bus interface is a simple structure bidirectional bus consisting of two wires: a serial
data line (SDA) and a serial clock line (SCL).

All devices connected to the serial bus must support open-drain or open-collector output and to
connect a pull-up resistor with each bus line to operate.

Each device connected to the bus has a unique address, which can be specified using software.
Among these devices, there is always a master-slave relation. The master functions as a
master transmission device.

It is a full-fledged multi-master bus equipped with a collision detection function and
communication adjustment procedure that prevent data corruption if two or more masters
attempt to start data transfer simultaneously. Eight-bit bidirectional serial data can be
transferred at a transfer rate of up to 100 kbps. As many ICs as required can be connected to
one bus provided the upper limit of the bus capacitance (400 pF) is not exceeded.

The I2C interface, which supports the Philips’s 12C bus and Intel’s system management bus, has
the following functions:

¢ Master and slave transmission and reception

* Automatic change from master to slave when arbitration lost detected
* Address comparison between slave and a general call

* Detection of data transfer direction

¢ Generation and detection of start/stop condition

* Generation and detection of continuous start condition

* Bus error detection

* Selection from 32 types of shift clock frequency by software
* Selection of acknowledge bit by software

* Generation and detection of acknowledge bit

e Byte-data transfer

* Noise canceller for input spikes up to 20 ns

* Selection of input buffer of I°C interface and SM bus interface



19.2 Configuration of the IC Interface

19.2 Configuration of the I°C Interface

The I2C interface consists of the following 10 blocks.

¢ Clock controller (clock selector, clock divider, shift clock generator)
e Start/stop condition generator

e Start/stop condition detector

¢ Arbitration lost detector

e Slave address comparator

* I2C bus status register (IBSR)

* I2C bus control register (IBCR)

* I2C clock control register (ICCR)

e I2C address control register (IACR)
* I2C address register (IADR)

e 12C data register (IDAR)

B 12C Bus Interface Block Diagram
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Figure 19.2-1 Block Diagram of the I>C Bus Interface
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19.2 Configuration of the IC Interface

Clock controller (clock selector, clock divider, shift clock generator)

This circuit selects and generates a shift clock of the I°C bus based on the internal clock.

Start/stop condition generator

When the bus is released (when the SCL and SDA lines are at a "H" level), transmitting a start
condition causes the master to start communication. When the SDA line is changed from "H" to
"L" when SCL = H, a start condition is generated. When a stop condition is generated, the
master can stop communication. The stop condition is generated when the SDA line is changed
from "L" to "H" when SCL = H.
Start/stop condition detector

This circuit detects the start/stop condition for data transfer.

Arbitration lost detector

This interface circuit supports the multi-master system. If two or more masters transmit data
simultaneously, arbitration lost is generated. When logic level "1" is transmitted when the SDA
line is at level "L", this state is regarded as arbitration lost. At this time, IBSR:AL is set to "1"
and the master is changed into a slave.

Slave address comparator

After a start condition is posted, a slave address is transmitted. This address is seven-bit data,
followed by a data direction bit (R/W) as bit 8. ACK is returned only to the slave whose address
matches the transmitted address.

I2C bus status register (IBSR)

The IBSR register indicates the status of the 1°C interface. This register is read-only.

I2C bus control register (IBCR)
The IBCR register is used to select the operating mode, enable/disable interrupts, enable/
disable acknowledgement, and enable/disable general call acknowledgement.

I2C clock control register (ICCR)

The ICCR register is used to permit the operation of the I2C interface and select the shift clock
frequency.
I2C address control register (IACR)

The first three bits of the IACR register are effective. These bits are readable, but writable only

when I2C is not operating. When 1 is written into these bits, the corresponding IADR bits are
not compared.

I2C address control register (IADR)

The IADR register is used to set the slave address.

I2C data register (IDAR)

The IDAR register is used to transfer serial data from the MSB. While data is being received
(IBSR:TRX = 0), the value of the data output is "1".
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B 12C interface interrupt source
IRQ2:

An interrupt request is generated by the I°C interface when the bus error interrupt request bit
is enabled (IBCR: BEIE = "1") and a bus error has occurred or when the transfer end
interrupt enable bit is enabled (IBCR: INTE = "1") and data transfer is completed.
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19.3 Configuration of the I>C Bus Interface

19.3 Configuration of the I>C Bus Interface

This section describes the IC bus interface pins, their block diagrams, registers, and
interrupt function and provides a block diagram of the pins.

B Pins Related to the 12C Bus Interface

The pins related to the I2C bus interface are P42/INT22/SO2/SDA and P43/INT23/SI12/SCL.

O P42/INT22/SO2/SDA pin

The P42/INT22/SO2/SDA pin can function as an N-ch open drain output port (P42) or data I/O
pin (SDA). Enabling 1°c automatically sets the P42/INT22/SO2/SDA pin as a data I/O pin.

O P43/INT23/SI2/SCL pin

The P43/INT23/SI2/SCL pin can function as an N-ch open-drain output port (P43) or shift clock

I/0 pin (SCL). Enabling 12C automatically sets the P43/INT23/SI2/SCL pin as a shift clock I/O
pin.

H Noise canceller on P42/INT22/SO2/SDA and P43/INT23/SI2/SCL

Noise cancellation is applied to the external signals of the P42/INT22/SO2/SDA and P43/INT23/
SI12/SCL pins before the internal interface circuit. Spikes of 20 ns or less are canceled. The
noise canceller cannot be used while the DMBP bit of the ICCR is enabled (only for
MB89PV530).
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B Block diagram of pins related to the I12C bus interface

Figure 19.3-1 Block Diagram of Pins Related to I12C Bus Interface
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19.4 Registers of the I12C Bus Interface

19.4 Registers of the 12C Bus Interface

This section shows the registers related to the I2C bus interface.

B Registers Related to I°C Bus Interface

Figure 19.4-1 Registers Related to I12C Bus Interface

IACR (12C address control register)
Address bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0 Initial value

0050H - - - - - SAC2 | SAC1 | SACO| - 0008

RW RW RW

IBSR (I2C bus status register)

Address bit7  bit6  bit5  bit4  bit3  bit2  bitl  bitd Initial value
0051H BB | RSC | AL | LRB | TRX | AAS | GCA | FBT 000000008
R R R R R R R R

IBCR (I2C bus control register)

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value

0052H BER | BEIE | SCC | MSS | ACK |GCAA| INTE | INT 000000008

RW RW RW RW RW RW RW RW

ICCR (I2C clock control register)
bit7  bit6  bit5  bit4  bit3  bit2  bitl bit0

Address Initial value
0053H DMBP| IBS EN CS4 | CS3 | Ccs2 | CSt CSo 000XXXXXB
RW RW RW RW RW RW RW RW
IADR (I2C address register)
Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0054 H - A6 A5 A4 A3 A2 A1l AO -XXXXXXXB
RW RW RW RW RW RW RW
IDAR (12C data register)
Address bit7  bite  bit5  bit4  Dbit3  bit2 bt  bit0 Initial value
0055H D7 D6 D5 D4 D3 D2 D1 DO XXXXXXXXB

RW RW RW RW RW RW RW RW
R/W : Read/write enabled

R : Readonly
— : Not used
X 1 Undefined
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19.4.1 12C Address Control Register (IACR)

The I2C address control register (IACR) indicates the state of the interface.

B 12C address control register (IACR)

Figure 19.4-2 12C Address Control Register (IACR)

Address  bit7 bit6  bit5 bit4 bit3 bit2  bit1  bit0 Initial value
oosoH | - | - | = | = | - [sacz|sAct|sAco| ---000s
RW RW R/W

Is SACO Bit 0
0 No effect on any other registers
1 Bit 0 cannot be handled by the slave address comparator.
SACH Bit 1
0 No effect on any other registers
1 Bit 1 cannot be handled by the slave address comparator.
SAC2 Bit 2
0 No effect on any other registers
1 Bit 2 cannot be handled by the slave address comparator.

R/W : Read/Write enabled
— : Unused

|:| . Initial value
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Table 19.4-1 Description of the I°C Address Control Register (IACR) Bits

Bit Description

bit7
bit6
bits5 Unused
bit4
bit3

¢ Values read are undefined.
* Writing has no effect on the operation.

* Writing 0 into this bit has no effect on the operation.

e Setting 1 to this bit makes the sleep address comparator
ignore bit 2 of the I°C address register (IADR). When the
other IADR bits contain an address code which is the
same as that sent from the master chip, it is assumed that
the address codes match.

bit2 SAC2

* Writing 0 into this bit has no effect on the operation.

e Setting 1 to this bit makes the sleep address comparator
ignore bit 1 of the I°C address register (IADR). When the
other IADR bits contain an address code which is the
same as that sent from the master chip, it is assumed that
the address codes match.

bit1 SAC1

e Writing 0 into this bit has no effect on the operation.

e Setting 1 to this bit makes the sleep address comparator
ignore bit 0 of the I°C address register (IADR). When the
other IADR bits contain an address code which is the
same as that sent from the master chip, it is assumed that
the address codes match.

bit0 SACO
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19.4.2 1°C Bus Status Register (IBSR)

The IBSR register indicates the status of the interface.

B 12C Bus Status Register (IBSR)

456

Figure 19.4-3 I2C Bus Status Register (IBSR)

Address bit7

bit6  bit5  bit4

bit3  bit2  bitl bit0 Initial value

0051H | BB |RSC | AL | LRB | TRX | AAS | GCA| FBT | 000000008

R

R R R R

First byte detection bit

The received data is a byte other than the first byte when data is
received

The received data is the first byte (address data) when data is
received

General call address detection bit

In slave mode, the general call address is not received

In slave mode, the general call address is received

Addressing detection bit

The specific address calling address did not match in slave mode.

The specific address calling address matched in slave mode.

Data transfer state bit

Reception mode

Transmission mode

Last received bit

An acknowledge was detected in the ninth clock.

An acknowledge has not been detected in the ninth clock.

Arbitration lost bit

Arbitration lost is not detected

Arbitration lost is generated while the master is transmitting data
or "1" is written to the IBCR: MSS bit when another system is
using the bus

RSC

Repeated start condition detection bit

Repeated start condition is not detected

Start condition is detected again when the bus is in use

R/W : Read only
[—1: Initial value

Bus busy bit

Stop condition is detected

Start condition is detected (The bus is in use.)
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Table 19.4-2 Functions of Each Bit in 1°C Bus Status Register (IBSR)

First byte detection bit

Bit name Function
BB: * This bit indicates the state of the bus.
Bit 7 Bué busy bit e This bit is cleared when a stop condition is detected and
set when a start condition is detected.
¢ This bit detects the repeated start condition. (RSC=1)
This bit is set when a start condition is detected and
RSC: cleared in the following state.
Bit 6 Repeated start condition 1. "0" is written to the IBCR: INT bit
detection bit 2. This bit is not addressed in slave mode.
3. A start condition is detected during bus stop
4. A stop condition is detected
e This bit detects arbitration lost. This bit is set in the
following states.
1. Arbitration lost is detected when the master is transmitting
Bit 5 AL . data .
Arbitration lost bit 2. "1" is written to the IBCR: MSS bit when another system
is using the bus
e This bit is also cleared when "0" is written to the IBCR:
INT bit
e This bit stores the SDA line value of the 9th clock when
the data byte is transferred.
Bit 4 LRB: ¢ Cleared when an acknowledge bit is detected. (SDA =L)
Acknowledge storage bit e Set when an acknowledge bit is not detected. (SDA = H)
e Cleared with "0" when a start or stop condition is
detected.
Bit 3 TRX: ¢ This bit indicates whether the data transfer is performed in
Data transfer state bit the transmission mode or the reception mode.
e This bit indicates addressing is performed in slave mode.
Bit 2 AAS: e This bit is set when addressing is performed in slave
Addressing detection bit mode and cleared when a start or stop condition is
detected.
e This bit detects a general call address.
GCA: e If this bit is set to "1" in slave mode, the general call
Bit 1 General call address address (00y) is received.
detection bit * This bit is cleared when a start or stop condition is
detected.
¢ This bit detects the first byte
FBT- e This bit is always set to "1" in the start condition.
Bit 0 ' e This bitis set to "1" when a start condition is detected and

cleared when "0" is written to the IBCR:INT bit or when
this bit is not addressed in slave mode.
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19.4.3 12C Bus Control Register (IBCR)

The IBCR register is used to select the operating mode, enables/disables interrupts,
enables/disables acknowledge, and enables/disables general call acknowledge.

B 12C Bus Control Register (IBCR)

Figure 19.4-4 12C Bus Control Register (IBCR)

Address bit7  bit6  bits5 bit4 bit3 bit2 bit1  bitd Initial value

0052H | BER | BEIE | SCC | MSS | ACK |GCAA| INTE| INT | 000000008

RW RW RW RW RW RW RW RW

L Transfer end interrupt request flag bit
NT Read Write
0 |Data transfer not completed Clear
One byte data transfer including No change
acknowledge of the ninth clock completed

—> INTE Interrupt request enable bit

0 [Disables interrupt request output

1 |Enables interrupt request output

General call address acknowledge generation enable bit

0 |Acknowledge is not generated

1 [Acknowledge is generated

ACK Data acknowledge generation enable bit
0 |Acknowledge is not generated

1 |Acknowledge is generated

MSS Master/slave selection bit
0 |Selects slave mode

1 |Selects master mode

Start condition generation bit
SCC -
Read Write
0 | AlwaysO No change
1 _ Generates repeated start condition
in master mode.
BEIE Bus error interrupt request enable bit

0 |Disables bus error interrupt request output

1 |Enables bus error interrupt request output

Bus error interrupt request bit
BER Read Write
0 |No bus error Clear
1 | Anillegal start or stop condition No change
R/W : Read/write enabled is detected

[—1: Initial value
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Table 19.4-3 Functions of Each Bit in I12C Bus Control Register (IBCR)

Bit 7

Bit name Function
e This bit clears a bus error interrupt and detects a bus
error.
e When a bus error is detected, "0" is written and the bus
e error interrupt is cleared.
BER: e When "1" is written, there is no change and no effect on

Bus error interrupt request
flag bit

others.

When an illegal start or stop condition is detected during
data transfer, this bit is set.

When this bit is set, the I°C bus interface enable bit in the
ICCR register (ICCR:EN) is cleared, the I2C bus interface
enters stop mode, and data transfer is terminated.

Bit 6

BEIE:
Bus error interrupt request
enable bit

This bit enables (BEIE = 1) or disables (BEIE = 0) the
generation of a bus error interrupt request.

When this bit is set and BER = 1, an interrupt request is
sent to the CPU.

Bit 5

SCC:
Start condition generation
bit

When this bit is set, a repeated start condition in master
mode is generated. (SCC = 1)

No change when "0" is written.

The read value of this bit is always "0".

Note:

Do not write SCC = 1 and MSS = 0 simultaneously.

If "1" is written to SCC when INT = 0, setting the SCC bit
to "1" has the higher priority, and a start condition is
generated.

Bit 4

MSS:
Master/slave selection bit

This bit selects the slave mode (MSS = 0) or the master
mode (MSS = 1).

When this bit is cleared to "0", a stop condition is
generated and the master mode is switched to the slave
mode after transfer is completed.

When this bit is set to "1", the slave mode is switched to
the master mode, a start condition is generated, and
transfer is started.

If arbitration lost is generated when the master is
transmitting data, this bit is cleared and the master mode
is switched to the slave mode.

Note:

Do not write SCC = 1 and MSS = 0 simultaneously.
If "0" is written to MSS when INT = 0, "0" in the MSS bit
has a higher priority and a stop condition is generated.

Bit 3

ACK:
Data acknowledge
generation enable bit

This bit enables or disables the output of the acknowledge
bit in the 9th clock at data reception.

This bit is disabled while address data is received in slave
mode. Moreover, acknowledge is sent during addressing.

Bit 2

GCAA:

General call address
acknowledge generation
enable bit

This bit permits output of the general call address
acknowledge bit during reception in slave mode.
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Table 19.4-3 Functions of Each Bit in 1°C Bus Control Register (IBCR) (Continued)

Bit name

Function

Bit 1

INTE:
Transfer end interrupt
request enable bit

This bit selects whether an interrupt at the end of transfer
is enabled (INTE = 1) or disabled (INTE = 0).

When this bit is set and INT is set to "1", a transfer end
interrupt request is sent to the CPU.

Bit 0

INT:
Transfer end interrupt
request flag bit

aogrwbO~

With this bit, the data transfer end interrupt request flag
can be cleared. In addition, it can be determined whether
the interrupt is detected.

When "0" is written, the transfer end interrupt request flag
is cleared. When "1" is written, no change occurs.

If any of the following five conditions is met when one byte
transfer including the acknowledge bit is completed
(including the acknowledge bit in the 9th clock), this bit is
setto "1".

Bus master mode

The calling address matches the slave address

A general call address is received

Arbitration lost is generated

An attempt was made to generate a start condition while
another system was using the bus

When this bit is set to "1", the SCL line is kept at the "L"
level. This bit is cleared when "0" is written to this bit. At
this time, this macro releases the SCL line and transfers
the next byte.

This bit is also cleared to "0" when a start or stop
condition is generated in master mode.

Note:

If "1" is written to SCC when INT =0, "1" in the SCC bit
has a higher priority and a start condition is generated.
If "0" is written to MSS when INT =0, "0" in the MSS bit
has a higher priority and the stop condition is generated.
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19.4.4 1%C Clock Control Register (ICCR)

The ICCR register is used to permit the operation of the I2C and select the shift clock
frequency.

B 12C Clock Control Register (ICCR)

Figure 19.4-5 IC Clock Control Register (ICCR)

Address bit7  bite bits bit4 bit3 bit2 bit1  bit0 Initial value
0053H |DMBP| IBS | EN | CS4 | CS3 | CS2 | CS1 | CSo0 | 000XXXXXB
RW RW RW RW RW RW RW RW
| | [ |
Clock 2 selection bit
CS2|CS1|CSo Divider n
0 0 0 4
0 0 1 8
0 1 0 16
0 1 1 32
1 0 0 64
1 0 1 128
1 1 0 256
1 1 1 512
Clock 1 selection bit

CS4|CS3 Divider m
0 0 5
0 1 6
1 0 7
1 1 8
EN 12C operation enable bit

0 | Disables I2C operation
Enables 12C operation

IBS Input buffer selection bit

0 | System management bus input buffer
1 | I2C interface input buffer

DMBP| Divider m bypass bit

0 | Bypass prohibited

1 | Bypass divider m

R/W : Read/write enabled
X :Undefined
[_1: Initial value
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Table 19.4-4 Functions of Each Bit in I2C Clock Control Register (ICCR)

Bit name Function
e This bit is used to bypass the m divider for generating a
shift clock frequency.
¢ When "0" is written, the value set in CS3 and CS4
Bit 7 DMBP: becomes the value of the m divider.
Divider m bypass bit * When "1" is written, the m divider is bypassed. This is
equivalenttom = 1.
* Inread cycle, the present set value can be read.
* Whenn=28(CS2=CS1=CS0 = 0), do not set this bit.
e This bit is used to select the characteristics of the input
buffer.
Bit 6 IBS: e Writing O selects the system management bus input
Input buffer selection bit buffer.
*  Writing 1 selects the 1°C input buffer.
e The current value is read from this bit.
¢ This bit permits the operation of the multi-address 12C
EN-: interface (EN = "1").
Bit 5 Muiti-address 2C operation . Whgn the bit is 0 each bit of the IB_SR gnd IBCR
permission bit registers (excluding BER and BEIE bits) is cleared to "0".
* When the IBCR:BER bit is set, the bit is cleared.
* This bit must be enabled to write all the 12C registers.
Bit 4 CS4, CS3: ¢ This bit sets shift clock frequency.
Bit 3 Clock 1 selection bit » Shift clock frequency Fsck is determined by the following
formula.
Fsck = 2Finst4
. mXxn+
o CS2,CS1, CS0:
Bit 0 Clock 2 selection bit Where, tjnst is an instruction cycle (the clock in the SYCC

selected by the CS bit). When DMBP is "0", m is selected by
CS4 and CS3. When DMBP is "1," mis "1." nis selected by
CS2, CS1, and CSO0.
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Note:

The 12C interface described in this section is an 12C bus of the standard mode. Therefore, a
shift clock frequency of up to 100 KHz can be set.
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19.4.5 1°C Address Register (IADR)

The IADR register is used to set the slave address.

B 12C Address Register (IADR)

Figure 19.4-6 I°C Address Register (IADR)

X

R/W : Read/write enabled

Address bit7 bité bits bit4 bit3 bit2 bit1 bit0 Initial value

0054H - A6 A5 A4 A3 A2 Al A0 -XXXXXXXB

RW RW RW RW RW RW RW

: Undefined

In slave mode only, this register specifies a valid slave address. The address consists of 7 bits.
The master sends the address using 8 bits by adding a R/W bit to its end.

In slave mode, after the reception of an address sent from the master, values in the lower 7 bits
of the IDAR register are compared with those of this register to judge the addressing.
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19.4.6 1°C Data Register (IDAR)

The IDAR register is used to set transmission data and to store received data.

B 12C Data Register (IDAR)

Figure 19.4-7 12C Data Register (IDAR)

R/W : Read/write enabled

X

Address bit7 bité bit5 bit4 bit3 bit2 bit1 bit0 Initial value

0055H D7 D6 D5 D4 D3 D2 D1 Do XXXXXXXXB

RW RW RW RW RW RW RW RW

: Undefined
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In master mode, the data written in the register is shifted to the SDA line bit by bit from the MSB
bit.

The write side in this register is made up of a double buffer. When the bus is in use (IBSR: BB
= 1), written data is loaded to the eight-bit shift register when the transfer of the present byte is
completed. The data in the shift register is shifted and output to the SDA line bit by bit. The
value written to this register has no effect on the present data transfer. Also in slave mode, the
same function can be used after the address is determined.

When IBCR: INT = 1 at data reception (IBSR: TRX = 0), the received data can be read from this
register. In other cases, "FF4" is always read from this register. During data transfer

(IBSR:TRX = 1), however, the value of the shift register can be read from the IDAR register.



19.5 I2C Interface Interrupts

19.5 12C Interface Interrupts

The I?C interface may generate an interrupt request when the data transfer is
completed, a bus error has occurred, or a timeout is detected.

B Interrupt at Bus Error

When the following conditions are met, a bus error is assumed to have occurred and the 1°C
interface is stopped.

» When a violation of an I°C bus standard definition is detected during data transfer (including
transfer of the ACK bit).

 When a violation of an 1°C bus standard definition is detected while the bus is idle.
e When the SCL line is set to the "L" level at the time a start condition is generated.
¢ When a retransmission start condition is detected (IBSR:RSC = 1) in bus master mode.

If the bus error interrupt request enable bit is enabled (IBCR:BEIE = 1) at this time, an interrupt
request is output to the CPU. Clear the interrupt request by writing "0" to the IBCR:BER bit in
the interrupt processing routine.

If a bus error has occurred in spite of the IBCR:BEIE bit value, the BER bit is set to "1".

H Interrupt at Data Transfer Completion

The I2C interface is used to transmit data to and receive data from the SDA line one bit at a
time. One data byte is defined to always consist of eight bits. Data can be changed only while
the SCL is set to "L." While the SCL is set to "H," the data must be stabilized. One clock pulse
transfers 1 bit of data, starting with the MSB. A byte of data must arrive after the SDA line is
pulled down at the 9th clock and an acknowledge signal has been received from the receiving
device. That is, nine clock pulses are required to completely transfer one byte of data.

When data transfer is completed and the transfer end interrupt request enable bit is enabled
(IBCR: INTE = 1), an interrupt request (IRQ2) is output to the CPU. Clear the interrupt request
by writing "0" to the INT bit in the interrupt processing routine.

If data transfer is completed in spite of the INTE bit value, the INT bit is set to "1".

B Register and Vector Table Address Related to Interrupt of I12C Interface

Table 19.5-1 "Register and Vector Table Address Related to Interrupt of I2C Interface" shows
the register and vector table for I°C interface interrupts.

Table 19.5-1 Register and Vector Table Address Related to Interrupt of I12C Interface

Interrupt Interrupt level setting register Vector table address
name
Register Bit to be set Upper Lower
IRQ2 ILR1 (007By) L21 (bit 5) L20 (bit 4) FFF6y FFF74

For interrupt operation, see Section 3.4.2 "Interrupt Processing".
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19.6 Operation of the I2C Interface

The I2C interface is a serial data base of 8-bit data synchronized with the shift clock.

B 12C Bus System

The 12C bus system uses a serial data line (SDA) and a serial clock line (SCL) to transfer data.
All connected devices require an open-drain or open collector output. The logic function is used
by connecting a pull-up resistor.

Each device connected to the bus has a unique address and can be set by software. Among
the devices, simple master/slave relations are established and master devices function as

master transmitters or master receivers. The I2C interface is a full-fledged multi-master bus
equipped with collision detection and arbitration functions so that data destruction can be
prevented even if two or more masters attempt to start data transfer simultaneously.

B 12C Bus Protocol

Figure 19.6-1 "Data Transfer Example" shows the format required for data transfer.

Figure 19.6-1 Data Transfer Example

MSB LSB  MSB LSB
| A U A

| | |
gé?]rctiition 7-bit address R/W 8-bit address ‘ StO% "
Acknowledge bit No acknowledge """

After a start condition (S) is generated, a slave address is transmitted. This address is a seven-
bit address followed by a data direction bit (R/W) as bit 8. Data transfer is always ended with
the master stop condition (P). It is also possible to address to another slave without generating
a stop condition by generating a repeated start condition (Sr).

H Start Condition
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While the bus is released (both the SCL and SDA lines are "H"), the master generates a start
condition to start transmission. As indicated in Figure 19.6-1, changing the SDA line state from
"H" to "L" while SCL is "H" generates a start condition, then a start of transmission (hereinafter
referred to as "bus busy") is posted to devices connected to the bus. The two methods for
generating a start condition are shown as follows.

 Writing "1" to the IBCR: MSS bit in states where the I°C bus is not used (IBCR: MSS = 0,
IBSR: BB = 0, IBCR: INT = 0, IBSR: AL = 0). Thereafter, IBSR: BB is set to "1" to indicate
bus busy.

e Writing "1" to the IBCR: SCC bit in interrupt states in bus master mode (IBCR: MSS = 1,
IBSR: BB =1, IBCR: INT =1, IBSR: AL = 0) and generates a repeated start condition.

Even if "1" is written to the IBCR:MSS bit or "1" is written to the IBCR:SCC bit under conditions
other than the above, it is ignored. If "1" is written to the IBCR:MSS bit while another system is



B Addressing

O

19.6 Operation of the I2C Interface

using the bus (in the idle state), the IBSR:AL bit is set to "1".

Addressing in master mode

In master mode, after the start condition is generated, "1" is set to IBSR:BB and "1" is set to
IBSR:TRX. Then, the address data in the IDAR register (IDAR:D7 to D1) is output from the
MSB. This address data consists of 8 bits: 7 bits for the slave address and 1 R/W bit
(IDAR:DO) for indicating the direction of data transmission.

After the address data is transmitted, the master receives an acknowledgement from the slave
(the SDA line is set to "L" by the 9th clock, the master receives the acknowledgement bit from
the receiving device), and then reverses bit 0 of the received data (IDAR:DO after transmission)
and stores it in the IBSR:TRX bit.

Addressing in slave mode

In slave mode, the BB and TRX bits in the IBSR register are set to "1" and "0," respectively,
after a start condition is detected and data from the master is received by the IDAR register.
After receiving the address data, the IDAR and IADR registers are compared. If the values
match, IBSR:AAS is set to "1" and an acknowledgement is sent to the master. Thereafter, bit 0
of the received data (IDAR:DO after reception) is stored in the IBSR:TRX bit.

Bl Data Transfer

After addressing of a slave has been completed, data can be transmitted and received in byte
units in the direction determined by the R/W bit sent by the master.

Each byte output to the SDA line is fixed to 8 bits. As shown in Figure 19.6-1 "Data Transfer
Example", data (SDA line) is changeable only when the SCL line is at Level L. While the SCL
line is at H, the state must be stable. With the MSB at the head, each bit of data is transmitted
with one clock pulse. Each byte has an acknowledgement bit (the SDA line is set to "L" by the
9th clock and the master receives the acknowledgement from the receiving device). Therefore,
9 clock pulses are required to transfer one complete data byte.

B Acknowledge

Acknowledge is transmitted from the receiving end for the 9th clock of data byte transfer from
the transmitting end.

When data is received, the IBCR:ACK bit is used to enable or disable acknowledgement. When
data is transmitted, acknowledgement from a receiving end is stored into the IBSR:LRB bit.

Upon transmission from a slave, if no acknowledgement is received from the master, 0 is set to
IBSR:TRX, and then the slave enters reception mode. The master can generate a stop
condition when the slave releases the SCL line or repeatedly generates a start condition.

B Stop Condition

By generating a stop condition, the master can release the bus to terminate communication. A
stop condition can be generated by changing the SDA line from "L" to "H" when the SCL line is
at the "H" level. The master can generate start conditions continuously without generating a
stop condition. This is called the repeated start condition.

In bus master mode, a stop condition is generated by writing "0" to the IBCR: MSS bit in the
interrupt state (IBCR: MSS = 1, IBSR: BB = 1, IBCR: INT = 1, IBSR: AL = 0) and the master
mode is switched to the slave mode.
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H Arbitration
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Even if "0" is written to the IBCR: MSS bit in other the above, it is ignored.

This interface circuit is a full-fledged multi-master bus that can connect two or more masters. |If
a master transfers data and another master transfers data simultaneously, an arbitration is
generated.

An arbitration occurs in the SDA line when the SCL line is at the "H" level. The master
recognizes the occurrence of an arbitration lost when its transmission data is "1" and data on
the SDA line is at the "L" level, and then it sets data output to off and sets the IBSR: AL bit to
"1". When the IBSR: AL is set to "1", "0" is written to IBCR: MSS and IBSR: TRX. As a result,
the TRX is cleared and the master mode is switched to the slave reception mode.

Note:

When the bus is used as described above, an attempt to generate a start condition sets
IBSR:AL to 1. However, IBCR:MSS is set to 1.
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19.7 Notes on Using the I2C Bus Interface

This section describes precautions to take when using the I2C bus interface.

B Notes on Using the I2C Bus Interface

O Precaution in Setting the I12C Bus Interface Register

Before writing to the bus control register (IBCR), the I2C interface must be enabled (ICCR:
EN).

When the master slave selection bit (IBCR: MSS) is set, transfer starts.

O Precaution in Setting the Shift Clock Frequency

To calculate the shift clock frequency using the Fg expression (1) in Table 19.4-4

"Functions of Each Bit in I°C Clock Control Register (ICCR)", it is necessary to know the
values of m, n, and DMBP.

When mis 5 (ICCR:CS4 = CS3 = 0) and n is 8 (ICCR:CS2 = CS1 = CS0 = 0), the DMBP
value cannot be selected. Other combinations do not present a problem.

O Precautions Related to Priority when Contention Occurs during Transfer of the Next Byte,
Occurrence of a Start Condition, and Occurrence of a Stop Condition

Contention of the next byte transfer and stop condition

When "0" is written to IBCR: MSS in states where IBCR: INT is cleared, the MSS bit has a
higher priority and a stop condition is generated.

Contention of the next byte transfer and start condition

When "1" is written to IBCR: SCC in states where IBCR: INT is cleared, the SCC bit has a
higher priority and a start condition is generated.

O Precaution on Setting with Software

Do not select the repeated start condition (IBCR: EN = 0) and the slave mode (IBCR: MSS =
0) at the same time.

In those states in which the interrupt request flag bits (BER and INT in the IBCR register) are
set to "11g" and the interrupt request enable bits are enabled (BEIE and INTE in the IBCR

register are set to "11g"), recovery from interrupt processing is not possible. Clear the BER
and INT bits in the IBCR register.

When [2C operation is not permitted (ICCR:EN = 0), all the bits of the bus status register
IBSR and the bus control register IBCR (excluding the bus error BER bit and the bus error
enable BEIE bit) are cleared.

469



CHAPTER 19 12C INTERFACE

O Input buffer selection (for other than MB89567A)

This I12C interface can support the I°C bus and SM bus. Therefore, select an appropriate input
buffer characteristics depending on the bus interface system to be used. The characteristics of
this input buffer can be selected by using the IBS bit of the ICCR register. Specifying 0 for the

bit sets the SM bus, while specifying 1 sets the I°C bus.
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19.8 12C Bus Interface Flowcharts

This section provides sample operation flowcharts for the I2C bus interface.

B Sample flowchart of an I2C master transmission/reception program

Main routine

Set a slave
address
—|
Enable operation
of example of I°C
Is the
master performing
transmission?
Master

transmitting

Master
receiving

Set the number of bytes of
data to be transmitted

Set the number of bytes of
data to be received

Send the set slave address
(data direction bit = 0)

Receive the set slave address
(data direction bit = 1)

@
No

ﬁ BBbit=1?
No

Sending the slave address
generates a start condition

Sending the slave address
generates a start condition

[Wait for the specified time]

[Wait for the specified time]

I

s 0 set in BBbit ~~Y €S Is 0 set in BBbIT ~~Y €S
and 1in Albit? Disabie The and 1 in Albit?. Disabie The
i 2
No operation of 12C No

operation of 12C

Interrupt routine

% $
A stop condition is Clear the cause of
generated bus error interrupt

Has a bus error—X&s
occurred?
No
Has AL been
generated?
No
- No
Is it the master?
Yes
Has ACK been~No
returned?

Enable operation
of I°C
Specify initial 1°C
settings

To the routine for
interrupting the slave
program

Yes
Has 1 No Isthe Yes
been set in data direction number of remaining bytes t0 @
bit TRX? be received 02
Yes
Isthe
umber of remaining bytesYes
0 be transmitted 07

|

Enable generation of an
acknowledgement

Disable generation of

Reduce the number of bytes to
acknowledgement

be transmitted

|

Set the data to be
transmitted

I

Is the received byte Y
the first byte?
No

Reduce the number of bytes to
be received

Clear the cause of
transmission end interrupt

RETI

[Store the received data into RAM]|

Clear the cause of
transmission end interrupt

RETI
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B Sample flowchart of an I2C slave transmission/reception program

Main routine Interrupt routine

@
v

®
v

Clear the cause
of transmission

Clear the cause of
bus error interrupt

Set the slave Y
address Has a bus error ®
occurred?
Enable operation No
of I°C

Has it been No @

Set slave mode addressed?

[ Yes
No

s 1 setin data

end interrupt

(RETI )

Enable operation
of I2C

Specify initial 1°C
settings

direction bit TRX?2

Yes

<Slave transmitting>
Has ACK been N @
returned?

Yes

Set the data to be
transmitted

Clear the cause of
transmission end interrupt

RETI

<Slave receiving>

Is the
received data an
address?

Yes

Store the received
data into RAM

Clear the cause of
transmission end interrupt

RETI
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19.9 Program Example of the 12C Bus Interface

This section shows a sample program for the I2C bus interface.

B Program Example for Master Transfer Mode

O Processing specifications

Transfer rate: 100kbps
Use of a buffer with input features that support the SM bus
Setting in master transfer mode

Data (64y) transmission to the slave at address 19y

The following equation shows the m and n values of the ICCR register required to set the
serial transfer rate (Fsck) at about 100 kbps when the oscillation frequency (Fc) is 10MHz.

2Finst  2(10 MHz/2/2)
mxn+4 6x8+4

Fsck = = 100 kbps

Finst = 1/tinst x 10 MHz/2/2=2.5 MHz

mis selected by CS4 and CS3 of the ICCR register.

nis selected by CS2, CS1, and CSO0 of the ICCR register.
m x n =5 MHz/100 KHz - 4 = 46 (app. 6 x 8)

The ICCR register value (bits 4 to 0) is 010008 and
ICCR:DMBP (bit 7) is set to Os.
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O Coding example

IBSR EQU 0051H ;Address of the 1%C bus status register

IBCR EQU 0052H ;Address of the I2C bus control register

ICCR EQU 0053H ;Address of the 1°C clock control register

IADR EQU 0054H ;IZC address register

IDAR EQU 0055H ;I%C data register

EN EQU ICCR:5 ;Define the 1%C bus interface enable bit.

BER EQU IBCR:7 ;Definition of the bus error interrupt request
flag bit

INT EQU IBCR:0 ;Definition of the transfer end interrupt
request flag bit

ILR1 EQU 007BH ;Address of the interrupt level setting register

INT_V DSEG ABS ; [DATA SEGMENT]

ORG OFFF6H
IRQ2 DW WARI ;Interrupt vector setting

INT_V ENDS

CSEG ; [CODE SEGMENT]
;Assume that the stack pointer (SP) and other
necessary elements have already been

initialized.

CLRI ;Disables interrupts.

SETB EN ;Enable I°C operation.

MOV ILR1,#11011111B ;Set the interrupt level (level 1).

MOV ICCR, #028H ;Enable 1%¢C operation and select 100 kHz for
the shift clock frequency.

SETI ;Enables interrupts.

MOV IADR,#10110010B ;Set the local address to B2H.

MOV IDAR,#00110010B ;Transfer the calling address as 19H and SET R/W
permission to write.

MOV IBCR,#01011110B ;Enable the interrupt request flag, set master
mode, and enable acknowledge.

STA_CON MOV A,#01110110B ;Wait for generation of a start condition and end

transfer of the first byte.

OR A,IBSR ;

CMP A,#11111111B ;

BNZ STA_CON ;

MOV IDAR, #01100100B ;Transfer 64H as data.

jommmm - Interrupt Program- - - - - - - - - - - - - - - - - - - oo

WARI BBS IBCR:7,BE_INT ;Check the bus error interrupt request flag.
BBS IBCR:0,DTC_INT ;Transfer end interrupt request flag

BE INT CLRB BER ;jClear the bus error interrupt request flag.
PUSHW A
XCHW A, T ;Save A and T.
PUSHW A

User processing

JMP WARI_F

DTC_INT CLRB INT ;Clear the data transfer end interrupt request
flag.
PUSHW A
XCHW A, T ;Save A and T.
PUSHW A
WARI_F POPW A
XCHW A,AT ;Restore A and T.
POPW A
RETI
ENDS
END
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CHAPTER 20 WILD REGISTER FUNCTION

This chapter describes the functions and operations of the wild register function.

20.1
20.2
20.3
20.4
20.5

"Overview of the Wild Register Function"
"Configuration of the Wild Register Function"
"Registers of the Wild Register Function"
"Operation of the Wild Register Function"

"General Hardware Connections"
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20.1 Overview of the Wild Register Function

The wild register includes a combination of a 6-byte data register, a 6-byte upper
address register, a 6-byte lower address register, a 1-byte data enable register, and a
1-byte data test register. The wild register has many functions, but its main function is
to replace ROM codes in the ROM space. This section describes the functions of the
wild register.

B Wild Register Function

476

The wild register consists of a combination of a 6-byte data register, a 6-byte upper address
register, a 6-byte lower address register, a 1-byte data enable register, and a 1-byte data test
register. Data in the ROM space can be replaced with arbitrary data in these registers by
specifying the data and address for replacement. Data of up to six bytes can be allocated to the
six data registers. Up to six addresses can be allocated to the six upper address registers and
six lower address registers.

Using the wild register function, you can debug a program and apply a patch to a faulty location
after masking. You can also replace any ROM code in the ROM space and search tables
according to settings by other applications. The settings of the wild register are made
employing a specialized communication method via a device.

Note:

The functions of the wild register cannot be debugged by a tool. Use the MB89P568 to
check wild register operation on an actual machine.



20.2 Configuration of the Wild Register Function

20.2 Configuration of the Wild Register Function

The wild register function consists of the following two blocks:

Wild register data setting registers (WRDR1 to WRDR®6)
Wild register upper address setting registers (WRARH1 to WRARH®6)
Wild register lower address setting registers (WRARL1 to WRARLG6)

Wild register enable register (WREN)
Wild register data test register (WROR)

Wild register comparison circuit and logic control circuit

B Block Diagram of the Wild Register Function

Figure 20.2-1 Block Diagram of the Wild Register Function

Internal bus

Wild register function

Internal ROM

Decoder and
logic control
circuit

Control circuit section Access control

Address
comparison
circuit

]

A

| I

Wild register upper
address setting
register

Wild register lower
address setting
register

A

A

A

Wild register data
setting register

Access control

circuit

Wild register
enable register

A

Wild register data
test register

Memory space
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20.3 Registers of the Wild Register Function

This section describes the registers related to the wild register function.

B Registers Related to the Wild Register Function

Figure 20.3-1 Registers Related to the Wild Register Function

Wild register data setting register (WRDR1 to WRDR6)

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

8 g : g: |RDO7‘RD06‘RDOS‘RDO4‘RD03‘RDO2‘RDO1 ‘RDOOl KXXXXXXKe

0C88n RW RW RW RW RW RW RW RW
0C 8B
0C8En
0C91u

Wild register upper address setting register (WRARH1 to WRARHB6)

Address bit7 bit6 bits5 bit4 bit3 bit2 bit1 bit0 Initial value

g g g gH |RA15‘ RA14‘ RA13‘ RA12‘ RA11 ‘RA10‘RA09‘ RA08| XXXXXXXXe
H

0C 86 RW RW RW RW RW RW RW RW
0C 89
0C8Cn
0C8Fn

Wild register lower address setting register (WRARL1 to WRARLS)

Address bit7 bit6 bits bit4 bit3 bit2 bit1 bit0 Initial value

8 g 2 1: |RAO7‘ RAOS‘RAOS‘ RAO4‘RAO3‘ RA02‘ RAO1 ‘RAOOl XXXXXXXXs

0C87+ RW RW RW RW RW RW RW R/W
0C8AH

0C 8Dn
0C90H

Wild register enable register (WREN)

Address  bit7 bit bit5 bit4 bit3 bit2 bit! bit0 Initial value
00774 | — \ — ‘ENOS‘ENO4‘ENOS‘ENOZ‘ENM‘ENOOl --000000s

RW RW R/W R/W RW R/W
Wild register data test register (WROR)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
00784 | — \f ‘DRRS‘DRFM‘DRFB‘DRRZ‘DRR1‘DRROl 000000

RW RW RW R/W R/W R/W

R/W : Read/write enabled
R : Read-only enabled
— : Not used
X : Undefined
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20.3.1 Data Setting Registers (WRDR1 to WRDR®6)

The data setting registers (WRDR1 to WRDRG6) contain correction data to be set using
the wild register function.

B Data Setting Registers (WRDR1 to WRDR6)

Figure 20.3-2 Setting Data Registers (WRDR1 to WRDR6)

WRDR1

Address bit7  bit6  bit5  bit4  bitd  bit2  bitl _ bito  Initial value
0C82H | RD07 | RDO6 | RDO5 | RDO4 | RDO3 | RD02 | RDO1 | RD0O | XXXXXXXXs
RW RW RW RW RW RW RW RW

WRDR2

Address bit7  bit6  bit5  bit4  bitd3  bit2  bitl  bito Initial value
0C85H | RD0O7 | RDO6 | RDO5 | RD04 | RDO3 | RD02 | RDO1 | RDOO | XXXXXXXXs
RW RW RW RW RW PRW RW RW

WRDR3

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 pito  [Initial value
0C88H | RDO7 | RDO06 | RDO5 | RD04 | RDO3 | RD02 | RDO1 | RDOO |XXXXXXXXB

R/W R/W R/W R/W R/W R/W R/W R/W

WRDR4

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0C8BH | RD07 | RDO6 | RDO5 | RD04 | RD03 | RD02 | RDO1 | RD0OO | XXXXXXXXs
RW RW RW RW RW PRW RW RW

WRDR5

Address  bit7  bit6  bits  bit4  bit3  bit2  bit1 bit0  Initial value
OC8EH | RD07 | RDO6 | RDO5 | RD04 | RD03 | RD02 | RDO1 | RD0OO | XXXXXXXXs
RW RW RW RW RW PRW RW RW

WRDR6

Address  bit7  bite  bit5 _ bitd _ bit3 btz bitl bito Initial value
0C91H | RDo7 | RDO6 | RDO5 | RDO4 | RDO3 | RD02 | RDO1 | RDOO | XXXXXXXXs
RW RW RW RW RW PRW RW RW

R/W : Read/write enabled
X : Undefined
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Figure 20.3-3 Data Settings for Wild Registers

WRDR1 to WRDR6

bitZ __ bit __ bit5 _ bitd _ bit3 _ bit2 __bitl bito  Initial value
[ rRD07 | RDO6 | RDO5 | RD04 | RD03 | RD02 | RDO1 | RDOO | XXXXXXXXs
RW RW RW RW RW RW RW RW

Bit name Description

RDO7
RDO06

2883 A 1-byte register that saves data for the address assigned by WRARL and WRARH. Data is valid at the

RDO3 address (WRARL/WRARH) corresponding to each wild register number.
RD02
RDO1
RD00O

R/W : Read/write enabled
X 1 Undefined

Note:

Six data setting registers (WRDR1 to WRDR6) are provided. Data setting registers
correspond to address setting registers (WRARH1 to WRARH6, WRARL1 to WRARLS),
respectively.
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20.3.2 Upper Address Setting Registers (WRARH1 to WRARH®6)

The upper address setting registers (WRARH1 to WRARHG6) contain the upper part of
an address where data is corrected.

B Upper Address Setting Registers (WRARH1 to WRARH®6)

Figure 20.3-4 Upper Address Setting Registers (WRARH1 to WRARHG6)

WRARH1

Address bit7  bit6  bit5  bit4  bitd  bit2  bitl _ bito  Initial value
0C80H | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA09 | RA08 ] XXXXXXXXs
RW RW RW RW RW RW RW RW

WRARH2

Address bit7  bit6  bit5  bit4  bit3  bit2 bt  bito Initial value
0C83H | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA09 | RA08 | XXXXXXXXs
RW RW RW RW RW RW RW RW

WRARH3

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 pito  [Initial value
0C86H | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA09 | RAOS |XXXXXXXXB

R/W R/W R/W R/W R/W R/W R/W R/W

WRARH4

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
0C89H | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RAD9 | RA08 | XXXXXXXXs
RW RW RW RW RW PRW RW RW

WRARHS5

Address  bit7  bit6  bits  bit4  bit3  bit2  bit1 bit0  Initial value
0C8CH | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RA09 | RA08 | XXXXXXXXs
RW RW RW RW RW PRW RW RW

WRARH6

Address _ bit7  bite  bit5  bit4  bit3  bit2  bitt _ bit0 Initial value
OC8FH | RA15 | RA14 | RA13 | RA12 | RA11 | RA10 | RAD9 | RAD8 | XXXXXXXXs
RW RW RW RW RW PRW RW RW

R/W : Read/write enabled
X : Undefined
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Figure 20.3-5 Upper Address Registers (WRARH1 to WRARH6) Settings

WRARH1 to WRARH6

X

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
[ rRA15 [ RA14 | RA13 [ RA12 | RA11 | RA10 | RA09 | RA08 ] XXXXXXXXs
R/W R/W R/W R/W R/W R/W R/W R/W
Bit name Description

RA15

RA14

Sﬁ}g 1-byte register that specifies an upper address allocated in memory.

RA11 Specify an address for each upper address register.

RA10

RA09

RA08

R/W : Read/write enabled

: Undefined
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20.3.3 Lower Address Setting Registers (WRARL1 to WRARLS6)

The lower address setting registers (WRARL1 to WRARLG6) contain the lower part of an
address where data is corrected.

B Lower Address Setting Registers (WRARL1 to WRARLS6)

Figure 20.3-6 Lower Address Setting Registers (WRARL1 to WRARLS6)

WRARLA1

Address bit7  bit6  bit5  bit4  bitd  bit2  bitl _ bito  Initial value
0C81H | RA07 | RA06 | RAO5 | RA04 | RAO3 | RAO2 | RAO1 | RADD | XXXXXXXXs
RW RW RW RW RW RW RW RW

WRARL2

Address bit7  bit6  bit5  bit4  bit3  bit2 bt  bito Initial value
0C84H | RA07 | RAO6 | RAO5 | RAO4 | RAO3 | RAO2 | RAO1 | RA0D | XXXXXXXXs
RW RW RW RW RW RW RW RW

WRARL3

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 pito  [Initial value
0C87H | RAO7 | RAO6 | RAO5 | RAO4 | RAO3 | RA02 | RAO1 | RAOO |XXXXXXXXB

R/W R/W R/W R/W R/W R/W R/W R/W

WRARL4

Address bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value
OC8AH | RA07 | RA06 | RAO5 | RA04 | RA03 | RAO2 | RAD1 | RA0D | XXXXXXXXs
RW RW RW RW RW PRW RW RW

WRARLS5

Address  bit7  bit6  bits  bit4  bit3  bit2  bit1 bit0  Initial value
0C8DH | RA07 | RA06 | RAO5 | RAO4 | RA03 | RAO2 | RAD1 | RA0D | XXXXXXXXs
RW RW RW RW RW PRW RW RW

WRARL6

Address  bit7  bite  bit5 _ bitd _ bit3 btz bitl bito Initial value
0C90H | RA07 | RAO6 | RAO5 | RAO4 | RAO3 | RA02 | RAOT | RADD | XXXXXXXXs
RW RW RW RW RW PRW RW RW

R/W : Read/write enabled
X : Undefined
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Figure 20.3-7 Lower Address Registers (WRARL1 to WRARLG6) Settings

WRARL1 to WRARL6

bit7 bt bits  bitd4  bit3  bit2  bitt  bito Initial value
[ rRA07 | RAO6 | RAO5 | RAO4 | RAO3 | RAO2 | RAO1 | RA0D ] XXXXXXXXs
RW RW RW RW RW RW RW RW

Bit name Description

RA07
RA06

Sﬁgi 1-byte register that specifies an upper address allocated in memory.

RAO3 Specify an address for each upper address register.
RAO02

RAO1
RA0O

R/W : Read/write enabled
X 1 Undefined




20.3 Registers of the Wild Register Function

20.3.4 Wild Register Enable Register (WREN)

The WREN register enables or disables operation of the wild register function for each
wild register number.

B Wild Register Enable Register (WREN)

Figure 20.3-8 Wild Register Enable Register (WREN)

WREN (Wild Register Enable Register)

Address bit7

bit6 bit5 bit4 bit3 bit2 bit1 bito _ Initial value

0077H [ —

— [ ENos | ENo4 | ENo3 | ENo2 | ENo1 | EN0O | --000000s

R/W

R/W : Read/write enabled
— 1 Unused

R/W R/W R/W R/W R/W R/W R/W

Table 20.3-1 Functions of the Wild Register Enable Register (WREN)

Bit name

Function

Bit 7
Bit 6

Unused bits

The read value is undefined.
Writing this bit has no effect on operation.

Bit 5

ENO5

Setting this bit to 0 disables the wild register function.

Setting this bit to 1 enables the wild register function. If a match is
then found for the address set in WRARH6 and WRARLSG, the value in
the WRDR6 is output to the internal bus instead of the value in ROM.

Bit 4

ENO4

Setting this bit to 0 disables the wild register function.

Setting this bit to 1 enables the wild register function. If a match is
then found for the address set in WRARH5 and WRARLS5, the value in
the WRDRS5 is output to the internal bus instead of the value in ROM.

Bit 3

ENO3

Setting this bit to 0 disables the wild register function.

Setting this bit to 1 enables the wild register function. If a match is
then found for the address set in WRARH4 and WRARLA4, the value in
WRDRA4 is output to the internal bus instead of the value in ROM.

Bit 2

ENO2

Setting this bit to 0 disables the wild register function.

Setting this bit to 1 enables the wild register function. If a match is
then found for the address set in WRARH3 and WRARLS3, the value in
the WRDR3 is output to the internal bus instead of the value in ROM.
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Table 20.3-1 Functions of the Wild Register Enable Register (WREN) (Continued)

Bit name

Function

Bit 1

ENO1

Setting this bit to 0 disables the wild register function.

Setting this bit to 1 enables the wild register function. If a match is
then found for the address set in WRARH2 and WRARLZ2, the value in
the WRDR2 is output to the internal bus instead of the value in ROM.

Bit 0

ENOO

Setting this bit to 0 disables the wild register function.

Setting this bit to 1 enables the wild register function. If a match is
then found for the address set in WRARH1 and WRARLA1, the value in
the WRDR1 is output to the internal bus instead of the value in ROM.
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20.3.5 Wild Register Data Test Register (WROR)

This section describes the wild register test register and its relationship to the wild
register.

B Wild register data test register (WROR) and its relationship to the wild register

Figure 20.3-9 Wild Register Data Test Register (WROR) and Its Relationship to the Wild Register

WROR
bit7 bt bits _ bitd _ bitd btz bit bito _ Initial value
0078H — | — | DRR5 | DRR4 | DRR3 | DRR2 [ DRR1 | DRRO | --0000008
RW RW RW RW RW RW
Bit name Description

ngi Bits that enable the ordinary read function for the corresponding data registers (WRDR1 to WRDR6)

DRR3
DRR2
DRR1
DRRO

R/W : Read/write enabled
— : Undefined
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20.4 Operation of the Wild Register Function

This section describes the sequence of wild register function operations.

B Wild Register Operations

A special program defining access between external memory (for example, EEPROM) and the
wild register must be placed before ordinary user programs.

The procedure for setting the wild register is described below. This section does not discuss the
communication method between external memory and the device.

Write addresses at which internal ROM codes are to be modified in the upper address
registers (WRARH1 to WRARHS6) and lower address registers (WRARL1 to WRARLS).

Write new code to the corresponding data registers (WRDR1 to WRDRS).

Set the corresponding enable bits in the enable register (WREN) by writing to enable the wild
register function.

In the normal state, the data registers (WRDR1 to WRDR6) can be written to only via the
address bus or data bus. These registers cannot be read directly via the address bus or
data bus. To read these registers directly via the address bus or data bus, the
corresponding bits in the data test register (WROR) must be set correctly. The main function
of the data test register is to serve as a dedicated test function register.

Table 20.4-1 "Sequence of Wild Register Function Operations" shows the sequence setting the
registers with the wild register function.

Table 20.4-1 Sequence of Wild Register Function Operations

register (WREN).

Order Operation Operation example

0 Set data for replacement in the internal ROM Write the address of an internal ROM code to be modified
space using the appropriate communication at address FO11p, and write the address of the
method. replacement data to A6 to B5. Up to six internal ROM

codes can be changed.

1 Write to the first upper address register Set WRARH1 = FOy, and set WRARH2 to WRARH6
(WRARH1 to WRARHS). accordingly.

2 Write to the first lower address register Set WRARL1 = 11y, and set WRARL2 to WRARL6
(WRARL1 to WRARLS). accordingly.

3 Write the first new ROM code, which will Set WRDR1 = B5y, and set WRDR2 to WRDR6
replace the existing internal ROM code, to the | accordingly.
first data register (WRDR1 to WRDRS).

4 To replace more than one internal ROM code, Repeat steps 1 to 3.
repeat steps 1 to 3. Up to six addresses and
data items can be set. When no more setting
is required, go to the next step.

5 Enable the corresponding bits in the enable Setting bit 0 of the WREN to "1" enables the WRDR1

register. The data in this register can be accessed if the
address is set accordingly. To replace more than one ROM
code, set additional addresses and WRDR registers.
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Table 20.4-2 List of Wild Register Addresses

20.4 Operation of the Wild Register Function

Operation

Write

Read

RMW

WRARH1 to WRARH6

Enables reading from and
writing to the addresses
assigned to the registers.

Ordinary

Ordinary

Ordinary

WRARL1 to WRARLG6

Enables reading from and
writing to the addresses
assigned to the registers.

Ordinary

Ordinary

Ordinary

WRDR1 to WRDR6

Enables writing to the
addresses assigned to the

registers. Reading is controlled

by WROR.

Ordinary

Depends on
WROR

Dependson
WROR

WREN

Enables reading from and
writing to the addresses
assigned to the register.

Ordinary

Ordinary

Ordinary

WROR

Enables reading from and
writing to the addresses
assigned to the register.

Ordinary

Ordinary

Ordinary

Reference:

When these registers are used for the wild register function, writing to them may cause an

error.

before modifying the data.

Therefore, when modifying data in these registers, set the WREN value to "004"
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20.5 General Hardware Connections

This section describes the general connections between hardware units when the wild
register function is used.

H Hardware Connections

Figure 20.5-1 General Hardware Connections

S0 Sl
Microchip EEPROM S| SO MB89530/530H/530A series
25AA080 8K bits SCK SCK

When serial I/0 is used as the communication interface with external EEPROM, special
precautions are required. For serial 1/0 of the MB89530/530H/530A series, the SP-compatible
method is selected as the communication method for this series. When an external memory
device is selected, an SPIl-compatible device needs to be selected for correct communication
with the device.
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This section describes the functions and operation of clock output.

21.1 "Overview of Clock Output"

21.2 "Clock Output Components"

21.3 "Clock Output Pins"

21.4 "Registers for Clock Output"

21.5 "Description of Clock Output Operation”
21.6 "Notes on Use of Clock Output”

21.7 "Sample Program of Clock Output”
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21.1 Overview of Clock Output

Clock output supplies divide by 2 waveforms of the high-speed clock and waveforms
of the low-speed clock from a port. This section describes the main clock output and
subclock output.

H Clock output
The following describes the pins used for clock output:

e P30/PPGO3/MCO: A general-purpose I/O port for outputting the main clock divided by 2
(P30), 6-bit PPG, and main clock. (For instance, when the main clock is 10 MHz, MCO
output is set to 5 MHz.)

e P31/SCK1 (UCK1)/LMCO: A general-purpose port (P31), SIO/UART clock 1/O, subclock
output.
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21.2 Clock Output Components

21.2 Clock Output Components

The clock output block consists of the following three components:

¢ Clock output control register (CKR)
¢ Main clock oscillator
¢ Subclock oscillator

B Block diagram of clock output

Figure 21.2-1 Clock Output Block Diagram

ckR| — [ — | =] — [~ | — [mcofwmco]
Main clock Divide by 2 ;
. A Pin

oscillator divider |
P30/PPG03/MCO

Subclock [\l .

oscillator | Pin
P31/SCK1(UCK1)/LMCO

O Main clock oscillator

Supplies the system main clock (10 MHz) in main watch mode.

O Subclock oscillator

Supplies the system subclock (32.768 kHz) in subwatch mode.

O Clock output control register (CKR)

Enables output of the subclock square waves and divide by 2 main clock square waves supplied
from the main clock oscillator.
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21.3 Clock Output Pins

This section provides a description and block diagram of the pins related to clock
output.

B Pins for the main clock output
P30/PPG03/MCO:

A general-purpose I/O port for outputting the main clock divided by 2 (P30), 6-bit PPG, and
main clock. (For instance, when the main clock is 10 MHz, MCO output is set to 5 MHz.)

e MCO: Outputs divide by 2 main clock square waves.

B Pins for the subclock output
P31/SCK1 (UCK1)/LMCO:
A general-purpose 1/O port (P31), SIO/UART clock I/O, subclock output.

* LMCO: Outputs square waves whose frequency is the same as that of the subclock.

B Block diagram of P30/PPG03/MCO and P31/SCK1 (UCK1)/LMCO

Figure 21.3-1 Block Diagram of P30/PPG03/MCO and P31/SCK1(UCK1)/LMCO Pins for Clock Output

: P31 only
To peripheral resource <—@7 :
PDR (port data register) Bull ”
ull-up resistor
: : /_]O—'f Stop/watch mode P
| N e About 50k
PDR read . ‘From resource output bout 50 kQ

‘Pull-up control register
From resource :

<\J T\ o+ut_putenable LD;;{ Pch

PDR read (for bit manipulation instructions) | : : *z/i :
: 10 . :
% >—‘ Output latch ) 4‘ Pch
. PDR write

"""""""""""""""""""""" P31/SCK1 (UCK1)/LMCO
% Nch  p3o/PPGO3/MCO

Internal data bus

(Port data direction register)
:DDR write

Stop and watch mode (SPL = 1)

'DDR read

DDR (port data direction register)

SPL: Pin state setting pin in the standby control register (STBC)

Reference:

When "pull-up resistor available" is selected using the pull-up option setting register, the pins
are set to the "H" (pulled up) level, not the high impedance state, in stop mode or watch
mode (SPL = 1). During a reset, however, the pull-up is disabled and the pins are set to Hi-
Z.
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21.4 Registers for Clock Output

This section describes the registers for clock output.

B Registers for clock output

Figure 21.4-1 Registers for Clock Output

Address
005AH

: Unused

Clock output control register (CKR)

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

MCO [LMCO

R/W : Read/Write enabled

RW R/W

Initial value
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21.4.1 Clock Output Control Register (CKR)

The clock output control register (CKR) is used to enable clock output.

B Clock output control register (CKR)

Figure 21.4-2 Clock Output Control Register (CKR)

Address bit7 bit6 bit5 bit4

bit3 bit2 bit1  bit0 Initial value

005 AH —

— |MCO |LMCO|  ----- 008

R/W : Read/Write
— : Unused

[ 1: Initial value

RW R/W

Subclock output enable bit

0 Disables subclock output.

1 Enables subclock output.
MCO | Main clock output enable bit

0 Disables main clock output.

Enables main clock output.

enabled

Table 21.4-1 Description of Clock Output Control Register (CKR) Bits

Bit Description

bit7

bit6

bit5 Unused Value read are undefined.

bit4 Writing has no effect on operation.

bit3

bit2

bit1 MCO: This bit enables output of waveforms of the main clock
Main clock output enable bit divided by 2 for P30/PPGO03/MCO.

bit0 LMCO: This bit enables output of the subclock waveform for P31/
Subclock output enable bit SCK1/(UCK1)/LMCO.
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21.5 Description of Clock Output Operation

This section describes the clock output operation.

B Description of clock output operation

Figure 21.5-1 Setting for Clock Output

bit7 bité bits bit4 bit3 bit2 bit1 bit0

ckR[ — [ — [ — T = T — T = T mco [Lmco |
o ©
© : Bit used

Setting bit 0 of the clock output control register to 1 makes P31/SCK1(UCK1)/LMCO output
square waves with a frequency that is the same as that of the subclock oscillator.

Setting bit 1 of the clock output control register to 1 makes P30/PPG03/MCO output divide by 2
square waves of the main clock oscillator frequency.
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21.6 Notes on Use of Clock Output

This section provides notes on using the clock output.

H Notes on use of clock output
For P30/PPGO03/MCO, MCO cannot provide a clock output when PPGO3 output is enabled,
even if the corresponding clock control register bit is enabled. To use MCO output, disable
PPGO3.
For P31/SCK1(UCK1)/LMCO, LMCO cannot provide clock output when SCK1(UCK1) output is
enabled, even if the clock control register bit corresponding to it is enabled. To use LMCO
output, disable SCK1(UCK1).
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21.7 Sample Clock Output Program

This section provides a sample program for clock output.

B Sample clock output program

O Processing specification

Outputting divide by 2 square waves of the main clock oscillator frequency

O Coding sample

CKR EQU 005AH ;Clock control register
jmmmmmmm e Main ProOgram-- === - - oo oo
CSEG ; [CODE SEGMENT]
MOV CKR,#00000010B ;Enabling main clock output
ENDS
END
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CHAPTER 22 FLASH MEMORY

This chapter explains the functions and operation of the 1M-bit flash memory. The
following three methods are available for writing data to and erasing data from the
flash memory:

1. Parallel programmer

2. Writing/erasing data using a serial programmer

3. Executing programs to write/erase data

This chapter explains "Executing programs to write/erase data".

*: A user must create a serial programmer for writing.

22.1 "Outline of Flash Memory"

22.2 "Sector Configuration of the Flash Memory"

22.3 "Flash Memory Control Status Register (FMCS)"

22.4 "Starting the Flash Memory Automatic Algorithm"

22.5 "Confirming the Automatic Algorithm Execution State"
22.6 "Detailed Explanation of Writing to Erasing Flash Memory"

22.7 "Notes on using Flash Memory"
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22.1 Outline of Flash Memory

The 1M-bit flash memory is mapped to the 40004 to FFFFy bank in the CPU memory

map. The functions of the flash memory interface circuit enable read-access and
program-access from the CPU in the same way as mask ROM. Instructions from the
CPU can be used via the flash memory interface circuit to write data to and erase data
from the flash memory. Internal CPU control therefore enables rewriting of the flash
memory while it is mounted. As a result, improvements in programs and data can be

performed efficiently.

Bl Flash Memory Features

B Writing to/Erasing Flash Memory

B Flash Memory Register

* Sector configuration: 48K bytes x 8 bits (16 K+ 8 K+ 8 K + 16 K)
* Use of automatic program algorithm (Embedded Algorithm: Equivalent to MBM29LV200)

e Erase pause/restart functions provided

* Detection of completion of writing/erasing using data polling or toggle bit functions

* Detection of completion of writing/erasing using CPU interrupts

e Compatible with JEDEC standard commands

e Sector erase function (any combination of sectors)

e Minimum of 10,000 write/erase operations

Embedded Algorithm is a trademark of Advanced Micro Device, Inc.

The flash memory cannot be written to and read at the same time. That is, when data is written
to or erased data from the flash memory, the program in the flash memory must first be copied
to RAM. The entire process is then executed in RAM so that data is simply written to the flash
memory. This eliminates the need for the program to access the flash memory from the flash
memory itself.

Compatible with JEDEC standard commands

Bit No. bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
007AyH INTE RDYINT WE RDY Reserved | Reserved - Reserved
Read/write (R/W) (R/W) (R/W) (R) (R/W) (R/W) ) (R/W)
Initial value (0) (0) (0) (X) (0) (0) () (0)
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22.2 Sector Configuration of the Flash Memory

22.2 Sector Configuration of the Flash Memory

Figure 22.2-1 "Flash Memory Sector Configuration" shows the sector configuration of
the flash memory.

B Sector Configuration

Figure 22.2-1 "Flash Memory Sector Configuration" shows the addresses of each sector used
when access is made from the CPU and when a flash memory writing programmer is used.

Figure 22.2-1 Flash Memory Sector Configuration

Flash memory CPU address | Programmer address(*1)

FFFFH 1FFFFH

16K bytes to to
CO00H 1CO00H
BFFFH 1BFFFH

8K bytes to to
A00OH 1A000H
9FFFH 19FFFH
8000H 18000H
7FFFH 17FFFH

16K bytes to to
4000H 14000H

* Programmer address

The programmer address is equivalent to the CPU address when data is written to the flash
memory using a parallel programmer. When a general programmer is used for writing/
erasing, this address is used for writing/erasing.
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22.3 Flash Memory Control Status Register (FMCS)

The flash memory control status register (FMCS), together with the flash memory
interface circuit, is used to write data to and erase data from the flash memory.

B Flash Memory Control Status Register (FMCS)

Figure 22.3-1 Control Status Register (FMCS)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 Initial value

007AH INTE [RDYINT| WE | RDY |Reserved|Reserved] — [Reserved] 000X00-0B
RW RW RW R RW RW - RW
— ‘
L Reserved Reserved bit
0 Bit reserved for test. Set this bit to 0 for normal operation.
— Unused bit
0 Set this bit to 0 for normal operation.
Reserved Reserved bit
0 Bit reserved for test. Set this bit to 0 for normal operation.
ReadDY bit
RDY  |(for enabling data to be written into/erased from flash memory)
0 Data is being written or erased.
1 Data writing/erasing has been completed.

(Subsequent data can be written/erased.)

WE Write enable bit

0 Disables data to be written into/erased from flash memory.

Enables data to be written into/erased from flash memory.

RDYINT Flash memory operation state indication bit

0 Data is being written/erased.

Data writing/erasing has been completed.
(An interrupt request is generated.)

INTE Bit causing an interrupt to the CPU to be generated
0 Enables an interrupt when data writing/erasing is completed.
tinst : Instruction cycle 1 Disables an interrupt when data writing/erasing is completed.
R/W : Read/Write enabled
[ : Initial value
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22.3 Flash Memory Control Status Register (FMCS)

Table 22.3-1 Description of the Control Status Register (FMCS) bits

Bit Description
INTE: Bit causing an interrupt to the CPU to be generated when writing into or erasing
bit7 INTEﬁRPUT from flash memory is completed. _ _
Enable An interrupt to the CPU is generated when both the INTE bit and RDYINT bit are
1. If the INTE bit is 0, no interrupt is generated.
Bit for indicating operation status of flash memory.
This bit is set to 1 when writing into or erasing from flash memory is completed.
While this bit is set to 0 after writing into or erasing from flash memory has been
. completed, data cannot be written into or erased from flash memory. After data
RDYINT: ! ; o
bit6 READY has been wrlttgn mtc_) or erased from flash memory and this bit has been set to 1,
INTERRUPT data can be written into or erased from flash memory.
Writing O clears this bit with 0, while if 1 is written into this bit, it is ignored. This
bit is set to 1 upon the termination of the flash memory automatic algorithm (see
Section 22.4 "Starting the Flash Memory Automatic Algorithm".). The read
modifier write (RMW) command always reads 1 from this bit.
Bit for write-enabling flash memory areas.
When this bit is set to 1, a write instruction performed after a command
WE: sequence for a section from 1000 to FFFFy (see Section 22.4 "Starting the
. ] Flash Memory Automatic Algorithm") is issued writes data into a flash memory
bit5 | WRITE o . . S
ENABLE area. When this bit is set to 0, no wrlte/e_rase S|gnaI§ are generated. This bit is
used to start a command for writing data into or erasing data from flash memory.
It is recommended that this bit be set to 0 to prevent data from being incorrectly
written into flash memory, whenever there is no data to be written or erased.
Bit for writing data into or erasing data from flash memory.
bita RDY: No data can be written into or erased from flash memory while this bit is set to 0.
READY However, a read command, reset command, and suspend commands such as
the sector erase suspend command can be accepted while this bit is set to 0.
E:g Reserved bit Bit reserved for test. Specify 0 for this bit for normal operation.
bit1 Unused bit Specify 0 to this bit for normal operation.
bit0 Reserved bit Bit reserved for test. Specify 0 for this bit for normal operation.

Note:

The RDYINT and RDY bits cannot be changed at the same time. Create a program so that
decisions are made using one or the other of these bits.

Automatic algorithm
Termination timing
RDYINT bit

RDY bit

1 machine cycle
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22.4 Starting the Flash Memory Automatic Algorithm

Four types of commands are available for starting the flash memory automatic
algorithm: Read/Reset, Write, and Chip Erase. Control of suspend and restart is
enabled for sector erase.

B Command Sequence Table

Table 22.4-1 "Command Sequence Table" lists the commands used for flash memory write/
erase.

Table 22.4-1 Command Sequence Table

Command Bus 1st bus write 2nd bus write 3rd bus write 4th bus read/ 5th bus write 6th bus write
sequence | write cycle cycle cycle write cycle cycle cycle
access
Address | Data | Address | Data | Address | Data | Address | Data | Address | Data | Address | Data
Rea?jﬁeset 1 XXX Fo ) ) ) ) ) ) ) ) ) )
Readly | s AAAA | AA | 5554 | 55 | AAAA | FO RA | RD - - - -
Reset
Write
3 AAAA AA 5554 55 AAAA A0 PA PD - - - -
program
Chip Erase 6 AAAA AA 5554 55 AAAA 80 AAAA AA 5554 55 AAAA 10
Sector
Erase 6 AAAA AA 5554 55 AAAA 80 AAAA AA 5554 55 SA 30

Sector Erase

Suspend Entering address "XXXXX" and data (BOy) suspends erasing during sector erase.

Sector Erase Restart | Entering address "XXXXX" and data (30y) restarts erasing after erasing has been suspended during sector erase.

Note:
The addresses shown in the table are those on the CPU memory map. All addresses and data are represented in hexadecimal
notation. The letter X indicates an appropriate value.
RA: Read address
PA: Write address.
SA: Sector address. See Section 22.2 "Sector Configuration of the Flash Memory".
RD: Read data
PD: Write data.
*1: Both of the two types of Read/Reset commands can reset the flash memory to read mode.
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22.5 Confirming the Automatic Algorithm Execution State

Because the write/erase flow of the flash memory is controlled using the automatic
algorithm, the flash memory has hardware for posting its internal operating state and
completion of operation. This automatic algorithm enables confirmation of the
operating state of the built-in flash memory using the following hardware sequences.

B Hardware Sequence Flags

The hardware sequence flags are configured from the five-bit output of DQ7, DQ6, DQ5, DQ3
and DQ2. The functions of these bits are those of the data polling flag (DQ7), toggle bit flag
(DQ#6), timing limit exceeded flag (DQ5), sector erase timer flag (DQ3) and toggle bit 2 flag
(DQ2). The hardware sequence flags can therefore be used to confirm that writing or chip sector
erase has been completed or that erase code write is valid.

The hardware sequence flags can be accessed by read-accessing the addresses of the target
sectors in the flash memory after setting of the command sequence (see Table 22.4-1
"Command Sequence Table" in Section 22.4 "Starting the Flash Memory Automatic Algorithm".
Table 22.5-1 "Bit Assignments of Hardware Sequence Flags" lists the bit assignments of the
hardware sequence flags.

Table 22.5-1 Bit Assignments of Hardware Sequence Flags

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Hardware sequence flag | DQ7 | DQ6 | DQ5 - DQ3 | DQ2 - -

To determine whether automatic writing or chip sector erase is being executed, the hardware
sequence flags can be checked or the status can be determined from the RDY bit of the flash
memory control register (FMCS) that indicates whether writing has been completed. After
writing/erasing has terminated, the state returns to the read/reset state. When creating a
program, use one of the flags to confirm that automatic writing/erasing has terminated. Then,
perform the next processing operation, such as data read. In addition, the hardware sequence
flags can be used to confirm whether the second or subsequent sector erase code write is valid.
The following sections describe each hardware sequence flag separately. Table 22.5-2
"Hardware Sequence Flag Functions" lists the functions of the hardware sequence flags.
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Table 22.5-2 Hardware Sequence Flag Functions

State DQ7 DQ6 DQ5 DQ3 DQ2
Executing | Automatic writing operation DQ7 | Toggle 0 0 1
Write/erase operation during automatic erasing 0 Toggle 0 1 Toggle
. Read (sector in which data is
Erasing being erased) 1 1 0 0 Toggle
Suspending | head (sectorinwhichnodata | pp | pATA | DATA | DATA | DATA
is erased)
. Write (sector in which no data is =~5 1)
Stopping erased) DQ7 | Toggle 0 0 1
Exceeding | Automatic writing operation DQ7 | Toggle 1 0 1
the time "
limit Write/erase operation during automatic erasing 0 Toggle 1 1 (2)

*1 While an erase suspend write is being performed, DQ2 outputs logical 1 to the address of the sector into
which data is being written. However, DQ2 toggles to successive reads from the erase-suspended sector.

*2 When 1 is set to DQ5 (excess of the time limit), DQ2 toggles to successive reads from a sector in which
data is being written or erased, and never toggles to any read to other sectors.
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22.5.1 Data Polling Flag (DQ7)

The data polling flag uses the data polling function to post that the automatic
algorithm is being executed or has terminated

H Write

Read-access during execution of the automatic write algorithm causes the flash memory to
output the opposite data of bit 7 last written, regardless of the value at the address specified by
the address signal. Read-access at the end of the automatic write algorithm causes the flash
memory to output bit 7 of the read value of the address specified by the address signal.

B Automatic erasing

Read-access during execution of the automatic erasing algorithm causes the flash memory to
output 0, regardless of the value at the address specified by the address signal. After the
automatic erasing algorithm is executed, 1 is output.

B Sector erase suspend

Read-access during a sector erase suspend causes the flash memory to output 1 if the address
specified by the address signal belongs to the sector being erased. The flash memory outputs
bit 7 (DATA: 7) of the read value at the address specified by the address signal if the address
specified by the address signal does not belong to the sector being erased. Referencing this
flag together with the toggle bit flag (DQ6) enables a decision to be made on whether the flash
memory is in the erase suspended state and which sector is being erased.

Note:

When the automatic algorithm comes to the end of its operation, bit 7 (data polling) changes
its state asynchronously during a read operation. This means that flash memory sends data
about the operation state to bit 7 and will then send out fixed data. When flash memory ends
the automatic algorithm or even if bit 7 is outputting fixed data, the values of the other bits
are still undetermined. Fixed data in the other bits can be read by successively executing
read operations.
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22.5.2 Toggle Bit Flag (DQ6)

Like the data polling flag, the toggle bit flag uses the toggle bit function to post that
the automatic algorithm is being executed or has terminated.

H Automatic write/erase

Making successive read accesses while the automatic writing/erasing algorithm is being
performed toggles flash memory and makes it output 1 and then 0, in turn, regardless of the
specified address. Making successive read accesses when the automatic writing/erasing
algorithm ends makes flash memory to stop bit 6 toggle and outputs the value of bit 6 (DATA:6)
corresponding to the value read from the specified address. The toggle bit becomes effective
after the last write cycle in each command sequence.

B Sector erase suspend

510

Read-access during a sector erase suspend causes the flash memory to output 1 if the address
specified by the address signal belongs to the sector being erased. The flash memory outputs
bit 6 (DATA: 6) of the read value at the address specified by the address signal if the address
specified by the address signal does not belong to the sector being erased.

Note:

For a write, if the sector where data is to be written is rewrite-protected, the toggle bit
terminates the toggle operation after approximately 2us without any data being rewritten. For
an erase, if all of the selected sectors are write-protected, the toggle bit performs toggling for
approximately 100us and then returns to the read/reset state without any data being
rewritten.



22.5 Confirming the Automatic Algorithm Execution State

22.5.3 Timing Limit Exceeded Flag (DQ5)

The timing limit exceeded flag is used to post that execution of the automatic
algorithm has exceeded the time (internal pulse count) prescribed in the flash memory.

H Automatic write/erase

Bit 5 indicates that execution of the automatic algorithm exceeded the time (internal pulse
count) specified in flash memory. For an excess, bit 5 outputs 1. Thus, if this bit outputs 1 while
the automatic algorithm is operating, data writing or data erasing failed.

Bit 5 indicates a failure when an attempt is made to write data into a non-blank area without
erasing any data. In the case of such a failure, fixed data cannot be read from bit 7 (data
polling) and bit 6 (toggle bit) remains unchanged (toggled). If the time limit is exceeded while
there is a failure, 1 is set in bit 5. In this case, note that the setting of bit 5 to 1 does not indicate
a flash memory failure but the incorrect use of flash memory. If bit 5 is set to 1 as described
above, execute a reset command.
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22.5.4 Sector Erase Timer Flag (DQ3)

The sector erase timer flag is used to post whether the automatic algorithm is being
executed during the sector erase wait period after the Sector Erase command has
been started.

M Sector erase

512

After the first sector erase command sequence is executed, the sector erase wait period begins.
Bit 3 outputs 0 in the sector erase wait period and, if the period has ended, it outputs 1. Data
polling and the toggle bit become effective after the first sector erase command sequence is
executed.

If the data polling function or toggle bit function indicates that the erase algorithm is being
executed, internally controlled erase has already started if this flag is 1. Continuous write of the
sector erase codes or commands other than the Sector Erase Suspend command will be
ignored until erase is terminated. (Only erase suspend code input is allowed.)

If this flag is 0, the flash memory will accept write of additional sector erase codes. To confirm
this, it is recommended that the state of this flag be checked before continuing to write sector
erase codes. If this flag is 1 after the second state check, it is possible that additional sector
erase codes may not be accepted.

Read-access during execution of sector erase suspend causes the flash memory to output 1 if
the address specified by the address signal belongs to the sector being erased. The flash
memory outputs bit 3 of the read value of the address specified by the address signal if the
address specified by the address signal does not belong to the sector being erased.



22.5 Confirming the Automatic Algorithm Execution State

22.5.5 Toggle Bit-2 Flag (DQ2)

The toggle bit-2 flag (DQ2) is used to detect that flash memory is performing an
automatic erase operation or erase suspend operation, together with the toggle bit.

B Sector erase

This toggle bit is used to detect that flash memory is performing an automatic erase operation or
erase suspend operation, together with the toggle bit, bit 6. Executing successive reads to a
sector in which an automatic erase operation is being performed toggles bit 2. When the flash
memory is in erase suspend read mode, executing successive reads to an erase-suspended
sector toggles bit 2.

When the flash memory is in erase suspend write mode, successively reading addresses from a
sector that is not erase-suspended provides 1 to bit 2. Unlike bit 2, bit 6 toggles during normal
write, erase, or erase suspend write.

For example, bit 2 is used together with bit 6 to detect erase suspend read mode (bit 2 toggles
but bit 6 does not toggle).

In addition, bit 2 is used to detect sectors in which data is being deleted. While flash memory is
erasing data, bit 2 toggles to a read from a sector from which data is being erased.
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22.6 Detailed Explanation of Writing to and Erasing Flash
Memory

This section describes each operation procedure of flash memory Read/Reset, Write,
Chip Erase, Sector Erase, Sector Erase Suspend, and Sector Erase Restart when a
command that starts the automatic algorithm is issued.

B Detailed Explanation of Flash Memory Write/Erase

The flash memory executes the automatic algorithm by issuing a command sequence (see
Table 22.4-1 "Command Sequence Table" in Section 22.4 "Starting the Flash Memory
Automatic Algorithm") for a write cycle to the bus to perform Read/Reset, Write, Chip Erase,
Sector Erase, Sector Erase Suspend, or Sector Erase Restart operations. Each bus write cycle
must be performed continuously. In addition, whether the automatic algorithm has terminated
can be determined using the data polling or other function. At normal termination, the flash
memory is returned to the read/reset state.

Each operation of the flash memory is described in the following order:
22.6.1 "Setting the read/reset state"

22.6.2 "Writing data"

22.6.3 "Erasing all data (erasing chips)"

22.6.4 "Erasing data (erasing sectors)"

22.6.5 "Suspending sector erase"

22.6.6 "Restarting sector erase"”
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22.6.1 Setting The Read/Reset State

This section describes the procedure for issuing the Read/Reset command to set the
flash memory to the read/reset state.

B Setting the Read/Reset State

The flash memory can be set to the read/reset state by sending the Read/Reset command in
the command sequence table (see Table 22.4-1 "Command Sequence Table" in Section 22.4
"Starting the Flash Memory Automatic Algorithm") continuously to the target sector in the flash
memory.

The Read/Reset command has two types of command sequences that execute the first and
third bus operations. However, there are no essential differences between these command
sequences.

The read/reset state is the initial state of the flash memory. When the power is turned on and
when a command terminates normally, the flash memory is set to the read/reset state. In the
read/reset state, other commands wait for input.

In the read/reset state, data is read by regular read-access. As with the mask ROM, program
access from the CPU is enabled. The Read/Reset command is not required to read data by a
regular read. The Read/Reset command is mainly used to initialize the automatic algorithm in
such cases as when a command does not terminate normally.
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22.6.2 Writing Data

This section describes the procedure for issuing the Write command to write data to
the flash memory. Figure 22.6-1 "Example of the Flash Memory Write Procedure"
shows an example of the flash memory write procedure.

B Writing Data

The data write automatic algorithm of the flash memory can be started by sending the Write
command in the command sequence table (see Table 22.4-1 "Command Sequence Table" in
Section 22.4 "Starting the Flash Memory Automatic Algorithm") continuously to the target sector
in the flash memory. When data write to the target address is completed in the fourth cycle, the
automatic algorithm and automatic write are started.

B Specifying addresses

Only even addresses can be specified in bytes for the write addresses specified in a write data
cycle.

Writing can be done in any order of addresses or even if the sector boundary is exceeded.
However, the Write command writes only data of one byte for each execution.

B Notes on writing data

Writing cannot return data O to data 1. When data 1 is written to data O, the data polling
algorithm (DQ7) or toggle operation (DQ6) does not terminate and the flash memory elements
are determined to be faulty. If the time prescribed for writing is thus exceeded, the timing limit
exceeded flag (DQ5) is determined to be an error. Otherwise, the data is viewed as if dummy
data 1 had been written. However, when data is read in the read/reset state, the data remains 0.
Data 0 can be set to data 1 only by erase operations.

All commands are ignored during execution of the automatic write algorithm. If a hardware reset
is started during writing, the data of the written addresses will be unpredictable.

B Writing to the Flash Memory
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Figure 22.6-1 "Example of the Flash Memory Write Procedure" is an example of the procedure
for writing to the flash memory. The hardware sequence flags (see Section 22.5 "Confirming the
Automatic Algorithm Execution State") can be used to determine the state of the automatic
algorithm in the flash memory. Here, the data polling flag (DQ7) is used to confirm that writing
has terminated.

The data read to check the flag is read from the address written to last.

The data polling flag (DQ7) changes at the same time that the timing limit exceeded flag (DQ5)
changes. For example, even if the timing limit exceeded flag (DQ5) is 1, the data polling flag bit
(DQ7) must be rechecked.

Also for the toggle bit flag (DQ6), the toggle operation stops at the same time that the timing
limit exceeded flag bit (DQ5) changes to 1. The toggle bit flag (DQ6) must therefore be
rechecked.
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Figure 22.6-1 Example of the Flash Memory Write Procedure

FMCS: WE (bit 5)
Enable flash memory write

[
[«

Write command sequence

(1) AAAA <-- AA

(2) 5554 <-- 55

(3) AAAA <-- A0

(4) Write address <-- Write data

~

Read internal address

Next address

Data polling (DQ7) >2ata

Timing limit (DQ5)

Read internal address

Data

Data polling (DQ7)

v

@ Final address

FMCS: WE (bit 5)
Enable flash memory write

sequence flags.
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22.6.3 Erasing All Data (Erasing Chips)

This section describes the procedure for issuing the Chip Erase command to erase all
data in the flash memory.

B Erasing all Data (Erasing Chips)
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All data can be erased from the flash memory by sending the Chip Erase command in the
command sequence table (see Table 22.4-1 "Command Sequence Table" in Section 22.4
"Starting the Flash Memory Automatic Algorithm") continuously to the target sector in the flash
memory.

The Chip Erase command is executed in six bus operations. When writing of the sixth cycle is
completed, the chip erase operation is started. For chip erase, the user need not write to the
flash memory before erasing. During execution of the automatic erase algorithm, the flash
memory writes O for verification before all of the cells are erased automatically.
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22.6.4 Erasing Data (Erasing Sectors)

This section describes the procedure for issuing the Sector Erase command to erase
optional data (erase sector) in the flash memory. Individual sectors can be erased.
Multiple sectors can also be specified at one time.

B Erasing Data (Erasing Sectors)

Optional sectors in the flash memory can be erased by sending the Sector Erase command in
the command sequence table (see Table 22.4-1 "Command Sequence Table" in Section 22.4
"Starting the Flash Memory Automatic Algorithm") continuously to the target sector in the flash
memory.

B Specifying sectors

The Sector Erase command is executed in six bus operations. Sector erase wait of 50us is
started by writing the sector erase code (30h) to an accessible even-numbered address in the
target sector in the sixth cycle. To erase multiple sectors, write the erase code (30h) to the
addresses in the target sectors after the above processing operation.

B Notes on specifying multiple sectors

Erase is started when the sector erase wait period of 50us terminates after the final sector erase
code has been written. That is, to erase multiple sectors at one time, an erase code (sixth cycle
of the command sequence) must be written within 50us of writing of the address of a sector and
the address of the next sector must be written within 50us of writing of the previous erase code.
Otherwise, the address and erase code may not be accepted. The sector erase timer (hardware
sequence flag DQ3) can be used to check whether writing of the subsequent sector erase code
is valid. At this time, specify so that the address used for reading the sector erase timer
indicates the sector to be erased.

B Erasing Sectors

The hardware sequence flags (see Section 22.5 "Confirming the Automatic Algorithm Execution
State") can be used to determine the state of the automatic algorithm in the flash memory.
Figure 22.6-2 "Example of the Sector Erase Procedure" is an example of the procedure for
erasing sectors in the flash memory. Here, the toggle bit flag (DQ6) is used to confirm that
erasing has terminated.

The data that is read to check the flag is read from the sector to be erased.

The toggle bit flag (DQ6) stops the toggle operation at the same time that the timing limit
exceeded flag (DQ5) is changed to 1. For example, even if the timing limit exceeded flag (DQ5)
is 1, the toggle bit flag (DQ6) must be rechecked.

The data polling flag (DQ7) also changes at the same time that the timing limit exceeded flag bit
(DQ5) changes. As a result, the data polling flag (DQ7) must be rechecked.
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Figure 22.6-2 Example of the Sector Erase Procedure

Start erasing

FMCS: WE (bit 5)
Enable flash memory erase

»|

Sector erase timer (DQ3)

Read internal address |<—

Lot |
Erase command sequence
(1) AAAA < AA
(2) 5554 <-- 55
(3) AAAA <-- 80
(4) 5554 <-- 55
(5) Sector address <--
Erase code (30H)
—;I

(6) Sector address <--
Erase code (30H)

Another erase sector

J

ol

Latll

| Read internal address 1 |

| Read internal address 2 |

Toggle bit (DQ6)
data 1(DQ6) = data 2(DQ6

Timing limit (DQ5)

| Read internal address 1 |

| Read internal address 2 |

Toggle bit (DQB)

data 1(DQ6) = data 2(DQ6

Next sector

v

Erase error

FMCS: WE (bit 5)
Disable flash memory erase

Complete erasing

Confirm with the hardware
sequence flags.
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22.6.5 Suspending Sector Erase

This section describes the procedure for issuing the Sector Erase Suspend command
to suspend erasing of flash memory sectors. Data can be read from sectors that are
not being erased.

B Suspending Erasing of Sectors

Erasing of flash memory sectors can be suspended by sending the Sector Erase Suspend
command in the command sequence table (see Table 22.4-1 "Command Sequence Table" in
Section 22.4 "Starting the Flash Memory Automatic Algorithm") continuously to the target sector
in the flash memory.

The Sector Erase Suspend command suspends the sector erase operation being executed and
enables data to be read from sectors that are not being erased. In this state, only reading is
enabled; data cannot be written. This command is valid only during sector erase operations that
include the erase wait time. The command will be ignored during chip erase or write operations.

This command is implemented by writing the erase suspend code (BOh). At this time, specify an
optional address in the flash memory for the address. An Erase Suspend command issued
again during erasing of sectors will be ignored.

Entering the Sector Erase Suspend command during the sector erase wait period will
immediately terminate sector erase wait, cancel the erase operation, and set the erase stop
state. Entering the Erase Suspend command during the erase operation after the sector erase
wait period has terminated will set the erase suspend state after a maximum period of 15us has
elapsed.
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22.6.6 Restarting Sector Erase

This section describes the procedure for issuing the Sector Erase Restart command to
restart suspended erasing of flash memory sectors.

B Restarting Erasing of Sectors
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Suspended erasing of flash memory sectors can be restarted by sending the Sector Erase
Restart command in the command sequence table (see Table 22.4-1 "Command Sequence
Table" in Section 22.4 "Starting the Flash Memory Automatic Algorithm") continuously to the
target sector in the flash memory.

The Sector Erase Restart command is used to restart erasing of sectors from the sector erase
suspend state set using the Sector Erase Suspend command. The Sector Erase Restart
command is implemented by writing the erase restart code (30h). At this time, specify an
optional address in the flash memory area for the address.

If a Sector Erase Restart command is issued during sector erase, the command will be ignored.



22.7 Notes on using Flash Memory

22.7 Notes on using Flash Memory

This section provides notes on using the MB89F538/F538L, especially for flash
memory.

B Input of a hardware reset (RST)

To input a hardware reset when reading is in progress, i.e., when the automatic algorithm has
not been started, secure a minimum low-level width of 500 ns.

To input a hardware reset while a write or erase is in progress, i.e., while the automatic
algorithm is being started, secure a minimum low-level width of 500 ns. In this case, 20 us are
required until the data becomes readable after the operation being performed terminates and
the flash memory is fully initialized.

Performing a hardware reset during a write operation makes the data being written
undetermined. Also note that performing a hardware reset during an erase operation may make
the sector from which data is being erased unusable.

B Software reset, watchdog timer reset

When write/erase of flash memory is set up for normal mode and CPU memory access mode is
internal ROM mode, and if a reset cause occurs while the automatic algorithm of flash memory
is being activated, the CPU may run out of control.

The cause of a reset does not initialize the flash memory and keeps the automatic algorithm
operating. Thus, when the CPU starts a sequence after the reset is canceled, the flash memory
may not have been in a read state. Prevent a cause of a reset from occurring while the flash
memory is writing or erasing.

B Program access to flash memory

While the automatic algorithm is being activated, any read access to the flash memory is
disabled. When CPU memory access mode is set to internal ROM mode, move program areas
into another area such as RAM, and then start a write or erase.

In this case, when sectors containing interrupt vectors are erased, the writing or erasing of
interrupt processing cannot be executed.

For the same reason, other interrupt processing shall be disabled while the automatic algorithm
is being activated.
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CHAPTER 23 MB89F538/F538L SERIAL PROGRAMMING

This chapter describes the example of the serial programming when the flash MCU
programmer by Yokogawa Digital Computer Corporation.

23.1 "Basic Configuration of MB89F538/F538L Serial Programming
Connection"

23.2 "Connection Example of Serial Programming (when User Power Supply is
Used)"

23.3 "Connection Example of Serial Programming (when Power Supply is
Supplied from Flash MCU Programmer)"

23.4 "Minimum Connection Example with Flash MCU Programmer (when User
Power Supply is Used)"

23.5 "Minimum Connection Example with Flash Microcomputer Programmer
(when Power Supply is Supplied from Flash MCU Programmer)"
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23.1 Basic Configuration of MB89F538/F538L Serial
Programming Connection

In MB89F538/F538L, the serial on-board programming of flash ROM (Fujitsu standard)
is supported. The specification is explained as follows.

B Basic Configuration of MB89F538/F538L Serial Programming Connection

Based on Fujitsu standard serial on-board programming, the flash MCU programmer by
Yokogawa Digital Computer Corporation can be used.

Figure 23.1-1 "Basic Configuration of MB89F538/F538L Serial Programming Connection”
shows the basic configuration of the MB89F538/F538L serial programming connection.

Figure 23.1-1 Basic Configuration of MB89F538/F538L Serial Programming Connection

Host interface cable (AZ221) General-purpose common cable (AZ210)
/ Flash Clock / MB89F538/F538L
Microcomputer synchronous | user system
RS232C N Programmer P serial

A

<« >

+
memory card

—~—

Operable in stand-alone mode

Note:

Please inquire to Yokogawa Digital Computer Corporation for more information about the
operation method of flash MCU programmer (AF220/AF210/AF120/AF110), general-purpose
common cable for connection (AZ210) and the connector.

526



23.1 Basic Configuration of MB89F538/F538L Serial Programming Connection

O Pins for Fujitsu standard serial on-board programming

Table 23.1-1 Pins for Fujitsu Standard Serial On-board Programming

Pin Function Note

MOD2, MOD1 | Mode pins Set MOD2 = 0, MOD1 =1, MODO =1, P22 = 1, P23 = 0,

MODO, P22, P10 = 1 to change to serial programming mode.

P23, P10

X0, X1 Oscillation pins The internal operation of CPU clock at the serial
programming mode is divided by four of the oscillation
frequency.
Moreover , it is necessary to input the oscillation frequency
with 3 MHz or more at the serial programming.

RST Reset pin -

SI2 Serial data input pin

S02 Serial data output pin Use 8-bit serial I/0.

SCK2 Serial clock input pin

Vee Power voltage supply pin When the user system supplies the programming voltage,
the connection with the flash MCU programmer is
unnecessary.

Vgs GND pin It is common with flash MCU programmer’s GND.

Moreover, if SI, SO, SCK pins are also used by the user system, the control circuit is necessary
(see Figure 23.1-2 "Control Circuit"). (During the serial programming, the user circuit can be cut
off by the flash MCU programmer’s /TICS signal. See the connection example.)

Figure 23.1-2 Control Circuit

AF220/AF210/AF120/AF110

AF220/AF210/AF120/AF110
/TICS pin

’ MB89F538/F538L

. : ™S
write control pin write control pin
24.7KQ %

User
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O About oscillation clock frequency and serial input clock frequency

For MB89F538/F538L, the serial clock frequency that is able to input is calculate from the
following formula. Therefore, please change the serial clock input frequency in the flash MCU
programmer’s setting by the using oscillation clock frequency.

Serial clock frequency (Max.) = 0.125 x oscillation clock frequency

Example:
Oscillation clock Max. Serial Clock Max. Serial Clock Frequency Max. Clock Serial
frequency Frequency provided provided by Frequency provided by
by MCU AF220/AF210/AF120/AF110 AF200
4 MHz 500 kHz 500 kHz 500 kHz
8 MHz 1 MHz 850 kHz 500 kHz
10 MHz 1.25 MHz 1.25 MHz 500 kHz

O Configuration of flash microcomputer programmer system (made by Yokogawa Digital
Computer Corporation)

Table 23.1-2 Configuration of Flash Microcomputer Programmer System (Made by Yokogawa Digital
Computer Corporation)

Model Function

Mainframe | AF220/AC4P | Model with Ethernet interface built in / 100 to 220 V power adaptor

AF210/AC4P | Standard model / 100V to 220 V power adaptor

AF120/AC4P | Single-key Ethernet interface model / 100V to 220 V power adaptor

AF110/AC4P | Single-key model/100V to 220 V power adaptor

AZ221 PC/AT RS232C cable only for Programmer

AZ210 Standard target probe (a), length: 1 m

FF201 Fujitsu FMC-16LX flash microcomputer control model
AZ290 Remote controller

/P2 2 MB PC card (option) for flash memory sizes of up to 128 KB
/P4 4 MB PC card (option) for flash memory sizes of up to 512 KB

Inquiries: Yokogawa Digital Computer Corporation
Telephone number: (81)-42-333-6224
Note:

Though AF200 flash microcomputer programmer is not available, it is possible to correspond
by using control module FF201. Example of serial programming connection is possible to
correspond by the connection example that is shown in the next page.
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23.2 Connection Example of Serial Programming (when User

Power Supply is Used)

In the user system, to change to serial programming mode, input MOD1, MODO = 11 to

the mode pin that is set to MOD2, MOD1, MODO = 000 from TAUX3 of AF220/AF210/

AF120/AF110. (Serial programming mode: MOD2, MOD1, MODO = 011)

B Example of Connection for Serial Programming (when Power Supplied by User)

Figure 23.2-1 Example of Connection for Serial Programming in MB89F538/538L

(when Power Supplied by User)

4.7 KQ

]

4.7 KQ

4.7 KQ

o

AF220/AF210/AF120/AF110 U
flash microcomputer ser system
progiammer 17 Connector
DX10.28S MB89F538/F538L
| MOD2
; /_l/7_ P23
TAUX3 : (19) MOD/1
| MODO
24.7 KQ
= X0 p22
J,
TTXD : (13) si2
j %4.7 KQ
TRXD } (27) S02
TCK ®) T ™~ SCK2
: 24.7KQE T
/TICS ‘ (10) y
' User
24.7 KQ %
9
247 KQ —
/TRES =
(5) i é RST
User é
TVce 2) Vee
: I User power
| supply
L s,
GND j 14,15, Vss
; 21,22,
' 1,28)
eeeees Pin 14 Pin 1
Pins 8, 4,9, 11,12, 16, —
17,18, 20, 23, 24, 25, DX10-28S
and 26 are open.
DX10-288S, right-angle type Pin28 Pin 15
Connector (made by Hirose Electric) pin layout
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* Moreover, if SI2, SO2 pins are also used by the user system, SCK2 pin and the following
control circuit is necessary. (During the serial programming, the user circuit can be cut off by
the flash MCU programmer’s /TICS signal.)

AF220/AF210/AF120/AF110 N MB8OF538/F538L
write control pin >4.7 KO Ls” write control pin
AF220/AF210/AF120/AF110~
/TICS pin ¢

User

e Connect AF220/AF210/AF120/AF110 during user power supply is "OFF".

e In Figure 23.2-1 "Example of Connection for Serial Programming in MB89F538/F538L (when
Power Supplied by User)," the values indicated for the pull-up and pull-down resistors are
samples, which can be changed depending on your system requirements. When noise may
cause the input levels at the MODO or MOD1 pin to fluctuate, it is recommended that anti-
noise measures be taken by connecting capacitors or other devices.
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23.3 Connection Example of Serial Programming (when Power

Supply is Supplied from Flash MCU Programmer)

In the user system, to change to serial programming mode, input MOD1, MODO = 11 to

the mode pin that is set to MOD2, MOD1, MODO = 000 from TAUX3 of AF220/AF210/

AF120/AF110. (Serial programming mode: MOD2, MOD1, MODO = 011).

B Example of Connection for Serial Programming (when Power Supplied by Flash MCU Programmer)

Figure 23.3-1 Example of Connection for Serial Programming in MB89F538/538L (when Power Supplied

by Flash MCU Programmer)

AF220/AF210/AF120/AF110

flash microcomputer User system

programmer ' Connector -
i DX10-28S MB89F538/F538L
! /7,77 MOD2 P23
TAUX3 (19) MODA %
| MODO
i 24.7 KQ ]g
p22
l * X0
]
P10
1
* X1
TTXD —(13) SI2
: % 4.7 KQ
TRXD — (27) r S02
TCK — 6) = p— -+ sCkz
| 247 Kgg T }
/TICS —(10) — . :
| User
3 24.7 KQ
! %24.7 KQ
/TRES — (5) RST
! User é
TVce : @) |
Vee ‘ 3)
TVPP1 1 (16) Veo
(7,8, ZE Userlpower
14,15, supply
GND 212 Vss
b [1,28) .
Pin 14 Pin 1

Pins 4,9, 11, 12,17
18, 20, 23, 24, 25,
and 26 are open.

DX10-28S, right-angle type Pin28

\ N ]
DX10-28S

Pin 15

Connector (made by Hirose Electric) pin layout

*1 For details on how to supply power from the flash MCU programmer on the
MB89F538L (3V model), contact Yokogawa Digital Computer Corporation.

4.7 KQ

4.7 KQ

4.7 KQ
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Moreover, if SI2, SO2 pins are also used by the user system, SCK2 pin and the following
control circuit is necessary. (During the serial programming, the user circuit can be cut off by
the flash MCU programmer’s /TICS signal.)

AF220/AF210/AF120/AF110 N

: F210/ MB89F538/F538L
write control pin s Lo~ write control pin
AF220/AF210/AF120/AF110 ~

/TICS pin -

User

Connect AF220/AF210/AF120/AF110 during user power supply is "OFF".

No short-circuit with the user power supply is allowed when AF220/AF210/AF120/AF110
supplies the programming power supply.

In Figure 23.3-1 "Example of Connection for Serial Programming in MB89F538/F538L (when
Power Supplied by Flash MCU Programmer)," the values indicated for the pull-up and pull-
down resistors are samples, which can be changed depending on your system requirements.
When noise may cause the input levels at the MODO or MOD1 pin to fluctuate, it is
recommended that anti-noise measures be taken by connecting capacitors or other devices.
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23.4 Minimum Connection Example with Flash MCU Programmer
(when User Power Supply is Used)

If each pin is set as shown in Figure 23.4-1 "Example of Minimum Connection for Flash

MCU Programmer in MB89F538/538L (when Power Supplied by User)", MOD1 and

MODO do not need to be connected with the flash MCU programmer.

B Example of Minimum Connection for Flash MCU Programmer (when Power Supplied by User)

Figure 23.4-1 Example of Minimum Connection for Flash MCU Programmer in MB89F538/538L

(when Power Supplied by User)

4.7 KQ

o]

4.7 KQ

4.7 KQ

e

AF220/AF210/AF120/AF110
flash microcomputer
programmer User system MB89F538/F538L
A MOD2 P23
When 1, Seral programming % 4.7 KQ
MOD1
P22
When 1, Seral programming % 4.7 KQ P10
MODO
* X0
]
T x1
Connector S
DX10-28S =
= 47KQ %24_7 KO
/TRES ®) RST
TTXD (13) SlI2
TRXD (27) SO2
TCK ®) SCK2
TVee @) Vee
s I
14,15, User power supply
GND 2122, Vss
1,28)
777777 Pin 14 Pin 1
Pins 3, 4, 9, 10, 11, 12, 16, —7
17,18, 19, 20, 23, 24, 25, DX10-28S
and 26 are open.
DX10-28S, right-angle type Pin28 . PFn 15
Connector (made by Hirose Electric) pin layout
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Moreover, if SI2, SO2, SCK2 pins are also used by the user system, the following control
circuit is necessary. (During the serial programming, the user circuit can be cut off by the
flash MCU programmer’s /TICS signal.)

AF220/AF210/AF120/AF110 N

: F210/ MB89F538/F538L
write control pin s Lo~ write control pin
AF220/AF210/AF120/AF110 ~

/TICS pin -

User

Connect AF220/AF210/AF120/AF110 during user power supply is "OFF".

In Figure 23.4-1 "Example of Minimum Connection for Flash MCU Programmer in
MB89F538/F538L (when Power Supplied by User)," the values indicated for the pull-up and
pull-down resistors are samples, which can be changed depending on your system
requirements. When noise may cause the input levels at the MODO or MOD1 pin to
fluctuate, it is recommended that anti-noise measures be taken by connecting capacitors or
other devices.



23.5 Minimum Connection Example with Flash Microcomputer Programmer (when Power Supply is Sup-

23.5 Minimum Connection Example with Flash Microcomputer
Programmer (when Power Supply is Supplied from Flash
MCU Programmer)

If each pin is set as shown in Figure 23.5-1 "Example of Minimum Connection for Flash
MCU Programmer in MB89F538/538L (when Power Supplied by Flash MCU
Programmer)" during the serial programming, the connection with MOD1 and MOD2
and flash MCU programmer is unnecessary.

B Minimum Connection Example with Flash Microcomputer Programmer (when Power Supply is
Supplied from Flash MCU Programmer)

Figure 23.5-1 Example of Minimum Connection for Flash MCU Programmer in MB89F538/538L
(when Power Supplied by Flash MCU Programmer)

AF220/AF210/AF120/AF110

flash microcomputer User system MB89F538/F538L("1)
programmer T
MOD2 P23
4.7 KQ
When 1, S‘eral %'7 KQ
programming
MOD1
4.7 KQ
P22
% 4.7 KQ

programming

MODO

When 1, Seral %4'7 KO P10

* X0
—
* X1
! Connector =
' =4.7 KQ
. DX10-28S T
: 247KQ | __
/TRES : (5) l RST
TTXD —1 (13) Sl2
TRXD — (27) So2
TCK ; (6) SCK2
TVce ‘ (2)
Vee —1 @)
TVPP1 —1 (16) Vee
L @78, # User power
o 14,15, supply
GND 21,22, Vss
Co[1,28)
Pin 14 Pin 1
Pins 4,9, 10, 11, 12,17,
18, 19, 20, 28, 24, 25, N v _
DX10-28S
and 26 are open.
DX10-288S, right-angle type Pin28 Pin 15

Connector (made by Hirose Electric) pin layout
*1 For details on how to supply power from the flash MCU programmer on the
MBB89F538L (3V model), contact Yokogawa Digital Computer Corporation.
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* Moreover, if SI2, SO2, SCK2 pins are also used by the user system, the following control
circuit is necessary. (During the serial programming, the user circuit can be cut off by the
flash MCU programmer’s /TICS signal.)

AF220/AF210/AF120/AF110 N

: F210/ MB89F538/F538L
write control pin s Lo~ write control pin
AF220/AF210/AF120/AF110 ~

/TICS pin -

User

e Connect AF220/AF210/AF120/AF110 during user power supply is "OFF".

No short-circuit with the user power supply is allowed when AF220/AF210/AF120/AF110
supplies the programming power supply.

* In Figure 23.5-1 "Example of Minimum Connection for Flash MCU Programmer in
MB89F538/F538L (when Power Supplied by Flash MCU Programmer)," the values indicated
for the pull-up and pull-down resistors are samples, which can be changed depending on
your system requirements. When noise may cause the input levels at the MODO or MOD1
pin to fluctuate, it is recommended that anti-noise measures be taken by connecting
capacitors or other devices.

536



APPENDIX

This appendix lists the /O map and instructions.

APPENDIX A "I/O Maps"
APPENDIX B "Overview of Instructions"
APPENDIX C "Mask Options"

APPENDIX D "Write Specifications for the One-Time PROM and EPROM
Microcomputer"

APPENDIX E "EPROM with Piggyback/Evaluation Chip"
APPENDIX F "Pin Statuses of the MB89530/530H/530A Series"
APPENDIX G "Troubleshooting"
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APPENDIX A

I/0 Maps

The registers of the peripheral functions contained in MB89530/530H/530A are

assigned addresses as listed in Table Table A-1 "I/O Map."

H 1/0 Maps

Table A-1 1/0 Map

Address abFI;(:S\i/?:iLn Register name Read/Write Initial value
00H PDRO Port 0 data register R/wW XXXXXXXXg
01H DDRO Port 0 direction register w 00000000
02y PDR1 Port 1 data register R/W XXXXXXXXpB
03y DDR1 Port 1 direction register w 00000000

04 to 06 (Vacancy)
07H SYCC System clock area control register R/wW X-1MM100g
08y STBC Standby control register R/wW 00010---g
09y WDTC Watchdog control register R/W 0---XXXXpg
0AH TBTC Timebase timer control register RW 00---000g
0BH WPCR Watch prescaler control register R/W 00--0000g
0CH PDR2 Port 2 data register R/W XXXXXXXXB
0Dy DDR2 Port 2 direction register R/wW 00000000
OEH PDR3 Port 3 data register R/wW XXXXXXXXg
OFH DDR3 Port 3 direction data register R/wW 00000000
104 PDR4 Port 4 data register R/W XXXX11XXp
114 DDR4 Port 4 direction register R/W 0000--00g
124 PDR5 Port 5 data register R/W 11111111
131 PDR6 Port 6 data register R XXXXXXXXg
14 to 21 (Vacancy)
22y SMC11 Serial mode control register 1 (UART) R/wW 00000000
23H SRCH1 Serial rate control register (UART) R/W --011000g
24y SSD1 Serial status at data register (UART) R/W 00100-1Xpg
254 SIDR1/SODR1 | Serial input/output data register (UART) R/W XXXXXXXXg
26 SMC12 Serial mode control register 2 (UART) R/wW --100001g
274 CNTR1 PWM control register 1 R/W 00000000
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APPENDIX A /O Maps

Address ab?ofg\i/?::iron Register name Read/Write Initial value
28y CNTR2 PWM control register 2 R/W 000-0000g
294 CNTR3 PWM control register 3 R/W -000----g
2AH COMR1 PWM compare register 1 W XXXXXXXXp
2BH COMR2 PWM compare register 2 w XXXXXXXXp
2CH PCR1 PWC pulse width control register 1 R/W 000--000g
2Dy PCR2 PWC pulse width control register 2 R/W 00000000g
2EH RLBR PWC reload buffer register R/W XXXXXXXXpB
2FH SMC21 Serial mode control register 1 (UART/SIO) R/W 00000000
304 SMC22 Serial mode control register 2 (UART/SIO) R/W 00000000
31H SSD2 Serial status and data register (UART/SIO) R/W 00001---g
32y SIDR2/SODR2 | Serial data register (UART/SIO) R/W XXXXXXXXp
33y SRC2 Baud rate generator load register R/wW XXXXXXXXp
34y ADCH A/D control register 1 R/W X00000X0g
354 ADC2 A/D control register 2 R/W -0000001g
36H ADDL Lower A/D data register R/W XXXXXXXXB
374 ADDH Upper A/D data register RW | - 00pg
38y PPGC2 PPG2 control register (12-bit PPG) R/W 00000000g
394 PRL22 PPG2 reload register 2 (12-bit PPG) R/W 0X000000g
3AH PRL21 PPG2 reload register 1 (12-bit PPG) R/W XX000000g
3By PRL23 PPG2 reload register 3 (12-bit PPG) R/W XX000000g
3CH TMCR 16-bit timer control register R/W --000000g
3Dy TCHR Upper 16-bit timer count register R/W 00000000
3EH TCLR Lower 16-bit timer count register R/W 00000000
3FH EIC1 External interrupt 1 control register 1 R/W 00000000
404 EIC2 External interrupt 1 control register 2 R/W 00000000

41y to 48y (Vacancy)
494 DDCR DDC selection register RW | e O
4AHto 4By (Vacancy)
4CyH PPGC1 PPG1 control register (12-bit PPG) R/W 00000000
4Dy PRL12 PPG1 reload register 2 (12-bit PPG) R/W 0X000000g
4EH PRL11 PPG1 reload register 1 (12-bit PPG) R/W XX000000g
4FH PRL13 PPG1 reload register 3 (12-bit PPG) R/W XX000000g
504 IACR I2C address control register RW | e 000g
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Table A-1 1/0 Map (Continued)

Address ab?o?g\i/?:ircm Register name Read/Write Initial value
51 IBSR I2C bus status register R 00000000g
52h IBCR I°C bus control register R/W 00000000g
534 ICCR I°C clock control register R/W 000XXXXXp
54 IADR 1°C address register R/W -XXXXXXXpB
554 IDAR 1°C data register R/W XXXXXXXXg
561 EIE2 External interrupt 2 control register R/wW 00000000
57H EIF2 External interrupt 2 flag register RW | O
58K RCR1 6-bit PPG control register 1 R/W 00000000g
594 RCR2 6-bit PPG control register 2 R/W 0X000000g
5AH CKR Clock output control register RW | e 00

5By to 6FH (Vacancy)
704 SMR Serial mode register (SIO) R/W 00000000
71H SDR Serial data register (SIO) R/W XXXXXXXXp
721 PURRO Port O pull-up resistor register R/W 11111111
73H PURR1 Port 1 pull-up resistor register R/W 11111111
74K PURR2 Port 2 pull-up resistor register R/wW 11111111
751 PURRS Port 3 pull-up resistor register R/wW 11111111
76H PURR4 Port 4 pull-up resistor register R/wW 1111--11p
77H WREN Wild register enable register R/W --000000g
784 WROR Wild register data test register R/W --000000g
794 PURRG6 Port 6 pull-up resistor register R/W --11111g
7AH (Vacancy)
7BH ILR1 Interrupt level set register 1 w 11111111
7CH ILR2 Interrupt level set register 2 w 11111111
7Dy ILR3 Interrupt level set register 3 W 11111111
7EH ILR4 Interrupt level set register 4 W 11111111
7FH ITR Interrupt test register pﬁ‘)‘;ﬁgﬁ: d XXXXX00g
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Table A-2 Extended I/O area

APPENDIX A /O Maps

Address abi?g\i/?::i;n Register name Read/Write Initial value
C80y WRARH1 Upper address set register 1 R/W XXXXXXXXp
C81y WRARL1 Lower address set register 1 R/W XXXXXXXXp
Cc82y WRDRH1 Data set register 1 RW XXXXXXXXp
C83H WRARH2 Upper address set register 2 R/W XXXXXXXXp
C84y WRARL2 Lower address set register 2 R/W XXXXXXXXp
C85y WRDR2 Data set register 2 R/W XXXXXXXXp
C86y WRARH3 Upper address set register 3 R/W XXXXXXXXp
C87y WRARLS3 Lower address set register 3 R/W XXXXXXXXp
C88H WRDR3 Data set register 3 R/W XXXXXXXXpB
C894 WRARH4 Upper address set register 4 R/W XXXXXXXXp
C8AH WRARL4 Lower address set register 4 R/W XXXXXXXXp
C8By WRDR4 Data set register 4 R/W XXXXXXXXp
C8CH WRARH5 Upper address set register 5 R/W XXXXXXXXp
C8Dy WRARL5 Lower address set register 5 R/W XXXXXXXXp
C8En WRDR5 Data set register 5 R/W XXXXXXXXB
C8FH WRARH6 Upper address set register 6 R/W XXXXXXXXpg
C90H WRARLG Lower address set register 6 R/W XXXXXXXXB
Co1y WRDR6 Data set register 6 R/W XXXXXXXXp

O Explanation of read/write

R/W: Read and write possible

R: Read only
W: Write only

O Explanation of initial values

0: The initial value of this bit is "0."

1: The initial value of this bit is "1."

X: The initial value of this bit is undefined.

M: The initial value of this bit is the mask option.

-: This bit is unused.

Note:

Do not use the vacancy.
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APPENDIX B Overview of Instructions

Appendix B describes the instructions used by the F2MC-8L.
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APPENDIX B Overview of Instructions

B.1 Overview of F2MC-8L Instructions

The F2MC-8L supports 140 types of instructions.

B Overview of F2MC-8L Instructions

The F2MC-8L has 140 1-byte machine instructions (256-byte instruction map). An instruction
code consists of an instruction and zero or more operands that follow.

Figure B.1-1 "Relationship between the Instruction Codes and the Instruction Map" shows the
relationship between the instruction codes and the instruction map.
Figure B.1-1 Relationship between the Instruction Codes and the Instruction Map

0 to 2 bytes, which are assigned
depending on the instruction
A

1 byte p N
Instruction code | Machine
instruction Operand Operand
— Higher 4 bits [Instruction map]
2
o
<
o
=
o
-
K%

¢ The instructions are classified into four types: transfer, arithmetic, branch, and other.

e A variety of addressing methods is available. One of ten addressing modes can be selected
depending on the selected instruction and specified operand(s).

¢ Bit manipulation instructions are provided. They can be used for read-modify-write
operations.

¢ Some instructions are used for special operations.
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B Symbols used with Instructions

Table B.1-1 "Symbols in the Instruction List" lists the symbols used in the instruction code
descriptions in Appendix B.

Table B.1-1 Symbols in the Instruction List

Symbol Meaning

dir Direct address (8 bits)

off Offset (8 bits)

ext Extended address (16 bits)

#vct Vector table number (3 bits)

#d8 Immediate data (8 bits)

#d16 Immediate data (16 bits)

dir:16 Bit direct address (8 bits:3 bits)

rel Branch relative address (8 bits)
@ Register indirect addressing (examples: @A, @1X, @EP)
A Accumulator (8 or 16 bits, which are determined depending on the instruction being used)

AH Higher 8 bits of the accumulator (8 bits)

AL Lower 8 bits of the accumulator (8 bits)

T Temporary accumulator (8 or 16 bits, which are determined depending on the instruction being
used)

TH Higher 8 bits of the temporary accumulator (8 bits)

TL Lower 8 bits of the temporary accumulator (8 bits)

IX Index register (16 bits)

EP Extra pointer (16 bits)

PC Program counter (16 bits)

SP Stack pointer (16 bits)

PS Program status (16 bits)

dr Either accumulator or index register (16 bits)

CCR Condition code register (8 bits)

RP Register bank pointer (5 bits)

Ri General-purpose register (8 bits, i=0to 7)
X X is immediate data (8 or 16 bits, which are determined depending on the instruction being used).
(X) The content of X is to be accessed (8 or 16 bits, which are determined depending on the

instruction being used).

((X)) The address indicated by the X is to be accessed (8 or 16 bits, which are determined depending
on the instruction being used).
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APPENDIX B Overview of Instructions

The F2MC-8L has the following ten addressing modes:

Direct addressing

Extended addressing

Bit direct addressing

Index addressing

Pointer addressing

General-purpose register addressing
Immediate addressing

Vector addressing

Relative addressing

Inherent addressing

Bl Explanation of Addressing

O Direct addressing

Direct addressing is indicated by dir in the instruction list. This addressing is used to access the
area between 0000 and 00FF. In this addressing mode, the higher byte of the address is 00y

and the lower byte is specified by the operand. Figure B.2-1 "Example of Direct Addressing"

shows an example.

Figure B.2-1 Example of Direct Addressing

MOV 124, A

%0012H

4 54

J—alas

O Extended addressing

Extended addressing is indicated by ext in the instruction list. This addressing is used to access
the entire 64-KB area. In this addressing mode, the first operand specifies the higher byte of
the address, and the second operand specifies the lower byte.

Figure B.2-2 "Example of Extended Addressing" shows an example.

Figure B.2-2 Example of Extended Addressing

MOVW A, 1234+

12 34+

56H

12 35H

7 8H

A (56 78]
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O Bit direct addressing

Bit direct addressing is indicated by dir:b in the instruction list. This addressing is used to
access a particular bit in the area between 0000y and 00FFy. In this addressing mode, the

higher byte of the address is 00y and the lower byte is specified by the operand. The bit
position at the address is specified by the lower three bits of the operation code.

Figure B.2-3 "Example of Bit Direct Addressing" shows an example.

Figure B.2-3 Example of Bit Direct Addressing

SETB34r :2 76543210
00 341 XXXXX1XXs

Index addressing

Index addressing is indicated by @IX+off in the instruction list. This addressing is used to
access the entire 64-KB area. In this addressing mode, the address is the value resulting from
sign-extending the contents of the first operand and adding them to IX (index register). Figure
B.2-4 "Example of Index Addressing" shows an example.

Figure B.2-4 Example of Index Addressing

MOVW A, @IX+5 AH

v
|X+H27FFH 12y W A

28 00w |34u] |

Pointer addressing

Pointer addressing is indicated by @EP in the instruction list. This addressing is used to access
the entire 64-KB area. In this addressing mode, the address is contained in EP (extra pointer).
Figure B.2-5 "Example of Pointer Addressing" shows an example.

Figure B.2-5 Example of Pointer Addressing

MOVW A, @EP
EP |27 A5H g;igm ;iH Al12 344
H H

O General-purpose register addressing

General-purpose register addressing is indicated by Ri in the instruction list. This addressing is
used to access a register bank in the general-purpose register area. In this addressing mode,
the higher byte of the address is always 01 and the lower byte is specified based on the
contents of RP (register bank pointer) and the lower three bits of the operation code. Figure
B.2-6 "Example of general-purpose register addressing" shows an example.

Figure B.2-6 Example of General-purpose Register Addressing

MOV A R6

AP (01 010> 015n [ABn] J— A [ABs]
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O Immediate addressing

Immediate addressing is indicated by #d8 in the instruction list. This addressing is used when
immediate data is required. In this addressing mode, the operand is used as immediate data.
Whether the data is specified in bytes or words is determined by the operation code. Figure
B.2-7 "Example of Immediate Addressing" shows an example.

Figure B.2-7 Example of Immediate Addressing

MOV A, #56H

Er

O Vector addressing

Vector addressing is indicated by vct in the instruction list. This addressing is used to branch to
a subroutine address stored in the vector table. In this addressing mode, vct information is
contained in the operation codes, and the corresponding table addresses are created as shown
in Table B.2-1 "Vector Table Addresses Corresponding to vct".

Table B.2-1 Vector Table Addresses Corresponding to vct

#vct Vector table address (higher address:lower address of branch destination)
0 FFCOy : FFC1y
1 FFC2, : FFC3y

FFC4y : FFC5y

FFC6y : FFC7h

FFC8 : FFC9y

FFCAy : FFCBy

FFCCy : FFCDy

FFCEy : FFCFy

N oo~ wWwW| DN

Figure B.2-8 "Example of Vector Addressing" shows an example.

Figure B.2-8 Example of Vector Addressing

CALLV #5

L (Conversion) — FFCAH |F En } PC

FFCBH |DCH
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O Relative addressing

Relative addressing is indicated by rel in the instruction list. This addressing is used to branch
to within the area between the address 128 bytes higher and that 128 bytes lower relative to the
address contained in the PC (program counter). In this addressing mode, the result of a signed
addition of the contents of the operand to the PC is stored in the PC. Figure B.2-9 "Example of
Relative Addressing" shows an example.

Figure B.2-9 Example of Relative Addressing

BNE F EH

K2 9ABCH + FFFEH
Previous PC |9 A B CH + CurrentPC |9 A B AH

In this example, a branch to the address of the BNE operation code occurs, thus resulting in an
infinite loop.

Inherent addressing

Inherent addressing is indicated as the addressing without operands in the instruction list. This
addressing is used to perform the operation determined by the operation code. In this
addressing mode, different operations are performed via different instructions. Figure B.2-10
"Example of Inherent Addressing" shows an example.

Figure B.2-10 Example of Inherent Addressing

NOP

Previous PC | 9A B CH Current PC | 9ABDH
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B.3 Special Instructions

This section describes the special instructions used for other than addressing.

B Special Instructions

O JMP @A

This instruction sets the contents of A (accumulator) to PC (program counter) as the address,
and causes a branch to that address. One of the N branch destination addresses is selected
from a table, and then transferred to A. The instruction can be executed to perform N-branch
processing.

Figure B.3-1 "JMP @A" shows a summary of the instruction.

Figure B.3-1 JMP @A

(Before execution) (After execution)
A|1234H A |1234H
=
Previous PC | X X X XH CurrentPC | 1234H

O MOVW A, PC

This instruction performs the operation which is the reverse of that performed by JMP @A. That
is, the instruction stores the contents of PC in A. When the instruction is executed in the main
routine, so that a specific subroutine is called, whether A contains a predetermined value can be
checked by the subroutine. This can be used to determine that the branch source is not any
unexpected section of the program and to check for program runaway.

Figure B.3-2 "MOVW A, PC" shows a summary of the instruction.

Figure B.3-2 MOVW A, PC

A I
Previous PC PC

After the MOVW A, PC instruction is executed, A contains the address of the operation code of
the next instruction, rather than the address of the operation code of MOVW A, PC.
Accordingly, Figure B.3-2 "MOVW A, PC" shows that A contains 1234y, which is the address of

the operation code of the instruction that follows MOVW A, PC.
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O MULUA

This instruction performs an unsigned multiplication of AL (lower eight bits of the accumulator)
and TL (lower eight bits of the temporary accumulator), and stores the 16-bit result in A. The
contents of T (temporary accumulator) do not change. The contents of AH (higher eight bits of
the accumulator) and TH (higher eight bits of the temporary accumulator) before execution of
the instruction are not used for the operation. The instruction does not change the flags, and
therefore care must be taken when a branch may occur depending on the result of a
multiplication.

Figure B.3-3 "MULU" shows a summary of the instruction.

Figure B.3-3 MULU

(After execution)

 [1860: |
(1288

(Before execution)

Als67em | o
T[12344 |

DIVU A

This instruction divides the 16-bit value in T by the unsigned 8-bit value in AL, and stores the 8-
bit result and the 8-bit remainder in AL and TL, respectively. A value of 0 is set to both AH and
TH. The contents of AH before execution of the instruction are not used for the operation. An
unpredictable result is produced from data that results in more than eight bits. In addition, there
is no indication of the result having more than eight bits. Therefore, if it is likely that data will
cause a result of more than eight bits, the data must be checked to ensure that the result will not
have more than eight bits before it is used.

The instruction does not change the flags, and therefore care must be taken when a branch
may occur depending on the result of a division.

Figure B.3-4 "DIVU A" shows a summary of the instruction.

Figure B.3-4 DIVU A

(Before execution)

Alse7en |
T[18624 |

=

(After execution)

Aloo3an |
T[0002 |

XCHW A, PC

This instruction swaps the contents of A and PC, resulting in a branch to the address contained
in A before execution of the instruction. After the instruction is executed, A contains the address
that follows the address of the operation code of MOVW A, PC. This instruction is effective
especially when it is used in the main routine to specify a table for use in a subroutine.

Figure B.3-5 "XCHW A, PC" shows a summary of the instruction.

Figure B.3-5 XCHW A, PC

(Before execution)

Alse7en |
pc 1234 |

(After execution)

Al1235 |
pc 5676 |
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After the XCHW A, PC instruction is executed, A contains the address of the operation code of
the next instruction, rather than the address of the operation code of XCHW A, PC.
Accordingly, Figure B.3-5 "XCHW A, PC" shows that A contains 1235y, which is the address of

the operation code of the instruction that follows XCHW A, PC. This is why 1235, is stored
instead of 1234

Figure B.3-6 "Example of Using XCHW A, PC" shows an assembly language example.

Figure B.3-6 Example of Using XCHW A, PC

(Main routine) (Subroutine)

MOVW A, #PUTSUB PUTSUB  XCHW A, EP

XCHW A, PC PUSHW A

DB 'PUT OUT DATA', EOL PTS1 MOV A, @EP

MOVW A, 1234H INCW EP

) MOV I0,A <—

CMP A, #EOL
BNE PTS1
POPW A
XCHW A, EP
JMP @A

Qutput table
data here

O CALLYV #vct

This instruction is used to branch to a subroutine address stored in the vector table. The
instruction saves the return address (contents of PC) in the location at the address contained in
SP (stack pointer), and uses vector addressing to cause a branch to the address stored in the
vector table. Because CALLV #vct is a 1-byte instruction, the use of this instruction for
frequently used subroutines can reduce the entire program size.

Figure B.3-7 "Example of Executing CALLV #3" shows a summary of the instruction.

Figure B.3-7 Example of Executing CALLV #3

(Before execution) (After execution)

Pc [FEDCH|
sp [12320 |

sp [1234n | (2

1232H | XXH
1233H | XXH

1232H |[56H
1233H [79H

FFCéH | FEH
FFC741 |DCH

FFC6H | FEH
FFC74 |DCH

After the CALLV #vct instruction is executed, the contents of PC saved on the stack area are
the address of the operation code of the next instruction, rather than the address of the
operation code of CALLV #vct. Accordingly, Figure B.3-7 "Example of Executing CALLV #3"
shows that the value saved in the stack (1232, and 1233y) is 5679, which is the address of

the operation code of the instruction that follows CALLV #vct (return address).
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B.4 Bit Manipulation Instructions (SETB, CLRB)

Some bits of peripheral function registers include bits that are read by a bit
manipulation instruction differently than usual.

B Read-modify-write Operation

By using these bit manipulation instructions, only the specified bit in a register or RAM location
can be set to 1 (SETB) or cleared to 0 (CLRB). However, as the CPU operates on data in 8-bit
units, the actual operation (read-modify-write operation) involves a sequence of steps: 8-bit
data is read, the specified bit is changed, and the data is written back to the location at the
original address.

Table B.4-1 "Bus Operation for Bit Manipulation Instructions" shows bus operation for bit
manipulation instructions.

Table B.4-1 Bus operation for Bit Manipulation Instructions

CODE MNEMONIC | TO | Cycle | Address bus Data bus RD WR | RMW
AO to A7 CLRB dir:b 4 1 N+1 dir 0 1 0
2 dir address Data 0 1 1
A8 to AF SETB dir:b 3 dir address Data 1 0 0
4 N+2 Next instruction 0 1 0

Bl Read Operation Upon the Execution of Bit Manipulation Instructions

552

For some 1/O ports and for the interrupt request flag bits, the value to be read differs between a
normal read operation and a read-modify-write operation.

O 1/0 ports (during a bit manipulation)

From some 1/O ports, an I/O pin value is read during a normal read operation, while an output
latch value is read during a bit manipulation. This prevents the other output latch bits from
being changed accidentally, regardless of the 1/0 directions and states of the pins.

O Interrupt request flag bits (during a bit manipulation)

An interrupt request flag bit functions as a flag bit indicating whether an interrupt request exists
during a normal read operation. However, 1 is always read from this bit during a bit
manipulation. This prevents the flag from being cleared accidentally by a value of 0 which
would otherwise be written to the interrupt request flag bit when another bit is manipulated.
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B.5 F2MC-8L Instructions

Table B.5-1 "Transfer Instructions" to Table B.5-4 "Other Instructions" list the
instructions used with the F2MC-8L.

H Transfer Instructions

Table B.5-1 Transfer Instructions

No. MNEMONIC ~ | # Operation TL | TH | AH OP CODE
1 | MOV dir, A 3 | 2| (din<—-(A) - - | - 45
2 | MOV @IX+off, A 4 | 2 | (IX)+off)<--(A) - 46
3 | MOV ext, A 4 | 3| (ext)<--(A) - 61
4 | MOV @EP, A 3 [ 1] (EP)<-(A) - - - 47
5 | MOV Ri, A 3|1 | (Ri)<—(A) - -] - 48 to 4F
6 | MOV A, #d8 2| 2| (A)<-d8 AL | - | - 04
7 | MOV A, dir 3| 2| (A)<-(dir) AL | - | - 05
8 | MOV A, @IX+off 4 | 2 | (A)<=((IX)+off) AL | - | - 06
9 | MOV A, ext 4 | 3| (A)<--(ext) AL - - 60
10 | MOV A, @A 31| (A)<—((A) AL | - | - 92
11 | MOV A, @EP 31| (A)<-(EP) AL | - | - 07
12 | MOV A, Ri 31| (A)<-(Ri) AL | - | - 08 to OF
13 | MOV dir, #d8 4 | 3| (dir<-d8 S 85
14 | MOV @IX+off, #d8 | 5 | 3 | ((IX)+off)<--d8 N 86
15 | MOV @EP, #d8 4 | 2 | (EP))<-d8 N 87
16 | MOV Ri, #d8 4 | 2 | (Ri)<—-d8 N 88 to 8F
17 | MOVW dir, A 4 | 2 | (dir)<—(AH), (dir+1)<--(AL) - -] - D5
18 | MOVW @IX+off, A | 5 | 2 | ((IX)+off )<--(AH), - - | - D6
((IX)+off+1)<--(AL)
19 | MOVW ext, A 5 | 3 | (ext)<--(AH), (ext+1)<-(AL) - -] - D4
20 | MOVW @EP, A 4 | 1| ((EP))<-(AH), N D7
((EP)+1)<--(AL)
21 | MOVW EP, A 2 [ 1| (EP)<-(A) - - | - E3
22 | MOVW A, #d16 3|3 | (A)<-di6 AL | AH | dH E4
23 | MOVW A, dir 4 | 2 | (AH)<--(dir), (AL)<--(dir+1) AL | AH | dH C5
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Table B.5-1 Transfer Instructions (Continued)

No. MNEMONIC ~| # Operation TL | TH | AH OP CODE
24 | MOVW A, @IX+off | 5 | 2 | (AH)<-((IX)+off), AL | AH | aH C6
(AL)<--((IX)+0ff+1)
25 | MOVW A, ext 5| 3 | (AH)<-(ext), (AL)<--(ext+1) AL | AH | dH Cc4
26 | MOVW A, @A 4 | 1| (AH)<=—((A)), (AL)<-((A)+1) AL | AH | dH 93
27 | MOVW A, @EP 4 | 1| (AH)<((EP)), AL | AH | aH c7
(AL)<--((EP)+1)
28 | MOVW A, EP 2 | 1| (A)<-(EP) - | - | aH F3
29 | MOVW EP, #d16 3| 3 | (EP)<-d16 -] - E7
30 | MOVW IX, A 2 | 1] (IX)<-(A) - - E2
31 | MOVW A, IX 2 | 1] (A)<-(X) - | - | aH F2
32 | MOVW SP, A 2 | 1] (SP)<-(A) - - E1
33 | MOVW A, SP 2| 1] (A)<-(SP) - | - | aH F1
34 | MOV @A T 3|1 | (A)<—~(T) - - 82
35 | MOVW @A, T 4 | 1| ((A)<—(TH), ((A)+1)<-(TL) - - 83
36 | MOVW IX, #d16 3| 3 | (IX)<-d16 - - E6
37 | MOVW A, PS 2| 1] (A)<-(PS) - | - | aH 70
38 | MOVW PS, A 2 | 1] (PS)<-(A) - - 71
39 | MOVW SP, #d16 3| 3 | (SP)<-d16 - - E5
40 | SWAP 2 | 1| (AH)<=- -->(AL) - - | AL 10
41 | SETB dirb 4 | 2 | (dir):b <1 -] - A8 to AF
42 | CLRB dirb 4| 2 | (dirb <0 -] - AO to A7
43 | XCH A, T 2 | 1| (AL)<- -->(TL) AL | - | - 42
44 | XCHW A, T 31| (A<= -->(T) AL | AH | dH 43
45 | XCHW A, EP 3| 1| (A< -->(EP) - | - | aH F7
46 | XCHW A, IX 3| 1| (A< ->(IX) -] - |aH F6
47 | XCHW A, SP 3| 1| (A)<--->(SP) - | - | aH F5
48 | MOVW A, PC 2 | 1] (A)<-(PC) - | - | aH FO
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Note:

In automatic transfer to T during byte transfer to A, AL is transferred to TL.

If an instruction has two or more operands, they are assumed to be saved in

indicated by MNEMONIC.

the order




H Arithmetic Instructions

Table B.5-2 Arithmetic Operation Instructions

APPENDIX B Overview of Instructions

No. MNEMONIC ~ Operation TL | TH | AH v OP CODE
1 | ADDC A, Ri 3 (A)<--(A)+(Ri)+C - - - + 28 to 2F
2 | ADDC A, #d8 2 (A)<--(A)+d8+C - -] - + 24
3 | ADDC A, dir 3 (A)<--(A)+(dir)+C - - - + 25
4 | ADDC A, @IX-+off 4 (A)<=-(A)+((IX)+off)+C - -] - + 26
5 | ADDC A, @EP 3 (A)<--(A)+((EP))+C - - - + 27
6 | ADDCW A 3 (A)<--(A)+(T)+C - | - |dH + 23
7 | ADDC A 2 (AL)<-(AL)+(TL)+C - - - + 22
8 | SUBC A Ri 3 (A)<--(A)-(Ri)-C - - - + 38 to 3F
9 | SUBC A, #d8 2 (A)<--(A)-d8-C - - - + 34
10 | SUBC A, dir 3 (A)<--(A)-(dir)-C - - - + 35
11 | SUBC A, @IX+off 4 (A)<--(A)-((IX)+0ff)-C -l -] - + 36
12 | SUBC A, @EP 3 (A)<--(A)-((EP))-C - - - + 37
13 | SUBCW A 3 (A)<--(T)-(A)-C - | - |dH + 33
14 | SUBC A 2 (AL)<-(TL)-(AL)-C - - - + 32
15 | INC Ri 4 (Ri)<--(Ri)+1 - - - + C8to CF
16 | INCW EP 3 (EP)<--(EP)+1 - - - c3
17 | INCW IX 3 (IX)<=-(1X)+1 - - - c2
18 | INCW A 3 (A)<--(A)+1 - | - |dH - co
19 | DEC Ri 4 (Ri)<--(Ri)-1 - - - + D8 to DF
20 | DECW EP 3 (EP)<--(EP)-1 - - - D3
21 | DECW IX 3 (IX)<=-(1X)-1 - - - D2
22 | DECW A 3 (A)<--(A)-1 - | - |dH - DO
23 | MULU A 19 (A)<--(AL)X(TL) - | - |aH - 01
24 | DIVU A 21 (A)<=-(T)/(AL), MOD -->(T) dL | 00 | 00 - 11
25 | ANDW A 3 (A)<=-(A) A (T) - | - |adH R 63
26 | ORW A 3 (A)y<—-(A) V (T) - | - |adH R 73
27 | XORW A 3 (A)<-(A) V (T) - | - |dH R 53
28 | CMP A 2 (TL)-(AL) - -] - + 12
29 | CMPW A 3 (T)-(A) - - - + 13
30 | RORC A 2 > C->A- ST ] 03
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Table B.5-2 Arithmetic Operation Instructions (Continued)

No. MNEMONIC # Operation TL | TH | AH \ OP CODE
31 | ROLC A 1| - C<-Aq N ] 02

32 | CMP A, #d8 2 | (A)-d8 - - - + 14

33 | CMP A, dir 2 | (A)-(din - - - + 15

34 | CMP A, @EP 1| (A)-((EP)) - -] - + 17

35 | CMP A, @IX+off 2 | (A)-((IX)+off) - - - + 16

36 | CMP A, Ri 1 | (A)-(Ri) - - - + 1810 1F
37 | DAA 1 | decimal adjust for addition - - - + 84

38 | DAS 1 | decimal adjust for subtraction - - - + 94

39 | XOR A 1 | (A)<—-(AL) Vv (TL) - - - R 52

40 | XOR A, #d8 2 | (A)<--(AL) v d8 - - - R 54

41 | XOR A, dir 2 | (A)<—-(AL) v (dir) - - - R 55

42 | XOR A, @EP 1 | (A)<=(AL) V ((EP)) - - - R 57

43 | XOR A, @IX+off 2 | (A)<—-(AL) ¥ ((IX)+off) - - - R 56

44 | XOR A, Ri 1 | (A)<—-(AL) vV (Ri) - - - R 58 to 5F
45 | AND A 1 | (A)<=-(AL) A (TL) - - - R 62

46 | AND A, #d8 2 | (A)<—-(AL) A d8 - - - R 64

47 | AND A, dir 2 | (A)<--(AL) A (dir) - - - R 65

48 | AND A, @EP 1 | (A)<=-(AL) A ((EP)) - - - R 67

49 | AND A, @IX+off 2 | (A)<—(AL) A ((IX)+off) - - . R 66

50 | AND A, Ri 1 | (A)<—-(AL) A (Ri) - - - R 68 to 6F
51 | OR A 1 | (A)<=(AL) V (TL) - - - R 72

52 | OR A, #d8 2 | (A)<—(AL) v d8 - - . R 74

53 | OR A, dir 2 | (A)<--(AL) V (dir) - - - R 75

54 | OR A, @EP 1 | (A)<==(AL) V ((EP)) - - - R 77

55 | OR A, @IX+off 2 | (A)<=-(AL) V ((IX)+off) - - - R 76

56 | OR A, Ri 1 | (A)<-(AL) V (Ri) - - - R 78 to 7F
57 | CMP dir, #d8 3 | (din-d8 - - - + 95

58 | CMP @EP, #d8 2 | ((EP))-d8 - - - + 97

59 | CMP @IX+off, #d8 3 | ((IX)+off)-d8 - - - + 96

60 | CMP Ri, #d8 2 | (Ri)-d8 - - - + 98 to 9F
61 | INCW SP 1| (SP)<--(SP)+1 - - - - o}

62 | DECW SP 1 | (SP)<—~(SP)-1 A ; D1
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Table B.5-3 Branch Instructions

APPENDIX B Overview of Instructions

No. MNEMONIC ~ | # Operation TL | TH | AH z Vv OP CODE
1 | BZ/BEQ rel 3 | 2 | if Z=1 then PC<--PC+rel FD
2 | BNZ/BNE rel 3 | 2 | if Z=0 then PC<--PC+rel FC
3 | BC/BLO rel 3 | 2 | if C=1then PC<--PC+rel F9
4 | BNC/BHS rel 3 | 2 | if C=0then PC<--PC+rel F8
5 | BN rel 3 | 2 | if N=1 then PC<--PC-+rel FB
6 | BP rel 3 | 2 | if N=0 then PC<--PC-+rel FA
7 | BLT rel 3 | 2 | if Vv N=1then PC<--PC+rel FF
8 | BGE rel 3 | 2 | if Vv N=0then PC<--PC+rel FE
9 | BBC dir:b, rel 5 | 3 | if (dir:b)=0 then PC<--PC+rel + BO to
B7
10 | BBS dir:b, rel 5 | 3 | if (dir:b)=1 then PC<--PC+rel + B8 to
BF
11 | JMP @A 2|1 | (PC)<--(A) EO
12 | JMP ext 3| 3| (PC)<--ext 21
13 | CALLV #vct 6 | 1 | vector call E8 to EF
14 | CALL ext 6 | 3 | subroutine call 31
15 | XCHW A, PC 3 | 1| (PC)<--(A), (A)<--(PC)+1 dH F4
16 | RET 4 | 1 | return from subroutine 20
17 | RETI 6 | 1 | return from interrupt restore 30

557



APPENDIX B Overview of Instructions

H Other Instructions

Table B.5-4 Other Instructions

No. MNEMONIC ~ | # Operation TL|TH|AH| N z V C |OPCODE
1 | PUSHW A 411 - - - |- - - -140
2 | POPW A 4|1 aH | - - - - |50
3 | PUSHW IX 411 - - -l - - - -4
4 | POPW IX 411 - - - /- - - ~-|51
5 | NOP 11 - - - l- - - ~-100
6 | CLRC 111 - - - - - - R|81
7 | SETC 1] 1 - - - - - - 8|9
8 | CLRI 11 - - -l- - - -180
9 | SETI 111 - - - - - - -19
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Instruction Map

B.6

Table B.6-1 "F2MC-8L Instruction Map" shows the F2MC-8L instruction map.

B Instruction map

Table B.6-1 F2MC-8L Instruction Map

[o4 L /4 H 8L p | 8o4'Ld  BPEY LY LH Y 1YY LE| ey 4y LY Ld'Y
18] ATV REL ONI sSad 8138 did AOW 40 aNY HOX AOW aans aaavy diNd AOW
o1 o o o Br'g:up 9:dp 8p#'9d  BPE'9Y  BYY 94 'Y 0d v V' 94 'Y o9 'V 94 'Y 9y 'y
98| ATV 93d ONI Sad 4135 did AOW 40 ANy d0X AOW J8ns aaav did AOW
o4 3 el Y r'G:p  G:ap 8o#'Gd  BPE'd GdY G Y Gy Y v ‘sH GH Y Gy v el Y
28| ATIVO RE ONI Sad 4135 did AOW 40 aNY HOX AOW aans aaav did AOW
[o4 i v I (2P AP 847 BPETH PV = e Y v ‘td e 'Y e ¥ = ey
NG| ATIVO 93d ONI Sad 813S did AOW 40 aNY H0X AOW J8nS aaavy did AOW
o1 53 £d €y r'g:up g:dp 8P4t BPEtH  PHY £y 'y £y Y v 'ed ey 'y £y 'Y ed 'y £d 'y
NE | ATIVO 93d ONI Sad IEN did AOW 40 ANy HOX AOW J8nS aaav dd AOW
o1 o ed 4 lig:ip g dp 8o4'cd  BRETH el ecd 'Y o'y v ed Y ol ¥ gy od 'Y
dd| ATIVO REL ONI sad g13S did AOW 40 aNY HOX AOW aans aaavy did AOW
o1 H I I Iy p | dp o# 'l BRI Y Y Y Vi R R Y Y
8| ATV 93d ONI Sad 4135 did AOW 40 ANy d0X AOW J8ns aaav did AOW
ol 0# 04 [0 BIo:p 0:dp 80404 BPE0d  OdY 04y 04 v v ‘0d 04y 04 v 04y 04y
ONg | ATIVO RE ONI Sad 4135 did AOW 40 aNY HOX AOW aans aaav did AOW
d3'y 9IP'dl |V'd3® |[dID'Y |ei‘Liap Ldp 80 '4d30 |80 4d30 dI@Y dI@Y |dIY |y'dI@ dIeVY |ddoV dIeyY |dI8Y
MHOX |  MAOW| MAOW| MAOW o84 ad10 did AOW 40 aNY H0X AOW a8ns aaavy dd AOW
X'V 9PE'XI  |VPHXID |PHXID Y |Ri‘9ap B:p BOEPHXID |BPAPHXID |PHXID Y [PHXID Y [PHXIDY |V PHXIO |PHXIY |PXIDY [PHXIDY | PHXID Y
MHOX |  MAOW | MAOW|  MAOW o84 8d10 did AOW 40 any HOX AOW aans aaay did AOW
ds'y 91p#‘dS |V Ip'y B1'G:p (G Bp#UP |BPEUP (DY ipy Ip'y v up Ip'y Ip'y ip 'y 'y
MHOX |  MAOW | MAOW|  MAOW o84 ad10 did AOW 40 aNY HOX AOW aans aaavy did AOW
WERY gipFyY |V we'y 1y 2 p 8P4 'y 8p# 'y 8p# 'y 8P’y |8pH'Y 8P 'y 8p# 'y
MHOX |  MAOW | MAOW| MAOW o84 8d10 SYa wva 40 ANy HOX J8ns aaav did AOW
d3'v ¥'d3 d3 d3 li‘g:ap g:ap R 19 Y v Y LYy v Y v v
MAON | MAOW | M33d MONI 088 8470  MAON | MAOW MHO | MONY| MHOX| MHOX| MOENS| MOQQvY| MdIND JH0Y
X'V VXl X X Ig:ip g dp VO ‘Y IN) Y v Y Ly v Y v v
MAON | MAOW| MO MONI o84 ad10 AOW AOW 40 aNY H0X HOX J8nS aaav did 0104
ds'v v'dS dS dS i'hap | p v ‘Sd v e X X 9ippe  |9}ippe v Y
MAON | MAOW | M33d MONI o84 8d10 2138 Q40|  MAOW AOW| MdOd | MHSNd TV dinr NAIQ NN
0d 'Y L) v v Bro:up 0:dp Sd'Y X'y Y v
MAOW dAr | mo3d MONI 084 8410 1135 [H70 | MAOW AON|  MdOd | MHSNd 1134 13d |  dVMS dON
E| E| ¢ 3 9 v 6 8 9 g 14 € 4 b 0
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APPENDIX C Mask Options

Table C-1 "Mask options" lists the mask options of the MB89530/530H/530A.

B Mask options

Table C-1 Mask options

system mode
¢ Single-clock
system mode

-201: Dual-clock system mode

e
Model MB89537C/537HC/537AC MB89P538-101 MB89PV530-101 MB89F538L-201
MB89P538-201 MB89PV530-201 MB89F538-101
No. MB89538/538H/538A MB89F538-201
MB89538C/538HC/538AC
Specification Specified at ordering Setting not Setting not Setting not

method masking possible possible possible
Selection of main
clock oscillation
stabilization wait
time (for Fgy =10
MHz) 18 18 18

2"°/FcH 2'°/FcH 2'°/FcH
1 Approx. 214/FCH Selectable
(approx. 1.6 ms) (Approx. 26.2 ms) | (Approx. 26.2 ms) | (Approx. 26.2 ms)
Approx. 217/FCH
(approx. 13.1 ms)
Approx. 218/FCH
(approx. 26.2 ms)
Clock mode
selection
> ¢ Dual-clock Selectable -101: Single-clock system mode

Fcn: Main clock frequency

560




APPENDIX D Write Specifications for the One-Time PROM and EPROM Microcomputer

APPENDIX D Write Specifications for the One-Time PROM and
EPROM Microcomputer

MB89P538 has PROM mode that becomes a function equivalent to MBM27C1001. In
this mode, writing is possible with the general-purpose ROM writer using the
dedicated adapter. However, note that the electronic signature mode cannot be used.

B ROM writer adapter

Some ROM writers can write data more stably when a capacitor of about 0.1 puF is inserted
between V¢ and Vgg.

Table D-1 "ROM writer adapters" lists the ROM writer adapters.

Table D-1 ROM writer adapters

Product name Package Compatible adapter
mgggiggggl iEISZSHB FTP-64P-MO06 ROM-64QF-32DP-8LA2("")
MB39P238.201PFM.G-BND FTP-64P-M09 ROM-64QF2-32DP-8LA
MSSS%SZQSI ﬁZSE: DIP-64P-MO1 ROM-64SD-32DP-8LA2(")

Contact: Sunhayato Corporation
Tel. 03-3986-0403
*1 Use the adapters of version 3 or later.

B Memory map in EPROM mode

Figure D-1 "Memory map in EPROM mode" shows the memory map in EPROM mode. The
PROM option is not available.
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Figure D-1 Memory map in EPROM mode

In ordinary operation mode In EPROM mode
(Associated address on
the EPROM writer)
0000y » 0000y
0080, Vo Not
H
RAM available
01004 General-
purpose
0200H register
08804
Not
available
40004 » 40004
ROM Program
(EPROM)
FFFFy » FFFFy Not
1FFFF,Lavailable

B Recommended screening conditions

For a product with a blank one-time PROM microcomputer program, Fujitsu recommends using
high-temperature aging as the screening method before installation.

Figure D-2 "Flow of screening" shows the flow of screening.

Figure D-2 Flow of screening

Program, verify

l

High-temperature aging
+ 150°C, 48 H

L

Read

|

Installation

B Programming yield
The all-bit programming at Fujitsu shipping test cannot be performed for a product with a blank

one-time PROM microcomputer program. Therefore, a programming yield of 100% may not
always be guaranteed.

562



APPENDIX E EPROM with Piggyback/Evaluation Chip

APPENDIX E EPROM with Piggyback/Evaluation Chip

This section describes how to write EPROM to be mounted on the piggyback/
evaluation chip.

H Usable EPROM
MBM27C512-20TV

B Programming socket adapter

To write data into EPROM with the ROM writer, use the programming socket adapter
(manufactured by Sunhayato Corporation) shown in Table E-1 "Programming socket adapter."

Table E-1 Programming socket adapter

Package Adapter socket model

LCC-32 (rectangle) ROM-32LC-28DP-YG

Contact: Sunhayato Corporation
Tel. 03-3986-0403

B Memory space

Figure E-1 Memory map of the piggyback/evaluation chip

In ordinary operation mode
(associated address on the ROM writer)
0000 > 0000
"o !
0080y Not
RAM available
0880y Not
ilabl
4000, |-2208%€ > 4000,
PROM EPROM
48 KB
FFFFy » FFFF,

B Method of writing to EPROM
1. Set the EPROM writer to MBM27C512.
2. Load program data to 4000y to FFFFy of the EPROM writer.

3. Write 4000y to FFFFy with the EPROM writer.
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APPENDIX F Pin Statuses of the MB89530/530H/530A Series

Table F-1 "Pin status in each mode" lists the pin statuses of the MB89530/530H/530A

series.

H Pin statuses in each mode

Table F-1 Pin status in each mode

Pin name Normal Sleep mode Stop mode Watch mode Reset
operation ongoing
SPL ="0" SPL ="1" SPL ="0" SPL ="1"
A I Oscillation
X0,X1 Oscillation Oscillation Hi-z Hi-z Hi-z Hi-z circuit
circuit input circuit input }
input
MODO . . . . . . Mode
MOD1 Mode input Mode input Mode input Mode input Mode input Mode input input
e . . . . . . Reset
RST Reset input Reset input Reset input Reset input Reset input Reset input input
Port/peripheral Retention/
P00 to P17 o uipme,;t /o peripheral Retention Hi-z Retention Hi-z Hi-z
quip equipment I/O
P20/PWCK
P21/PPGO1
to P22/
PPG02
P23 to P27
P30/PPGO3/
MCO
P31/ . "H" (for pull- "H" (for pull-
seueK Port/peripheral R::ier::-:‘?‘: Retention up) Retention up) Hi-z
/LMCO equipment 1/O perip Hi-z (for other Hi-z (for other
equipment /O than pull-up) than pull-up)
P32/ pull-up pul-up
SO1(UO1)
P33/SI1(UI1)
P34/PTO2
P35/PWC
P36/WTO
P37/PTO1
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Table F-1 Pin status in each mode (Continued)

Pin name Normal Sleep mode Stop mode Watch mode Reset
operation ongoing
SPL ="0" SPL ="1" SPL ="0" SPL ="1"
P40/INT20/
EC
P41/INT21/
SCK2
P42/INT22/
SO2/SDA
"H" (for pull- "H" (for pull-
P43/INT23/ Retention/ . up) . up)
SI2/SCL . Port/external external Retention/ Hi-z (for other Retention/ Hi-z (for other
interrupt 2 input/ | . - external external .
ioheral interrupt 2 input/ interrupt 2 than pull-up)/ interrupt 2 than pull-up)/ Hi-z
P44/INT24/ o ‘:Jtianr?lent Ve peripheral inout external inout external
UCK2 quip equipment 1/0 P interrupt 2 P interrupt 2
input input
P45/INT25/
uo2
P46/INT26/
ui2
P47/INT27/
ADST
"H" (for pull- "H" (for pull-
P50/ANO to . Retention/AD . up) . up) .
P57/AN7 Porv/AD input input Retention | i, forother | Fe®MON | iy (for other Hi-z
than pull-up) than pull-up)
"H" (for pull- "H" (for pull-
; up) i up)
Retention/ Retention/ Hi-z (for other Retention/ Hi-z (for other
P60/INT10 to Port/external external external .
. ; external . than pull-up)/ . than pull-up)/ Hi-z
P62/INT12 interrupt 1 input . ) interrupt 1 interrupt 1
interrupt 1 input . external . external
input . input .
interrupt 1 interrupt 1
input input
"H" (for pull-
Port/external Retention/ Retention/ Hi-z (fuopr)other Oscillation
P63/INT13/ ; ) external external Subclock Subclock s
interrupt 1 input/ | . - . than pull-up)/ ; . circuit
X0A . interrupt 1 input/ interrupt 1 input input .
subclock input . - external input
subclock input input .
interrupt 1
input
*H" (for pull- Oscillation
Port/subclock Retention/ . up) Subclock Subclock o
P64/X1A Retention . circuit
output subclock output Hi-z (for other output output
output
than pull-up)
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APPENDIX G Troubleshooting

If a fault occurs, take appropriate action in accordance with the checklist shown

below.

Alternatively, software may have caused the fault. Therefore, read the manual of the

software in use together.

H Checklist

Table G-1 Checklist

Symptom

Cause

Action

Check
mark entry

The microcomputer operation
is not normal.

Power supply (Vcc, GND) is
not connected.

Connect the power supply
(Vee, GND).

The electrical characteristics
of the input signal for each
pin do not meet the
specifications.

Make sure that the electrical
characteristics of the input
signal for each pin meet the
specifications.

The MODO and MOD1 pins
are not processed in the
operating mode to be used.

Perform the MODO and
MOD1 pin processing.

The oscillator has been
connected. However, no
oscillation is made at power-
on and reset.

When oscillation is ongoing,
check it to see whether the
frequency of the oscillator
being connected is used.

If oscillation is not ongoing,
the status may have been
changed to stop mode of the
standby mode. Check the
program.

The microcomputer was
operating during evaluation
made by the tool. However,
it does not operate for the
one-time ROM product.

Each register and RAM are
not initialized yet.

If operation is unstable even
if power is turned on
repeatedly, the initial value
may not be set yet.
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B Items to be confirmed for inquiry
For an inquiry, confirm the following and consult a person in charge of sales or a special agent:

1. Confirm the differences in operation between the normal and abnormal statuses, at the pin
level (waveforms).

2. Confirm the frequency of generation of the problem, conditions, the number of times the
problem is generated, and to what degree the problem generation depends on the voltage,
temperature, and oscillator frequency.

3. Confirm the operation for the one-time product, mask ROM product, and piggyback/
evaluation product.
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