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About This Manual

= Organization
In this LSI manual, this LSI functions are presented in the following order : overview, basic CPU
functions, interrupt functions, port functions, timer functions, serial functions, and other peripheral
hardware functions. Each section contains overview of function, block diagram, control register,
operation, and setting example.

= Manual Configuration
Each section of this manual consists of atitle, summary, main text, key information, precautions and
warnings, and references.The layout and definition of each section are shown below.

Header

Chapter number and

Chapter title

Section title Bhsic CrU

Sub section title 2.8 Reset

.8.1  Reset operation Main text

the CPU contents are reset and registers are intialized when the NRST pin (P
27) is pulled to low

B initiating a Reset

There are two methods to initiate areset.

(1) Drive the NRST pin low for at least four clock cycles.
NTST pin should be holded "low" for more than 4 clock cycles (200 ns a
ta 20 NHz)

NRST pin

—_— l—— 4 clock cycles
| I (200 ns at a 20 MHz)

Figure:2.8.1 MInimum Reset PUIse Width

) ) (2 Setting the P20UTY flag of the P20UT register to "0" outputs low level at P

Key |nf0rmat|0|"] 27 (NRST) pin. And transfering to reset by program (software reset) can be
executed. If the internal LS is reset and register is initiated, the P20UT

7 flag becomes "1" and reset is released

Important information
from the text.

On this LSI, the starting mode is NORMAL mode that high oscillation i PreCaUnonS and
s the base clock Warnings

Precautions are listed

When the power voltage low circuit is connected to NTST pin, circuit t

G hat gives pulse for enough low level time at sudeen unconnected. And r in case.

= Setcan be generated even if its pulse is low level as the oscillation

clock is under 4 clocks, take notice of noise. Be sure to read these
of lost functionality
or damage.

footer

Page # and
section title.

1-48 Reset
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m Finding Desired Information
This manual provides three methods for finding desired information quickly and easily.

1.Consult the index at the front of the manual to locate the beginning of each section.
2.Consult the table of contents at the front of the manual to locate desired titles.

3.A chapter number and its chapter title are located at the top corner of each page, and section titlesare
located at the bottom corner of each page.

= Related Manuals
Note that the following related documents are available.

¢ "MN101C Series LS| user's Manual"
<Describes the device hardware>

* "MN101C Series Instruction Manua"
<Describes the instruction set.>

" Series C Compiler User's Manual: Usage Guide"
<Describes the installation, the commands, and options of the C Compiler.>

* "MN101C Series C Compiler User's Manual: Language Description"
<Describes the syntax of the C Compiler.>

* "MN101C Series C Compiler User's Manual: Library Reference”
<Describes the standard library of the C Compiler.>

* "MN101C Series Cross-assembler User's Manual"
<Describes the assembl er syntax and notation.>

* "MN101C Series C Source Code Debugger User's Manua"
<Describes the use of C source code debugger.>

» About This Manual "MN101C Series PanaX Series Installation Manual"
<Describes the installation of C compiler, cross-assembler and C source code debugger and the
procedure for bringing up the in-circuit emulator.>
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1.1 Overview

1.1.1 Overview

The MN101C series of 8-bit single-chip microcomputers incorporate multiple types of peripheral functions. This
chip seriesiswell suited for camera, VCR, MD, TV, CD, LD, printer, telephone, home automation, pager, air con-
ditioner, PPC, remote control, fax machine, music instrument and other applications.

This LSl brings to embedded microcomputer applications flexible, optimized hardware configurations and asim-
ple efficient instruction set. The MN101C78A has an internal 32 KB of ROM and 1.5 KB of RAM. Periphera
functions include 4 external interrupts, 18 internal interrupts including NMI, 9 timer counters, 4 sets of serial
interfaces, A/D converter, watchdog timer, buzzer output, and remote control output. The configuration of this
microcomputer iswell suited for application as a system controller in a camera, timer selector for VCR, CD
player, or MD.

With two oscillation system (max. 10 MHz/32 kHz) contained on the chip, the system clock can be switched to
high frequency input (high speed mode), or to low frequency input (low speed mode).

The system clock is generated by dividing the oscillation clock. The best operation clock for the system can be
selected by switching its frequency by software. High speed mode has the normal mode which is based on 2-
cycle clock (fosc/2) and the double speed mode which is based on the same cycle clock with fosc.

A machine cycle (min. instructions execution) in the normal mode is 250 ns when fosc is 8 MHz, and when fosc
is10 MHz, amachine cycleis200ns. A machine cyclein the double speed modeis 125 nswhen fosc is 8 MHz,
and 100 nswhen fosc is 10 MHz. Two types of packages are available, 48-pin TQFP and 44-pin QFP.

1.1.2 Product Summary
|
This manual describes the following models of the MN101C78 series. These products have identical functions.
However, MN101C78A is described mainly.

Table:1.1.1 Product Summary

Model ROM Size RAM Size Classification
MN101C78A*1 32 KB 1.5KB Mask ROM version
MN101C789*2 24 KB 1.5 KB Mask ROM version
MN101CF78A*1 | 32 KB 1.5KB Flash EEPROM version

*1 Under development

*2 Under consideration

-2 Overview



1.2 Hardware Functions

Functions
- ROM capacity: 32768x8 bit *1
- RAM capacity: 1536x8 bit *1
*1 Differs depending upon the model. Refer to [Chapter 1 1-1-2 Product Summary]
- Package: QFP44 (10 mm square, 0.8 mm pitch)
TQFP48 (7 mm square, 0.5 mm pitch)
- Machine cycle: High speed mode <fs=fosc/2, fosc/1>
0.125ms /-, 8 MHz (2.7 V10 3.6 V)
0.25 ms /8 MHz, 4 MHz (2.3 V t0 3.6 V) *2
0.50 ms /4 MHz, 2 MHz (1.8 V to 3.6 V) *2
Low speed mode <fs=fx / 2>
62.5ms/32kHz (1.8 Vto 3.6 V) *2
*2 The guaranteed operating range for Flash EEPROM version MN1010CF78Ais 2.7 V to 3.6 V.
- Internal clock gear: Operation speed of internal system clock is variable by changing the frequency.
(2, 4, 16, 32, 64, 128 dividing)
- Oscillating circuit: Two oscillation circuits (high speed / low speed)
- Operation modes: NORMAL mode
SLOW mode
HALT mode
STOP mode
(The operation clock can be switched in each model)
- Operating voltage: 1.8 Vto 3.6 V (Flash version of TQFP48, MN101CF78Ais 2.7 Vto 3.6 V)
- Operating temperature: -40Cto+85C
- Interrupt: 22 levels
<External interrupts> Edge selectable.

IRQO: External interrupt (AC zero cross detector. With/Without noise filter)
IRQ1: External interrupt (AC zero cross detector. With/Without noise filter)
IRQ2: External interrupt (Both edges selectable IRQ3 — external interrupt)

IRQ3: (Key scan interrupt only)

Hardware Functions
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<Timer interrupts> TMOIRQ: Timer 0 interrupt (8-bit timer)
TM1IRQ: Timer 1 interrupt (8-bit timer)
TM2IRQ: Timer 2 interrupt (8-bit timer)
TM3IRQ: Timer 3 interrupt (8-bit timer)
TM7IRQ: Timer 7 interrupt (16-bit timer)
T70C2IRQ: Timer 7 compare register 2 interrupt (16-bit timer)
TM8IRQ: Timer 8 interrupt (16-bit timer)
T8OC2IRQ: Timer 8 compare register 2 interrupt (16-bit timer)
TM6IRQ: Timer 6 interrupt (8-bit timer)
TBIRQ: Time base timer interrupt
<Serial interface interrupts>
SCORIRQ: Serial interface 0 interrupt (UART reception)
SCOTIRQ: Serial interface 0 interrupt (UART transmission, synchronous)
SC1RIRQ: Serial interface 1 interrupt (UART reception)
SCITIRQ: Serial interface 1 interrupt (UART transmission, synchronous)
SC3IRQ: Serial interface 3 interrupt (Single master IIC, synchronous)
SC4IRQ: Serial interface 4 interrupt (Slave IIC)
<Watchdog timer interrupt> NMI: Non-maskable interrupt
<A/D conversion end interrupt> ADIRQ: A/D conversion interrupt
- A/D converter: 10-bit x 7 channels
- Timer counter: 9 timers All timer counters generate interrupt
Timer O (8-bit timer for general use)
Square wave output, PWM output, Event count, Simple pulse width measurement,
Clock source: fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, x, external clock
P50 of the large current pin (TMOOA) or P15 (TMOOB) for PWM output
Timer 1 (8-bit timer for general use or UART baud rate timer)
Square wave output, Event count, Cascade connection to timer 0
Clock source: fosc, fosc/4, fosc/16, fosc/64, fosc/128, fs/2, fs/8, fx, external clock
Timer 2 (8-bit timer for general use or UART baud rate timer)
Square wave output, PWM output, Event count, Simple pulse width measurement
Clock source: fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, fx, external clock
Added pulse (2-bit) system PWM

P52 of the large current pin (TM20A) or P16 (TM20B) for PWM output

Hardware Functions
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Timer 3 (8-bit timer for general use)
Square wave output, Event count,
Cascade connection to timer2
Clock source: fosc, fosc/4, fosc/16, fosc/64, fosc/128, fs/2, fs/8, fx, external clock
Timer 6 (8-bit timer for general use)
Combined with time base timer, it can be set to measure one minute intervals.
Clock source: fosc, fs, fx, time base output (1/2'2 or 1/2*%)
Timer 7 (16-bit timer for general use)
Square wave output, P51 of the large-current pin (TM70) for PWM output and IGBT control output
(Duty/Cycle continuous variable), Event count, Pulse width measurement, Input capture, Cascade
connection to timer 8 (32-bit timer, 32-bit PWM, input capture can be used)
Clock source: 1/1, 1/2, 1/4, 1/16 of any one of fosc, fx, or external clock
Timer 8 (16-bit timer double buffering)
Square wave output, P53 of the large-current pin (TM80) for PWM output (Duty continuous variable),
Event count, pulse width measurement, Input capture
Time base timer
Clock source: fosc, fx
Interrupt enable for source clock at the dividing output of 1/27, 1/2°, 1/2°, 1.2%°, 1/2*3 1/2*°
Watchdog timer
Watchdog timer frequency can be selected from fs/2*, fs/2®, fs/2%°
- Buzzer output, Inverted buzzer output:
Output frequency can be selected from fosc/2°, fosc/2™, fosc/2™, fosc/2™, fosc/2™, fx/2°, fx/2*.
- Remote control carrier output:
Based on the timer 0 and timer 3 output, a remote control carrier with duty cycle of 1/2 or 1/3 can be
output.
- Clock output: OSC oscillation source or system clock output can be selected.

Clock source: 1/1, 1/2, 1/4, 1/16 of any one of fosc, fx, or external clock
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- Serial interface:

4 types

Serial interface 0, 1: 2 channels

CHO: Duplex UART / Synchronous serial interface

- Transfer clock: focs/2, focs/4, focs/16, focs/64, fs/2, fs/4, 1/2 of timer 1 (timer 2) output

- Timer 1 (or timer2) is used as baud rate timer at UART.

- MSB/LSB can be selected as the first bit to be transferred. An arbitrate transfer size from 1 to 8
bits can be selected.

- It can be used as parity check, overrun error, framing error detection, or 2 channels serial

interface.

CHZ1: Duplex UART / Synchronous serial interface

- Transfer clock: focs/2, focs/4, focs/16, focs/64, fs/2, fs/4, 1/2 of timer 1 (timer 2) output
- Timer 1 (or timer2) is used as baud rate timer at UART.
- MSB/LSB can be selected as the first bit to be transferred. An arbitrate transfer size from 1 to 8
bits can be selected.
- It can be used as parity check, overrun error, framing error detection, or 2 channels serial
interface.
Serial interface 1 1/0 (SBO1, SBI1, SBT1) can be switched to P15 to P17 or PA5 to PA7. (48
pin version only)
Serial interface 0 1/0 (SBOO, SBI0, SBTO0) can be switched to P75 to P77 or PAO to PA2. (44

pin version/ 48 version)

Serial interface 3: 1 channel

Single master IIC / Synchronous serial interface

- Single master handling IIC communication enable (with ACK, 9 bits are transferred)
- Transfer clock: focs/2, focs/4, focs/16, focs/32, focs/64, fs/2, fs/4, timer 2 (timer 3) output
- MSB/LSB can be selected as the first bit to be transferred. An arbitrate transfer size from 1 to 8

bits can be selected.

Serial interface 4: 1 channel

IIC slave interface

Hardware Functions

- lIC high-speed transfer mode (communication speed: 400 kbps)
- 7-bit or 10-bit of slave address can be set.
- General call communication mode handling

(SCL pin, SDA pin can be switched to P10, P11, or P76, P77)
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- LED driver: 4 pins
LCD driver pins:
Segment output 12 pins max. (SEGO to SEG11)
SEGO to SEG11 are switchable to I/O ports in unit of 1 pin.
[Note: At reset, SEGO to SEG11 are input pors.]
Common output pins: 4 pins
COMO to COM3 are switchable to I/O port in 1 pin unit.
Display mode selection
Static
1/2 duty, 1/2 bias
1/3 duty, 1/3 bias
1/4 duty, 1/4 bias
LCD driver clock
The source clock is the main clock (fosc):
1/2"%, 127, 1/2%°, 1/2"°, 1/2*, 1/2%, 1/2%%, 1/2*
The source clock is the sub-clock (fx)
1/2°, 1/2%, 12, 1/2°
LCD power supply
Available at VDD>VLC1
External supply voltage is supplied by VLC1, VLC2, VLC3 pins or voltage applied to VLCL1 is divided

by internal resistance and supplied to VLC2 and VLC3 pins

Hardware Functions 1-7
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- Port: 48 pin 44 pin
version version
I/O ports 39 pins 35 pins

(dual function) (dual function)
LED (large current) driver pin 4 pins 44 pins

(switchable to timer output)

LCD power supply pin 3 pins 3 pins
A/D input pin 1 pin 1 pin
A/D input/ Serial interface pin 6 pins 3 pins
Timer 1/0 / LCD driver/ Remote control carrier output pin 1 pin 1 pin
Timer output/ LCD driver/ Serial interface pin 2 pins 2 pins
Timer 1/0O /LCD driver/ Serial interface pin 1 pin 1 pin
Timer 1/O /Buzzer output/ LCD driver pin 1 pin 1 pin
Timer 1/O /inverted buzzer output/ LCD driver pin 1 pin 1 pin
IIC slave pin 2 pins 2 pins
Key input/ LCD driver pin 3 3
Key input/ LCD driver/ PWM output pin 2 2
Key input/ LCD driver/ Serial interface pin 1 1
Key input/ LCD driver/ Serial interface/ IIC slave pin 2 2
Common output pin 1 1
Common output/ Serial interface pin 3 3
External interrupt pin 3 3

(2 pins are used as zero cross input pin)

I/O ports 1 -
Xl pin 1 1
Special pin 10 10
Analog reference voltage input pin 1 1
Operation mode input pin 1 1
Reset input pin 1 1
Oscillation pin (1 pin is used as I/O pin) 4 4
Power supply pin 3 3

1-8 Hardware Functions



- Pin switching:

Serial interface /0

Serial interface 0

Synchronous/ UART

Serial interface 1

Synchronous/ UART

Serial interface 3
Synchronous/ IIC single
master

Serial interface 4

IIC slave

Timer 1/O

Timer O
Timer 1
Timer 2
Timer 3
Timer 7

Timer 8

Option 1
SBTOA
SBOOA/TXDOA

STIOA/RXDOA

SBT1A
SBO1A/TXD1A

STIIA/RXD1A

SBT3

SBTO3

SBI3

SDA4A

SCL4A

*D-Wire for onboard serial

programming

Option 1 (1/0)
TMOIO
TM110
TM210
TM3IO
TM710

TM8IO

Option 2
SBTOB
SBOOB/TXDOB

STIOB/RXDOB

*UART for onboard serial

programming
SBT1B
SBO1B/TXD1B
STI1B/RXD1B
*44 pin version

available

SDA4B

SCL4B

Option 2 (output 1)

TMOOA

TM20A

TM70

TM80

Chapter 1
Overview

Option 3

Option 3 (output 2)

TM0OB

T™M20B
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1.3 Pin Description

1.3.1 Pin configuration
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COMO/P30<—>| 41 20 |«—» RXD1B/SBI1B/PA4/AN4
COM1/P31/SBI3<—»| 42 MN101C78A 19 |«—» PA3/AN3
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Figure:1.3.1 Pin Configuration (48TQFP: TOP VIEW)
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SEG3/P74/KEY4 <—| 34
SEG2/P75/KEY5/TXD0OB/SBO0OB «+—» 35
SEG1/P76/KEY6/RXD0B/SBIOB/SDA4B «+—» 36
SEGO/P77/KEY7/SBTOB/SCL4B «+—»| 37
COMO/P30 «—» 38
COM1/P31/SBI3 «+—» 39
COM2/P32/SBT3/SCL3 «—»| 40
COMB3/P33/SB03/SDA3 <—»| 41
P34/VLC3 «+—»| 42

P35/VLC2 «—» 43

P36/VLC1 <+—» 44
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Figure:1.3.2 Pin Configuration (44QFP: TOP VIEW)
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1.3.2

Table:1.3.1 Pin Specification

Pin Specification
. ________________________________________________________________________________________________________|

Pins Special Functions /10 Direction Pin Functions Description
Control  Control
P10 SDA4A in/out P1DIRO P1PLUO | SDA4A: IIC4 Data I/O
P11 SCL4A in/out P1DIR1 P1PLU1l | SCL4A: lIC4 Clock I/O
P12 TM8IO  BUZZER in/out P1DIR2 P1PLU2 | TM8IO: Timer 8 1/O BUZZER: Buzzer output
P13 TM7I0  NBUZZER |in/out P1DIR3 P1PLU3 | TM7IO: Timer 7 I/O NBUZZER: Buzzer reverse output
CLKOU CLKOUT: Frequency output
T
P14 TMOIO RMOUT in/out P1DIR4 P1PLU4 | TMOIO: Timer 0 I/O RMOUT: Remote control carrier
output
SEG11 SEG11: Segment output
P15 TMOOB  SBO1A in/out P1DIR5 P1PLU5 | TMOOB: Timer 8 I/O SBO1A: Serial interface
transmission data output
TXD1A SEGI10 TXD1A: UART1 transmission data SEG10: Segment output
output
P16 TM2I0  SBI1A in/out P1DIR6 P1PLU6 | TM2IO: Timer 2 I/O SBI1A: Serial interface 1 reception
data input
RXD1A SEG9 in/out RXD1A: UART1 reception data input SEG9: Segment output
P17 TM20B SBT1A in/out P1DIR7 P1PLU7 | TM20B: Timer 2 output SBT1A: Serial interface 1 clock I/O
SEG8 SEG8: Segment output
P27 NRST in . - NRST: Reset
P30 COMO in/out P3DIRO P3PLUO | COMO: LCD common output
P31 SBI3 COM1 in/out P3DIR1 P3PLU1 | COM1: LCD common output SBI3: Serial interface 3 reception
data input
P32 SBT3 SCL3 in/out P3DIR2 P3PLU2 | COM2: LCD common output SBT3: Serial interface 3 clock 1/0
COM2 SCL3: 1IC3 clock output
P33 SBO3 SDA3 in/out P3DIR3 P3PLU3 | COM3: LCD common output SBO3: Serial interface 3
transmission data output
COM3 SDA3: Serial data I/O
P34 VLC3 in/out VLC3: LCD power
P35 VLC2 in/out VLC2: LCD power
P36 VLC1 in/out - - VLC1: LCD power
P37 *1 in/out P3DIR7  P3PLU7
P50 TMOOA LEDO in/out P5DIRO  P5PLUO | TMOOA: Timer 0 output LEDO: LED driver pin 0
P51 TM70 LED1 in/out P5DIR1  P5PLU1 | TM70: Timer 7 output LED1: LED driver pin 1
P52 TM20A LED2t in/out P5DIR2  P5PLU2 | TM20OA: Timer 2 output LED2: LED driver pin 2
P53 TM80 LED3 in/out P5DIR3  P5PLU3 | TM8O: Timer 8 output LEDS: LED driver pin 3
P54 IRQO ACZ0 in/out P5DIR4  P5PLU4 | IRQO: External interrupt O ACZO0: Zero cross input 0
P55 IRQ1 ACZ1 in/out P5DIR5 P5PLU5 | IRQ1: External interrupt 1 ACZ1: Zero cross input 1
P56 IRQ2 in/out P5DIR6  P5PLU6 |IRQ2: External interrupt 2
P70 TM1I0 KEYO in/out P7DIRO  P7PLUO | TM1IO: Timer 1 I/O KEYO: Key interrupt input 0
SEG7 SEG7: Segment output
P71 TM3IO KEY1 in/out P7DIR1  P7PLU1 | TM3IO: Timer 1 1/O KEY1: Key interrupt input 1
SEG6 SEG6: Segment output
P72 KEY2 SEG5 in/out P7DIR2 P7PLU2 | KEY2: Key interrupt input 2 SEG5: Segment output
P73 KEY3 SEG4 in/out P7DIR3 P7PLU3 | KEY3: Key interrupt input 3 SEG4: Segment output
P74 KEY4 SEG3 in/out P7DIR4  P7PLU4 | KEY4: Key interrupt input 4 SEG3: Segment output

Pin Description




Chapter 1
Overview

Pins Special Functions /10 Direction Pin Functions Description
Control  Control
P75 SBOOB TXDOB in/out P7DIR5 P7PLU5 | SBOOB: Serial interface 0 TXDOB: UARTO transmission data
transmission data output output
KEY5 SEG2 KEY5: Key interrupt input 5 SEG2: Segment output
P76 SBIOB RXDOB in/out P7DIR6 P7PLU6 | SBIOB: Serial interface O reception RXDOB: UARTO reception data
data input input
SDA4B KEY6 SDA4B:IIC4 data I/0 KEY®6: KEY interrupt input 6
SEG1 SEG1: Segment output
P77 SBTOB SCL4B in/out P7DIR7 P7PLU7 | SBTOB: Serial interface 0 clock I/0O SCL4B: 1IC4 clock 1/0
KEY7 SEGO KEY7: Key interrupt input 7 SEGO: Segment 0 output
P90 Xl in PIODIRO  P9PLUO | XI: Low speed frequency input pin
PAO SBOOA TXDOA in/out PADIRO PAPLUO | SBOOA: Serial interface 0 data output TXDOA: UARTO transmission data
output
ANO ANO: Analog 0 input
PA1 SBIOA RXDOA in/out PADIR1 PAPLU1 | SBIOA: Serial interface 0 data input RXDOA: UARTO reception data
input
AN1 AN1: Analog 1 input
PA2 SBTOA  AN2 in/out PADIR2 PAPLU2 | SBTOA: Serial interface 0 clock 1/O AN2: Analog 2 input
PA3 AN3 in/out PADIR3 PAPLU3 | AN3: Analog 3 input
PA4 AN4 in/out PADIR4 PAPLU4 | AN4: Analog 4 input
*1
SBI1B RXD1B SBI1B: Serial interface 1 data input RXD1B: UART1 reception data
input
PA5 SBO1B TXD1B in/out PADIR5 PAPLU5 | SBO1B: Serial interface 1 TXD1B: UART1 transmission data
*1 transmission data output output
AN5 AN5: Analog 5 input
PA6 SBT1B AN6 in/out PADIR6 PAPLUG6 | SBT1B: Serial interface 1 clock 1/O ANG: Analog 6 input
*1

* 1 Not available for 44 pin QFP package

Pin Description
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1.3.3

Pin Functions

Table:1.3.2 Pin Functions

TQFP 48
Pin No.

QFP44

Name Pin No.

/10

Other Function

Function

Description

Vpp 8,23 8,20
Vref + 15 15

Power supply pins

Supply 1.8 Vt0 3.6 V to Vpp and 0 V to Vgg.
For MN101CF78A, supply 2.7 V to 3.6 V to
Vbp

0OSC1 7 7
0sC2 6 6

Input
Output

Clock input pins
Clock output pins

Connect these oscillation pins to ceramic or
crystal ocsillators for high-frequency clock
operation.

If the clock is an external input, connect it to
OSC1 and leave OSC2 open. The chip will
not operate with an external clock when
using either the STOP or SLOW modes.

Xl 9 9
XO 10 10

Input
Output

P90

Clock input pins
Clock output pins

Connect these oscillation pins to crystal
oscillators for low-frequency clock operation.
If the clock is an external input, connect it to
Xl and leave XO open. When using the
STOP mode, the chip will not operate with an
external clock. If these pins are not used,
connect XI to Vgg and leave XO open.

NRST 12 12

Input

P27

Reset pins
[Active low]

This pin resets the chip when power is turned
on, is allocated as P27 and contains an
internal pull-up resistor (Type. 35 kw).
Setting this pin “L” level initialize the internal
state of the device.

Thereafter, setting the input to “H” level
releases the reset. The hardware waits for
the system clock to stabilize, then processes
the reset interrupt.

Also, if “0” is written to P27 and the reset is
initiated by software, “L” level will be output.
The output has an N-ch open-drain
configuration. If a capacitor is to be inserted
between NRST and Vgg, it is recommended
that a discharge diode be placed between
NRST and VDD'

P10 13 13
P11 14 14
P12 27 24
P13 28 25
P14 29 26
P15 30 27

P16 31 28
P17 32 29

/10

SDA4A

SCL4A

TM8IO, BUZZER

TM710, NBUZZER, CLKOUT
TMOIO, RMOUT, SEG11
TMOOB, SBO1A, TXD1A,
SEG10

TM2I0O, SBI1A, RXD1A, SEG9
TM20B, SBI1A, SEG8

I/0O port 0

8-bit COMS tri-state 1/O port.

Each bit can be set individually as either an
input or output by the P1DIR register. A pull-
up / pull-down resistor for each bit can be
selected individually by the P1PLU register.
A pull-up / pull-down resistor for each port
can be selected individually by the SELUD
register. (However, pull-up and pull-down
resistors cannot be mixed.)

At reset, the input mode is selected and P10,
P11 are pull-up resistor enable ("H" output),
P12 to P17 are pull-up resistor disable
(output*H", "Hi-Z").

MMOD 11 11

Input

Memory mode
setting pins

Input always "L" level. It is used for Flash
programming only.

P27 12 12

Input

NRST

1/0 port 2

Port P27 has an N-ch open-drain
configuration. When “0” is written and the
reset is initiated by software, “L” level will be
output.

1-14 Pin Description
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TQFP 48

QFP44

Name Pin No. Pin No. 110 Other Function Function Description
P30 41 38 COMO I/0 port 3 8-bit COMS tri-state /O port.
P31 42 39 SBI3, COM1 Each bit can be set individually as either an
P32 43 40 SBT3, SCL3, COM2 input or output by the P3DIR register. A pull-
P33 44 41 SBO3, SDA3, COM3 up resistor for each bit can be selected
P34 45 42 VLC3 individually by the P3PLU register.
P35 46 43 VLC2 At reset, the input mode is selected and
P36 a7 44 VLC1 P37is pull-up resistor enable ("H" output),
P37 *1 48 P31 to P37 are pull-up resistor disable
(output "H", "Hi-Z").
P50 1 | lfe} TMOOA, LEDO I/O port 5 7-bit COMS tri-state 1/O port.
P51 2 2 TM70, LED1 Each bit can be set individually as either an
P52 3 3 TM20A, LED2 input or output by the P5DIR register. A pull-
P53 4 4 TM8O, LED3 up resistor for each bit can be selected
P54 24 21 IRQO, ACZ0 individually by the P5PLU register.
P55 25 22 IRQ1, ACZ1 Also, at output, LED direct drive is enabled
P56 26 23 IRQ2 for P50 to P53.
At reset, the input mode is selected and pull-
up resistors are disabled (output “H”, “Hi-Z").
P70 33 30 110 TM1IO, KEYO, SEG7 I/0 port 7 8-bit COMS tri-state 1/O port.
P71 34 31 TM3IO, KEY1, SEG6 Each bit can be set individually as either an
P72 35 32 KEY2, SEG5 input or output by the P7DIR register. A pull-
P73 36 33 KEY3, SEG4 up / pull-down resistor for each bit can be
P74 37 34 KEY4, SEG3 selected individually by the P7PLU register. A
P75 38 35 SBOOB, TXDOB, KEY5, SEG2 pull-up / pull-down resistor for each port can
P76 39 36 SBIOB, RXDOB, SDA4B, be selected individually by the SELUD
KEY6, SEG1 register. (However, pull-up and pull-down
P77 40 37 SBTOB, SCL4B, KEY7, SEGO resistors cannot be mixed.)
At reset, the input mode is selected and pull-
up resistors are disabled (output “H”, “Hi-Z").
P90 9 9 110 Xl 1/0 port 9 8-bit COMS tri-state /O port.
Each bit can be set individually as either an
input or output by the PODIR register. A pull-
up / pull-down resistor for each bit can be
selected individually by the POPLU register.
Also, by XSEL register, the pin can be
switched to oscillation input pin which con-
nects to crystal oscillators for low-frequency
clock operation. If the clock is an external
input, connect it to XI and leave XO open. At
the STOP mode, the chip will not operate
with an external clock.
At reset, the input mode is selected and pull-
up resistors are enabled (“H” output).
PAO 16 16 110 ANO, SBOOA, TXDOA I/O port A 7-bit COMS tri-state /O port.
PA1 17 17 AN1, SBIOA, RXDOA Each bit can be set individually as either an
PA2 18 18 AN2, SBTOA input or output by the P7DIR register.
PA3 19 19 AN3 At reset, the input mode is selected and pull-
PA4 *1 20 AN4, SBI1B, RXD1B up resistors are disabled (high impedance
PAS *1 21 AN5, SBO1A, TXD1B output).
PAG6 *1 22 AN6, SBT1B
SBO0OA 16 16 110 PAO, ANO, TXDOA Serial interface Transmission data output pins for serial
SBO0OB 38 35 P75, KEY5, RXD0B, SEG2 transmission data | interface 0, 1, 3.
SBO1A 30 27 P15, TXD1A, TMOOB, SEG10 | output pins The output configuration, either COMS push-
SBO1B *1 21 PA5, AN5, TXD1B pull or Nch open-drain can be selected at the
SBO3 44 41 P33, COM3 P10DC, P30DC, P70DC, PAODC registers.

Pull-up and pull-down registers can be
selected by the P1PLUD, P3PLU, P7PLUD,
PAPLU registers. Select the output mode at
the PADIR registers and serial data output
mode by serial mode register 1 (SCOMD1,
SC1MD1, SC3MD1).

These can be used as normal I/O pins when

the serial interface is not used.
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I-16

Name

TQFP 48
Pin No.

QFP44
Pin No.

110

Other Function

Function

Description

SBIOA
SBIOB
SBI1A
SBI1B *1
SBI3

17
39
31
20
42

17
36
28

39

Input

PA1, SBIOA, AN1

P76, SBIOB, SEG1, KEY6
P16, TM2IO, SBI1A, SEG9
PA4, AN4, DBI1B

P31, COM1

Serial interface
reception data
output pins

Reception data output pins for serial interface
0,1,3.

Pull-up and pull-down resistors can be
selected by the P1PLUD, P3PLU, P7PLUD,
PAPLU registers. Select input mode by the
P1DIR, P3DIR, P7DIR, PADIR registers and
serial input mode by the serial mode register
1(SCOMD1, SC1MD1, SC3MD1).

These can be used as normal I/O pins when

the serial interface is not used.

SBTOA
SBTOB
SBT1A
SBT1B *1
SBT3

18
40
32
22
43

18
37
29

40

/10

PA2, AN2

P77, KEY7, SCL4B, SEGO
P17, TM20B, SEG8

PAG, AN6

P32, SCL3, COM2

Serial interface
clock I/0 pins

Clock I/0 pins for serial interface 0, 1, 3.
The output configuration, either COMS push-
pull or Nch open-drain can be selected at the
P10DC, P30DC, P7ODC, PAODC registers.
Pull-up and pull-down registers can be
selected by the P1PLUD, P3PLU, P7PLUD,
PAPLU registers. Select clock I/O for each
communication mode by the P1DIR, P3DIR,
P7DIR, PADIR, PADIR registers and the
serial mode register 1 (SCOMD1, SC1MD1,
SC3MD1)

These can be used as normal I/O pins when
the serial interface is not used.

TXDOA
TXDOB
TXD1A
TXD1B *1

16
38
30
21

16
35
27

Output

PAO, SBOOA, ANO
P75,SBO0B, SEG2, KEY5
P15, TMOOB, SBO1B, SEG10
PA5, AN5, SBO1B

UART
transmission data
output pins

Transmission data output pin for serial inter-
face 0, 1 in UART mode

The output configuration, either COMS push-
pull or Nch open-drain can be selected at the
P10ODC, P70DC, PAODC registers.

Pull-up and pull-down registers can be
selected by the POPLU, P1PLUD, PAPLU
registers. Select the output mode at the
P1DIR, P7DIR, PADIR registers and serial
data output mode by serial mode register 1
(SCOMD1, SC1MD1).

These can be used as normal I/O pins when
the serial interface is not used.

RXDOA
RXDO0OB
RXD1A
RXD1B *1

17
39
31
20

17

28

Input

PA1, SBIOA, AN1

P76, SBIOB, SEG1, KEY6
P16, TM2IO, SBI1A, SEG9
PA4, AN4, SBI1B

UART reception
data input pins

Reception data input pin for serial interface 0,
1in UART mode.

Pull-up and pull-down registers can be
selected by the P1PLUD, P7PLUD, PAPLU
registers. Select the input mode at the
P1DIR, P7DIR, PADIR registers and serial
input mode by serial mode register 1
(SCOoMD1, SC1MD1).

These can be used as normal I/O pins when
the serial interface is not used.

SDA3
SDA4A
SDA4B

44
13
39

41
13
36

Output

P33, SBBO3, COM3
P10
P76, SBIOB, RXDOB, KEY6

IIC data output
pins

Data output pin for serial interface 3, 4 in 1IC
mode.

The output configuration, Nch open-drain can
be selected by P10ODC, P30DC, P7TODC
registers and pull-up resistor can be enabled
by the P1PLUD, P3PLU, P7PLU registers.
Select output mode by the P1DIR, P3DIR,
P7DIR registers.

These can be used as normal I/O pins when
the serial interface is not used.

Pin Description
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Name

TQFP 48
Pin No.

QFP44

Pin No.

/10

Other Function

Function

Description

SCL3
SCL4A
SCL4B

43
14
40

40
14
37

Input

P32, SBT3, COM2
P11
P77, KEY7, SBTOB, SEGO

IIC clock I/0 pins

Clock I/0 pin for serial interface 3, 4 in lIC
mode.

The output configuration, Nch open-drain can
be selected by P1ODC, P30DC, P70DC
registers and pull-up resistor can be enabled
by the P1PLUD, P3PLUD, P7PLUD regis-
ters. Select output mode by the P1DIR,
P3DIR, P7DIR registers, and select clock I/O
by the serial mode register 3 (SC3MD1) and
the serial I/O switching control register
(SCSEL).

These can be used as normal I/O pins when
the serial interface is not used.

TMOIO
TM1I0
TM210
TM3IO

29
33
31
34

26
30
28
31

lle}

P14, RMOUT, SEG11

P70, KEYO, SEG7

P16, RXD1A, SBI1A, SEG9
P71, KEY1, SEG6

Timer 1/O pins

Event counter clock input pin, timer output
and PWM signal output pin for 8-bit timer 0 to
3.

To use this pin as event clock input, configure
this as input by the P1DIR register. In the
input mode, pull-up / pull-down resistors can
be selected by the P1PLUD, P7PLUD
register.

For timer output, PWM signal output, select
the special function pin by the port 1 output
mode register (P1LOMD) and the port 7 output
mode register (P7OMD), and set to the
output mode by the P1DIR, P7DIR registers.
These can be used as normal I/0 pins when
the serial interface is not used.

TMOO
TM20
TM20A
TM20B

30

32

27

29

Output

P50, LEDO

P70, SBO1A, TXD1A, SEG10
P52, LED2

P17, SBT1A

Timer output pins

Timer output, PWM signal output pin for 8-bit
timer 0 and 2.

To select timer output and PWM signal
output, select the special function pin by the
port 5 output mode register (P50MD) and
port 7 output mode register (P7OMD), and
set to the output mode by the P5DIR, P7DIR
register.

These can be used as normal I/O pins when
the serial interface is not used.

RMOUT

29

26

Output

P14, TMOIO, SEG11

Remote control
transmission
signal output pins

Output pin for remote control transmission
signal with a carrier signal.

For remote control carrier output, select the
special function pin by the port 1 output mode
register (P1OMD) and set to the output mode
by the P1DIR register. At the same time,
select remote control carrier output by the
remote control carrier output control register
(RMCTR).

These can be used as normal I/0 pins when
the serial interface is not used.

BUZZERA
NBUZZERA

27
28

24
25

Output

P12, TM8IO
P13, TM710, CLKOUT

Buzzer outputs

Piezoelectric buzzer driver pin. Buzzer
output is available. Driving frequency can be
set by the DLYCTR register.

The driving frequency can be selected by the
DLYCTR register.

To select buzzer output for port 0, select the
special function pin by the port 1 output mode
register (P1OMD) and set to the output mode
by the P1DIR register. At the same time,
select buzzer output by the oscillation
stabilization wait control register (DLYCTR).
These can be used as normal I/0 pins when
the serial interface is not used.

Pin Description 1-17
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Name T.QFP 48 Q.FP44 110 Other Function Function Description
Pin No. Pin No.

TM7IO 28 25 110 P13, NBUZZER, CLKOUT Timer 1/O pins Event counter clock input pin, timer output

TM8IO 27 24 P12, BUZZER and PWM signal output pin for 16-bit timer
7and 8.
To use this pin as event clock input, configure
this as input by the P1DIR register. In the
input mode, pull-up / pull-down resistors can
be selected by the P1PLU register.
For timer output, PWM signal output, select
the special function pin by the port 1 output
mode register (P1LOMD), and set to the
output mode by the P1DIR register.
These can be used as normal I/O pins when
the serial interface is not used.

TM70 2 Output | P51, LED1 Timer output pins | Timer output, PWM signal output pin for 16-

TM80 4 P53, LED3 bit timer 7 and 8.
To select timer output and PWM signal
output, select the special function pin at the
port 5 output mode register (P50MD) and set
to the output mode by the P5DIR register.
These can be used as normal I/O pins when
the serial interface is not used.

VREF+ 15 15 - + power supply for | Reference power supply pins for the A/D

A/D converter converter.

Normally, the values of Vrgr+ = Vpp is used.

ANO 16 16 Input PAO, SBOOA, TXDOA Analog input pins | Analog input pins for an 7-channel, 10-bit A/D

AN1 17 17 PA1, SBIOA, RXDOA converter.

AN2 18 18 PA2, SBTOA When not used for analog input, these pins

AN3 19 19 PA3 can be used as normal input pins.

AN4 *1 20 PA4, SBI1B, RXD1B

AN5 *1 21 PA5, SBO1A, TXD1B

ANG6 *1 22 PA6, SBT1B

IRQO 24 21 Input P54, ACZ0 External interrupt | External interrupt input pins.

IRQ1 25 22 P55, ACZ1 input pins The valid edge for IRQO to 2 can be selected

IRQ2 26 23 P56 by the IRQNICR register.
IRQL1 is an external interrupt pin that is able
to determine AC zero-crossings. Both edge
for IRQ2 is valid for interrupt.
When these are not used for interrupts, these
can be used as normal input pins.

ACZ0 24 21 Input P54, IRQO AC zero-cross An input pin for an AC zero-cross detection

ACZ1 25 22 P55, IRQ1 detection input circuit.

pins AC zero-cross detection circuit outputs a high

level when the input is at an intermediate
level. It outputs a low level at all other times.
ACZ input signal is connected to the P54
(P55) input circuit and the IRQO (IRQ1)
interrupt circuit.
When the AC zero-cross detection circuit is
not used, this pin can be used as a normal
P54 (P55) input.

KEYO 33 30 Input P70, TM1IO, SEG7 Key interrupt input | Input pins for interrupt based on ORed result

KEY1 34 31 P71, TM3IO, SEG6 pins of pin inputs.

KEY2 35 32 P72, SEG5 Key input pin for 1 bit can be selected

KEY3 36 33 P73, SEG4 individually by the key interrupt control

KEY4 37 34 P74, SEG3 register (KEYT3_1IMD, KEYT3_2IMD).

KEY5 38 35 P75, SBOOB, TXDOB, SEG2 When not used for KEY input, these pins can

KEY6 39 36 P76, SBIOB, RXD0OB, SDA4B, be used as a normal I/O pins.

SEG1

KEY7 40 37 P77, SBTOB, SCL4B, SEGO

LEDO 1 1 110 P50, TMOOA LED drive pins Large current output pins.

LED1 2 2 P51, TM70 When not used for LED output, these pins

LED2 3 3 P52, TM20A can be used as a normal 1/0 pins.

LED3 4 4 P53, TM8O

* 1 Not available for 44 pin QFP package
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TQFP 48

QFP44

P14, TMOIO, RMOUT

Name Pin No. Pin No. 110 Other Function Function Description
CLKOUT 28 25 Output | P13, TM710, NBUZZER Oscillation clock signal output pin.
COMO 41 38 Output | P30 LCD common out- | These pins output the common signal with
COM1 42 39 P31, SBI3 put pin the required timing for the LCD display.
COM2 43 40 P32, SBT3, SCL3 Connect to the common pins of LCD display
comM3 44 41 P33, SBO3, SDA3 panel.
When the LCD display panel is turned off,
Vgg is output.
When the LCD functions are unused, they
can be used as a normal port by setting the
LCD output control register LCCTR1.
Vic1 45 42 - P36 LCD power pins Supply for LCD power. Apply voltage:3.6 V =
Vico 46 43 P35 Vici2Vicz2Vic320V
Vics 47 44 P34 When the booster voltage circuit is used,
V| c2 or V| c3 pins are selected as the
reference input pins. When the internal
voltage divider circuit is used, V| ¢4 pinis
selected as the reference input pin.
When the LCD functions are unused, V| c3
can be used as a normal port by setting the
LCD mode control register 3 (LCDMD3).
SEGO 40 37 Output | P77, SBTOB, SCL4B, KEY7 LCD segment These pins output the segment signal with
SEG1 39 36 P76, SBIOB, RXDOB, SDA4B, | output pins the required timing for the LCD display.
KEY6 Connect to the segment pins of the LCD
SEG2 38 35 panel.
SEG3 37 34 P75, SBOOB, TXDOB, KEY5 When the LCD display is turned off, Vgg level
SEG4 36 33 P74, KEY4 is output.
SEG5 35 32 P73, KEY3 It can be used as a normal port by setting of
SEG6 34 31 P72, KEY2 the LCD output control register LCCTRI,
SEG7 33 30 P71, TM3IO, KEY1 LCCTR2, LCCTR3, LCCTRA4.
SEG8 32 29 P70, TM1IO, KEYO Segment pin and normal port are switchable
SEG9 31 28 P17, TM20B, SBI1A by each bit from SEGO to SEG11.
SEG10 30 27 P16, TM2IO, SBI1A, RXD1A
SEG11 29 26 P15, TMOOB, SBO1A

* 1 Not available for 44 pin QFP package
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1.4 Block Diagram

1.4.1 Block Diagram

o
g e} 3 % 88
3 X 8 o > S
SDA4A,P10 ~at—| Low-speed High-speed CPU
SCLAA,P11 ~tt—i| Oscillator Oscillator
BUZZER/P12/TM8IO ~ti—m~| Girouit circuit MN101C
NBUZZER/P13/TM7I0/CLKOUT ~at—pm-
SEG11/P14/TMOIO/RMOUT ~t—p-
SEG10/P15/TMOOB/TXD1A/SBOTA ~at—-| ROM RAM
SEGY/P16/TM2I0/RXD1A/SBI1 A~st—m| T 32 kB 1.5kB
SEGS8/P17/SBT1A/TM20B~—=( =
| P -
SEGO/P16/TM2IG/RXDIA/SBIA | 8-bit Timer O | | Serial Interface 0 |
| 8-bit Timer 1 | | Serial Interface 1 |
| 8-bit Timer 2 | | Serial Interface 3 |
nmstpr—= || 8-bit Timer 3 || serial Interface 4 |
el - - N
S | 16-bit Timer 7 | | Time Base Timer 6 |
n
| 16-bit Timer 8 | | Watchdog Timer |
COMO, P30 ~at—3 — | External Interrupt || LCD |
COM1/P31/SBI3 ~at—
COM2/P32/SBT3/SCL3 tt—im| | A/D Converter |
COM3/P33/SB03/SDA3 ~t—w=|
P34/VLC3 ~at—p|
P35/VLC2 ~at—m=| ©
PSoVLG1
P37 ~t——

vref®

TMOOA/LEDO/P50
TM70/LED1/P51

TM20A/LED2/P52

TM8O/LED3/P53
P54/IRQ0/ACZ0
P55/IRQ1/ACZ1

P56/IRQ2

Figure:1.4.1 Block Diagram

*  Differs depending upon the model. [ Refer to 1.1.2 Product Summary]

Block Diagram

V Hod

6 Hod

£ vod

|~a—m— SBT1B/PA6/ANG

[~ SBT1B/SBO1B/PA5/AN5

[~ pA4/AN4/RXD1B/SBITB
PA3/AN3

| <t SBTOA/PAZ/AN2

|t—p- RXDOA/SBIOA/PA1/AN1

| at—m TXDOA/SBOOA/PAOD/ANO

[a— X|/P90

|—= SEGO/P77/KEY7/SBTOB/SCL4B
[&—B SEG1/P76/KEY6/RXDOB/SBIOB/SDA4B
[~—® SEG2/P75/KEY5/TXDOB/SBO0B
[s— SEG3/P74/KEY4

[— SEG4/P73/KEY3

[~—®= SEG5/P72/KEY2

[~— SEG6/P71/KEY1/TM3IO

[<— SEG7/P70/KEYO/TM1I0
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1.5 Electrical Characteristics
]

This LSI manual describes the standard specification.

Machine cycle (system clock fs) is described based on the standard mode:1/2 of high oscillation at NORMAL
mode, or on the clock frequency:1/2 of low oscillation at SLOW mode. Please ask our sales offices for the prod-

uct specifications.

Model MN101C78A

Structure CMOS integrated circuit

Contents Application | General purpose

Function CMOS, 8-hit, single chip micro controller

Electrical Characteristics l-
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1.5.1  Absolute Maximum Ratings *2,*3
. ________________________________________________________________________________________________________|

Vpp=1.8V 1036V Vgs=0V
Ta=-40°C to +85°C

Parameter Symbol Rating Unit
1 | Power supply voltage Vpp -0.3t0 +4.6 Y,
2 |Input clamp current Ic -400 to +400 HA
3 | Input pin voltage V, -0.3to Vpp + 0.3
4 | Output pin voltage Vo -0.3to Vpp + 0.3 \V;
5 | 1/O pin voltage Vio1 -0.3to Vpp + 0.3 (except ACZ)
6 o0 llots (peak) |30
7 Peak output current gther
anP50 |lgL2 (peak) 10
to P53
8 All pins | loy (peak) -10
9 ggg © oL (avg) 20 mA
Average output Other
10 |current *1 than P50 | lo.» (avg) 5
to P53
1 All pins | lon (avg) 5
12 | Total output current *1 ltoL 60
13 IToH -60
14 | Power dissipation Pr 400(Ta=+85°C) mw
15 g'[rfgztrft:raemb'em Topr -40 to +85 o
16 | Storage temperature Tstg -55to +125

*1 Applied to any 100-ms period.

*2 Connect at least one bypass capacitor of 0.1 uF or larger between the power supply pin and the
ground for latch-up prevention.

*3 The absolute maximum ratings are the tolerance for the LSI to be operated properly. It does not
guarantee the operation.
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mode:fs=fx/2]
. ________________________________________________________________________________________________________|

VDD:1'8V to 3.6V VSS:OV
Ta=-40°C to +85°C

Operating Conditions [NORMAL mode:fs=fosc/2, SLOW

Chapter 1
Overview

Rating
Parameter Symbol | Conditions Unit
MIN TYP MAX
Power supply voltage *4
fosc £10.0 MHz
V| -
1 b1 [Double-speed mode:fs=fosc] 3.0 3.6
fosc < 8.5 MHz
V -
2 bb2 [Double-speed mode:fs=fosc] 2.1 3.6
3 Mask ROM version V. fosc < 4.25 MHz 18 i 36
Power supply voltage b3 [Normal mode:fs=fosc] ' '
fosc <4.25 MHz
\Y -
4 bD4 [Normal mode:fs=fosc/2] 1.8 3.6
fx =32.768 kHz
V| -
5 D5 [Normal mode:fs=fx/2] 18 3.6
fosc <5 MHz
V| -
6 D6 [Double-speed mode:fs=fosc] 3.0 3.6 v
fosc < 4.25 MHz
V -
! b7 [Double-speed mode:fs=fosc] 2.1 3.6
8 Flash EEPROM version v fosc <10 MHz 3.0 i 36
Power supply voltage Db [Normal mode:fs=fosc/2] ' '
fosc < 8.5 MHz
V -
9 D9 [Normal mode:fs=fosc/2] 2.1 3.6
fx =32.768 kHz
\Y -
10 D10 [Normal mode:fs=fx/2] 2.7 3.6
1 | Yorage o maman RAM - yopy, | AtsToP mode 18 |- 3.6
Operation speed *5
VDD:3'O to3.6 V
12 t 0.100 |- -
cl [Double speed mode:fs=fosc]
VDD:2'7 to3.6 V
13 t 0.118 |- -
c2 [Double speed mode:fs=fosc]
. . . VDD:1'8 to3.6 V
14 | Instruction execution time t 0.235 |- - S
c3 [Double speed mode:fs=fosc] W
VDD:1'8 to3.6 V
15 t 0.470 |- -
o4 [Normal mode:fs=fosc/2]
Vpp=1.810 3.6 V
16 t 20 - 62.5
©s [Normal mode:fs=fx/2]

Electrical Characteristics
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*4 fosc Input clock frequency to OSC1 pin
fx Input clock frequency to XI pin
*5 te1 tO teg OSCL1 is the CPU clock.
tes Xl is the CPU clock.
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VDD:l.SV to 3.6V VSSZOV
Ta=-40°C to +85°C
Rating
Parameter Symbol | Conditions Unit
MIN TYP MAX
Crystal oscillator 1 Figure:1.5.1
17 Vpp=Within operation power sup-
18 | Crystal frequency fxtai1 ply voltage (Refer to standard rat- | 1.0 - 100 |MHz
19 ings B1 to B5.)
20 . Cu - 20 -
—— External capacitors pF
21 Cio - 20 -
22 | Internal feedback resistor R¢10 - 1.2 - MQ
Crystal oscillator 2 Figure:1.5.2
23 | Crystal frequency ftal2 Vpp=1.8Vt0o3.6V - 32.768 | - KHz
24 ) Co1 - 20 -
—— External capacitors pF
25 Cyo - 20 -
26 | Internal feedback resistor Rog - 17.6 - MQ
0sCt _ XI
Typ L Typ L
R0 1 Rf20 [
osc2 P X0 4
Ci2 ___¢n Ce2 __c2
e e
Internal Feedback resistor Internal Feedback resistor
Figure:1.5.1 Crystal oscillator 1 Figure:1.5.2 Crystal oscillator 2

lator is used, the frequency is changed depending on the condenser rate. Therefore, consult

G Connect external capacitors that suits the used pin. When crystal oscillator or ceramic oscil-
2 the manufacturer of the pin for the appropriate external capacitor.

Electrical Characteristics 1-25
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VDD:l.SV to 3.6V VSSZOV

Ta=-40°C to +85°C

Rating
Parameter Symbol | Conditions Unit
MIN TYP MAX
External clock input 1 OSC1 (OSC2 is unconnected)
27 | Clock frequency fosc 1.0 - 10.0 |MHz
28 | High level pulse width *6 twhi 90 - -
9 P - v Figure:1.5.3
29 | Low level pulse width *6 twit 90 - -
ns
30 | Rising time twri ] - - 10
— Figure:1.5.3s
31 | Falling time twit - - 10
External clock input 2 XI (XO is unconnected)
32 | Clock frequency fx 32.768 | - 100 kHz
33 | High level pulse width *6 twh2 ] 4.5 - -
- Figure:1.5.4 us
34 | Low level pulse width *6 twi2 4.5 - -
35 | Rising time *7 twr2 - - 20
9 o Figure:1.5.4 ns
36 | Falling time *7 twio - - 20

*6

The clock duty rate in the standard mode should be 45% to 55%.

Electrical Characteristics
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Figure:1.5.4 XI Timing Chart
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1.5.3 DC Characteristics

Vpp=1.8V 1036V Vgs=0V
Ta=-40°C to +85°C

Rating
Parameter Symbol | Conditions Unit
MIN TYP MAX

Power supply current *7 [ NORMAL mode: fs=fosc/2 SLOW mode:fs=fx/2]

fosc=10 MHz
1 Ipp1 [Double-speed mode:fs=fosc] - 25 55
VDD:3.0 V

fosc=8.5 MHz
2 Ipp2 [Double-speed mode:fs=fosc] - 2.0 4.0
VDD:3'O \Y

Ipp3 fosc=4.25 MHz
3 [Double-speed mode:fs=fosc] - 1.0 2.2 mA
VDD:3'O \Y

Ibpa fosc=8.5 MHz
[Normal mode:fs=fosc/2] - 1.2 2.6
VDD:3'O \Y

Ipps fosc=4.25 MHz

5 [Normal mode:fs=fosc/2] - 0.6 1.4

VDD:3'O \Y

fx=32.768 kHz Vpp=3.0V

6 I oD - 4 15
bDé [fs=fx/2] Ta=25°C A

7_ | fx=32.768 kHz Vpp=3 V 50 "
pb7 [fs=fx/2] Ta=85 °C

fosc=5 MHz

8 Ibpg [Double-speed mode:fs=fosc] - 2.4 t.b.d

VDD:3'3 \Y%

fosc=4.25 MHz
9 Ibbg [Double-speed mode:fs=fosc] - 21 tb.d
VDD:3'O \%

lDDlO fosc=10 MHz
10 | Flash EEPROM version [Normal mode:fs=fosc] - - t.b.d
Power supply current Vpp=3.3V
lDDll fosc=8.5 MHz
11 [Normal mode:fs=fosc/2] - 2.3 t.b.d
Vpp=3.0 V

fx=32.768 kHz Vpp=3.0 V
. PD12 | frsotyiz) Ta=25 C ] ] tbd
fx=32.768 kHz VDD:3 Vv

13 | - - tb.d
PD13 \[fs=fx/2] Ta=85°C

— Mask ROM version
Power supply current
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VDD:l.SV to 3.6V VSSZOV

Ta=-40°C to +85°C
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Rating
Parameter Symbol | Conditions Unit
MIN TYP MAX
1 | fx=32.768 kHz Vpp=3 .0V 4 A
Supply current during DD14 Ta=25 °C . )
I |HALT1 mode - ”
x=32.768 kHz Vpp=3.0 V
15 | bb - - 40
bD15 Ta=85 °C (fosc stop)
16 | supply current during STOP | !bp16 Vpp=3V Ta=25°C - - 2
17 mOde IDD17 VDD:3 V Ta=85°C - - 30

*7

Measured under conditions without load, Ta=25°C. (pull-up / pull-down resistors are unconnected.)

* The supply current during operation, |pp1 to Ipps and Ippg to Ipp11 are measured under the

following conditions:
After al 1/0 pins are set to input mode and the oscillation is set to <XNORMAL mode>, the MMOD
pinisat Vgglevel, theinput pinsare at Vpp level, and a 10 MHz (8.50 MHz, 5 MHz, 4.25 MHz)

square wave of Vpp and V gg amplitudesis input to the OSCL1 pin.

The supply current during operation, Ippg |pp7, ad Ipp12 |pp13 are measured under the following

conditions:
After al 1/0 pins are set to input mode and the oscillation is set to <SL OW mode>, the MMOD pin
isat Vgglevel, theinput pinsare at Vpp level, and a32.768 kHz square wave of Vpp and Vgg

amplitudesisinput to the X1 pin.

The supply current during HALT1 mode, |pp14, | pp15 are measured under the following conditions:

After al I/O pinsare set to input mode and the oscillation is set to <HALT mode>, theinput pinsare
at Vpp level, and an 32.768 kHz sguare wave of V pp and V gg amplitudesis input to the XI pin.

The supply current during STOP mode, Ipp1g , |pp17 are measured under the following conditions:
After the oscillation is set to <STOP mode>, the MMOD pinisat Vg level, the input pins are at
Vpp level, and the OSC1 and XI pins are unconnected.

Electrical Characteristics
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VDD:l.SV to 3.6V VSSZOV

Ta=-40°C to +85°C

Pull-up resistor ON

Rating
Parameter Symbol | Conditions Unit

MIN TYP |MAX
Input pin 1 MMOD
18 | Input high voltage 1 A 0.8Vpp |- Vop
19 | Input low voltage 1 Vi1 0 - 0.2Vpp v
20 | Input leakage current ILk1 V=0V to Vpp - - +2 HA
Input pin 2 P54 (Schmitt trigger input)
21 | Input high voltage A 0.8Vpp |- Vbp
22 | Input low voltage Vi 0 - 0.2Vpp v
23 | Input leakage current I k2 V=0 Vto Vpp - - +2 HA
24 | Pull-up resistor IRH2 gﬁﬁiﬁ?&ﬁ?ﬁ. 30 100|300 kQ
25 | Output high voltage VoH2 Vpp=3.0 V Igy=-2.0 mA 2.4 - -
26 | Output low voltage VoL2 Vpp=3.0V I =2.0 mA - - 0.4 v
Input pin 3 P55 (Schmitt trigger input)
27 | Input high voltage ViHz 0.8Vpp |- Vbp
28 | Input low voltage Vs 0 - 0.2Vpp v
29 | Input leakage current I k3 V=0 Vto Vpp - +2 HA
30 | Pull-up resistor IRHz \;EEZ?)?E\;::Z)?SON 30 (100 [300 |Kke
31 | Output high voltage VoH3 Vpp=3.0 V Igy=-2.0 mA 24 - -
32 | Output low voltage Vors Vpp=3.0V 5 =2.0 mA - - 0.4
Input pin 4 P54, P55 (Used as ACZ)
33 VpLHa2 - - 1.9
—— High level detection voltage
34 VbHL42 | Vpp=3.0 11 - - v
35 _ Vpuhae | Figure:1.5.5 2.7 - -
361 Low level detection voltage VoLiz - - 04
37 | Input leakage current I ka2 V=0 V to Vpp - - +2
38 | Input clamp current Icaz Vi>Vpp V<0V - - +400 hA
Input pin 5 P27 (NRST)
39 | Input high voltage Vius 0.8Vpp |- Vop
40 | Input low voltage Vis 0 - 0.15Vpp v
41 | Pull-up resistor s | /DD=30V. Vi VizVss 30 100 [300  [kQ

Internal pull-up resistor

I/0O pin 6 P10 to P17, P70 to P77 (Schmitt trigger input)
42 | Input high voltage Vine 0.8Vpp |- Vbp
43 | Input low voltage Vs 0 - 0.2Vpp v
44 | Input leakage current I ke V=0 Vto Vpp - - +2 HA
45 | Pull-up resistor IRH6 V=30 Vi=Vss 30 100|300 kQ

Electrical Characteristics
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Vpp=18V 103.6V V=0V
Ta=-40°C to +85°C
Rating
Parameter Symbol | Conditions Unit
MIN TYP MAX

46 | Pull-down resistor IrLe \F:Sﬁz?;v?/r:/;\s/gt%r on 30 100 [300  |kQ
47 | Output high voltage VoHs Vpp=3.0 Igu=-2.0 mA 2.4 - - v
48 | Output low voltage Vois Vpp=3.0 1o =2.0 mA - - 0.4

1/0 pin 7 P56, PAO to PA6, P30 to P37 (Schmitt trigger input)

49 | Input high voltage Vin7 0.8Vpp |- Vbp

50 | Input low voltage ViLz 0 - 0.2Vpp v
51 | Input leakage current I k7 V=0 V to Vpp - - +2 PA
52 | Pull-up resistor IRH7 \ngl'fj)?e\;';:j%,\l 30 100 [300 [kQ
53 | Output high voltage Vouz Vpp=3.0 lgy=-2.0 mA 2.4 - -

54 | Output low voltage VoL7 Vpp=3.0 Ig =-2.0 mA - - 0.4 v
1/0 pin 8 P50 to P53 (Schmitt trigger input)

55 | Input high voltage ViHs 0.8Vpp |- Vbp v
56 | Input low voltage Vis 0 - 0.2Vpp

57 | Input leakage current I ks V=0 Vto Vpp - - +2 HA
58 | Pull-up resistor Iris \FCS;IDZ?)?E\;'I:C’;%N 30 |10 [300 |k
59 | Output high voltage Vous Vpp=3.0 1oy=2.0 mA 2.4 - -

O ooy |Vowo|Voo™80 loz0ma S
61 Output low voltage VoLsy Vpp=3.0 Io,=8.0 mA i ) 0.4

(output at 8 mA)

Display output pin 1 COMO to COM3

62 | Output impedance |ZOCOM1 ‘VDD:S.O locy=10 HA ’ ‘ - |O.6 |v
Display output pin 2 SEGO to SEG11

63 |Output impedance |ZOSEG1 ‘VDD=3.O locm=2 HA ‘- ‘ |O.6 |V
Display power pin 1 V| c1, Vic2, Vic3

64 RyL1 Ta=+25°C 1425 [285 [570

65 | Internal dividing resistor Vviz E'lnzpedance Between V| ¢;  Vss) 15 20 0 kQ

*8 However, COMO to COM3 are also used as P30 to P33.

*9 However, SEGO to SEG11 are also used as P14 to P17 and P70 to P77.

*10  The summation of 3 resistors among V| c1 and V| 5, Vi ¢z and V| c3, V| c3 and Vgs.

Electrical Characteristics
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154 A/C Converter Characteristics
]

Vpp=1.8V 1036V Vgs=0V

Ta=-40°C to +85°C

Rating
Parameter Symbol | Conditions Unit
MIN TYP MAX
ACZ pin
1 Rising time trs 30 - -
Figure:1.5.5 us
2 Falling time tis 30 - -
- trs—. (= tis —,

Input voltage level 2

Input voltage level 1

Figure:1.5.5 Xl Timing Chart
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Vpp=1.8V 1036V Vgs=0V

Ta=-40°C to +85°C

A/D Converter Characteristics
]

Chapter 1

Rating
Parameter Symbol | Conditions Unit
MIN TYP MAX
1 Resolution - - 10 Bits
2 Non-linearity error 1 Vpp=3.0V Vgg=0V - - +3
3 Differential non-linearity VrRer+=3.0V ) ) +3 LSB
error 1 Tap=800 ns +
4 Zero transition voltage Vpp=3.0V Vgs=0V - 30 100
5 Full-scale transition VRer+=3.0V 2000 | 2970 | - mV
voltage Tap=800 ns
6 TAD:800 ns 12.25 - -
A/D conversion time _ _
fx=32.768 kHz, Tpp=15.26
7 X % 1AD ; - 778.31
ms
ms
8 TAp=800 ns 1.6 - 14.4
Sampling time 1x=32.768 kHz, Tpp=15.26
9 =se % TADTE 3052 | - 274.68
ms
10 | Reference voltage VREE+ - 2.0 - Vbp
\%
11 | Analog input voltage - Vgs - VREE+
12 Analog input leakage When channel is OFF i i +2
current Vapin=0Vito 3V -
. HA
13 Reference voltage pin When Vggg, is OFF ) ) +9
input leakage current Ves<SVREr+<VDpD -
14 | Ladder resistance Riapp | VRep+=3.0V Vgs=0V 10 30 60 kQ
*11  TAD is A/D converter clock cycle.

The values of 2 to 5 are guaranteed on the condition that Vpp=Ve:,=3.0 V, Vgg=0 V.

Electrical Characteristics
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1.6 Package Dimension
|

Package code: TQFP048-P-0707B Units: mm

9.0040.20
7.00+0.%0

RITELEEREE:
B

N\

37

R
0.75)

7.00 +0.10
9.00 +0.20

HAAAAAARREE |

ﬁ
O
:

EEEEEEE

/s

SRR —

0.20+005
' {&lo0 @]
0.75) X
8|8
[ \
— —_— OO L= == L
3
11.00) g
C [Sfo10] ©
8
H = SEATING PLANE
° /{ .
To~g°
050400

Figure:1.6.1 Package Dimension

The external dimensions of the package are subject to change. Before using this product,
‘ please obtain product specifications from the sales offices.
[ ]
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1.7 Cautions for Circuit Setup

1.7.1 General Usage

m  Connection of Vpp pin and Vgg pin

All of the VDD and V SS pins should be connected directly to the power source and ground in the external. Put
them on printed circuit board after the location of LS| (package) pin is confirmed. Connection error may lead a
fusion and breakdown of a micro controller.

Cautions for Operation

=

If you install the product close to high-field emissions (under the cathode ray tube, etc.), shield the package
surface to ensure normal performance.

N

Operation temperature should be well considered. Each product has different condition. For example, if the
operation temperature is over the condition, improper operation could be occurred.

w

Operation voltage should be also well considered. Each product has different operating range.
» |f the operation voltage is over the operating range, duration of the product could be shortened.

 |f the operation voltage is below the operating range, improper operation could be occurred.
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1.7.2 Unused pins
. ________________________________________________________________________________________________________|

m  Unused Pins (only for input)
Insert some 10 kQ resistor to unused pins (only for input) for pull-up or pull-down.

If the input is unstable, Pch transistor and Nch transistor of input inverter are on, and through current goes to the
input circuit. That increases current consumption and causes power supply noise.

Input Pin

some 10 kQ NPt |

Input |
| some 10 kQ
Input Pin
Figure:1.7.1 Unused Pins (only for input)
Current «— Through Current
/
/
Pch
Input Pin
Input
Nch
77 0 ' 3 Input Voltage
(VDD=3 V)
Input Inverter Organization Input Inverter Characteristics

Figure:1.7.2 Input Inverter Organization and Characteristics
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m  Unused Pins (for 1/0)

Unused 1/0 pins should be set according to pins' condition at reset. If the output is high impedance (Pch / Nch
transistor: output off) at reset, to stabilize input, set some 10 kQ resistor to be pull-up or pull-down. If the output
ison at reset, set them open. Pins used as both LCD and port pins should be set to open to be used as L CD output
pins.

Output Control Output Control
some 10 kQ
Output OFF Output OFF
Data Data
some 10 kQ
Input | Input |
Output OFF Output OFF
some 10 kQ
Nch Nch
Data Data
777 777
some 10 kQ
Input | Input |

Figure:1.7.3 Unused I/O Pins (high impedance output at reset)
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1.7.3 Power Supply

m  The Relation between Power Supply and Input Pin Voltage

Input pin voltage should be supplied only after power supply ison. If thisorder isreversed the destruction of
micro controller by alarge current flow could be occurred.

Input Input Protection Resistance

e

K
P

Forward current generates
N (VDD)

Figure:1.7.4 Vpp and Input Pin Voltage

m  The Relation between Vpp and Reset Input Voltage

After power supply ison, reset pin voltage should be low for sufficient time before rising, in order to be recog-
nized asareset signal.

[Refer to Chapter 1. 1.1.2 Product Summary]

Power Voltage _ _

R
Reset Input Voltage
Reset pins

Low Level >
Under Input Voltage

0 l—> Time t
AN

Enough time is necessary to recognize as reset.

Figure:1.7.5 Power Supply and Reset Input Voltage
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1.7.4 Power Supply Circuit
_____________________________________________________________________________|
m  Cautions for Setting Circuit with Vpp

The MOS logic such a microcomputer is high speed and high density. So, the power circuit should be designed,
taking into consideration of AC line noise, ripple caused by LED driver.

Figure:1.7.6 shows an example for acircuit with Vpp (Emitter follower type).

m  An Example for a Circuit with Vpp (Emitter follower type)

Set condensors for noise-filter near
microcomputer power pins.

VDD

| [+

Microcomputer

@ N
/ 777

For Noise-filter

Figure:1.7.6 An Example for a Circuit of Vpp Supply (Emitter follower type)
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2.1 Overview

The MN101C CPU has aflexible and optimized hardware configuration. It is a high speed CPU with asimple and
efficient instruction set. Specific features are as follows:

1. Minimized code sizes with instruction lengths based on 4-bit increments:
The series keeps code sizes down by adopting a basic instruction length of one byte and variable instruction
lengths based on 4-bit increments.

2. Minimum execution instruction timeis one system clock cycle.

3. Minimized register set that simplifies the architecture and supports C language:
Theinstruction set has been determined, depending on the size and capacity of hardware, after on analysis of
embedded application programing code and creation code by C language compiler. Therefore, the setissimple
instruction using the minimal register set required for C language compiler.
[" MN101C LSI User's Manual" (Architecture Instructions)]

Table:2.1.1 Basic Specifications

Structure Load / store architecture
Six registers Data : 8-bit x 4
Address : 16-bit x 2
Others PC : 19-bit
PSW : 8-bit
SP : 16-bit
Instructions Number of instructions 37
Addressing modes 9
Instruction length Basic portion : 1 byte (min.
Extended portion : 0.5-byte x n (O£n£9)
Basic Internal operating frequency (max) 10 MHz
performance - - -
Instruction execution Min. 1 cycle
Inter-register operation Min. 2 cycle
Load / store Min. 2 cycle
Conditional branch 2 to 3 cycles
Pipeline 3-stage (instruction fetch, decode, execution)
Address space 256 KB (max. 64 KB for data)
Instruction/data space
External bus Address 18-hit
Data 8-bit
Minimum bus cycle 1 system clock cycle
Interrupt Vector interrupt 3 interrupt levels

-2 Overview
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Low-power con-
sumption mode

STOP mode

HALT mode

Overview
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Data registers
DO
Processor status word clksys Clock Source oscillation
Address registers D1 PSW generator
Stack pointer A0 D2
SP Al D3
ABUS t i Instruction execution
1 controller
BBUS
Instruction decoder
Program
counter
Incrementer
— ALU
Instruction Interrupt
queue controller
Program address Operand address
Interrupt bus

-4

Bus controller

| | 1t

Peripheral expansion bus

Q ROM bus ) < RAM bus )
External interface
Intemal ROM Internal RAM

Internal peripheral
functions

Extemal expansion bus

Figure:2.1.1 CPU Block Diagram

Table:2.1.2 Block Diagram and Function

Clock generator

Uses a clock oscillator circuit driven by an external crystal or ceramic resonator
to supply clock signals to CPU blocks.

Program counter

Generates addresses for the instructions to be inserted into the instruction
queue. Normally incremented by sequencer indication, but may be set to branch
destination address or ALU operation result when branch instructions or
interrupts occur.

Instruction queue

Stores up to 2 bytes of pre-fetched instructions.

Instruction decoder

Decodes the instruction queue, sequentially generates the control signals
needed for instruction execution, and executes the instruction by controlling the
blocks within the chip.

Instruction
execution controller

Controls CPU block operations in response to the result decoded by the
instruction decoder and interrupt requests.

ALU

Executes arithmetic operations, logic operations, shift operations, and calculates
operand addresses for register relative indirect addressing mode.

Internal ROM, RAM

Assigned to the execution program, data and stack region.

Address register

Stores the addresses specifying memory for data transfer. Stores the base
address for register relative indirect addressing mode.

Overview
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Data register

Holds data for operations. Two 8-bit registers can be connected to form a 16-hit
register.

Interrupt controller

Detects interrupt requests from peripheral functions and requests CPU shift to
interrupt processing.

Bus controller

Controls connection of CPU internal bus and CPU external bus. Includes bus
usage arbitration function.

Internal peripheral
functions

Includes peripheral functions (timer, serial interface, A/D converter, D/A
converter, etc.). Peripheral functions vary depending on the model.

Overview
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2.1.2 CPU Control Registers

This LSl locates the peripheral circuit registers in memory space (0x03F00 to 0xO3FFF) with memory mapped I/
O. CPU control registers are also located in this memory space.

Table:2.1.3 CPU Control Registers

Registerss Address R/W Function Pages
CPUM 0x03F00 R/W CPU mode control register 11-24

*1 11-28
MEMCTR 0x03F01 R/W Memory control register 11-20
NMICR O0x03FE1 R/W Non - maskable interrupt control register | 111-19
xxXXICR O0x03FE2 R/W Maskable interrupt control register [11-20 to 40

0xo;c|):F7
Reserved Ox03FFF - Reserved ( For reading interrupt vector -
data on interrupt process)

*1 apart of bit isfor read only

-6 Overview
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2.1.3 Instruction Execution Controller
]

The instruction execution controller consists of four blocks. memory, instruction queue, instruction registers, and
instruction decode.

Instructions are fetched in 1-byte units, and temporarily stored in the 2-byteinstruction queue. Transfer ismadein
1-byte or half-byte units from the instruction queue to the instruction register to be decoded by the instruction
decoder.

Memory

gFetch

15 0

Instruction queue |

1 byte or a half byte

=

Instruction register e i

Instruction decoding

A

Instruction decoder

CPU control signals

Figure:2.1.2 Instruction Execution Controller Configuration
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8

2.1.4 Pipeline Process
. ________________________________________________________________________________________________________|

Pipeline process means that reading and decoding are executed at the same time on different instructions, then
instructions are executed without stopping. Pipeline process makes instruction execution continual and speedy.
This process is executed with instruction queue and instruction decoder.

Instruction queue is buffer that fetches the second instruction in advance. That is controlled to fetch the next
instruction when instruction queue is empty at each cycle on execution. At the last cycle of instruction execution,
the first word (operation code) of executed instruction is stored to instruction register. At that time, the next oper-
and or operation code is fetched to instruction queue, so that the next instruction can be executed immediately,
even if register direct (da) or immediate (imm) is needed at thefirst cycle of the next instruction execution. But on
some other instruction such as branch instruction, instruction queue becomes empty on the time that the next
operation code to be executed is stored to instruction register at the last cycle. Therefore, only when instruction
gueueis empty, and direct address (da) or immediate data (imm) are needed, instruction queue keepswaiting for a

cycle.

Instruction queue is controlled automatically by hardware so that there is no need to be controlled by software.
But when instruction execution time is estimated, operation of instruction queue should be into consideration.
Instruction decoder generates control signal at each cycle of instruction execution by micro program control.
Instruction decoder uses pipeline process to decode instruction queue at one cycle before control signal is needed.

2.1.5 Registers for Address
. ________________________________________________________________________________________________________|

Registers for address include program counter (PC), address registers (A0, A1), and stack pointer (SP)
m  Program Counter (PC)

This register gives the address of the currently executing instruction. It is 19 bits wide to provide access to a 256
KB address space in half byte(4-bit increments). The LSB of the program counter is used to indicate half byte
instruction. The program counter after reset is stored from the value of vector table at the address of 0x04000.

Program

pC counter

Figure:2.1.3 Program Counter
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m  Address Registers (A0, Al)

These registers are used as address pointers specifying data locations in memory. They support the operations
involved in address calculations (i.e. addition, subtraction and comparison). Those pointers are 2 bytes data.
Transfers between these registers and memory are always in 16-bit units. Either odd or even address can be trans-
ferred. At reset, the value of address register is undefined.

15 0

A0
Al

Address register

Figure:2.1.4 Address Registers

m  Stack Pointer (SP)

This register gives the address of the byte at the top of the stack. It is decremented during push operations and
incremented during pop operations. Ar reset, the value of SPis undefined.

15 0

Stack pointer SP

Figure:2.1.5 Stack Pointer

2.1.6 Registers for Data
. ________________________________________________________________________________________________________|

Registers for datainclude four data registers (DO, D1, D2, D3).

m Data Registers (DO, D1, D2, D3)

Dataregisters DO to D3 are 8-bit general -purpose registers that support all arithmetic, logical and shift operations.
All registers can be used for data transfers with memory.

The four data registers may be paired to form the 16-bit data registers DWO (D0+D1) and DW1 (D2+D3). At
reset, the value of Dn is undefined.

15 87 0

D1 DO DWO
D3 D2 DW1

Data register

Figure:2.1.6 Data Registers
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2.1.7 Processor Status Word
]

Processor status word (PSW) is an 8-bit register that stores flags for operation results, interrupt mask level, and
maskable interrupt enable. PSW is automatically pushed onto the stack when an interrupt occurs and is automati-
cally popped when return from the interrupt service routine.

m Processor Status Word(PSW)
Table:2.1.4 Processor Status Word(PSW)

bp 7 6 5 4 3 2 1 0
Flag - MIE M1 IMO VF NF CF ZF
At reset 0 0 0 0 0 0 0 0
bp Flag Description
7 Reserved Set always to "0".
Maskable interrupt enable
6 MIE 0: All maskable interrupts are disabled.
1: (xxxLVn,xxxIE) for each interrupt is enabled.
5.4 IM1 Interrupt mask level
IMO Controls maskable interrupt acceptance.
Overflow flag
3 VF 0: Overflow did not occur.
1: Overflow occurred.
Negative flag
2 NF 0: MSB of operation results is "0".
1: MSB of operation results is "1".
Carry flag
1 CF 0: A carry or a borrow from MSB did not occur.
1: A carry or a borrow from MSB occurred.
Zero flag
0 ZF 0: Operation result is not "0".
1: Operation result is "0".
II-10 Overview
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m  Zero Flag (ZF)
Zeroflag (ZF) isset to "1", when dl bitsare '0" in the operation result. Otherwise, zero flag is cleared to "0".
m Carry Flag (CF)

Carry flag (CF) issetto "1", when acarry from or aborrow to the MSB occurs. Carry flag iscleared to "0", when
no carry or borrow occurs.

m  Negative Flag (NF)

Negative flag (NF) isset to 1" when MSB is'1' and reset to "0" when MSB is'0". Negative flag isused to handle
asigned value.

m  Overflow Flag (VF)

Overflow flag (VF) isset to "1", when the arithmetic operation results overflow as asigned value. Otherwise,
overflow flag is cleared to "0". Overflow flag is used to handle a signed value.

m Interrupt Mask Level (IM1 and IMO)

Interrupt mask level (IM1 and IMQ) controls the maskable interrupt acceptance in accordance with the interrupt
factor interrupt priority for the interrupt control circuit in the CPU. The two-bit control flag defines levels'0' to
‘3. Level 0isthe highest mask level. Theinterrupt request will be accepted only when the level set in the inter-
rupt level flag (xxxLVn) of the interrupt control register (xxxICR) is higher than the interrupt mask level. When
theinterrupt is accepted, the level isreset to IM1-IMO, and interrupts whose mask levels are the same or lower are
rejected during the accepted interrupt processing.

Table:2.1.5 Interrupt Mask Level and Interrupt Acceptance

Interrupt mask level Priority Acceptable interrupt level
IM1 IMO
Mask level O 0 0 Highest Non-maskable interrupt (NMI) only
Mask level 1 0 1 High NMI, level 0
Mask level 2 1 0 Low NMI, level O to 1
Mask level 3 1 1 Lowest NMI, level O to 2

m  Maskable Interrupt Enable (MIE)

Maskable interrupt enable flag (MIE) enables/disables acceptance of maskable interrupts by the CPU'sinterna
interrupt acceptance circuit. A '1' enables maskable interrupts; a'0' disables all maskable interrupts regardless of
the interrupt mask level (IM1-IMO) setting in PSW. Thisflag is not changed by interrupts.

Overview I-11
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2.1.8  Address Space

The address space of thisL Sl is 256 KB. (max.) The instruction and data areas are not separated.

The instruction area can be used as linear address space. The data area needs bank specification in every 64 KB.
(Theinitial valueisfirst 64 KB space). The data described in this section includes RAM data and ROM table data.
The data area consists of an area of 256 bytes that supports efficient access with RAM short addressing and an

area of 256 bytes that supports efficient access with 1/0 short addressing.
The memory control register controls memory to be expanded.

RAM space

‘Spscial register area

i A
4 4 256B *OXOOOOO RAM short addressing area ]
0x00100
16KB Data
A\ i
40x03F00| Special register area | 4
64KB 256B y (I/OEhort addres%ing access area)| ¥
A 40x04000 Interrupt 4
p
128B
Y vector table
48KB  0x04080 Sub routine
64B
Y vector table
256KB 0x040C0| .
Instruction code/
Table data
Y
192KB
Instruction code

\ Ox3FFFF \

ROM space

Overview
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2.1.9  Addressing Modes

This LS| supports the nine addressing modes.
Each instruction uses a combination of the following addressing
1) Register direct

2) Immediate

3) Register indirect

4) Register relative indirect

5) Stack relative indirect

6) Absolute

7) RAM short

8) 1/0 short

9) Handy

These addressing modes are well-suited for C language compilers. All of the addressing modes can be used for
datatransfer instructions. In modes that allow half-byte addressing, the relative value can be specified in half-byte
(4-bit) increments, so that instruction length can be shorter. Handy addressing reuses the last memory address
accessed and is only available with the MOV and MOVW instructions. Combining handy addressing with abso-
|ute addressing reduces code size. For transfer data between memory, 8 addressing modes; register indirect, regis-
ter relative indirect, stack relative indirect, absolute, RAM short, 1/0 short, handy can be used. For operation
instruction, register direct and immediate can be used. Refer to instruction's manual for the MN101C series.

This LSl is designed for 8-bit data access. It is possible to transfer data in 16-bit increments
with odd or all even addresses.

Overview I-13
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Addressing mode

Effective address

Explanation

Dn/DWn ) o : .
. . Directly specifies the register. Only internal
An/SP - ¥ L
Register direct ng registers can be specified.

: imm4/imm8 Directly specifies the operand or mask
Immediate imm16 - value appended to the instruction code.
Register indirect (An) |15 — 0| Specifies the address using an address

register.
15 Specifies the address using an address
(d8, An) [ N Ol register with 8-bit displacement.
15 0 Specifies the address using an address
(d16, An) I An+di6 ] register with 16-bit displacement.
Register relative
indirect - .
indirec (d4, PC) 17 OH Specifies the address using the program
(branch instructions only) | PC+d4 1] counter with 4-bit displacement and H bit.
*1
Specifies the address using the program
(d7,PC) |17 ordy 0 |H| counter with 7-bit displacement and H bit.
(branch instructions only) ‘1
(d11, PC) 17 OH Specifies the address using the program
' [ PC+d1l T] counter with 11-bit displacement and H bit.
branch instructions onl
( y) “
(d12, PC) 17 OH Specifies the address using the program
branchi ) I [ PC+d12 T] counter with 12-bit displacement and H bit.
ranch instructions on
( y) .
d16, PC Specifies the address using the program
(d16, PC) 17 oH
(branch instructions only I PC+d16 T counter with 16-bit displacement and H bit.
*1
(4, SP) 15 0 Specifies the address using the stack
' L Sbrd4 l pointer with 4-bit displacement.
Stack relative
indirect 15 0 Specifi i
pecifies the address using the stack
(d8, SP) | SP+d8 ] pointer with 8-bit displacement.
d16. SP 15 0 Specifies the address using the stack
(d16, SP) | SP+d16 | pointer with 16-bit displacement.
bs8 7 0
Absolute (absg)
11 0 Specifies the address using the operand
(abs12) value appended to the instruction code.
15 o Optimum operand length can be used to
(abs16) i 25516 | specify the address.
abs18 17 oH
(, ) | abs18 1]
(branch instructions only) *1
7 0 Specifies an 8-bit offset from the address
RAM short (abs8) X00000".
. 15 (0] Specifies an 8-bit offset from the top address
1/0 short - ) : )
shor (i08) L I0TOP+i08 ] (x'03F00") of the special function register area.
Reuses the last memory address accessed
and is only available with the MOV and
Handy (HA) - MOVW instructions. Combined use with

absolute addressing reduces code size.

Overview

Figure:2.1.8 Address Space

*1 H: half-byte bit
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2.1.10 Machine Clock

Machine clock is generated based on the system clock dividing the source oscillation frequency. The machine
clock isthe base timing for control of CPU.

m Internal Memory Access (no wait cycle) (NORMAL mode)

Source oscillation _mmmmmm

frequency

System clock(fs)

1 machine clock
(1 bus cycle)

Figure:2.1.9 Machine Clock (no wait cycle)

Oscillation frequency of system clock differs depending on the CPUM register settings.
‘ [Chapter 2. 2.5 Clock Switching]
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2.2 Memory Space

2.2.1 Memory Mode

ROM istheread only areaand RAM isthe memory area which contains readable/writable data. In addition to
these, peripheral resources such as memory-mapped special registers are alocated. The MN101C series supports
three memory modes (single chip mode, memory expansion mode, processor mode) in its memory model. This

L SI supports one memory modes (single chip mode) in its memory model. Setting of each mode is different.

In single chip mode, the system consists of only internal memory.

Memory Space
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2.2.2 Single-chip Mode
. ________________________________________________________________________________________________________|

In single-chip mode, the system consists of only internal memory. Thisisthe optimized memory mode and allows
construction of systems with the highest performance. The single-chip mode uses only internal ROM and internal
RAM. The MN101C series devices offer up to 11.75 KB of RAM and up to 224 KB of ROM. ThisLSI offers 1.5
KB of RAM and 32 KB of ROM.

A 256 B X 0x00000 RAM short 4
L addressing area Internal RAM
0x00100 2 KB
Data
16 kB Y
0x00600,
0x02E0Q  LCD display data
0x02E05
256 B 4 oxosFog Special function register area
v Y (/O short addressing area)
A 4 0x04000 Interrupt A
1288 Y vector table
6ap 4 0x04080 Sub routine
y vector table Internal ROM
0x040C(Q 48 KB
48 kB .
Instruction code/
Table data
y
\ 0x0C00(0
0x10000,
Ox3BFFH

Figure:2.2.1 Single-chip Mode

The value of internal RAM is uncertain when power is applied to it.
‘ It needs to be initialized before used.
u

Memory Space
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Special Function Registers

2.2.3

The MN101C series locates the specia function registers (1/0 spaces) at the addresses 0x03F00 to OxO3FFF in

memory space. The special function registers of this LS| are located as shown below.

"ol
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2.2.2 Register Map

Figure

Memory Space
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2.3 Bus Interface
]

2.3.1 Bus Controller

The MN101C series provides separate buses to the internal memory and internal peripheral circuits to reduce bus
line loads and thus realize faster operation.

There are three such buses. ROM bus, RAM bus and peripheral expansion bus (1/0 bus). They connect to the
internal ROM, internal RAM and internal peripheral circuits respectively. The bus control block controls the par-
alel operation of instruction read and data access. A functional block diagram of the bus controller is given

bel ow.

Instruction Program address Operand address Interrupt
queue control

A

Bus controller

Interrupt bus

y Y

< -
Address decode | »| Address decode

Memory mode setting
Bus access (wait)control

emory control register

RS , .

Data input bus y y T

Data output bus

A [
y \i
MUX MUX |<‘ MUX had

Peripheral extension
hus(C_BU!

A _§o)

Internal
peripheral functions

Figure:2.3.1 Functional Block Diagram of the Bus Controller
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2.3.2

Control Registers
. ________________________________________________________________________________________________________|

Businterface is controlled by the memory control register (MEMCTR).

m  Memory Control Register (MEMCTR)

Table:2.3.1 Memory Control Register (MEMCTR: 0x03F01)

bp 7 6 5 4 3 2 1 0
Flag IOW1 IOWO0 IVBM Reserved | Reserved | IRWE Reserved | Reserved
At reset 1 1 0 0 1 0 1 1
Access R/W
bp Flag Description
7-6 IOwW1 Wait cycles when accessing special register | Bus cycle at 10 MHz oscillation
IOWO0 area
00: No wait cycles 200 ns
01: 1 wait cycle 300 ns
10: 2 wait cycles 400 ns
11: 3 wait cycles 500 ns
5 IVBN Base address setting for interrupt vector table
Interrupt vector base = 0x04000
Interrupt vector base = 0x00100
4 Reserved Set always to “0"
3 Reserved Set always to “1"
2 IRWE Software write enable flag for interrupt request flag
Software write disable
Even if data is written to each interrupt control (register (xxxICR), the state of the
interrupt request flag (xxxIR) will not change.
1-0 Reserved Set always to “11”

The IOW1-IOWO0 wait settings affect accesses to the special registers located at the
addresses 0x3F00-0x3FFF. After reset, MEMCTR specifies the fixed wait cycle mode with
three wait cycles. Wait setting of IOW is a function, which CPU supports for special use, for
example, when special function register or I/O is expanded to external. For this LSI, wait
cycle setting is not always necessary. Select "no-wait cycle" for high performance system

construction.

Bus Interface




2.4 Standby Function

24.1 Overview

This LSl has two sets of system clock oscillator (high speed oscillation, low speed oscillation) for two CPU oper-
ating modes (NORMAL and SLOW), each with two standby modes (HALT and STOP). Power consumption can

be decreased with using those modes.

CPU operation mode

Chapter 2

CPU Basics

STANDBY mode

Interrupt Storo
NORMAL mode E 0SC: Halt
Program 5 XI : Oscillation
NORMAL
Reset OSC: Oscillation
XI : Oscillation
Interrupt —
£ HALTO 3
E OSC: Oscillationd
£ XI : Oscillation 3
Program 4 B
Program 3
‘ STOP mode
IDLE
OSC: Oscillation
Program 1
¢ HALT mode
Program 2
Interrupt = =
= sSToP1 =
E=OSC:Halt =
SLow = XI : Oscillatior=|
0SC: Halt Program 5
XI : Oscillation
Interrupt EALT1 -
SLOW mode E osCiHat
= XI : Oscillation3
Program 4

=== CPUhalt —=e=— :Wiait period for oscillation stabilization is inserted OSC: High-frequency oscillation clock

XI: Low-frequency oscillation clock (32 kHz)

Figure:2.4.1 Transition Between Operation Modes

Standby Function
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m  HALT Modes (HALTO, HALT1)

The CPU stops operating. But both of the oscillators remain operationa in HALTO and only the high-frequency
oscillator stops operating in HALT1.

Aninterrupt returns the CPU to the previous CPU operating modethat is, to NORMAL from HALTO or to SLOW
from HALTL

m  STOP Modes (STOPO, STOP1)
The CPU and both of the oscillators stop operating.

An interrupt restarts the oscillators and, after allowing time for them to stabilize, returns the CPU to the previous
CPU operating mode - that is, to NORMAL from STOPO or to SLOW from STOP1.

m  SLOW Mode

This mode executes the software using the low-frequency clock. Since the high-frequency oscillator is turned off,
the device consumes less power while executing the software.

m |[DLE Mode

This mode alowstimefor the high-frequency oscillator to stabilize when the software is changing from SLOW to
NORMAL mode.

To reduce power dissipation in STOP and HALT modes, it is necessary to check the stability of both the output
current from pins and port level of input pins. For output pins, the output level should match the external level or
direction control should be changed to input mode. For input pins, the external level should be fixed.

This LSI has two system clock oscillation circuits. OSC is for high-frequency operation (NORMAL mode) and
Xl isfor low-frequency operation (SLOW mode). Transition between NORMAL and SLOW modes or to standby
mode is controlled by the CPU mode control register (CPUM). Reset and interrupts are the return factors from
standby mode. A wait period isinserted for oscillation stabilization at reset and when returning from STOP mode,
but not when returning from HALT mode. High/low-frequency oscillation mode is automatically returned to the
same state as existed before entering standby mode.

To stabilize the synchronization at the moment of switching clock speed between high speed
‘ oscillation (fosc) and low speed oscillation (fx), fosc should be set to 2.5 times or higher
u

G Set the bpO of XSEL register before changing to the low speed oscillation mode.

Standby Function
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P90 can be used as the low speed oscillation, aswell. Set the low speed oscillation selection register (XSEL) for
SLOW mode setting.

m  Low Speed Oscillation Selection Register (XSEL)
Table:2.4.1 Low Speed Oscillation Selection Register (XSEL: 0x03F4C)

bp 7 6 5 4 3 2 1 0
Flag - - - - - - - XSEL
At reset 0 0 0 0 0 0 0 0
Accesst R R/W
bp Flag Description
7-1 - -
0 P90, 1/0 port low speed oscillation selection

XSEL 0:1/0 port

1:Low speed oscillation

Set the bp0 of XSEL register before changing to the low speed oscillation mode.
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2.4.2 CPU Mode Control Register

Transition from one mode to another mode is controlled by the CPU mode control register (CPUM).

7 6 5 4 3 2 1 0

CPUM ‘Reserved‘OSCSELl‘OSCSELO‘ OSCDBL‘ STOP‘ HALT‘ OSCl‘ OSCO‘

Atreset : 0 0 0 0 0 0 0 0

LT

Operallon | STOP | HALT | OSC1 | 0SCO oacs | xixo Sysem | cpy
NORMAL 0 0 0 0  |OscillationOscillation¥  OSCI Operating
IDLE 0 0 0 1 |Oscillation|Oscillation Xl Operating
SLOW 0 0 1 1 Halt |Oscillation Xl Operating
HALTO 0 1 0 0  |OscillationOscillation¥  OSCI Halt
HALT1 0 1 1 1 Halt  |Oscillation Xl Halt
STOPO 1 0 0 0 Halt Halt Halt Halt
STOP1 1 0 1 1 Halt Halt* Halt Halt

* Status in NORMAL mode and HALT mode differ depending upon the XSEL.
XSEL=0 Halt
XSEL=1 Oscillation

Figure:2.4.2 Operating Mode and Clock Oscillation (CPUM: 0x3F00)

The procedure for transition from NORMAL to HALT or STOP mode is given below.

(2) If the return factor is a maskable interrupt, set the MIE flag in the PSW to "1" and set the interrupt mask (IM)
to alevel permitting acceptance of the interrupt.

(2) Clear theinterrupt request flag (xxxIR) in the maskable interrupt control register (xxxICR), set the interrupt
enable flag (xxxIR) for the return factor, and set the | E flag in the PSW.

(3) Set CPUM to HALT or STOP mode.

flag) at the same time with the setting of clock switching functions (OSCDBL flag, OSCSEL1

G Do not change the setting of standby functions (STOP flag, HALT flag, OSC1 flag, OSC2
2 flag, OSCSELDO flag).

Set the IRWE flag of the memory control register (MEMCTR) to clear interrupt request flag
by software.

Standby Function
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2.4.3 Transition between SLOW and NORMAL
]

This LSl has two CPU operating modes, NORMAL and SLOW. Transition from SLOW to NORMAL requires
passing through IDLE mode.

A sample program for transition from NORMAL to SLOW mode is given below.

Program 1
MOV X'3', DO ; Set SLOW mode.

MOV DO, (CPUM)

Transition from NORMAL to SLOW mode, when the low-frequency clock has fully stabilized, can be done by
writing to the CPU mode control register. In this case, transition through IDLE is not needed.

For transition from SLOW to NORMAL mode, the program must maintain the idle state until high-frequency
clock oscillation isfully stable. In IDLE mode, the CPU operates on the low-frequency clock.

as that after reset. Software must count that time. We recommend selecting the oscillation

G For transition from SLOW to NORMAL, oscillation stabilization waiting time is required same
2 stabilization time after consulting with oscillator manufacturers.

Sample program for transition from SLOW to NORMAL mode is given below.

Program 2
MOV Xx'1', DO ; Set IDLE mode.

MOV DO, (CPUM)

Program 3
MOV x'0B', DO ; A'loop to keep approx. 6.7ms with low-frequency clock (32 kHz)
LOOP ADD -1, DO ; operation when changed to high-frequency clock (10 MHz).
BNE LOOP ;
SUB DO, DO ;
MOV  DO,(CPUM) ; Set NORMAL mode.
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2.4.4 Transition to STANDBY Modes
]

The program initiates transitions from a CPU operating mode to the corresponding STANDBY (HALT/STOP)
modes by specifying the new mode in the CPU mode control register (CPUM). Interrupts initiate the return to the
former CPU operating mode.

Before initiating atransition to a STANDBY mode, however, the program must

(1) Set the maskableinterrupt enable flag (MIE) in the processor status word (PSW) to '0' to disable all maskable

interrupts temporarily.

(2) Set the interrupt enable flags (xxxIE) in the interrupt control registers (xxxICR) to 1" or '0" to specify which
interrupts do and do not initiate the return from the STANDBY mode. Set MIE '1' to enable those maskable inter-

rupts.

NORMAL/SLOW
SLOW mode

Disable all interrupts

Clear MIE flag in the PSW and all interrupt enable flags (xxx IE)
in the maskable interrupt control register.

Enable interrupt which

I Set the xxx |E of the return factor,
triggers return

and set MIE flag in the PSW.

Set HALT/STOP
mode

HALT/STOP
mode

Watchdog timer
- HALT : stop counn'ng)

STOP : counter clear

When returning from STOP \—#=

mode, wait for oscillation to )

stabilize ~x— Return factor interrupt
occured

NORMAL/SLOW
mode

Interrupt acceptance
cycle

Figure:2.4.3 Transition to/from STANDBY Mode

or higher than the mask level in PSW before transition to HALT or STOP mode, it is impossi-

G If the interrupt is enabled but interrupt priority level of the interrupt to be used is not equal to
[ ]

ble to return to CPU operation mode by maskable interrupt.

G Set the bp0 of XSEL register before changing to the low speed oscillation mode.
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m  Transition to HALT modes

The system transfers from NORMAL mode to HALTO mode, and from SLOW mode to HALT1 mode. The CPU
stops operating, but the oscillators remain operational. There are two ways to leave aHALT mode: areset or an
interrupt. A reset produces anormal reset; an interrupt, an immediate return to the CPU state prior to the transition
to the HALT mode. The watchdog timer, if enabled, resumes counting.

Program 4

MOV x4, DO ; Set HALT mode.

MOV DO, (CPUM)

NOP : After written in CPUM, some NOP
NOP ; instructions (three or less) are
NOP ; executed.

m  Transition to STOP mode

The system transfers from NORMAL mode to STOPO mode, and from SLOW mode to STOP1 mode. In both
cases, oscillation and the CPU are both halted. There are two waysto leave a STOP mode: areset or an interrupt.
When it changed to the stop mode, watchdog timer counter is cleared. Restart counting at the recovery and the
oscillation stabilization wait is done. The count is continued after the recovery to CPU operation mode.

Program 5
MOV x'8', DO : Set HALT mode.

MOV DO, (CPUM)

NOP ; After written in CPUM, some NOP
NOP ; instructions (three or less) are
NOP ; executed.

Insert three NOP instructions right after the instruction of the transition to HALT, STOP mode.

G Set the bp0O of XSEL register before changing to the low speed oscillation mode.
n
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2.5 Clock Switching

ThisL Sl can select the best operation clock for system by switching clock cycle division factor by program. Divi-
sion factor is determined by both flags of the CPU mode control register (CPUM) and the Oscillator frequency
control register (OSCMD). At the highest-frequency, CPU can be operated in the same clock cycle to the external
clock hence providing wider operating frequency range.

m  CPU Mode Control Register (CPUM)
Table:2.5.1 CPU Mode Control Register (CPUM: 0x03F00)

bp 7 6 5 4 3 2 1 0
Flag RESERV | OSCSEL1 | OSCSELO | OSCDBL | STOP HALT 0scC1 0OSCo
ED
At reset 0 0 0 0 0 0 0 0
Access R/W
bp Flag Description
7 RESERVED Set always to "0".
6-5 Clock Frequency
OSCSEL1 82f 411
OSCSELO 10 16
11: 64
4 Internal System Clock
OSCDBL 0: Standard (Input the oscillation clock cycle divided by 2)
1: 2x-speed (Input the oscillation clock cycle)

See Figure:2.4.2 for setup of bp3-0 flags of the CPU mode control register (CPUM).

II-28 Clock Switching
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x —»

't

OSC1

2 dividing
4 dividing
8 dividing

Dividing counter 16 dividing

32 dividing
64 dividing
128 dividing

001
000

011

010

»

101

100

L
»

Lt

111
110

xXcZ

—® System clock fs

OSCSELIT

OSCSELO

OSCDBL

Figure:2.5.1 Clock Switching Circuit

OSCSEL1| OSCSELO | OSCDBL | Oscillating frequency
0 0 0 2
0 0 1 1
0 1 0 8
0 1 1 4
1 0 0 32
1 0 1 16
1 1 0 128
1 1 1 64

Figure:2.5.2 Setting Division Factor at NORMAL mode by combination of OSCSEL and OSCDBL

flag) at the same time with the setting of clock switching functions (OSCDBL flag, OSCSEL1

G Do not change the setting of standby functions (STOP flag, HALT flag, OSC1 flag, OSC2
n

flag, OSCSELO flag).

OSCDBL flag, OSCSEL1 flag and OSCSELO flag can be changed at the same time.
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2.6 Reset

2.6.1 Reset operation

The CPU contents are reset and registers are initialized when the NRST pinis pulled to low.
m [nitiating a Reset
There are two methods to initiate a reset.

(1) Drivethe NRST pinlow. NRST pin should be held “low” for more than OSC 4 clock cycles (100 nsat a10
MH2z).

NRST pin

4 Oscillating clock
! (400 ns at 10 MHz)

L.

Figure:2.6.1 Minimum Reset Pulse Width

(2) Setting the P20UTY7 flag of the P2OUT register to "0" outputs low level at P27 (NRST) pin. And transferring
to reset by program (software reset) can be executed. If the internal LS| is reset and register isinitiated, the
P20UTY7 flag becomes "1" and reset is rel eased.

enough low level time at sudden unconnected. And reset can be generated even if NRST pin

G When NRST pin is connected to low power voltage detection circuit that gives pulse for
2 s held "low" for less than OSC 4 clock cycles, take notice of noise.

I1-30 Reset
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m  Sequence at Reset

(1) When reset pin comesto high level from low level, the internal 14-bit counter (It can be used as watchdog
timer, too.) starts its operation by system clock. The period from starting its count from its overflow is called
oscillation stabilization wait time.

(2) During reset, internal register and special function register areinitiated.

(3) After oscillation stabilization wait time, internal reset is released and program is started from the address writ-
ten at address 0x4000 at interrupt rector table.

VDD
NRST
|
1
|
1
Internal RST * o
Oscillation

stabilization wait time

Figure:2.6.2 Reset Released Sequence
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2.6.2 Oscillation Stabilization Wait time

Oscillation stabilization wait time is the period from the stop of oscillation circuit to the stabilization for oscilla-
tion. Oscillation stabilization wait time is automatically inserted at releasing from reset and at recovering from
STOP mode. At recovering from STOP mode the oscillation stabilization wait time control register (DLYCTR) is
set to select the oscillation stabilization wait time. At releasing from reset, oscillation stabilization wait timeis

fixed.

The timer that counts oscillation stabilization wait time is also used as awatchdog timer. That is used asarun-
away detective timer at anytime except at releasing from reset and at recovering from STOP mode. Watchdog
timer isinitiated at reset and at STOP mode and starts counting from the initialize value (0x0000) when system

clock (fs) isas clock source.

m Block Diagram of Oscillation Stabilization Wait Time (watchdog timer)

NRST g—q\ .
STOP

writeWDCTR LY\
A

4

HALT —d R
1 > 121012

R
1/2%5 to 1/22°

fs/214

— internal reset release

>0 D=

internal reset release;,o):>7 ‘ ‘
WDEN

fs/210

fs/28

~ |mMux

DLYCTR

fs/2?

fs/220 |

fs/218

fs/216

MUX{——» WDIRQ

E
lv)
=
(]
=
—

Figure:2.6.3 Block Diagram of Oscillation Stabilization Wait Time (watchdog timer)
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m  Oscillation Stabilization Wait Time Control Register (DLYCTR)

Table:2.6.1 Oscillation Stabilization Wait Time Control Register (DLYCTR: 0x03F03)

Chapter 2
CPU Basics

bp 7 6 5 4 3 2 1
Flag BUZOE BUZS2 BUZS1 BUZSO0 DLYS1 DLYSO -
At reset 0 0 0 0 0 0 -
Access R/W
bp Flag Description
7 Output selection
BUZOE 0: Port data output
1: Buzzer output
6-4 Buzzer output frequency selection
000: fosc/214
001: fosc/213
BUZS2 010: fosc/21?
BUZS1 011: fosc/2t
BUZSO 100: fosc/210
101: fosc/2°
110: fx/2*
111: fx/28
3-2 Oscillation stabilization wait period selection
. 14
DLYS1 00: fs/210
10: fs/2% *1
11:fs/2 *1
1-0 - -

*1 Do not use in high-speed operation (NORMAL mode).
Use in low-speed operation (SLOW mode).

Reset

II'-33



Chapter 2
CPU Basics

II-34

m  Control the Oscillation Stabilization Wait Time

At recovering from STOP mode, the bit 3-2 (DLY S1, DLY S0) of the oscillation stabilization wait time control
register can be set to select the oscillation stabilization wait time from 214, 210, 26, 22 x system clock. The
DLYCTR register isalso used for controlling of buzzer functions.

At releasing from reset, the oscillation stabilization wait time is fixed to 214 x system clock™. System clock is
determined by the CPU mode control register (CPUM).

Table:2.6.2 Oscillation Stabilization Wait Time

DLYS1 DLYSO Oscillation stabilization wait time
0 0 214 x System clock

0 1 210 x System clock

1 0 2% x System clock *1

1 1 22 x System clock *1

*1 Do not usein high-speed operation (NORMAL mode).
Use in low-speed operation (SLOW mode).

Reset
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3.1 Overview

This LS| speeds up interrupt response with circuitry that automatically loads the branch address to the corre-
sponding interrupt service routine from an interrupt vector table:reset, non-maskable interrupts (NM1), 4 external
interrupts, and 17 internal interrupts (peripheral function interrupts).

For interrupts other than reset, the interrupts processing sequence consists of interrupt request, interrupt accep-
tance, and hardware processing. After the interrupt is accepted, the program counter (PC) and processor status
word (PSW) and handy addressing data (HA) are saved onto the stack. And an interrupts handler ends by restor-
ing, using the POP instruction and other means, the contents of any registers used during processing and then exe-
cuting the return from interrupt (RTI) instruction to return to the point at which execution was interrupted. Max.
12 machine cycles before execution, and max 11 machine cycles after execution.

Each interrupt has ainterrupt control register, which controlsthe interrupts. Interrupt control register consists of
theinterrupt level field (LV 1 to 0), interrupt enable flag (IE), and interrupt request flag (IR).

Interrupt request flag (IR) is set to “1” by an interrupt request, and cleared to “0” by the interrupt acceptance.
Thisflag is managed by hardware, but can be rewritten by software.

Interrupt enable flag (IE) isthe flag that enables interruptsin the group. Thereis no interrupt enable flag in non-
maskableinterrupt (NMI). Oncethisinterrupt request flag isset, it is accepted without any conditions. Interrupts
enable flag is set in maskable interrupt. Interrupt enable flag of maskable interrupt is valid when the maskable
interrupt enable flag (MIE flag) of PSW is“1”.

Maskable interrupts have had vector numbers by hardware, but their priority can be changed by setting interrupts
level field. There arethree hierarchical interrupt levels. If multiple interrupts have the same priority, the one with
the lowest vector number takes priority. Maskable interrupts are accepted when itslevel is higher than the inter-
rupt mask level (IM1 to 0) of PSW. Non-maskable interrupts are always accepted, regardless of the interrupt
mask level.

Overview



3.1.1

Functions
]

Table:3.1.1 Interrupt Functions

Chapter 3
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Interrupt type Reset (interrupt) Non-maskable interrupt Maskable interrupt
Vector number 0 1 2to023
Table address 0x04000 0x04004 0x04008 to 0x0405C

Starting address

Address specified by vector address

Interrupt level

Can be set to levels 0 to 2
by software

Interrupt factor

External RST pin input

Errors detection, Pl inter-
rupt

External pin input internal
peripheral function

Generated opera-
tion

Direct input to CPU core

Input to CPU core from
non-maskable interrupt
control register (NMICR)

Input interrupt request level
set in interrupt level flag
(xxxL Vn) of maskable
interrupt control register
(xxxICR) to CPU core.

Accept operation

Always accepts

Always accepts

Acceptance only by the
interrupt control of the reg-
ister (xxxICR) and the inter-
rupt mask level in PSW.

Machine cycles until
accepted

12

12

12

PWS status after
acceptance

All flags are cleared to “0”

The interrupt mask level
flag in PSW is cleared to
“00”

Values of the interrupt level
flag (xxxLVn) are set to the
interrupt mask level (mask-
ing all interrupt requests

with the same or the lower

priority).

Overview
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3.1.2 Block Diagram

PSW
7 6 5 4 3 2 1 0
| [wejmamo] T T T |
Level
deter- ) Interrupt
mination|
CPU core
Ty 4
e YECtOTD
IRQNMI i 7 .
' '
'
: 7 6 5 4 3 L ‘ 1o '
IRQLVL ' '
20 : [ LT]
'
: NMICR T i
' '
H PI ,
H '
' i | wboc
H '
H v
___________________________________________ '
Vector 2
i
' '
' '
'
7 6 5 4.3 2|10 1
' \RQOICR‘XXXLVI-O \/‘xm#xxm‘ ' )
, 1 | Peripheral
' ' function
' '
'
! ISR FEUURRRSRR B . xxxLV : Interrupt Level . vo
! C:[:' 0 i xxxIE : Interrupt Enable H
‘G—\ , © xxxIR : Interrupt Request |
g (14 o | :
' : '
e : G E
'
' '
'
H
7 6 5 4 3 2 |10 1
'
xxxICR ‘xxxLVl-O \/‘xxx\EFKXlR‘ 1 | Peripheral
! function
'
. 110
efereeeeeeee e XXXLV ¢ Interrupt Level '
i xxxIE : Interrupt Enable '
xxxIR : Interrupt Request ,
DEC : !
: l
'
'
'
'
'

Figure:3.1.1 Interrupt Block Diagram
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3.1.3 Operation

m Interrupt Processing Sequence
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For interrupts other than reset, the interrupt processing sequence consists of interrupt request, interrupt accep-
tance, and hardware processing. The program counter (PC) and processor status word (PSW) and hard addressing
data (HA) are saved onto the stack, and program is branched to the address specified by the corresponding inter-
rupt vector. An interrupt handler ends by restoring the contents of any registers used during processing and then
executing the return from interrupt (RT1) instruction to return to the point at which execution was interrupted.

Interrupt
generation

Main program

~

Restart Restore PSW, PC up, etc.

Interrupt service routine

\ Hardware processing
Save up PC, PSW, etc.

Max.12 machine cycles

11 machine cycles

RTI

Interrupt request
flag cleared at head

Figure:3.1.2 Interrupt Processing Sequence (maskable interrupts)
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m Interrupt Group and Vector Addresses

Table:3.1.2 shows the list of interrupt vector addresses and interrupt group.

Table:3.1.2 Interrupt Vector Addresses and Interrupt Group

Vector Vector Interrupt group (interrupt factor) Control register (address)
number addresses
0 0x04000 Reset - - -
1 0x04004 Non-maskable interrupt NMI NMICR Ox03FE1
2 0x04008 External interrupt 0 IRQO IRQOICR O0x03FE2
3 0x0400C External interrupt 1 IRQ1 IRQ1ICR Ox03FE3
4 0x04010 External interrupt 2 IRQ2 IRQ2ICR Ox03FE4
5 0x04014 Reserved - - OxO03FES5
6 0x04018 External interrupt 4 IRQ4 IRQ4ICR Ox03FE6
7 0x0401C Timer 0O interrupt TMOIRQ IRQOICR Ox03FE7
8 0x04020 Timer 1 interrupt TM1IRQ IRQ1ICR Ox03FE8
9 0x04024 Timer 2 interrupt TM2IRQ TM2ICR OxO3FE9
10 0x04028 Timer 3 interrupt TM3IRQ TM3ICR OxO3FEA
11 0x0402C Timer 6 interrupt TM6IRQ TMG6ICR OxO3FEB
12 0x04030 Time base interrupt TBIRQ TBICR O0x03FEC
13 0x04034 Timer 7 interrupt TM7IRQ | TM7ICR 0x03FED
14 0x04038 Timer 7 compere 2-match inter- T70C2IR | T7TOC2ICR | OXO3FEE
rupt Q
15 0x0403C Serial 0 UART reception inter- SCORIR SCORICR Ox03FEF
rupt Q
16 0x04040 Serial 0 UART transmission SCOTIR SCOTICR 0x03FFO0
interrupt Q
17 0x04044 Serial 1 UART reception inter- SC1RIR SC1RICR 0x03FF1
rupt Q
18 0x04048 Serial 1 UART transmission SCITIR SCI1TICR 0X03FF2
interrupt Q
19 0x0404C Serial 3 interrupt SC3IRQ SC3ICR Ox03FF3
20 0x04050 A/D conversion interrupt ADIRQ ADICR 0x03FF4
21 0x04054 Serial 4 interrupt SC4IRQ SC4ICR Ox03FF5
22 0x04058 Timer 8 interrupt TM8IRQ TMBSICR O0x03FF6
23 0x0405C Timer 8 compare 2-match inter- TM80OC2 | TM8OC2IC | Ox03FF7
rupt IRQ R

-6 Overview
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m Interrupt Level and Priority

This LSl alocated vector numbers and interrupt control registers (except reset interrupt) to each interrupt. The
interrupt level (except reset interrupt, non-maskable interrupt) can be set by software, per each interrupt group.
There are three hierarchical interrupt levels. If multiple interrupts have the same priority, the one with the lowest
vector number takes priority. For example, if avector 3 set to level 1 and avector 4 set to level 2 request interrupt
simultaneously, vector 3 will be accepted.

Vector 1(Non-maskable | Priority | Interrupt vector No.
N interrupt) 1 Vector 1
(o]
g y Level 0 | Vector 2, 5, 6 | 2 Vector 2
[o)]
-% 3 Vector 5
é Level 1 | Vector 3 | 4 Vector 6
% 5 Vector 3
)
g Level 2 | Vector 4, 8 | 6 Vector 4
c
=V 7 Vector 8

Figure:3.1.3 Example of Interrupt Level

Overview -7
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m  Determination of Interrupt Acceptance
The following is the procedure from interrupt request input to acceptance.

1. Theinterrupt request flag (xxxR) in the corresponding external interrupt control register (IRQnICR) and inter-
nal interrupt control register (xxxICR) are setto “1”.

2. Aninterrupt request isinput to the CPU. (If the interrupt enable flag (xxxIE) of the same register is“1".)
3. Theinterrupt request signal is set for each interrupt. Theinterrupt level (IL) isinput to the CPU.

4. The interrupt request is accepted. (If IL has higher priority than IM and MIE is“1".)

5. Acceptance of an interrupt does not reset the corresponding interrupt enable flag (xxxIE) to “0”.

Current interrupt mask level (IM)

7 0
PSW | - |MIE|IM1{IMO VF‘NF‘CF‘ZF‘

~

Level judgement. Accepted if IL < IM

7
XXXICR |xxxLV XXXLVOI ‘ ‘ ‘ ‘xxxIE‘ xxxIR‘

Generated interrupt level (IL)

Figure:3.1.4 Determination of Interrupt Acceptance

G Acceptance of an interrupt does not reset the corresponding interrupt enable flag (xxxIE) to
“017.
[ ]

Overview
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MIE =*"0" and interrupts are disabled when:
e MIEinthe PSW isreset to “0” by aprogram
* Reset is detected.
MIE =“1" and interrupts are enabled when:
* MIEinthe PSW issetto“1" by aprogram
The interrupt mask level (IM =M1 - IMO) in the processor status word (PSW) changes when:
» The program altersit directly,
« Aresetinitializesit to 0 (00b),
« Maskable interrupt is accepted (the interrupt level becomes the interrupt mask level).

« Execution of the RTI instruction at the end of an interrupt service routine restores the processor status word
(PSW) and thus the previous interrupt mask level.

The MN101C series does not reset the maskable interrupt enable (MIE) flag of the processor
‘ status word (PSW) to “0” when accepting interrupts.
[ ]

Non-maskable interrupts have priority over maskable ones.
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m Interrupt Acceptance Operation

When accepting an interrupt, this LS| hardware saves the handy address register, the return address from the pro-
gram counter, and the processor status word (PSW) to the stack and branches program to the interrupt handler
using the starting address in the vector table. The following isthe hardware processing sequence invoked by
interrupt acceptance.

1. the stack pointer (SP) is updated.
(SP-6) — (SP)

2. The contents of the handy address register (HA) are saved to the stack.
Upper half of HA — (SP+5)
Lower half of HA — (SP+4)

3. The contents of the program counter (PC) -i.e., the return address- are saved to the stack.
PC bits 18, 17,and 0 — (SP+ 3)
PC bits16-9 — (SP+2)
PC bits8-1 —» (SP+1)

4. The contents of the PSW are saved to the stack.
PSW - (SP)

5. Theinterrupt level (xxxLVn) for the interrupt is copied to the interrupt mask (IMn) in the PSW.
Interrupt level (xxxLVn) — IMn

6. The hardware branches program to the address in the vector table.

7 0
New SP > PSW Lower
(after interrupt PC8 10 1
acceptance) T
PC16to 19

Pco! reserved ipcisi7 | Address

HA7 to 10 l

HA15t0 8
Higher

odsp—»
(before interrupt

acceptance) /—\_/

Figure:3.1.5 Stack Operation during Interrupt Acceptance

Overview
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m Interrupt Return Operation

An interrupt handler ends by restoring the contents of any registers saved to the stack during processing by the
POP instruction and other means, and the RTI instruction restores the program to the point at execution was inter-
rupted.

Thefollowing is the processing sequence invoked by the RTI instruction.
1. The contents of the PSW are restored from the stack. (SP)

2. The contents of the program counter (PC) -i.e., then return address- are restored from the stack. (SP+ 1to SP
+3)

3. The contents of the handy address register (HA) are restored from the stack. (SP + 4, SP+5)
4. The stack pointer isupdated. (SP+6 — SP)
5. Execution branches program to the address in the program counter.

The handy address register is an internal register used by the handy addressing function. The hardware savesits
contents to the stack to prevent the interrupt from interfering with operation of the function.

Registers such as data register, or address register are not saved, so that PUSH instruction
‘ from program should be used to save them onto stack, if necessary.
u

The address bp6 to bp2, when program counter (PC) are saved to the stack, are reserved.
‘ Do not change it by program.

Overview -11
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m  Maskable Interrupt

Figure:3.1.6 shows the processing flow when a second interrupt with alower priority level (xxxLV1 - xxxLVO0 =
“10") arrives during the processing of the with a higher priority level (xxxLV1 - xxxLV0 =“00").

( sume y—=( rem

IMO-1="00"

| Set MIE |

| IM1-0="11"' |

Interrupt 1 generated —z% Accepted because IL < IM and MIE="1'
(xxxLV1-0='00")

( IM1-0="00' )

Interrupt acceptance cycle

D,

X Interrupt 2 generated
(xxxLV1-0="10")

v RTI —~— (IMl-O:'ll')
Interrupt acceptance
cycle

)—»

( IM1-0="10"

(Interrupt service routine:2 >

RTI <—( IM1-0="11" )

—Z Not accepted bcause IM=IL
Interrupt generated

(xxxLV1-0="11")

\/

Parentheses () indicates hardware processing.

*1 If during the processing of the first interrupt, an interrupt request with an interrupt

level (IL) numerically lower than the interrupt mask (IM) arrives, it is accepted as a nested
interrupt. If IL > IM, however, the interrupt is not accepted.

*2 The second interrupt, postponed because its interrupt level (IL) was numerically greater
than the interrupt mask (IM) for the first interrupt service routine, is accepted when the
first interrupt handler returns.

Figure:3.1.6 Processing Sequence for Maskable Interrupts
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m  Multiplex Interrupt of Maskable Interrupt

When this LS| accepts an interrupt, it automatically disables acceptance of subsequent interrupts with the same or
lower priority level. When the hardware accepts an interrupt, it copies the interrupt level (xxxLVn) for the inter-
rupt to the interrupt mask (IM) in the PSW. Asaresult, subsegquent interrupts with the same or lower priority lev-
els are automatically masked. Only interrupts with higher priority levels are accepted. The net result is that
interrupts are normally processed in decreasing order of priority. It is, however, possible to alter this arrangement.

1. Todisableinterrupt nesting
* Reset the MIE bit in the PSW to “0".
» Raisethe priority level of the interrupt mask (IM) in the PSW.
2. To enable interrupts with lower priority than the currently accepted interrupt

* Lower the priority level or the interrupt mask (IM) in the PSW.

© B | Multiplex interrupts are only enables for interrupts with levels higher than the PSW interrupt
E’ mask level (IM).

being processed, but the careful of stack overflow.

E‘)’ It is possible to forcibly rewrite IM to accept an interrupt with a priority lower than the interrupt

Do not operate the maskable interrupt control register (xxxICR) when multiple interrupts are
‘ enabled. If operation is necessary, first clear the PSW MIE flag.
[ ]
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m  Multiple Interrupt of Non-maskable

On the acceptance of nim interrupt, when other nmi interrupt factor is generated, thisinterrupt is processed right
away. Also, when the same nmi interrupt factor is generated before nmi interrupt flag is be soft cleared, it is not
accepted. (Unless nmi interrupt clears the flag by the soft, the following same nmi interrupt is not accepted and

valid.)

( Main program )

nmi interrupt A

generationm

lmerrupl accem/‘ @
@lnterrupt A service program )

(  Main program )

nmi interrupt A

eneration
9 o

[merrupl accey‘ @
@ interrupt A service program)

nmi interrupt A
generation

—Zv

If nmi interrupt A flag is
cleared, multipul interrupt
generates.

nmi interrupt B
generation

[merrupt acceptance cycle

Despite of nmi interrupt A flag
1/0, nmi interrupt B is serviced
with multiple interrupts.

nmi interrupt B service program

If nmi interrupt A flag is not
cleared , it is invalidation absolutely.

RTI

RTI RTI

* When nmi interrupt A=IRQNPG, nmi interrupt B=IRQNWDG
* When nmi interrupt A=IRQNWDG, nmi interrupt B=IRQNPG

1 -14 Overview



Figure:3.1.7 shows the processing sequence of the multiple interrupt.
(multipleinterrupt:xxxLV1to 0 =“10", xxxLV1to O = “00")

( Main program )

| IM1-0="11" |

Interrupt 1 generated: —z» Accepted because IL<IM
(xxxLV1-0="10")

( IM1-0=10") ~

Interrupt acceptance cycle

( Interrupt service program 1 )

Accepted because IL<IM
* Interrupt 2 generated: —z»
(xxxLV1-0="00")

Interrupt acceptance cycle

( IM1-0="00"

)—»

( Interrupt service program 2 )

Restart interrupt service program 1

R == (m10=10')

RTI —— ( IM1-0="11" )

Parentheses () indicates hardware
processing.

Figure:3.1.7 Processing Sequence for Non-Maskable Multiple Interrupt

Overview
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3.1.4 Interrupt Flag Setup
. ________________________________________________________________________________________________________|

m Interrupt Request Flag (IR) Setup by the Software

Theinterrupt request flag is operated by the hardware. That is set to “1” when any interrupt factor is generated,
and cleared to “0" when the interrupt is accepted. If you want to operate it by the software, the IRWE flag of
MEMCTR should be set to “1".

m Interrupt Flag Setup Procedure

A setup procedure of the interrupt request flag set by the hardware and the software shows as follows;

Setup Procedure Description

(1) Disable all maskable interrupts. (1) Clear the MIE flag of PSW to disable all maskable
PSW interrupts. This is necessary, especially when the
bp6:MIE =0 interrupt control register is changed.

(2) Select the interrupt factor. (2) Select the interrupt doctor such as interrupt edge

selection, or timer interrupt cycle change.

(3) Enable the interrupt request flag to be (3) Set the IRWE flag of MEMCTR to enable the interrupt
rewritten. request flag to be rewritten. This is necessary only
MEMCTR(0¥03F01) when the interrupt request flag is changed by the
bp2:IRWE =1 software.

(4) Rewrite the interrupt request flag. (4) Rewrite the interrupt request flag (xxxIR) of the interrupt
xxXICR control register (xxxICR).
bpO:xxxIR

(5) Disable the interrupt request flag to be (5) Clear the IRWE flag so that interrupt request flag can not
rewritten. be rewritten by the software.

MEMCTR(0¥03F01)
bp2:IRWE =0

(6) Set the interrupt level. (6) Set the interrupt level by the xxxLV1 - 0 flag of the
xxXICR interrupt control register (xxxICR).
bp7-6:xxxLV1-0 Set the IM1 - 0 flag of PSW then the interrupt
PSW acceptance level of CPU should be changed.
bp5-4:IM1-0

(7) Enable the interrupt. (7) Set the xxxIE flag of the interrupt control register
xxXICR (xxxICR) to enable the interrupt.
bpl:xxxIE =1

(8) Enable all maskable interrupts. (8) Enable all maskable interrupts.

PSW PSW
bp6:MIE =1 bp6:MIE =1

I - 16 Overview
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3.2.1

Registers List
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Interrupts

Table:3.2.1 Interrupt Control Registers

Register Address R/W | Functions Page
NMICR Ox03FE1 | R/W | Non-maskable interrupt control register 1-19
IRQOICR Ox03FE2 | R/W | External interrupt O control register 111-20
IRQ1ICR Ox03FE3 | R/W | External interrupt 1 control register I-21
IRQ2ICR Ox03FE4 | R/W | External interrupt 2 control register 1-22
IRQ4ICR Ox03FE6 | R/W | External interrupt 4 control register 1-23
TMOICR Ox03FE7 | R/W | Timer 0O interrupt control register (Timer O compare-match) | 111-24
TM1ICR OxO3FE8 | R/W | Timer 1 interrupt control register (Timer 1 compare-match) | 11I-25
TM2ICR Ox03FE9 | R/W | Timer 2 interrupt control register (Timer 2 compare-match) | 11I-26
TM3ICR Ox03FEA | R/W | Timer 3 interrupt control register (Timer 3 compare-match) | I1I-27
TM6ICR Ox03FEB | R/W | Timer 6 interrupt control register (Timer 6 compare-match) | 111-28
TBICR Ox03FEC | R/W | Time base interrupt control register (Time base period) 111-29
TM7ICR OxO3FED | R/W | Timer 7 interrupt control register (Timer 7 compare-match) 111-30
T70C2ICR OxO3FEE | R/W | Timer 7 compare register 2-match interrupt control register | 111-31
SCORICR Ox03FEF | R/W | Serial 0 UART reception interrupt control register 11-32
(SCOUART reception completion)
SCOTICR Ox03FF0 | R/W | Serial 0 UART transmission interrupt control register 11-33
(SCOUART transmission completion)
SCI1RICR Ox03FF1 | R/W | Serial 1 UART reception interrupt control register 11-34
(SC1UART reception completion)
SCI1TICR O0x03FF2 | R/W | Serial 1 UART transmission interrupt control register 11-35
(SC1UART transmission completion)
SC3ICR Ox03FF3 | R/W | Serial 3 interrupt control register (SC3 transfer completion) | 111-36
ADICR 0x03FF4 | R/W | A/D conversion interrupt control register 1-37
(A/D conversion completion)
SC4ICR Ox03FF5 | R/W | Serial 4 interrupt control register 111-38
(SC4 transmission completion)
T8ICR Ox03FF6 | R/W | Timer 8 interrupt control register (Timer 8 compare-match) | 111-39
T8OC2ICR Ox03FF7 | R/W | Timer 8 compare register 2-match interrupt control register | 111-40

Control Registers
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If the interrupt level flag (xxxLVn) is set to “level 3", its vector is disabled, regardless of inter-
‘ rupt enable flag and interrupt request flag.
u

Writing to the interrupt control register should be done after that all maskable interrupts are
set to be disable by the MIE flag of the PSW register.

I -18 Control Registers
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3.2.2 Interrupt Control Registers
. ________________________________________________________________________________________________________|

The interrupt control registers include the non-maskable interrupt control register (NMICTR), the externa inter-
rupt control register and the internal interrupt control registers (xxxICR).

m  Non-maskable Interrupt Control Register (NMICR:0x03FE1)

The non-maskable interrupt control register (NMICTR) is stored the non maskable interrupt request. When the
non-maskable interrupt request is generated, the interrupt is accepted regardless of the interrupt mask level (IMn)
of PSW. The hardware then branches program to the address stored at location 0x04004 in the interrupt vector
table. The watchdog timer overflow interrupt request flag (WDIR) is set to “1” when the watchdog timer over-
flows. The program interrupt request flag (PIR) is set to “1” when the undefined instruction is executed.

Setting PIR or WDIR flag to be “1” enable non-maskable interrupt request to be set compul sory.

Table:3.2.2 Non-maskable Interrupt Control Register (NMICR:0x03FE1)

bp 7 6 5 4 3 2 1 0

Flag - - - - - IRQNPG | IRQNWDG | Reserved
At reset - - - - - 0 0 0

Access R/W

bp Flag Description

7-3 - -

2 IRQNPG Program interrupt request flag

0:No interrupt request
1:Interrupt request generated

1 IRQNWDG | Watchdog interrupt request flag
0:No interrupt request
1:Interrupt request generated

0 Reserved Set always to “0”

interrupt at the same time of the setting of the program interrupt request flag IRQNPG.
When the setting of the IRQNPG flag is confirmed by the non-maskable interrupt process
program, the softreset is recommended by outputting “0” to the reset pin (P27).

G When the undefined instruction is going to be executed, this LS| generates the non-maskable
u

Control Registers I-19



Chapter 3
Interrupts

m External Interrupt O Control Register (IRQOICR)

The external interrupt O control register (IRQOICR) controlsinterrupt level of the external interrupt O, valid edge,
interrupt enable and interrupt request. Interrupt control register should be operated when the maskable interrupt
enableflag (MIE) of PSW is“0".

Table:3.2.3 External Interrupt 0 Control Register (IRQOICR:0x03FE2)

bp 7 6 5 4 3 2 1 0
Flag IRQOLV1 |IRQOLVO | REDGO - - - IRQOIE IRQOIR
At reset 0 0 0 - - 0 0
Access R/W
bp Flag Description
7-6 IRQOLV1 Interrupt level flag
IRQOLVO The CPU has interrupt levels from 0 to 3. This flag sets the interrupt level for
interrupt requests.
5 REDGO Interrupt valid edge flag (at the standby mode)
0:Falling edge (low level)
1:Rising edge (high level)
4-2 - -
1 IRQOIE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 IRQOIR Interrupt request flag
0:No interrupt request
1:Interrupt request generated
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m External Interrupt 1 Control Register (IRQ1ICR)
The external interrupt 1 control register (IRQLICR) controls interrupt level of external interrupt 1, valid edge,
interrupt enable and interrupt request. Interrupt control register should be operated when the maskable interrupt
enableflag (MIE) of PSW is“0".
Table:3.2.4 External Interrupt 1 Control Register (IRQ1ICR:0x03FE3)
bp 7 6 5 4 3 1 0
Flag IRQ1LV1 | IRQ1LVO | REDG1 - - IRQ1IE IRQ1IR
At reset 0 0 0 - - 0 0
Access R/W
bp Flag Description
7-6 IRQ1LV1 Interrupt level flag
IRQ1LVO The CPU has interrupt levels from 0 to 3. This flag sets the interrupt level for
interrupt requests.
5 REDG1 Interrupt valid edge flag (at the standby mode)
0:Falling edge (low level)
1:Rising edge (high level)
4-2 - -
1 IRQ1IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 IRQ1IR Interrupt request flag
0:No interrupt request
1:Interrupt request generated
Control Registers I -21
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m External Interrupt 2 Control Register (IRQ2ICR)

The external interrupt 2 control register (IRQ2ICR) controls interrupt level of external interrupt 2, valid edge,
interrupt enable and interrupt request. Interrupt control register should be operated when the maskable interrupt
enableflag (MIE) of PSEis“0".

Table:3.2.5 External Interrupt 2 Control Register (IRQ2ICR:0x03FE4

0:No interrupt request
1:Interrupt request generated

bp 7 6 5 4 3 1 0
Flag IRQ2LV1 | IRQ2LVO |REDG2 - - IRQ2IE IRQ2IR
At reset 0 0 0 - - 0 0
Access R/W
bp Flag Description
7-6 IRQ2LV1 Interrupt level flag
IRQ2LV0 The CPU has interrupt levels from 0 to 3. This flag sets the interrupt level for
interrupt requests.
5 REDG2 Interrupt valid edge flag (at the standby mode)
0:Falling edge (low level)
1:Rising edge (high level)
4-2 - -
1 IRQ2IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 IRQ2IR Interrupt request flag

Control Registers
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m  External Interrupt 4 Control Register (IRQ1ICR:0x03FE3)

The external interrupt 4 control register (IRQ4ICR) controls interrupt level of external interrupt 4, valid edge,
interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter-
rupt enable flag (MIE) of PSW is“0".

Table:3.2.6 External Interrupt 4 Control Register (IRQ4ICR:0x03FE6)

bp 7 6 5 4 3 2 1 0

Flag IRQ4LV1 | IRQ4LVO |- - - - IRQ4IE IRQ4IR
At reset 0 0 - - - - 0 0
Access R/W

bp Flag Description

7-6 IRQ4LV1 Interrupt level flag

IRQ4LV0 The CPU has interrupt levels from 0 to 3. This flag sets the interrupt level for
interrupt requests.

5-2 - -

1 IRQ4IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt

0 IRQ4IR Interrupt request flag

0:No interrupt request
1:Interrupt request generated
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m  Timer O Interrupt Control Register (TMOICR)

Thetimer O interrupt control register (TMOICR) controls interrupt level of timer O interrupt, interrupt enable flag
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)
or PSWis“0".

Table:3.2.7 Timer O Interrupt Control Register (TMOICR:0x03FE7)

bp 7 6 5 4 3 2 1 0
Flag TMOLV1 | TMOLVO |- - - TMOIE TMOIR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 TMOLV1 Interrupt level flag
TMOLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to

interrupt requests.
5-2 - -
1 TMOIE Interrupt enable flag

0:Disable interrupt

1:Enable interrupt
0 TMOIR Interrupt request flag

0:No interrupt request

1:Interrupt request generated
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m  Timer 1 Interrupt Control Register (TM1ICR)
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Thetimer 1 interrupt control register (TM1ICR) controls interrupt level of timer 1 interrupt, interrupt enable flag
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)

or PSWis“0".
Table:3.2.8 Timer 1 Interrupt Control Register (TM1ICR:0x03FES8)

0:No interrupt request
1:Interrupt request generated

bp 7 6 5 4 3 1 0
Flag TM1LV1 | TMILVO |- - - TM1IE TM1IR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 TM1LV1 Interrupt level flag
TM1LVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to

interrupt requests.
5-2 - -
1 TM1IE Interrupt enable flag

0:Disable interrupt

1:Enable interrupt
0 TM1IR Interrupt request flag

Control Registers
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m  Timer 2 Interrupt Control Register (TM2ICR)

Thetimer 2 interrupt control register (TM2ICR) controls interrupt level of timer 2 interrupt, interrupt enable flag
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)
or PSWis“0".

Table:3.2.9 Timer 2 Interrupt Control Register (TM2ICR:0x03FE9)

bp 7 6 5 4 3 2 1 0
Flag TM2LV1 | TM2LVO | - - - TM2IE TM2IR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 TM2LV1 Interrupt level flag
TM2LVO0 This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to

interrupt requests.
5-2 - -
1 TM2IE Interrupt enable flag

0:Disable interrupt

1:Enable interrupt
0 TM2IR Interrupt request flag

0:No interrupt request

1:Interrupt request generated
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m  Timer 3 Interrupt Control Register (TM3ICR)
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Thetimer 3 interrupt control register (TM3ICR) controls interrupt level of timer 3 interrupt, interrupt enable flag
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)

or PSWis“0".
Table:3.2.10 Timer 3 Interrupt Control Register (TM3ICR:0x03FEA)
bp 7 6 5 4 3 1 0
Flag TM3LV1 | TM3LVO |- - - TM3IE TM3IR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 TM3LV1 Interrupt level flag
TM3LVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to
interrupt requests.
5-2 - -
1 TM3IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 TM3IR Interrupt request flag

0:No interrupt request
1:Interrupt request generated

Control Registers
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m  Timer 6 Interrupt Control Register (TM6ICRB)

Thetimer 6 interrupt control register (TM6ICR) controls interrupt level of timer 6 interrupt, interrupt enable flag

and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)
or PSWis“0".

Table:3.2.11 Timer 6 Interrupt Control Register (TM6ICR:0x03FEB)

bp 7 6 5 4 3 2 1 0
Flag TM6LV1 | TM6LVO | - - - TM6IE TM6IR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 TM6LV1 Interrupt level flag
TM6LVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to

interrupt requests.
5-2 - -
1 TM6IE Interrupt enable flag

0:Disable interrupt

1:Enable interrupt
0 TM6IR Interrupt request flag

0:No interrupt request

1:Interrupt request generated
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m Time Base Interrupt Control Register (TBICR)

The time base interrupt control register (TBICR) controls interrupt level of time base interrupt, interrupt enable

flag and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag
(MIE) of PSW is“0".

Table:3.2.12 Time Base Interrupt Control Register (TBICR:0x03FEC)

bp 7 6 5 4 3 1 0
Flag TBLV1 TBLVO - - - TBIE TBIR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 TBLV1 Interrupt level flag
TBLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to

interrupt requests.
5-2 - -
1 TBIE Interrupt enable flag

0:Disable interrupt

1:Enable interrupt
0 TBIR Interrupt request flag

0:No interrupt request

1:Interrupt request generated
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m  Timer 7 Interrupt Control Register (TM7ICR)

Thetimer 7 interrupt control register (TM7ICR) controls interrupt level of timer 7 interrupt, interrupt enable flag

and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)
of PSWis“0".

Table:3.2.13 Timer 7 Interrupt Control Register (TM7ICR:0x03FED)

bp 7 6 5 4 3 2 1 0
Flag TM7LV1 | TM7LVO | - - - TM7IE TM7IR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 TM7LV1 Interrupt level flag
TMOLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to

interrupt requests.
5-2 - -
1 TM7IE Interrupt enable flag

0:Disable interrupt

1:Enable interrupt
0 TM7IR Interrupt request flag

0:No interrupt request

1:Interrupt request generated
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m  Timer 7 Compare Register 2-match Interrupt Control Register (T70OC2ICR)

Thetimer 7 compare register 2-match interrupt control register (T7OC2ICR) controls interrupt level of timer 7
compare register 2-match interrupt, interrupt enable flag and interrupt request. Interrupt control register should be
operated when the maskabl e interrupt enable flag (MIE) of PSW is“0".

Table:3.2.14 Timer 7 Compare Register 2-match Interrupt Control Register (T7OC2ICR:0x03FEE)

bp 7 6 5 4 3 2 1 0

Flag T70C2LV | T7OC2LV | - - - - T70C2IE | T70C2IR
1 0

At reset 0 0 - - - - 0 0

Access R/W

bp Flag Description

7-6 T70C2LV1 | Interrupt level flag

T70C2LVO | This 2-bit flag sets the interrupt level by assigning an interrupt level of O to 3 to
interrupt requests.

5-2 - -

1 T70C2IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt

0 T70C2IR Interrupt request flag

0:No interrupt request
1:Interrupt request generated
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m  Serial 0 UART Reception Interrupt Control Register (SCORICR)

The serial 0 UART reception interrupt control register (SCORICR) controls interrupt level of timer O interrupt,

interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter-
rupt enable flag (MIE) of PSW is“0".

Table:3.2.15 Serial 0 UART Reception Interrupt Control Register (SCORICR:0x03FEF)

bp 7 6 5 4 3 2 1 0
Flag SCORLV1 | SCORLVO | - - - - SCORIE SCORIR
At reset 0 0 - - - - 0 0
Access R/W
bp Flag Description
7-6 SCORLV1 Interrupt level flag
SCORLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to

interrupt requests.
5-2 - -
1 SCORIE Interrupt enable flag

0:Disable interrupt

1:Enable interrupt
0 SCORIR Interrupt request flag

0:No interrupt request

1:Interrupt request generated
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m  Serial 0 UART Transmission Interrupt Control Register (SCOTICR)
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The serial 0 UART transmission interrupt control register (SCOTICR) controlsinterrupt level of timer O interrupt,
interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter-
rupt enable flag (MIE) of PSW is“0".

Table:3.2.16 Serial 0 UART Transmission Interrupt Control Register (SCOTICR:0x03FFO0)
bp 7 6 5 4 3 2 1 0
Flag SCOTLV1 | SCOTLVO |- - - - SCOTIE SCOTIR
At reset 0 0 - - - - 0 0
Access R/W
bp Flag Description
7-6 SCOTLV1 Interrupt level flag
SCOTLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to
interrupt requests.
5-2 - -
1 SCOTIE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 SCOTIR Interrupt request flag
0:No interrupt request
1:Interrupt request generated

Control Registers
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m  Serial 1 UART Reception Interrupt Control Register (SC1RICR)

The serial 1 UART reception interrupt control register (SC1RICR) controlsinterrupt level of timer O interrupt,

interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter-
rupt enable flag (MIE) of PSW is“0".

Table:3.2.17 Serial 1 UART Reception Interrupt Control Register (SC1RICR:0x03FF1)

bp 7 6 5 4 3 2 1 0

Flag SC1RLV1 | SC1IRLVO |- - - - SCI1RIE SCI1RIR
At reset 0 0 - - - - 0 0
Access R/W

bp Flag Description

7-6 SC1RLV1 Interrupt level flag

SC1RLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to
interrupt requests.

5-2 - -

1 SCI1RIE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt

0 SC1RIR Interrupt request flag

0:No interrupt request
1:Interrupt request generated
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m  Serial 1 UART Transmission Interrupt Control Register (SC1TICR)
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The serial 1 UART transmission interrupt control register (SC1TICR) controlsinterrupt level of timer O interrupt,
interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter-
rupt enable flag (MIE) of PSW is“0".

Table:3.2.18 Serial 0 UART Transmission Interrupt Control Register (SCOTICR:0x03FF2)
bp 7 6 5 4 3 2 1 0
Flag SC1TLV1 | SC1TLVO |- - - - SCITIE SCI1TIR
At reset 0 0 - - - - 0 0
Access R/W
bp Flag Description
7-6 SC1TLV1 Interrupt level flag
SC1TLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to
interrupt requests.
5-2 - -
1 SCI1TIE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 SCI1TIR Interrupt request flag
0:No interrupt request
1:Interrupt request generated

Control Registers
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m  Serial 3 Interrupt Control Register (SC3ICR)

The serial 3 interrupt control register (SC3ICR) controlsinterrupt level of serial 3 interrupt, interrupt enable flag
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)

of PSW is“0".
Table:3.2.19 Serial 3 Interrupt Control Register (SC3ICR:0x03FF3)
bp 7 6 5 4 3 1 0
Flag SC3Lv1 SC3LVO0 - - - SC3IE SC3IR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 SC3LV1 Interrupt level flag
SC3LV0 This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to
interrupt requests.
5-2 - -
1 SC3IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 SC3IR Interrupt request flag
0:No interrupt request
1:Interrupt request generated
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m  A/D Conversion Interrupt Control Register (ADICR)

The A/D conversion interrupt control register (ADICR) controlsinterrupt level of A/D conversion interrupt, inter-

rupt enable flag and interrupt request. Interrupt control register should be operated when the maskabl e interrupt
enableflag (MIE) of PSW is“0".

Table:3.2.20 A/D Conversion Interrupt Control Register (ADICR:0x03FF4)

bp 7 6 5 4 3 2 1 0
Flag ADLV1 ADLVO - - - - ADIE ADIR
At reset 0 0 - - - - 0 0
Access R/W
bp Flag Description
7-6 ADLV1 Interrupt level flag
ADLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to
interrupt requests.
5-2 - -
1 ADIE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 ADIR Interrupt request flag
0:No interrupt request
1:Interrupt request generated
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m  Serial 4 Interrupt Control Register (SC4ICR)

The serial 4 interrupt control register (SC41CR) controlsinterrupt level of serial 4 interrupt, interrupt enable flag
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)

of PSW is“0".
Table:3.2.21 Serial 4 Interrupt Control Register (SC4ICR:0x03FF5)
bp 7 6 5 4 3 1 0
Flag SC4Lv1 SC4LVO0 - - - SC4IE SC4IR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 SC4Lv1 Interrupt level flag
SC4LV0 This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to
interrupt requests.
5-2 - -
1 SC4IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 SC4IR Interrupt request flag
0:No interrupt request
1:Interrupt request generated
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Thetimer 8 interrupt control register (TM8ICR) controls interrupt level of timer 8 interrupt, interrupt enable flag
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE)

of PSWis“0".
Table:3.2.22 Timer 8 Interrupt Control Register (TM8ICR:0x03FF6)
bp 7 6 5 4 3 1 0
Flag TM8LV1 | TM8LVO |- - - TM8IE TM8IR
At reset 0 0 - - - 0 0
Access R/W
bp Flag Description
7-6 TM8LV1 Interrupt level flag
TM8LVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to
interrupt requests.
5-2 - -
1 TMS8IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 TM8IR Interrupt request flag

0:No interrupt request
1:Interrupt request generated

Control Registers
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m Timer 8 Compare Register 2-match Interrupt Control Register (TBOC2ICR)

The timer 8 compare register 2-match interrupt control register (TBOC2ICR) controls interrupt level of timer 8
compare register 2-match interrupt, interrupt enable flag and interrupt request. Interrupt control register should be

operated when the maskabl e interrupt enable flag (MIE) of PSW is“0".

Table:3.2.23 Timer 8 Compare Register 2-match Interrupt Control Register (TSOC2ICR:0x03FF7)
bp 7 6 5 4 3 2 1 0
Flag T80OC2LV | T8OC2LV | - - - - T8OC2IE | T8OC2IR

1 0

At reset 0 0 - - - - 0 0
Access R/W
bp Flag Description
7-6 T8OC2LV1 | Interrupt level flag

T8OC2LVO | This 2-bit flag sets the interrupt level by assigning an interrupt level of O to 3 to
interrupt requests.
5-2 - -
1 T8OC2IE Interrupt enable flag
0:Disable interrupt
1:Enable interrupt
0 T8OC2IR Interrupt request flag

0:No interrupt request
1:Interrupt request generated
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There are 4 external interruptsinthisLSI. The circuit (external interrupt interface), operatesthe external interrupt
input signal, is built-in between the external interrupt input pin and the external interrupt block. This external
interrupt interface can manage to do with any kind of external interrupts.

3.3.1

Overview

Table:3.3.1 shows the list of functions which external interrupts 0 to 2 and 4 are used.

Table:3.3.1 External Interrupt Functions

External Programmab | Both edges Noise filter AC zero Key input
interrupt le active interrupt built-in Cross interrupt
input pin edge detection

External inter- | P54 (0] - 0] (0] -

rupt O

External inter- | P55 (0] - @) (0] -

rupt 1

External inter- | P56 (0] (@] - - -

rupt 2

External inter- | - - - - - (0]

rupt 3

Q

Because the external interrupt event and the AC zero-cross is acknowledged by the rising of
the system clock, the pulse which is shorter than the system clock cycle is neglected.

System clock x 2 for the interrupt factor generation is needed at the maximum against the
external interrupt event from the pin because all synchronous circuits are inserted.

External Interrupts
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Block Diagram

3.3.2

External Interrupt O Interface Block Diagram
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External Interrupt 1 Interface Block Diagram

Jajsuel) onewone ereq/
1senbai dnusiul TOYI|

s :)TL

JIN0I0 UONJ319p

SS0.2-0197Z JV

A

=D X

N3OSd

dNOosd

:

5250}

7=

,2IS0}

la|edsald

A

250}

» 1IN2412 UONI3Y8P 1N2JI0
) abpa Buisry SNOUOIYIUAS
A
: !
L NISSd
J [ADSTAN M
TATTONI DMOSTAN
OATTONI N3T4AN —
79039 — NISd
- IMOS04N
- MOS04N
- 0 N304N
JITOHI d104N
! NIRIECR Y
eubis  JOITOMI
apow Agpuels W,_A
N
1N2JID
uonosiep [
| yorew [
_\X A T 1NoJID uonoslep [ +
Bpa 6
n X 8bpa BUIS | e
__\/_l_‘ D Snouo.s
0 N 1IN0 uonoalep [ -UouAs
0 abpa Buijre

¥

121} BSION

S}

M_ TOdI/SSd

Figure:3.3.2 External Interrupt 1 Interface Block Diagram

I-43

External Interrupts



Chapter 3
Interrupts

External Interrupt 2 Interface Block Diagram
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External Interrupt 4 Interface Block Diagram
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3.3.3 Control Registers
. ________________________________________________________________________________________________________|

The external interrupt input signal's, which passed through each internal interrupt interface 0 to 2 and 4 generate
interrupt requests.

External interrupt O to 2 and 4 interface are controlled by the external interrupt control register (IRQnICR).
External interrupt interface O to 1 are controlled by the noise filter control register (NFCTR) and the prescaler
control register (PSCMD), and external interrupt interface 2 is controlled by the both edges interrupt control reg-
ister (EDGDT), and external interrupt interface 4 is controlled by the key interrupt control register 1
(KEYT3_1IMD) and the key interrupt control register 2 (KEYT3_2IMD).

Table:3.3.2 shows the list of registers, which control external interrupt 0 to 2 and 4.
Table:3.3.2 External Interrupt Control Register

External Register Address | R/W | Function Page
interrupt
External inter- IRQOICR Ox03FE2 | R/W | External interrupt O control register 111-20
upto NFCTR O0x03F2E | R/W | Noise filter control register 11-48
PSCMD 0x03F6D | R/W | Prescaler control register 11-47
External inter- IRQ1ICR Ox03FE3 | R/W | External interrupt 1 control register -21
rupt1 NFCTR O0x03F2E | R/W | Noise filter control register 111-48
PSCMD 0x03F6D | R/W | Prescaler control register 11-47
External inter- IRQ2ICR Ox03FE4 | R/W | External interrupt 2 control register 111-22
rupt2 EDGDT O0x03F1E | R/W | Both edges interrupt control register 111-53
External inter- IRQ4ICR Ox03FE6 | R/W | External interrupt 4 control register 111-23
fupt 4 KEYT3_1I O0x03F3E | R/W | Key interrupt control register 1 111-50
MD
KEYT3_2I O0x03F3F | R/W | Key interrupt control register 2 111-51
MD
R/W:Readable/Writable
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m Prescaler Control Register (PSCMD)
Prescaler control register enables or disables the prescaler count. Prescaler is used when the dividing clock of fs

base isused at IRQO, IRQ1.

Table:3.3.3 Prescaler Control Register (PSCMD:0x03F6D)

Chapter 3
Interrupts

bp 7 6 5 4 3 2 0

Flag - - - - - - PSCEN
At reset - - - - - - 0
Access R/W

bp Flag Description

7-1 - -

0 PSCEN Prescaler count control

0:Disable count
1:Enable count

External Interrupts
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m  Noise Filter Control Register (NFCTR)

The noise filter control register (NFCTR) sets the noise remove function to IRQ0 and IRQ1 and also selects the
sampling cycle of noise remove function. And this register also setsthe AC zero cross detection function to
IRQ1.

Table:3.3.4 Noise Filter Control Register (NFCTR:0x03F2E)

bp 7 6 5 4 3 2 1 0
Flag P55IM NF1SCK1 | NF1SCKO | NF1EN P54IM NFOSCK1 | NFOSCKO | NFOEN
At reset 0 0 0 0 0 0 0 0
Access R/W

bp Flag Description

7 P55IM ACZ input enable flag

0:Disable ACZ input
1:Enable ACZ input

6-5 NF1SCK1 IRQ1/noise sampling period
NF1SCKO 00:fosc
01:fosc/2’
10:fosc/28
11:fosc/2°
4 NF1ENM IRQ1/noise filter setup

0:Noise filter OFF
1:Noise filter ON

3 P54IM ACZO0 input enable flag
0:ACZ0 interrupt disable
1:ACZ0 interrupt enable

2-1 NFOSCK1 IRQO/noise sampling period
NFOSCKO 00:fosc
01:fosc/2’
10:fosc/2®
11:fosc/2°
0 NFOENM IRQO/noise filter setup

0:Noise filter OFF
1:Noise filter ON
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m  Both Edges Interrupt Control Register (EDGDT)

The both edges interrupt control register (EDGDT) selectsinterrupt edges of IRQ2. Interrupts are generated at
both edges, or at single edge. The external interrupt control register (IRQ2ICR) specifies whether interrupts are
generated.

Table:3.3.5 Both Edges Interrupt Control Register (EDGDT:.0x03F1E)

bp 7 6 5 4 3 2 1 0
Flag - - - - - EDGSEL1 | - -
At reset - - - - - 0 - -
Access R/W

bp Flag Description

7-3 - -

2 EDGSEL1 IRQ2 both edges interrupt selection

0:Programmable active edge interrupt selection
1:Both edges interrupt selection

1-0 - -
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m  Key Interrupt Control Register 1 (KEYT3_1IMD)

The key interrupt control register 1 selectsif key interrupt is accepted. Also, thisregister assigns KEY input to
key interrupt in 2-bit unit.

Table:3.3.6 Key Interrupt Control Register 1 (KEYT3_1IMD:0x03F3E)

0:Disable
1:Enable

bp 7 6 5 4 3 2 1 0
Flag KEYT3SE | - - - KEYT3_1 | KEYT3_1 |KEYT3_1 |KEYT3_1
L EN3 EN2 EN1 ENO
At reset 0 - - - 0 0 0 0
Access R/W
bp Flag Description
7 KEYT3SEL Key interrupt control
0:Key interrupt disable
1:Key interrupt enable
6-4 - -
3 KEYT3_1EN3 | KEY3 interrupt selection
0:Disable
1:Enable
2 KEYT3_1EN2 | KEY2 interrupt selection
0:Disable
1:Enable
1 KEYT3_1EN1 | KEY1 interrupt selection
0:Disable
1:Enable
0 KEYT3_1ENO | KEYO interrupt selection
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m  Key Interrupt Control Register 2 (KEYT3_2IMD)

The key interrupt control register 2 assigns KEY input to key interrupt in 1-bit unit.

Table:3.3.7 Key Interrupt Control Register 2 (KEYT3_2IMD:0x03F3F)

bp 7 6 5 4 3 2 1 0

Flag - - - - KEYT3 2 | KEYT3_ 2 | KEYT3_ 2 |KEYT3_2

EN3 EN2 EN1 ENO

At reset - - - - 0 0 0 0

Access R/W

bp Flag Description

7-4 - -

3 KEYT3_2EN3 | KEY7 interrupt selection
0:Disable
1:Enable

2 KEYT3_2EN2 | KEY6 interrupt selection
0:Disable
1:Enable

1 KEYT3_2EN1 | KEY5 interrupt selection
0:Disable
1:Enable

0 KEYT3_2ENO | KEY4 interrupt selection
0:Disable
1:Enable
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3.34 Programmable Active Edge Interrupt

m  Programmable Active Edge Interrupts (External interrupts 0 to 2)

The programmable active edge interrupt can select the rising/falling edge about the signal which isinput from the
external interrupt input pin and generate the interrupt at the selected edge. Also, if the value which is set to the
external interrupt valid edge specify flag and the level of the external interrupt pin are matched, it is possible from
the standby mode.

the external interrupt pin level are matched, the interrupt is generated. (refer to Figure:3.3.1
to Figure:3.3.5.)
[Chapter 3 3.3.9. External Interrupt At the Standby Mode]

G At the standby mode, if the value that is set to the external interrupt valid specified flag and

m  Programmable Active Edge Interrupt Setup Example (External interrupt O to 2)

External interrupt O (IRQO) is generated at the rising edge of the input signal from P54.
The table below shows a setup example of IRQO.

Setup Procedure Description
(1) Specify the interrupt active edge (1) Set the REDGO flag of the external interrupt O control
IRQOICR(0OX03FE2) register (IRQOICR) to “1” to specify the rising edge as
bp5AFREDGO =1 the active edge for interrupts.
(2) Set the interrupt level (2) Set the interrupt priority level in the IRQOLV1 to 0 flag of
IRQOICR (0Ox03FE2) the IRQOICR register.

bp7-6:IRQOLV1-0 =10

(3) Enable the interrupt (3) Set the IRQOIE flag of the IRQOICR register to “1” enable
IRQOICR (Ox03FE2) the interrupt.
bpl:IRQOIE =1

External interrupt O is generated at the rising edge of the input signal from P54.

The interrupt request flag can be set at switching the interrupt edge, so specify the interrupt
‘ valid edge before the interrupt permission.
[ ]

The external interrupt pin is recommended to be pull-up in advance.
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3.35 Both Edges Interrupt

m  Both Edges Interrupt (External interrupt 2)

Both edges interrupt can generate interrupt at both the falling edge and the rising edge by the input signal from
external input pins. CPU also can be returned from standby mode.

the external interrupt pin level are matched, the interrupt is generated. (refer to Figure:3.3.1
to Figure:3.3.5.)
[Chapter 3 3.3.9. External Interrupt At the Standby Mode

G At the standby mode, if the value that is set to the external interrupt valid specified flag and

m  Both Edges Interrupt Setup Example (External interrupt 2)

External interrupt 2 (IRQ2) is generated at the both edges of the input signal from P56 pin.
The table below shows a setup example of IRQ2.

Setup Procedure Description
(1) Select the both edges interrupt (1) Set the EDGSEL flag of the both edges interrupt control
EDGDT (0x03F2E) register (EDGDT) to “1” to select the both edges
bp2:EDGSEL2 =1 interrupt.
(2) Set the interrupt level (2) Set the interrupt level by the IRQ2LV1 to 0 flag of the
IRQ2ICR (Ox03FE3) IRQ2ICR register. The interrupt request flag of the
bp7-6:IRQ2LV1-0 =10 IRQ2ICR register may be set, so make sure to clear the

interrupt request flag (IRQ2IR).
[Chapter 3. 3.1.4 Interrupt flag setup]

(3) Enable the interrupt (3) Set the IRQ2IE flag of the IRQ2ICR register to “1” to
IRQ2ICR (0Ox03FE3) enable the interrupt.
bpl:IRQ2IE =1

At the both edges of the input signal from P56 pin, an external interrupt 2 is generated.
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When the both edges interrupt is selected, the interrupt request is generated at the both
edge, regardless of the REDGn flag of the external interrupt control register (IRQnICR).

request flag before the interrupt acceptance. Also, select the both edges interrupt before the

G The interrupt request flag may be set at switching the interrupt edge. So, clear the interrupt
2 interrupt acceptance.

The external interrupt pis is recommended to be pull-up, in advance.
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3.3.6 Key Input Interrupt

m  Key Input Interrupt (External interrupt 4)

This LSl can set port 7 (P70 to P77) pin by 1 bit to key input pin. An interrupt can be generated at the falling
edge, if at least 1 key input pin outputs low level. (Standby mode can be recovered by the key interrupt.)

Key input pin should be pull-up in advance.

m  Key Input Interrupt Setup Example (External interrupt 4)

After P70 to P73 of port 4 are set to key input pins and key isinput (low level), the external interrupt 4 (IRQ4) is
generated.
An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure Description

(1) Set the key input to input (1) Set the P7DIRS3 to 0 flag of the port 7 direction control
P7DIR (0x03F34) register (P7DIR) to “0000” to set P70 to P73 pins to
bp3-0:P7DIR3-0 =0000 input pins.

(2) Set the pull-up resistor (2) Set the P7PLU3 to 0 flag of the port 7 pull-up resistor
P7PLU (0Ox03F44) control register (P7PLU) to “1111” to add the pull-up
bp3-0:P7PLU3-0 =1111 resistors to P70 to P73 pins.

(3) Select the key input interrupt (3) Set the KEYT3SEL flag of the key interrupt control
KEYT3_1IMD (0x03F3E) register (KEYT3_1IMD) to “1” to enable the key
bp7:KEYT3_1SEL =1 interrupt.

(4) Select the key input pin (4) Set the KEYT3_1EN1 to 0 of the key interrupt control
KEYT3_1IMD (0x03F3E) register (KEYT3_1IMD) to “1111” to set P70 to P73 pins
bpl-0:KEYT3_1EN2-1 =11 to key input pins.

(5) Set the interrupt level (5) Set the interrupt level by the IRQ4LV1 to O flag of the
IRQ4ICR (0x03FES6) IRQ4ICR register.
bp7-6:IRQ4LV1-0 =10 If the interrupt request flag has been already set, clear

the request flag.
[Chapter 3 3.1.4. Interrupt Flag Setup]

(6) Enable the interrupt (6) Set the IRQ4IE flag of the IRQ4ICR register to “1” to
IRQ4ICR (0OX03FES6) enable the interrupt.
bpl:IRQ4IE =1

* Above (3) and (4) can be set at the same time.

If thereisat least one input signal, from the P70 to P73 pins, shows low level, the external interrupt 4 is generated
at the falling edge.

The key input should be setup before the interrupt is accepted.

External Interrupts
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3.3.7 Noise Filter
]

m  Noise Filter (External interrupts 0 and 1)

Noise filter reduce noise by sampling the input waveform from the external interrupt pins (IRQO, IRQ1). Itssam-
pling cycle can be selected from 4 types (fosc, fosc/2’, fosc/28, fosc/29)

m  Noise Remove Selection (External interrupts 0 and 1)

Noise remove function can be selected by setting the NFnEN flag of the noise filter control register (NFCTR) to
“1".

Table:3.3.8 Addition of Noise Remove Function

NFnEN IRQ input (P54) IRQ input (P55)
0 IRQO noise filter OFF IRQ1 noise filter OFF
1 IRQO noise filter ON IRQ1 noise filter ON

m  Sampling Cycle Setup (External interrupts 0 and 1)
The sampling cycle of noise remove function can be set by the NFNSCK 2 to 0 flag of the NFCTR register.

Table:3.3.9 Sampling Cycle / Time of Noise Remove Function

NFnCKS1 NFnNCKSO | Sampling cycle fs=10 MHz, fx/32.768 kHz
0 fosc 10 MHz 100 ns

° 1 fosc/2” 78.125 kHz 12.80 ps
0 fosc/28 39.062 kHz 25.60 ps

! 1 fosc/22 19.521 kHz 51.20 s
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m  Noise Remove Function Operation (External interrupts 0 and 1)

After sampling the input signal to the external interrupt pins (IRQO, IRQL) with the set sampling time, if the same
level comes continuously three times, that level is sent to theinside of LSI. If the same level does not come con-
tinuously three times, the previous level is sent. It means that only the signal with the amplitude of longer than
“Sampling time X 3 sampling clock” can pass through the noise filter, and other signals with amplitude shorter
than this are removed, because those are regarded as noise.

e LU

Signal after
filtering noise

o o 1 1 1 1 1 o o

Figure:3.3.5 Noise Remove Function Operation

Noise filter cannot be used at STOP mode and HALT mode.

G Noise filter can be uses at the SLOW mode. However, sampling timing gets slow extremely.
u
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m  Noise Filter Setup Example (External interrupt O and 1)

Noise remove function is added to the input signal from P54 pin to generate the external interrupt 0 (IRQO) at the

rising edge. The sampling clock is set to fosc/2’, and the operation state is fs = 10 MHz. An example setup pro-
cedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Specify the interrupt valid edge
IRQOICR (0x03FE2)
bp5:REDGO =1

(2) Select the sampling clock
NFCTR (Ox03F2E)
bp2-1:NFOSCK1-0 =01

(3) Set the noise filter operation
NFCTR (0x03F2E)
bpO:NFOEN =1

(4) Set the interrupt level
IRQOICR (0Ox03FE2)
bp7-6:IRQOLV1-0 =10

(5) Enable the interrupt
IRQOICR (0x03FE2)
bp1l:IRQOIE =1

(1) Set the REDGO flag of the external interrupt O control
register (IRQOICR) to “1” to specify the interrupt valid
edge to the rising edge.

(2) Select the sampling clock to fosc/2’ by the NFOSCK1 to
0 flag of the noise filter control register (NFCTR).

(3) Set the NFOEN flag of the NFCTR register to “1” to add
the noise filter operation.

(4) Set the interrupt level by the IRQOLV1 to O flag of the
IRQOICR register.
If the interrupt request flag has been already set, clear
the request flag.
[Chapter 3 3.1.4. Interrupt Flag Setup]

(5) Set the IRQOIE flag of the IRQOICR register to “1” to
enable the interrupt.

* Above (2) and (3) can be set at the same time.

Theinput signal from P54 pin outputs the interrupt factor at the edge that is followed to the programmabl e active

edge after passing through the noise filter.

G The noise filter should be setup before the interrupt is enabled.

The external interrupt pins are recommended to be pull-up in advance.
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3.3.8 AC Zero-Cross Detector
]

This LSl has AC zero-cross detector circuit. The P54 / ACZ0 and P55/ACZ1 pins are the input pins of AC zero-
cross detector circuit. AC zero-cross detector circuit output the high level when the input level is at the middle,
and outputs the low level at other level.

m  AC Zero-Cross Detector (External interrupt 0 and 1)

AC zero-cross detector set the IRQ1 pin to the high level when the input signal (P54 / ACZ0, PS5/ACZ1 pins) is
at intermediate range by AC zero-cross detector circuit. At the other level, IRQ1 pin set to the low level. AC
zero-cross detector is set by setting the PS51M flag of the noise filter control register (NFCTR) to “1”. Also, itis
possible to recover from the standby mode.

approx. 10 ms at 50 Hz
approx. 8.3 ms at 60 Hz :
AC line waveform - >

Ideal
IRQ1

i T T

Point A — : Point B —»!

Figure:3.3.6 AC Line Waveform and IRQ1 Generation Timing

Actual IRQ1 interrupt request is generated several times at crossing the AC line waveform and the intermediate
level (point A and B). So, thefiltering operation by the program is needed.

The interrupt request is generated at the rising edge of the AC zero-cross detector signal.
The interrupt request is output at “H” level of the AC zero-cross detector signal at the standby
mode.
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m  AC Zero-Cross Detector Setup Example (External interrupt 0 and 1)

AC zero-cross detector generates the external interrupt 1 (IRQ1) by using P55/ACZ1 pin.
An example of the setup procedure, with a description of each step is shown below.

If theinput level signal which isinput from P55/ACZ1 pin cross with the intermediate level, the external interrupt

1isgenerated.
Setup Procedure Description
(1) Select the AC zero-cross detector signal (1) Set the P21IM flag of the noise filter control register
NFCTR (Ox03F2E) (NFCTR) to “1” to select the AC zero-cross detector
bp7:P55IM =1 signal as the external interrupt 1 generation factor.
(2) Set the interrupt level (2) Set the interrupt level by the IRQ1LV1 to O flag of the
IRQ1ICR (0OX03FE3) IRQ1ICR register.
bp7-6:IRQ1LV1-0 =10 If the interrupt request flag has been already set, clear
the interrupt flag.
[Chapter 3 3.1.4. Interrupt Flag Setup]
(3) Enable the interrupt (3) Set the IRQL1IE flag of the IRQ1ICR register to “1” to
IRQ1ICR (Ox03FE3) enable the interrupt.
bpl:IRQ1IE =1

When the input level of the input signal from P55/ACZ1 pin crosses with the intermediate level, the external
interrupt 1 is generated.
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3.3.9 External Interrupt At The Standby Mode

m External Interrupt at the Standby Mode (External interrupt O to 2)
It is possible to recover from the standby mode by the external interrupt.

At the standby mode, an interrupt is generated when the value set to the external interrupt valid edge specify flag
matches the external interrupt pinlevel. Therefore, be aware of the value of the external interrupt valid edge spec-

ify flag and the external interrupt pin level at the transition to the standby mode. If the value set to the external
interrupt valid edge specify flag matches the external interrupt pin level at the transition to the standby mode, it

recovers from the standby mode right away.

m Setup Examples of the External Interrupt at the Standby Mode

Recovery from STOP mode can be done by generation of the external interrupt O (IRQO) by the low level signal
input from P54. An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Specify the interrupt valid edge
IRQOICR (0X03FE2)
bp5:REDGO =0

(2) Set the external interrupt pin
The external interrupt 0 pin is pulled-up in
advance.

(3) Set the interrupt level
IRQOICR (Ox03FE2)
bp7-6:IRQOLV1-0 =10

(4) Enable the interrupt
IRQOICR (0x03FE2)
bp1l:IRQOIE =1

(5) Set the STOP mode
CPUM (0x03F00)
bp3:STOP =1

(1) Set the REDGO of the external interrupt O control register
(IRQOICR) to “0” to specify the interrupt valid edge to
the rising edge.

(2) The value of the REDGO flag of the IRQOICR register
and the external interrupt pin level is different.

(3) Set the interrupt level by the IRQOLV1 to O flag of the
IRQOICR register.
If the interrupt request has been already set, clear the
interrupt request flag (IRQOIR).

(4) Set the IRQOIE flag of the IRQOICR register to “1” to
enable the interrupt.

(5) Transfer to the STOP mode by setting STOP flag of the
CPU mode control register (CPUM) to “1”.
[Chapter 2 2.4.4. Transition to Standby Modes]

When the low level signal isinput to P54 and the value of the external interrupt valid edge specify flag (REDGO)

matches the external interrupt O, the external interrupt O is accepted and recover from the STOP mode.

External Interrupts
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4.1 Overview

41.1 I/O Port Overview

A total of 40 pinson this LSI, including those shared with special function pins, are allocated for the 1/O ports of
port 1, port 2, port 3, port 5, port 7, port 9 and port A.

4.1.2 I/0O Port Status at Reset

Table:4.1.1 1/O port status at reset (single chip mode)

Port 1/0 mode Pull-up/Pull-down resistor I/O port, special functions
Port 1 Input mode P17 to P12: 1/O port
No pull-up/pull-down resistor
P11, P10:
Pull-up/pull-down resistor
Port 2 Input mode P27:Pull-up resistor 1/0O port
Port 3 Input mode P30 to P36: No pull-up resistor 1/0 port
P37: Pull-down resistor
Port 5 Input mode No pull-up resistor 1/0 port
Port 7 Input mode No pull-up/pull-down resistor 1/0O port
Port 9 Input mode P90: Pull-down resistor 1/0 port
Port A Input mode PA3 to PAO: No pull-up resistor 1/0 port

PAG6 to PA4: Pull-down resistor

V-2 Overview
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4.1.3 Control Registers
. ________________________________________________________________________________________________________|

Port 1, port 2, port3, port5, port 7, port 9 and port A are controlled by the data output register (PnOUT), the data
input register (PnIN), the 1/0 direction control register (PnDIR), the pull-up resistor control register (PnPLU) or
the pull-up/pull-down resistor control register (PNPLUD) and registers that control special function pin (PnOMD,
PnIMD, PnSY O, PnSEV, PnCNTO, PnODC).

Table:4.1.2 shows the registers to control port 1, port 2, port3, port5, port 7, port 9 and port A;
Table:4.1.2 I/O Port Control Registers List

Register Address R/W Function Page
P10OUT 0x03F11 R/W Port 1 output register V-7

P1IN 0x03F21 R Port 1 input register V-8

P1DIR 0x03F31 R/W Port 1 direction control register V-8

P1PLUD 0x03F41 R/W Port 1 pull-up/pull-down resistor control register | IV-9

P1OMD 0x03F1C R/W Port 1 output mode register IV-10
P10DC 0x03F1B R/W Port 1 Nch open-drain control register IV-11
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IV-11
P1CNTO 0x03F3D R/W Port 1 real time output control register 0 IV-11
CLKOUT Ox03F1F R/W Clock output control register IV-13
P20UT 0x03F12 R/W Port 2 output register IV-22
P30UT 0x03F13 R/W Port 3 output register IV-26
P3IN 0x03F23 R Port 3 input register IvV-27
P3DIR 0x03F33 R/W Port 3 direction control register IvV-27
P3PLUD 0x03F43 R/W Port 3 pull-up/pull-down resistor control register | 1V-28
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IV-29
P30DC 0x03F3B R/W Port 3 Nch open-drain control register IV-30
P50UT 0x03F15 R/W Port 5 output register IV-41
P5IN 0x03F25 R Port 5 input register I\V-42
P5DIR 0x03F35 R/W Port 5 direction control register IV-42
P5PLU 0x03F45 R/W Port 5 pull-up resistor control register IV-43
P50MD 0x03F2C R/W Port 5 output mode register IV-44
P70OUT 0x03F17 R/W Port 7 output register IV-51
P7IN 0x03F27 R Port 7 input register IV-52
P7DIR 0x03F37 R/W Port 7 direction control register IV-52
P7PLUD 0x03F47 R/W Port 7 pull-up resistor control register IV-53
P70OMD 0x03F3C R/W Port 7 output mode register IV-53
P70DC 0x03F1D R/W Port 7 Nch open-drain control register IV-54
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IV-54
POOUT 0x03F19 R/W Port 9 output register IV-67

Overview V-3



Chapter 4

I/O Ports
Register Address R/W Function Page
PI9IN 0x03F29 R Port 9 input register IV-68
PIODIR 0x03F39 R/W Port 9 direction control register IV-68
POPLUD 0x03F49 R/W Port 9 pull-up/pull-down resistor control register | 1V-69
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IV-69
XSEL 0x03F4C R/W Port9 oscillation switching register IV-70
PAOUT 0x03F1A R/W Port A output register IV-74
PAIN 0x03F2A R Port A input register IV-75
PADIR 0x03F3A R/W Port A direction control register IV-75
PAPLUD O0x03F4A R/W Port A pull-up/pull-down resistor control register | IV-76
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IV-77
PAIMD Ox03F4E R/W Port A input mode register IV-76
PAODC 0x03F2D R/W PortA Nch open-drain control register IvV-77

V-4

R/W = Readable/Writable

R = Readable only
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4.2 Portl

4.2.1 Description

m  General Port Setup

To output datato pin, set the control flag of the port 1 direction control register (P1DIR) to “1” and write the value
of the port 1 output register (PLOUT).

To read input data of pin, set the control flag of the port 1 direction control register (P1DIR) to “0" and read the
value of the port 1 input register (P1IN).

Each bit can be set individually as either an input or output by the port 1 1/0 direction control register (P1DIR).
The control flag of the port 1 direction control register (P1DIR) is set to “1” for output mode, and “0” for input
mode.

Each bit can be set individually if pull-up or pull-down resistor is added or not, by the port 1 pull-up/pull-down
resistor control register (PLPLUD). Set the control flag of the port 1 pull-up/pull-down resistor control register
(P1PLUD) to “1” to add pull-up or pull-down resistor.

Port 1 can be selected to add pull-up resistor or pull-down resistor by bp0 of the pull-up/pull-down resistor selec-
tion register (SELUD).

Each bit can be selected individually as input mode by the port 1 input mode register (PLIMD). The control flag
of the port 1 input mode register (PLIMD) is set to “1” to output the special function data, and “0” to use asthe
general port.

For P10, P11, P15 and P17, each bit can be selected individually as Nch open-drain output by the port 1 Nch
open-drain control register (PLODC). The control flag of the port 1 Nch open-drain control register (PLODC) is
set to “1” for Nch open-drain output, and “0” for push-pull output.

m Special Function Pin Setup

P10 is used as the transmission/reception data 1/O pin of 11C4, aswell. When the SEL12C flag of the serial inter-
face 4 addressing register 1 (SC4AD1) is“1", P10 isthe serial transmission/reception data 1/O pin. Push-pull out-
put or Nch open-drain output can be selected by setting the Port 1 Nch open-drain control register (PLODC).

P11 is used as the clock input pin of 11C, aswell. When the SCLI12C flag of the seria interface 4 addressing reg-
ister 1 (SC4AD1) is“1", P11 isthe serial clock input pin. Push-pull output or Nch open-drain output can be
selected by setting the Port 1 Nch open-drain control register (PLODC).

P12 isused as I/O pin of thetimer 8, aswell. The output mode can be selected by bpl of the port 1 output mode
register (PLOMD) by each bit. The bpl of the port 1 output mode register (PLOMD) isset to “1” to output the
special function data, and “0" to use as the general port.

P13 isused as /O pin of thetimer 7, aswell. The output mode can be selected by bp3 of the port 1 output mode
register (PLOMD) by each bit. The bp3 of the port 1 output mode register (PLOMD) isset to “1” to output the
special function data, and “0" to use as the general port.

P14 isused as 1/O pin of thetimer 0 and as output pin of the remote control carrier, aswell. The output mode can
be selected by bp4 of the port 1 output mode register (PLOMD) by each bit. The bp4 of the port 1 output mode
register (PLOMD) isset to “1” to output the special function data, and “0” to use as the general port.

P15 is used as the output pin of the timer O, aswell. The output mode can be selected by bp5 of the port 1 output
mode register (PLOMD) by each bit. The bp5 of the port 1 output mode register (PLOMD) isset to “1” to output
the special function data, and “0” to use as the general port.

Port 1 V-5
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P16 isused as /O pin of the timer 2, aswell. The output mode can be selected by bp6 of the port 1 output mode
register (PLOMD) by each bit. The bp6 of the port 1 output mode register (PLOMD) is set to “1” to output the
special function data, and “0" to use as the general port.

P17 is used as the output pin of the timer O, aswell. The output mode can be selected by bp7 of the port 1 output
mode register (PLOMD) by each bit. The bp7 of the port 1 output mode register (PLOMD) isset to “1” to output
the special function data, and “0” to use as the general port.

P13 is used as the output pin of the system clock, aswell. The output mode can be selected by bpO of the clock
output control register (CLKOUT) by each bit. The bpO of the clock output control register (CLKOUT) is set to
“1” to output the special function data, and “0” to use as the general port.

P12, P14, P16 have the functions of the real time output control and can switch pin output to “0”, “1”, “Hi-imped-
ance (Hi-z)” at the event generation timing of the falling edge of the external interrupt 0. The real time control is
the function which can change the output signal without the interposition with synchronized to the interrupt event.

P12 is used as buzzer output pin, aswell. When the bp7 of the oscillation stabilization wait control register
(DLYCTR) isset to “1” and the bpl, bp0 of the port 1 output mode register (PLOMD) are set to “01”, buzzer out-
put is enabled.

P13 isused as inverse buzzer output pin, aswell. When the bp7 of the oscillation stabilization wait control regis-
ter (DLYCTR) isset to “1” and the bp3, bp2 of the port 1 output mode register (PLOMD) are set to “01”, inverse
buzzer output is enabled.

P15 is used as the output pin of the serial 1 transmission data and UART 1 transmission data, aswell. When the
SC1SBOS flag of the serial interface 1 mode register 1 (SCIMD1) is“1”, P15 isthe serial data output pin. Push-
pull output or Nch open-drain output can be selected by setting the Port 1 Nch open-drain control register
(P1ODC).

P16 is used as the input pin of the serial 1 reception data and UART1 reception data, as well.

P17 isused asthe seria 1 clock 1/0 pin, aswell. When the SC1SBTS flag of the seria interface 1 mode register 1
(SC1MD1) is“1", P17 isthe seria clock output pin. Push-pull output or Nch open-drain output can be selected
by setting the Port 1 Nch open-drain control register (PLODC).

The l/O of the serial 4 can be selected as P10, P11, or P76, P77 by setting the serial selection register (SCSEL).
The SC4SL flag of the serial selection register (SCSEL) isset to “0”, P10, P11 are selected, to “1”, P76, P77 are
selected.

The /O of the serial 1 can be selected as P15 to P17, or PA4 to PA6 by setting the serial selection register
(SCSEL). The SC4SL flag of the serial selection register (SCSEL) isset to “0”, P15to P17 are selected, to “1”,
PA4 to PAG6 are selected.

P14 isused as LCD segment output pin, aswell. The SEG11 pin selection can be done by setting the bp7 flag
(LC2SL7) flag of the LCD output control register 2 (LCCTR2) to “1”. Port and segment switching can be
selected by each hit. At segment output, it isforcefully set to input mode and pull-up resistor is disabled.

P15 is used as LCD segment output pin, aswell. The SEG10 pin selection can be done by setting the bp6 flag
(LC2SL6) flag of the LCD output control register 2 (LCCTR2) to “1”. Port and segment switching can be
selected by each bit. At segment output, it isforcefully set to input mode and pull-up resistor is disabled.

P16 is used as LCD segment output pin, aswell. The SEG9 pin selection can be done by setting the bp5 flag
(LC2SL5) flag of the LCD output control register 2 (LCCTR2) to “1”. Port and segment switching can be
selected by each bit. At segment output, it isforcefully set to input mode and pull-up resistor is disabled.

P17 isused as LCD segment output pin, aswell. The SEGS8 pin selection can be done by setting the bp4 flag
(LC2SL4) flag of the LCD output control register 2 (LCCTR2) to “1”. Port and segment switching can be
selected by each hit. At segment output, it isforcefully set to input mode and pull-up resistor is disabled.

Port 1
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Table:4.2.1 shows registers that control the port 1.

Table:4.2.1 Port 1 Control Register

Registers Address R/W Function Page
P1OUT 0x03F11 R/W Port 1 output register V-7
P1IN 0x03F21 R Port 1 input register V-8
P1DIR 0x03F31 R/W Port 1 direction control register V-8
P1PLU 0x03F41 R/W Port 1 pull-up/pull-down resistor control register | IV-9
P10OMD 0x03F1C R/W Port 1 output mode register IV-10
P10DC 0x03F1B R/W Port 1 Nch open-drain control register IV-11
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IV-11
P1CNTO 0x03F3D R/W Port 1 real time output control register 0 IV-12
CLKOUT Ox03F1F R/W Clock output control register IV-13
LCCTR2 0x03FC3 R/W LCD output control register IV-14
SCSEL 0x03F90 R/W Serial 1/0 pin switching control register IV-15
R/W:Readable/Writable

m  Port 1 Output Register (P1OUT:0x03F11)

bp 7 6 5 4 3 2 1 0
Flag P10OUT7 | P10OUT6 |P1OUT5 |P1OUT4 |P1OUT3 |P10OUT2 |P10OUT1 |P10OUTO
At reset X X X X X X X X
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

7 P10OUT7

6 P10OUT6

i 28312 Output data

; piours | S0uP LSS o)

2 P10OUT2 ’

1 P10OUT1

0 P10OUTO

Port 1
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m  Port 1 Input Register (P1IN:0x03F21)

bp 7 6 5 4 3 2 1 0
Flag P1IN7 P1IN6 P1IN5 P1IN4 P1IN3 P1IN2 P1IN1 P1INO
At reset X X 1 1
Access R R R R R R R R
bp Flag Description
7 P1IN7
6 P1IN6
Z Ei:si Input data
0:Pin is L(VSS level)
3 P1IN3 1:Pin is H(VDD level)
2 P1IN2 ’
1 P1IN1
0 P1INO
m  Port 1 Direction Control Register (P1DIR:0x03F31)
bp 7 6 5 4 3 2 1 0
Flag P1DIR7 P1DIR6 P1DIR5 P1DIR4 P1DIR3 P1DIR2 P1DIR1 P1DIRO
At reset X X 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 P1DIR7
6 P1DIR6
5 P1DIR5 .
4 P1DIRA I(;?nml?tdnis:éectlon
3 P1DIR3 1:OEt ut mode
2 piDIR2 | TP
1 P1DIR1
0 P1DIRO

V-8 Port 1
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bp

7

6

5

4

3

2

1

0

Flag

P1PLUD7

P1PLUDG6

P1PLUDS

P1PLUD4

P1PLUD3

P1PLUD2

P1PLUD1

P1PLUDO

At reset

0

0

0

0

0

0

1

1

Access

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

o
©

Flag

Description

ORLrNWMOOON

P1PLUD7
P1PLUDG6
P1PLUD5
P1PLUD4
P1PLUD3
P1PLUD2
P1PLUD1
P1PLUDO

Pull-up/pull-down resistor selection

0:Not added

1:Added

Port 1
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m  Port 1 Output Mode Register (P1LOMD:0x03F1C)

IV -10

bp 7 6 5 4 3 2 1 0
NBUZSE

Flag P1OMD7 |P10OMD6 |P1OMD5 |P10OMD4 |P10OMD3 L P1OMD2 | BUZSEL
At reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

I/O port, TM20B selection
7 P1OMD7 | O:l/O port

1:TM20B

I/O port, TM2IO selection
6 P1OMDG6 | O:1/O port

1:TM210

I/O port, TMOOB selection
5 P1OMD5 | 0:l/O port

1:TMOOB

I/O port, TMOIO/RMOUT selection
4 P1OMD4 | 0:1/O port

1:TMOIO/RMOUT
3 P1OMD3 | p13 1/0 port, TM710, NBUZZER selection

NBUZSE 1X:TM710

2 L 01:NBUZZER
1 P1OMD2 | P12 /O port, TM8IO, BUZZER selection

1X:TM8IO
0 BUZSEL 01:BUZZER

00:1/0 port

Port 1




m  Port 1 Nch Open-drain Control Register (S10DC:0x03F1B)
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bp 7 6 5 4 3 2 1 0
Flag P170DC |- P150DC | - - - P110DC |P100DC
At reset 0 - 0 - - - 0 0
Access R/W - R/W - - - R/W R/W
bp Flag Description
7 P170DC
6 -
5 P150DC Nch open-drain output selection
4 - :
3 i 0:Push-pull output
5 i 1:Nch open-drain output)
1 P110DC
0 P100DC
m  Pull-up/pull-down Resistor Selection Register (SELUD:0x03F4B)
bp 7 6 5 4 3 2 1 0
Flag - - - PADWN P3DWN PO9DWN P7DWN P1DWN
At reset - - - 1 1 1 0 0
Access - - - R/W R/W R/W R/W R/W
bp Flag Description
7 - -
6 - -
5 - -
Port A pull-up/pull-down selectionl
4 PADWN 0:Pull-up
1:Pull-down
Port 3 pull-up/pull-down selectionl
3 P3DWN 0:Pull-up
1:Pull-down
Port 9 pull-up/pull-down selectionl
2 PODWN 0:Pull-up
1:Pull-down
Port 7 pull-up/pull-down selectionl
1 PODWN 0:Pull-up
1:Pull-down
Port 1 pull-up/pull-down selectionl
0 PODWN 0:Pull-up
1:Pull-down
Port 1
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m Port 1 Real Time Output Control Register 0 (PLCNTO0:0x03F3D)
bp 7 6 5 4 3 2 1 0
Flag - - P1CNTO5 | PAICNT04 | PICNTO3 | PACNT02 | PICNTO1 | PACNTOO
At reset - - 0 0 0 0 0 0
Access - - R/W R/W R/W R/W R/W R/W
bp Flag Description
7 - -
P16 real time control
5 P1CNTO5 00:’I’/(3 pqrt (real time control disabled)
4 P1CNTO4 01:"1" (High) output
10:"0" (Low) output
11:"Hi-z" output
P14 real time control
3 P1CNTO3 00:1/0 port (real time control disabled)
5 P1ONTO2 01:"1" (High) output
10:"0" (Low) output
11:"Hi-z" output
P12 real time control
00:1/0 port (real time control disabled)
1 iicsim 01:"1” (High) output
0 CNTO00 10:"0” (Low) output
11:"Hi-z" output
IV -12 Port 1
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m  Clock Output Control Register 0 (PLCNTO0:0x03F3D)
bp 7 6 5 4 3 2 1 0
Flag - - - - SCHMITT | PDOWN | CLKSEL | OUTEN
At reset - - - - 0 0 0 0
Access - - - - R/W R/W R/W R/W
bp Flag Description
7-4 - -

Port 1, Port 3, Port A input level switching
3 SCHMITT | 0:VIH=0.8 VDD VIL=0.2 VDD

1:VIH=0.54 VDD VIL=0.3 VDD

Clock output capability
2 PDOWN | O:general port output capability

1:No capability

Clock type selection
1 CLKSEL | 0:System clock (fx)

1:High speed oscillation (fosc)/ Low speed oscillation (fx)

Clock output permission
0 OUTEN 0:No

1:Oscillation output

Port 1
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Chapter 4
I/0 Ports

IvV-14

m LCD Output Control Register 2 (LCCTR2:X'3FC3’, R/W)

bp

7

6 5

4

3

2

1

0

Flag

LC2SL7

LC2SL6 LC2SL5

LC2SL4

LC2SL3

LC2SL2

LC2SL1

LC2SLO

At reset

0

0 0

0

0

0

0

0

Access

R/W

R/W R/W

R/W

R/W

R/W

R/W

R/W

bp

Flag

Description

LC2SL7

SEG11/P14 selection
0:P14
1:SEG11

LC2SL6

SEG10/P15 selection
0:P15
1:SEG10

LC2SL5

SEG9/P16 selection
0:P16
1:SEG9

LC2SL4

SEGB8/P17 selection
0:P17
1:SEGS8

LC2SL3

SEG7/P70 selection
0:P70
1:SEG7

LC2SL2

SEG6/P71 selection
0:P71
1:SEG6

LC2SL1

SEG5/P72 selection
0:P72
1:SEG5

LC2SLO

SEG4/P73 selection
0:P73
1:SEG4

Port 1
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m  Serial Input/output pin switching Control Register (SCSEL:0x03F90)
bp 7 6 5 4 3 2 1 0
Flag - - ;EMPSC IEMPSC SC4SL - SC1SL SCOSL
At reset - - 0 0 0 - 0 0
Access - - R/W R/W R/W - R/W R/W
bp Flag Description
7-6 - -
TEMPSC Tlmgr 2 output dividing switch
2 00:Timer 2 output
5-4 TEMPSC OllemerZ output/2
1 10:Reserved
11:Timer 2 output/8
Serial port 4 /0O pin switch
3 SC4SL 0:A (Port A)
1:B (Port 3)
2 - -
Serial port 1 /O pin switch
1 SC1SL 0:A (Port A)
1:B (Port 1)
Serial port 0 I/O pin switch
0 SCOSL 0:A (Port A)
1:B (Port 7)
Port 1 IV-15
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IV -16

4.2.3 Block Diagram

Nch open-drain control

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/0 direction control

Port output data

snq ereq
io io io fo f
= =~ ~ o ~ @ ~ X
8
el
-
xC=Z

Reset

P10DCO

D

Reset
P1DWN

R

Regs

P1PLUDO

[

R

Reset

P1DIRO

R

P1OUTO or—

R

_1P1INO

:
[ng]

Schmitt trigger input

Port input data

1IC4 reception data input

IIC transmission data output
SC4AD1 (I2CSEL)

Nch open-drain control

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/0 direction control

Port output data

Port input data

11C4 clock input

Port 1

Figure:4.2.1 Block Diagram (P10)

Y Re,

set
Rg.P1ODC1
K | \AR

Reset

S
DR PLDWN
K | \AR

K P10

Reset
bR P1PLUD1
K | \AR

Reset

RQPLDIRL
K | \AR

snq ereq

b P1OUT1
T

_P1IN1
~J

Schmitt trigger input

Figure:4.2.2 Block Diagram (P11)
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. Edge event
External interrupt 0 (IRQO) = holding function

Reset
=] P1DWN
Pull-up/pull-down resistor selection D
VCK R
eset
bRgP
K

R !
. 1PLUD2 4D>—{
Pull-up/pull-down resistor control

R

Regset

1/0 direction control

g ' X P12
5 2 M—‘
Port output data %’ D Q PIOUT om i U
f T f
X L 10
) J

Buzzer output control

Port output control

Schmitt trigger input

Port input data

BUZZER output

Timer 8 input
Timer 8 output

Reset

P1CNTO01-Q

Output control

Figure:4.2.3 Block Diagram (P12)

~~— Reset
R P1DWN
Pull-up/pull-down resistor selection D
K R N
Reset 4
=1 P1PLUD3 4D—{
Pull-up/pull-down resistor control D
K R
Reset 3
I/O direction control DR P1DIR 2 '\J
VCK R L—J X
f 0 P1s
I P1OUT3 o
D Q -
Td o
eset
Buzzer output control USEL
v /R

K

Reset

bRg PLOMD3
K R

snq ereq

Port output data

bl

Port output control

Schmitt trigger input

Port input data —< PLINS

~ R

NBUZZER output

Timer 7 input
Timer 7 output

fs
fosc

Clock type selection

Clock output control

Figure:4.2.4 Block Diagram (P13)
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Edge event

External interrupt 0(IRQO) Yho\cilmg
unction

Reset
R P10DC4
Nch open-drain control P
K R
Reset
R P1DWN
Pull-up/pull-down resistor selection =
Al Y
Reset
Pull-up/pull-down resistor control pR P1PLUD4 U ‘ )
u
«] VR =
eset
DR
K | /R

K P14

R 1
1/0 direction control ﬁlR4/ O’W DDDMDT 2 M
’ 1 d nM 1M
S > =,
b P10OUT4 OT uo‘llﬁ’}
jK *R *M :\_)‘(‘J
1 110
Reset T
bRIP
K

Port output control 1OMD4 :DO—{
y \/R

==

Port output data

snqg ereg

Schmitt trigger input

Port input data = Va I
R ]

Timer 0 input
Timer 0/ remote control carrier output

Output control

Reset
» [ P1CNTO03-2
D

K TZR

LC2SL7
/R

snq ereq

LCD output control
K

Segment output control

Segment output data

LCD clock

2160| j0u092 INdINO

Figure:4.2.5 Block Diagram (P14)

* At segment output, port I/O direction control isforcefully set to input mode, pull-up resistor is disabled and seg-
ment output is executed by the segment output control.

IV -18 Port 1
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r ] P10ODC5
Nch open-drain control o
K R
Reset
r {P1DWN
Pull-up/pull-down resistor selection o
£ Y
Reset
P1PLUDS - [
Pull-up/pull-down resistor control 2 ’\L/JI ‘
] YR AL
10 direction control R PADIRS — OW 2 '\J
K R X X
: Sl eas
)
Port output data | o
&
Port output control :Do_{

Schmitt trigger input

Port input data ﬁ PLINS A I
Y R

Serial 1 reception data input
Serial 1/UART1 transmission data output
SC1MD1(SC1SBOS)

Timer 0 output

LCD output control

Segment output control

S t output dat
egment output data Vil

LCD clock

Vic2

Vics

2160| 011u09 Indino

Figure:4.2.6 Block Diagram (P15)

* At segment output, port 1/0 direction control isforcefully set to input mode, pull-up resistor is disabled and seg-
ment output is executed by the segment output control.

Port 1
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Edge event

External interrupt O(IRQO) holding  ——
function

Nch open-drain control (4 Reset
R ] P1ODC6

D
T .

set
R | P1DWN
Pull-up/pull-down resistor selection

K | \/R %7

e

%ﬂo 3

eset
P

1PLUD6
Pull-up/pull-down resistor control

K | \/R

[ —

XCE]

EI,J

Reset

r | P1DIR6 Oy 000110
V]

< RLTLX “w S P16
ey % 2

1/0 direction control

[xc=

snq ered
& O;U g Q
?rg ?’l %

b P1OUT6 OT 00,11 UJ
X
K] VR *% @L

P1OMD6

R L) >—

Port output data

Port output control

Schmitt trigger input

P1IN6 @1—

Port input data

27\

Serial 1/UART1 reception data input

Timer 2 input
Timer 2 output

i P1CNTO5
Output control > pR * 3
K R

snqg eleq

Reset
= LC2SL5
LCD output control D
K | /R

~NJ
Segment output contorl

Segment output data

LCD clock

2160] j0U09 INdINO

Figure:4.2.7 Block Diagram (P16)

* At segment output, port 1/0 direction control isforcefully set to input mode, pull-up resistor is disabled and seg-
ment output is executed by the segment output control.
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Nch open-drain control

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/O direction control

Port output data

Port output control

Port input data

Serial 1 clock input
Serial 1 clock output
SC1MD1(SC1SBTS)

Timer 2 output

LCD output control

Segment output control
Segment output data

LCD clock

M\ Reset

= P10DC7

@1«»

K | \/R
Reset
& PLDWN

K | \/R

Reset

@

R PLPLUD7

E
Py

.
=]

<

R PLDIR?
VR Lrw

hN
xXC
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[ —

~NJ R

sng eleq
?U

P1OUT7 o v Um
U V]
Reset
R P1OMD7|

K | \/R

2

L) >—

Schmitt trigger input

P1IN7
<

@l

2160] j0u09 INdiNO

Vict

Vicz

Vics

Figure:4.2.8 Block Diagram (P17)

|
|

* At segment output, port 1/0 direction control isforcefully set to input mode, pull-up resistor is disabled and seg-
ment output is executed by the segment output control.

Port 1
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4.3 Port?2

4.3.1 Description

m  General Port Setup

P27 isreset pin. When the softwareisreset, write“0” to the bp7 of the port 2 output register (P20UT). Also, P27
is always added pull-up resistor.

4.3.2 Registers

Table:4.3.1 shows the registers that control the port 2.
Table:4.3.1 Port 2 Control Register

Registers Address R/W Function Page
P20OUT 0x03F12 R/W Port 2 output register IV-22
R/W:Readable/Writable

m  Port 2 Output Register (P20UT:0x03F12)

bp 7 6 5 4 3 2 1 0
Flag P20UT7 |- - - - - - -
At reset 1 - - - - - - -
Access R/W - - - - - - -
bp Flag Description

7 P20UT7

6 -

5 -

4 ) Output data

3 i 0:Output L(VSS level)

5 i 1:Output H(VDD level)

1 -

0 -

Port 2
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4.3.3 Block Diagram

=

Reset P2OUT7 % P27
S
D
% -

Schmitt trigger input

Port output data

snqg ereg

AN

Reset

Figure:4.3.1 Block Diagram (P27)

Port 2
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4.4 Port3

4.4.1 Description

m  General Port Setup

To output datato pin, set the control flag of the port 3 direction control register (P3DIR) to “1” and write the value
of the port 3 output register (P30OUT).

To read input data of pin, set the control flag of the port 3 direction control register (P3DIR) to “0” and read the
value of the port 3 input register (P3IN).

Each bit can be set individually as either an input or output by the port 3 1/0 direction control register (P3DIR).
The control flag of the port 3 direction control register (P3DIR) is set to “1” for output mode, and “0” for input
mode.

Each bit can be set individually if pull-up/pull-down resistor is added or not, by the port 3 pull-up/pull-down
resistor control register (P3PLUD). Set the control flag of the port 3 pull-up/pull-down resistor control register
(P3PLUD) to “1" to add pull-up resistor.

Port 3 can be selected to add pull-up resistor or pull-down resistor by bp3 of the pull-up/pull-down resistor selec-
tion register (SELUD).

For P32 and P33, each hit can be selected individually as Nch open-drain output by the port 3 Nch open-drain
control register (P30DC). The control flag of the port 3 Nch open-drain control register (P30DC) issetto“1” for
Nch open-drain output, and “0” for push-pull output.

m  Special Function Setup
P31 is used as the serial 3 reception datainput pin and 11C3 reception data input pin, aswell.

P32 isused asthe serial 3 clock I/O pin, aswell. When SC3SBTS flag of the serial interface 3 mode register 1
(SC3MD1) is“1", P32 isthe serial clock output pin. Push-pull output or Nch open-drain output can be selected
by setting the Port 3 Nch open-drain control register (P30DC).

P33 is used as the output pin of the serial 3 transmission data and I1C3 transmission data, aswell. When
SC3SBTSflag of the serial interface 3 mode register 1 (SC3MD1) is“1”, P32 isthe seria data output pin. Push-
pull output or Nch open-drain output can be selected by setting the Port 3 Nch open-drain control register
(P30DC).

P30 is used as the LCD common output pin COMO, aswell. The COMO pin selection can be done by setting the
bit 0 flag (COMSLO) flag of the LCD output control register 1 (LCCTR1) to “1”. At common output, it isforce-
fully set to input mode and pull-up resistor is disabled.

P31 is used as the LCD common output pin COM1, aswell. The COM1 pin selection can be done by setting the
bit 1 flag (COMSL1) flag of the LCD output control register 1 (LCCTR1) to “1". At common output, it isforce-
fully set to input mode and pull-up resistor is disabled.

P32 is used as the LCD common output pin COM2, aswell. The COM2 pin selection can be done by setting the
bit 2 flag (COMSLO) flag of the LCD output control register 1 (LCCTR1) to “1”. At common output, it isforce-
fully set to input mode and pull-up resistor is disabled.

P33 isused asthe LCD common output pin COM3, aswell. The COM3 pin selection can be done by setting the
bit 3 flag (COMSLO) flag of the LCD output control register 1 (LCCTR1) to “1”. At common output, it isforce-
fully set to input mode and pull-up resistor is disabled.

Port 3
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P34 is used as voltage pin of the LCD driver circuit and VLC3, aswell. The VLC3 pin selection can be done by
setting the bit 2 flag (VLC3SL) of the LCD output control register 3 (LCCTR3) to “1”.

P35 is used as voltage pin of the LCD driver circuit and VLC3, aswell. The VLC2 pin selection can be done by
setting the bit 1 flag (VLC2SL) of the LCD output control register 3 (LCCTR3) to “1”.

P36 is used as voltage pin of the LCD driver circuit and VLCL, aswell. The VLC1 pin selection can be done by
setting the bit 0 flag (VLC1SL) of the LCD output control register 3 (LCCTR3) to “1”.

Port 3 IV -25
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4.4.2 Registers

Table:4.4.1 shows the registers that control the port 3.

Table:4.4.1 Port 3 Control Register

Registers Address R/W Function Page
P30OUT 0x03F13 R/W Port 3 output register IV-26
P3IN 0x03F23 R Port 3 input register IvV-27
P3DIR 0x03F33 R/W Port 3 direction control register IvV-27
P3PLUD 0x03F43 R/W Port 3 pull-up/pull-down control register IV-28
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register 1V-29
P30DC 0x03F3B R/W Port 3 Nch open-drain control register IV-30
LCCTR1 0x03FC2 R/W LCD output control register 1 IV-31
LCCTR3 0x03FC4 R/W LCD output control register 3 IV-32
R/W:Readable/Writable
m Port 3 Output Register (P30UT:0x03F13)

bp 7 6 5 4 3 2 1 0
Flag P30OUT7 | P30UT6 |P30OUT5 |P30UT4 |P30UT3 |P30UT2 |P30OUT1 |P30UTO
At reset X X X X X X X X
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

7 P30OUTY7

6 P30UT6

i igggﬁ Output data

0:Output L(VSS level)

3 P3OUTS 1:Output H(VDD level)

2 p3ouT2 | -UP

1 P30UT1

0 P30OUTO

IV - 26 Port 3



m  Port 3 Input Register (P3IN:0x03F23)
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bp 7 6 5 4 3 2 1 0
Flag P3IN7 P3IN6 P3IN5 P3IN4 P3IN3 P3IN2 P3IN1 P3INO
At reset 1 X X

Access R R R R R R R R

bp Flag Description

7 P3IN7

6 P3IN6

Z Eg:si Input data

0:Pin is L(VSS level)

3 P3IN3 1:Pin is H(VDD level)

2 P3IN2 ’

1 P3IN1

0 P3INO
m Port 3 Direction Control Register (P3DIR:0x03F33)

bp 7 6 5 4 3 2 1 0

Flag P3DIRY P3DIR6 P3DIR5 P3DIR4 P3DIR3 P3DIR2 P3DIR1 P3DIRO
At reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

7 P3DIR7

6 P3DIR6

5 P3DIR5 .

4 P3DIRA I(;?nml?tdnis:éectlon

3 P3DIRS 1:OEt ut mode

2 P3DIR2 | WP

1 P3DIR1

0 P3DIRO

Port 3
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m  Port 3 Pull-up Resistor Control Register (P3PLU:0x03F43)

bp

7

6

5

4

3

2

1

0

Flag

P3PLUD7

P3PLUDG6

P3PLUD5

P3PLUD4

P3PLUD3

P3PLUD2

P3PLUD1

P3PLUDO

At reset

1

0

0

0

0

0

0

0

Access

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

o
©

Flag

Description

ORLrNWMOOON

P3PLUD7
P3PLUDG6
P3PLUDS
P3PLUD4
P3PLUD3
P3PLUD2
P3PLUD1
P3PLUDO

Pull-up/pull-down resistor selection

0:Not added

1:Added

IV -28
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Resistor Selection Register (SELUD:0x03F4B)
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bp 7 6 5 4 3 2 1 0
Flag - - - PADWN P3DWN PO9DWN P7DWN P1DWN
At reset - - - 1 1 1 0 0
Access - - - R/W R/W R/W R/W R/W
bp Flag Description
7 - -
6 - -
5 - -

Port A Pull-up/pull-down selection
4 PADWN | O:Pull-up

1:Pull-downd

Port 3 Pull-up/pull-down selection
3 P3DWN 0:Pull-up

1:Pull-downd

Port 9 Pull-up/pull-down selection
2 PODWN 0:Pull-up

1:Pull-downd

Port 7 Pull-up/pull-down selection
1 P7DWN 0:Pull-up

1:Pull-downd

Port 1 Pull-up/pull-down selection
0 P1DWN | O:Pull-up

1:Pull-downd

Port 3
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m  Port 3 Nch Open-drain Control Register (P30DC:0x03F3B)

bp 7 6 5 4 3 2
Flag - - - - P330DC | P320DC
At reset - - - - 0 0
Access - - - - R/W R/W
bp Flag Description

7 -

6 -

5 i Nch open-drain output selection

4 i 0:Push/pull output

3 P330DC 1:Nch open drain output

2 p32opc | N OP P

1 -

0 -

Port 3
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m  LCD output Control Register (LCCTR1:X'3FC2’, R/W)
bp 7 6 5 4 3 2 1 0
Flag LC1SL3 |LC1SL2 LC1SL1 |LC1SLO |COMSL3 |COMSL2 |COMSL1 | COMSLO
At reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

SEG3/P74
7 LC1SL3 | 0:P74

1:SEG3

SEG2/P75
6 LC1SL2 |O:P75

1:SEG2

SEG1/P76
5 LC1SL1 |0:P74

1:SEG1

SEGO/P77
4 LC1SLO0 | 0:P77

1:SEG3

COM3/P33
3 COMSL3 | 0:P33

1:COM3

COM2/P32
2 COMSL2 | 0:P32

1:COM2

COM1/P31
1 COMSL1 | 0:P31

1:COM1

COMO/P30
0 COMSLO | 0:P30

1:COMO

Port 3 IvV-31
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m LCD Output Control Register 3 (LCCTR3:X'3FC4’, R/W)

bp 7 6 5 4 3 2 1 0
Flag - - - - - LC3SL2 LC3SL1 LC3SLO
At reset - - - - - 0 0 0
Access - - - - - R/W R/W R/W
bp Flag Description
7-3 - -

VLC3/P34
2 LC3SL2 0:P34

1:VLC3

VLC2/P35
1 LC3SL1 0:P35

1:VLC2

VLC1/P36
0 LC3SLO 0:P36

1:.VLC1

Port 3
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4.4.3 Block Diagram

Reset

R | P3DWN
Pull-up/pull-down resistor selection D

1 R ?

Reset P!

= P3PLUDO 4D>—{
Pull-up/pull-down resistor control D

A VR

Reset

RIP

% %F@O

1/0 direction control D SDIRO
P R

Schmitt trigger input

Port input data ﬁ P3INO /A
~NJ R

halb

g

& P30UTO
Port output data g D

® ek | \/R

LCD output control

Common output control

Common output data
P Vict

LCD clock
Vicz

Vies

2160] |0.3u02 IndinO

Figure:4.4.1 Block Diagram (P30)

* At common output, port 1/O direction control is forcefully set to input mode, pull-up resistor is disabled and
common output is executed by the common output control.
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Y Reset
=] P3DWN

Pull-up/pull-down resistor selection

<
o<H

L1

R P3PLUD1 0

Pull-up/pull-down resistor control [m]
v /R iy X

Reset {

I/0 direction control bR P3DIR1 2

K R /J;Ti

P30UT1

Port output data

R

snq ereq
?_x SRl
<]

Schmitt trigger input

Port input data \/1\1 P3INL /A
~N/ R

Serial 3 reception data input

Reset

R COMSL1
D .
V-CK E/ZR

LCD output control

sng ereg

Common output control

A

Common output data
p Vict

%

LCD clock
Vic2

Vics

2160] |0.1u02 INdINO
E@ }—0

Figure:4.4.2 Block Diagram (P31)

* At common output, port 1/O direction control is forcefully set to input mode, pull-up resistor is disabled and
common output is executed by the common output control.
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P30DC2

Nch open-drain control

@3
3
<]
EY

K

Reset

| P3DWN

Pull-up/pull-down resistor selection

E

Reset

v v

Pull-up/pull-down resistor control bR PSPLUD2 2]
K R /—,[;T Q

Reset %

110 direction control bR P3DIR2 2

K R /J;Ti

>

Port output data P3OUT2 OT
X

K R
1

snq ereqg
EU

_1P3IN2

Port input data <4

Serial 3 reception data input
Serial 3/1IC3 clock output
SC3MD1(SC3SBTS)

LCD output control

Common output control

Common output data

LCD clock

Figure:4.4.3 Block Diagram (P32)

2160] j013U02 INdINO

Vici

Vic2

Vics

E X3

tp”

Schmitt trigger input

* At common output, port 1/O direction control is forcefully set to input mode, pull-up resistor is disabled and
common output is executed by the common output control.

Port 3
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Nch open-drain control

Pull-up/pull-down resistor selection

[ —

Pull-up/pull-down resistor control

1/0 direction control

P T
Port output data D 30UT3 OT
ek | \/R *M

bl

.
ol

Schmitt trigger input

Port input data Q P3INS /A
~J R

Serial 3/1IC3 reception data input
Serial 3/IIC3 reception data output
SC3MD1(SC3SBOS)

Reset

COMSL3

LCD output control

Common output control

Common output data
P Vict

LCD clock
Vica

Vies

2160] |023Uu02 INdINO

Figure:4.4.4 Block Diagram (P33)

* At common output, port I/O direction control isforcefully set to input mode, pull-up resistor is disabled and
common output is executed by the common output control.
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Reset
r.JP3DWN
Pull-up/pull-down resistor selection P %7
VCK

Pull-up/pull-down resistor control

o T o
Lle |[R &le
@ @
3 3
& Sh3
= c
S

=

- 3:# -
<c=]|

1/0 direction control D

=~

<]

ES)
Txci‘

% P34

Port output data

snq ereq
=2l
<] <
%2

S

=

Schmitt trigger input

Portinput data <] P3N Vs
R
9]
9
LCD output control |
o
c
"
VLes

Figure:4.4.5 Block Diagram (P34)

N\ Reset
R | P3DWN
Pull-up/pull-down resistor selection D %7
K R

Reset P!
Pull-up/pull-down resistor control @DRQ PS-iPLUDS o] 4D°—{
K R

Reset
1/0 direction control DRQ P3DIRS 2 '\J
SIS R

X]pss

g

15 P30UT5
Port output data | o D Q

7 K R

o1
i

Schmitt trigger input

Port input data ﬂ P3INS va
~NJ R
/e’ Reset
] R VLC2SL
LCD output control |& D
g K R
o
~NJ
vicz

Figure:4.4.6 Block Diagram (P35)
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Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/0 direction control

Port output data

snq eleq

Re;
P3DWN
D
K R

et
R
Reset
RJ P3PLUDG
VR

Reset

XCE]

K R

xXCc=Z

P30UT6
D
T

iy

Schmitt trigger input

ﬁ

Figure:4.4.7 Block Diagram (P36)

. P3IN6
Port input data Q 3
~NJ R
,e/ Reset
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LCD output control | & D .
gl wek | AR
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NI
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1

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/0 direction control
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=
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4.5 Porth

45.1 Description

m  General Port Setup

To output datato pin, set the control flag of the port 5 direction control register (PSDIR) to “1” and write the value
of the port 5 output register (P5OUT).

To read input data of pin, set the control flag of the port 5 direction control register (PSDIR) to “0” and read the
value of the port 5 input register (P5IN).

Each bit can be set individually as either an input or output by the port 5 1/0 direction control register (P5DIR).
The control flag of the port 5 direction control register (PSDIR) is set to “1” for output mode, and “0” for input
mode.

Each bit can be set individually if pull-up resistor is added or not, by the port 5 pull-up resistor control register
(P5PLU). Set the control flag of the port 5 pull-up resistor control register (P5PLU) to “1” to add pull-up resistor.

Each bit can be selected individually as output mode by the port 5 output mode regiser (P5SOMD). The port 5 out-
put mode register (P5SOMD) is set to “1” to output the specia function data, and “0” for the general port.

m  Special Function Pin Setup

P50 is uses as output pin of the timer 0. The output mode can be selected by each bit by bp0 of the port 5 output
mode register (PSOMD). The port 5 output mode register (P5SOMD) is set to “1” to output the specia function
data, and “0” for genera port.

P51 is uses as output pin of the timer 7. The output mode can be selected by each bit by bpl of the port 5 output
mode register (PSOMD). The port 5 output mode register (P5OMD) is set to “1” to output the specia function
data, and “0” for general port.

P52 is uses as output pin of the timer 2. The output mode can be selected by each bit by bp2 of the port 5 output
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” to output the special function
data, and “0” for general port.

P53 is uses as output pin of the timer 8. The output mode can be selected by each bit by bp3 of the port 5 output
mode register (P5OMD). The port 5 output mode register (PSOMD) isset to “1” to output the special function
data, and “0” for general port.

P54 is used as the external interrupt pin, aswell.
P55 is used as the external interrupt pin, aswell.
P56 is used as the external interrupt pin, aswell.

P54 is used asinput pin of the AC zero-cross 0, aswell. To read out the data of AC zero-cross, set the bp3 of the
noise filter control register (NFCTR) to “1”, and read out the value of port 5 input register (P5IN).

P55 isused asinput pin of the AC zero-cross 1, aswell. To read out the data of AC zero-cross, set the bp7 of the
noise filter control register (NFCTR) to “1”, and read out the value of port 5 input register (P5IN).

P50 is used as output pin of LEDO, aswell. Each bit can be selected as output mode by bp4 of the port 5 output
mode register (P5OMD). The port 5 output mode register (PSOMD) is set to “1” for output pin of large current
(Nch-Tr.), and “0” to use as output pin of general current. Thetimer O output or the general port output can be set
to large current with the combination of bp0 of the port 5 output mode register (P5SOMD).
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P51 is used as output pin of LED1, aswell. Each bit can be selected as output mode by bp5 of the port 5 output
mode register (P5SOMD). The port 5 output mode register (PSOMD) is set to “1” for output pin of large current
(Nch-Tr.), and “0” to use as output pin of general current. Thetimer O output or the general port output can be set
to large current with the combination of bpl of the port 5 output mode register (PSOMD).

P52 is used as output pin of LED2, aswell. Each bit can be selected as output mode by bp6 of the port 5 output
mode register (P5OMD). The port 5 output mode register (P5SOMD) is set to “1” for output pin of large current
(Nch-Tr.), and “0” to use as output pin of general current. Thetimer 0 output or the general port output can be set
to large current with the combination of bp2 of the port 5 output mode register (P5SOMD).

P53 is used as output pin of LED3, aswell. Each bit can be selected as output mode by bp7 of the port 5 output
mode register (P5SOMD). The port 5 output mode register (P5SOMD) is set to “1” for output pin of large current
(Nch-Tr.), and “0” to use as output pin of general current. The timer O output or the general port output can be set
to large current with the combination of bp3 of the port 5 output mode register (P5SOMD).
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Table:4.5.1 shows the registers that control the port 5.

Table:4.5.1 Port 5 Control Register

Registers Address R/W Function Page
P50UT 0x03F15 R/W Port 5 output register IV-41
P5IN 0x03F25 R Port 5 input register IV-42
P5DIR 0x03F35 R/W Port 5 direction control register IV-42
P5PLU 0x03F45 R/W Port 5 pull-up resistor control register IV-43
P50MD 0x03F2C R/W Port 5 output mode register IV-44
R/W:Readable/Writable
m Port 5 output register (P50UT:0x03F15)
bp 7 6 5 4 3 2 1 0
Flag - P50UT6 | P50UT5 |P50UT4 |[P50UT3 |P50UT2 |P50UT1 | P50UTO
At reset - X X X X X X X
Access - R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 -
6 P50UT6
i §283$2 Output data

0:Output L(VSS level)
3 PSOUTS | 1.5 tput H(VDD level)
2 psouT2 | -UP
1 P50UT1
0 P50UTO

Port 5
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m  Port 5 Input Register (P5IN:0x03F25)

bp 7 6 5 4 3 2 1 0
Flag - P5IN6 P5IN5S P5IN4 P5IN3 P5IN2 P5IN1 P5INO
At reset - X X

Access - R R R R R R R
bp Flag Description

7 -

6 P5IN6

Z Eg:si Input data

0:Pin is L(VSS level)

3 PSIN3 1:Pin is H(VDD level)s

2 P5IN2 ’

1 P5IN1

0 P5INO
m Port 5 Direction Control Register (P5DIR:0x03F35)

bp 7 6 5 4 3 2 1 0
Flag - P5DIR6 P5DIR5 P5DIR4 P5DIR3 P5DIR2 P5DIR1 P5DIRO
At reset - 0 0 0 0 0 0 0
Access - R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

7 -

6 P5DIR6

5 P5DIR5 .

4 PEDIRA I(;?nml?tdnis:éectlon

3 PSDIRS 1:OEt ut mode

2 psDIR2 | WP

1 P5DIR1

0 P5DIRO

Port 5
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bp 7 6 5 4 3 2 1 0
Flag - P5PLU6 | P5PLU5 | P5PLU4 |P5PLU3 |P5PLU2 |P5PLU1 | P5PLUO
At reset - 0 0 0 0 0 0 0
Access - R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 -
6 P5PLU6
5 PSPLUS Pull-up/pull-down resistor selection
4 P5PLU4 .

0:Not added
3 P5PLU3 1:Added
2 P5PLU2 ’
1 P5PLU1
0 P5PLUO

Port 5
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m  Port 5 Output Mode Register (P50MD:0x03F2C)

bp

7

6

5

4

3

2

1

0

Flag

PSLED3

PSLED2

PSLED1

P5SLEDO

P50MD3

P50MD2

P50MD1

P5OMDO

IV -44

At reset

0

0

0

0

0

0

0

0

Access

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

bp

Flag

Description

PSLEDS

I/O port, LEDS3 selection
0:1/0 port
1:LED3 (large current output)

P5LED2

I/O port, LED2 selection
0:1/0 port
1:LED2 (large current output)

PSLED1

I/O port, LED1 selection
0:1/0 port
1:LED1 (large current output)

P5LEDO

I/O port, LEDO selection
0:1/0 port
1:LEDO (large current output)

P50MD3

I/O port, TM8O selection
0:1/0 port
1:TM80

P50MD2

I/O port, TM20 selection
0:1/O port
1:TM20

P50MD1

I/O port, TM70 selection
0:1/0 port
1:.TM70

P50MDO

I/O port, TMOO selection
0:1/0 port
1:TM0O

Port 5
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4.5.3 Block Diagram

Pull-up resistor control

R

eset
110 direction control PDIRO {i@ . S
ek | \/R X
l E D ps0

=]

Port output data

snqg eleqg

2

P50UTO o
D
WLK \ R
1

R

eset
P50MD!
Port output control bR SOMD
ek | \/R

>

LED output control
Schmitt trigger input
P5INO
Port Input Data {j
R
Timer 0 output
Figure:4.5.1 Block Diagram (P50)
(M Reset
Pull-up resistor control bR PSPLUL {>c {
K R
Reset
1/0 direction control bR PSDIRL m

2

] VR /TM %PSl

O
o
5 P T1
Port output data g D 5oV 0@
n K R = X
Reset T
Port output control bR PSOMDY

R

:

set
& P5LED1
R

LED output control D

:
?X @

Schmitt trigger input

Port input data ﬂ PSIN1

N R

Timer 7 output

Figure:4.5.2 Block Diagram (P51)
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Pull-up resistor control

1/0 direction control

Schmitt trigger input

g
l P50UT2
Port output data o b 50U OT
o) e Ve el
Reset T
P50MD2
Port output control bRJPSO ‘
K R
Reset
LED output control bR P5LED2
K | \/R
i P5IN2
Port input data Q 5
N R
Timer 2 output
™ R

Pull-up resistor control

1/0 direction control

Port output data

Port output control

LED output control

Port input data

Timer 8 output

IV - 46 Port 5

Figure:4.5.3 Block Diagram (P52)
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s
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snq ereqg
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U
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D
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R JP5LED3

@'ﬁ
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Reset
Pull-up resistor control bRg PoPLU4 [>o {
K | \/R

Reset
R PSDIR4

1/O direction control
K | \/R
s

b P50UT4
K | \/R

Port output data

snq ereq

Schm%gger input
0

~J R 1 Intermediate value
detection circuit

_1P5IN4
]

Feg]

Port input data

NFCTR register bp3
External interrupt O input
AC zero-cross 0 input

Figure:4.5.5 Block Diagram (P54)

Reset
P5PL
Pull-up resistor control pR 5PLUS >0 {
K | \/R

Reset
R PSDIRS

BV 5 pss

b P50UT5
vek | \/R

1/0 direction control

Port output data

sng ereg

Schm%gger input

0
M
Port input data ﬂ PSINS E
~J R X7 Intermediate value
T detection circuit
NFCTR register bp7

External interrupt 1 input
AC zero-cross 1 input

Figure:4.5.6 Block Diagram (P55)
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™ Reset
Pull-up resistor control bR PSPLUG {>0
K | \/R
Reset
1/0 direction control R PSDIRG
K | \/R

Port output data

snq ereq

5 P50UT6
Tobd

Schmitt trigger input

Port input data ﬂ PSING

External interrupt 2 input

Figure:4.5.7 Block Diagram (P56)
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4.6 Port7

4.6.1 Description

m  General Port Setup

To output datato pin, set the control flag of the port 7 direction control register (P7DIR) to “1” and write datato
the port 7 output register (P7OUT).

To read input data of pin, set the control flag of the port 7 direction control register (P7DIR) to “0” and read the
value of the port 7 input register (P7IN).

Each bit can be set individually to either an input or output by the port 7 direction control register (P7DIR). The
control flag of the port 7 direction control register (P7DIR) isset to “1” for ouput mode, and “0” for input mode.

Each bit can be set individually if pull-up/pull-down resistor is added or not, by the port 7 pull-up/pull-down
resistor control register (P7PLUD). Set the control flag of the port 7 pull-up/pull-down resistor control register
(P7PLUD) to “1” to add pull-up resistor.

Port 7 can be selected to add pull-up resistor or pull-down resistor by bpl of the pull-up/pull-down resistor selec-
tion register (SELUD).

Each bit can be selected individually as output mode by the port 7 output mode register (P7OMD). The control
flag of the port 7 output mode register (P7OMD) is set to “1” to output the special function data, and “0” to use
asthe general port.

For P75, P76 and P77, each bit can be selected individually as Nch open-drain output by the port 7 Nch open-
drain control register (P7ODC). The control flag of the port 7 Nch open-drain control register (P7ODC) is set to
“1” for Nch open-drain output, and “0” for push-pull output.

m  Special Function Pin Setup

P70 can be used asthetimer 1 1/0 pin, aswell. Each bit can be selected individually as output mode by the bp0 of
the port 7 output mode register (P7OMD). When the bp0 of the port 7 output mode register (P7OMD) is set to
“1” for the special function data output, and “0” to use as the general port.

P71 can be used asthetimer 31/0 pin, aswell. Each bit can be selected individually as output mode by the bpl of
the port 7 output mode register (P7OMD). When the bpl of the port 7 output mode register (P7OMD) is set to
“1” for the specia function data output, and “0” to use as the general port.

P75 can be used as output pin of the serial 0 transmission data and UARTO transmission data, aswell. When
SCOSBOS flag of the seria interface 0 mode register 1 (SCOMD1) isset to “1”, P75 isthe serial data output pin.
Push-pull output or Nch open-drain output can be selected by setting the port 7 Nch open-drain control register
(P70DC).

P76 can be used as input pin of the serial 0 reception data and UARTO reception data, as well.

P77 can be used as the seria 0 clock input pin, aswell. When the SCOSBTS flag of the serial interface 0 mode
register 1 (SCOMD1) issetto “1”, P77 isthe seria clock output pin. Push-pull output or Nch open-drain output
can be selected by setting the port 7 Nch open-drain control register (P7ODC).

P70 can be used as the key interrupt input pin, aswell.
P71 can be used as the key interrupt input pin, aswell.
P72 can be used as the key interrupt input pin, aswell.
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P73 can be used as the key interrupt input pin, as well.
P74 can be used as the key interrupt input pin, aswell.
P75 can be used as the key interrupt input pin, as well.
P76 can be used as the key interrupt input pin, aswell.
P77 can be used as the key interrupt input pin, as well.

P70 can be used as the LCD segment output pin, aswell. The SEG7 pin selection can be done by setting the bp3
flag (LC2SL 3) of the LCD output control register 2 (LCCTR2) to “1". Port/segment switching can be selected by
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled.

P71 can be used as the LCD segment output pin, aswell. The SEG6 pin selection can be done by setting the bp2
flag (LC2SL 2) of the LCD output control register 2 (LCCTR2) to “1". Port/segment switching can be selected by
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled.

P72 can be used as the LCD segment output pin, aswell. The SEG5 pin selection can be done by setting the bpl
flag (LC2SL 1) of the LCD output control register 2 (LCCTR2) to“1". Port/segment switching can be selected by
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled.

P73 can be used as the LCD segment output pin, aswell. The SEG4 pin selection can be done by setting the bpO
flag (LC2SL0) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by
2 hits. At segment output, it isforcefully set to input mode and pull-up resistor is disabled.

P74 can be used as the LCD segment output pin, aswell. The SEG3 pin selection can be done by setting the bp7
flag (LC1SL 3) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by
2 hits. At segment output, it isforcefully set to input mode and pull-up resistor is disabled.

P75 can be used as the LCD segment output pin, aswell. The SEG2 pin selection can be done by setting the bp6
flag (LC1SL 2) of the LCD output control register 2 (LCCTR2) to “1". Port/segment switching can be selected by
2 bits. At segment output, it isforcefully set to input mode and pull-up resistor is disabled.

P76 can be used as the LCD segment output pin, aswell. The SEGL1 pin selection can be done by setting the bp5
flag (LC1SL 1) of the LCD output control register 2 (LCCTR2) to “1". Port/segment switching can be selected by
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled.

P77 can be used as the LCD segment output pin, aswell. The SEGO pin selection can be done by setting the bp4
flag (LC1SL0) of the LCD output control register 2 (LCCTR2) to “1". Port/segment switching can be selected by
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled.

P76 can be used as the |1C4 transmission/reception data l/O pin, aswell. When SELI2C flag of the seria inter-
face 4 addressing register 1issetto“1”, P76 isthe serial data /O pin. Push-pull output or Nch open-drain output
can be selected by setting the port 7 Nch open-drain control register (P7ODC).

P77 can be used as the seria 4 clock 1/0 pin, aswell. When SEL12C flag of the serial interface 4 addressing reg-
ister 1 (SC4AD1) issetto“1”, P77 isthe seria clock 1/0 pin. Push-pull output or Nch open-drain output can be
selected by setting the port 7 Nch open-drain control register (P7ODC).

Seria 0 1/0 pin can be selected as PAO to PA2, or P75 to P77 by setting the serial selection register (SCSEL).
When the SCOSL flag of the serial selection register (SCSEL) issetto “0", PAOto PA2 are selected, to “1”, P75 to
P77 are selected. For serial 4 1/0 pin, when the serial selection register (SCSEL) is“0” for P10, P11, “1” for P76,
p77.
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Table:4.6.1 shows the registers that control the port 7.

Table:4.6.1 Port 7 Control Register

Registers Address R/W Function Page
P70UT 0x03F17 R/W Port 7output register IV-51
P7IN 0x03F27 R Port 7 input register IV-52
P7DIR 0x03F37 R/W Port 7 direction control register IV-52
P7PLUD 0x03F47 R/W Port 7 pull-up/pull-down resistor control register | IV-53
P70OMD 0x03F3C R/W Port 7 output mode register IV-53
P70DC 0x03F1D R/W Port 7 Nch open-drain control register IV-54
SELUD 0x03F4B R/W Pull-up/pull-down resistor control register IV-54
SCSEL 0x03F90 R/W Serial 1/0 pin switching control register IV-55
LCCTR1 0x03FC2 R/W LCD output control register 1 IV-56
LCCTR2 0x03FC3 R/W LCD output control register 2 IV-57
R/W:Readable/Writable
m  Port 7 output register (P7OUT:0x03F17)

bp 7 6 5 4 3 2 1 0
Flag P70OUT7 | P70UT6 |P70UTS5 |P70UT4 |P70UT3 |P70UT2 |P70UT1 | P70OUTO
At reset X X X X X X X X
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

7 P7OUT7

6 P70UT6

i 28312 Output data

: prouts | FOUB LSS el

2 P70UT2 ’

1 P70UT1

0 P70UTO

Port 7
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m  Port 7 Input Register (P7IN:0x03F27)

bp 7 6 5 4 3 2 1 0
Flag P7IN7 P7IN6 P7IN5 P7IN4 P7IN3 P7IN2 P7IN1 P7INO
At reset X X
Access R R R R R R R R
bp Flag Description
7 P7IN7
6 P7IN6
Z E;:si Input data
0:Pin is L(VSS level)
3 P7IN3 1:Pin is H(VDD level)
2 P7IN2 ’
1 P7IN1
0 P7INO
m  Port 7 Direction Control Register (P7DIR:0x03F37)
bp 7 6 5 4 3 2 1 0
Flag P7DIR7 P7DIR6 P7DIR5 P7DIR4 P7DIR3 P7DIR2 P7DIR1 P7DIRO
At reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 P7DIR7
6 P7DIR6
5 P7DIR5 .
4 P7DIRA g?nml?tdni s;(leectlon
3 P7DIR3 1:OEt ut mode
2 p7DIR2 | TP
1 P7DIR1
0 P7DIRO
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m  Port 7 Pull-up/pull-down Resistor Control Register (P7PLUD:0x03F47)
bp 7 6 5 4 3 2 1 0
Flag P7PLUD7 | P7PLUD6 | P7PLUDS | P7PLUD4 | P7PLUDS | P7PLUD2 | P7PLUD1 | P7PLUDO
At reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 P7PLUD7
6 P7PLUDG6
5 P7PLUDS Pull-up/pull-down resistor selection
4 P7PLUDA4 | .
0:Not added
3 P7PLUD3 1-Added
2 P7PLUD2 | ™
1 P7PLUD1
0 P7PLUDO
m Port 7 Output Mode Register (P7OMD:0x03F3C)
bp 7 6 5 4 3 2 1 0
Flag - - - - - - P70MD1 | P7TOMDO
At reset - - - - - - 0 0
Access - - - - - - R/W R/W
bp Flag Description
7-2 - -
I/O port, TM3IO selection
1 P70MD1 | O:l/O port
1:TM3IO
I/O port, TM1IO selection
0 P70OMDO | O:1/O port
1:TM1IO
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m  Port 7 Nch Open-drain Control Register (P7ODC:0x03F1D)

bp 7 6 5 4 3 2 1 0
Flag P770DC |P760DC |P750DC |- - - - -
At reset 0 0 0 - - - - -
Access R/W R/W R/W - - - - -
bp Flag Description
7 P7PLUD7
6 P7PLUDG6
5 P7PLUDS Nch open-drain output selection
4 - :
3 i 0:Push-pull output
5 i 1:Nch open-drain output
1 -
0 -
m  Pull-up/pull-down Resistor Selection Register (SELUD:0x03F4B)
bp 7 6 5 4 3 2 1 0
Flag - - - PADWN P3DWN PO9DWN P7DWN P1DWN
At reset - - - 1 1 1 0 0
Access - - - R/W R/W R/W R/W R/W
bp Flag Description
7 - -
6 - -
5 - -
Port A pull-up/pull-down selection
4 PADWN 0:Pull-up
1:Pull-down
Port 3 pull-up/pull-down selection
3 P3DWN 0:Pull-up
1:Pull-down
Port 9 pull-up/pull-down selection
2 PODWN 0:Pull-up
1:Pull-down
Port 7 pull-up/pull-down selection
1 P7DWN 0:Pull-up
1:Pull-down
Port 1 pull-up/pull-down selection
0 P1DWN 0:Pull-up
1:Pull-down
IV - 54 Port 7
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m  Serial I/O Pin Switching Control Register (SCSEL:0x03F90)
bp 7 6 5 4 3 2 1 0
Flag ;MPSCl TMPSC11 ;MPSCO IMPSCO SC4SL - SC1SL SCOSL
At reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
TMPSC1 Serlgl 1 used timer 2 output dividing switching selection
XO0:Timer 2 output
-6 2 01:Timer 2 output/2
TMPSCI11 11:Timer 2 output/8
TMPSCO | Serial 0 used timer 2 output dividing switching selection
5.4 2 XO:Timer 2 output
TMPSCO | 01:Timer 2 output/2
1 11:Timer 2 output/8
Serial 4 1/0O pin switching selection
3 SC4SL 0:P10, P11
1:P76, P77
2 - -
Serial 1 I/O pin switching selection
1 SC1SL 0:P15to P17
1:PA4 to PA6
Serial 0 I/O pin switching selection
0 SCOSL 0:PAQ to PA2
1:P75 to P77
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m LCD Output Control Register 1 (LCCTR1:X'3FC2’, R/W)

bp

7

6

5

4

3

2

1

0

Flag

LC1SL3

LC1SL2

LC1SL1

LC1SLO

COMSL3

COMSL2

COMSL1

COMSLO

IV - 56

At reset

0

0

0

0

0

0

0

0

Access

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

bp

Flag

Description

LC1SL3

SEG3/P74 selection
0:P74
1:SEG3

LC1SL2

SEG2/P75 selection
0:P75
1:SEG2

LC1SL1

SEG1/P76 selection
0:P76
1:SEG1

LC1SLO

SEGO/P77 selection
0:P77
1:SEGO

COMSL3

COM3/P33 selection
0:P33
1:COM3

COMSL2

COMZ2/P32 selection
0:P32
1:COM2

COMSL1

COM1/P31 selection
0:P31
1:.COM1

COMSLO

COMO/P30 selection
0:P30
1:COMO

Port 7




m LCD Output Control Register 2 (LCCTR2:X'3FC3’, R/W)
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bp

7

6 5

4

3

2

1

0

Flag

LC2SL7

LC2SL6 LC2SL5

LC2SL4

LC2SL3

LC2SL2

LC2SL1

LC2SLO

At reset

0

0 0

0

0

0

0

0

Access

R/W

R/W R/W

R/W

R/W

R/W

R/W

R/W

bp

Flag

Description

LC2SL7

SEG11/P14 selection
0:P14
1:SEG11

LC2SL6

SEG10/P15 selection
0:P15
1:SEG10

LC2SL5

SEG9/P16 selection
0:P16
1:SEG9

LC2SL4

SEGB8/P17 selection
0:P17
1:SEGS8

LC2SL3

SEG7/P70 selection
0:P70
1:SEG7

LC2SL2

SEG6/P71 selection
0:P71
1:SEG6

LC2SL1

SEG5/P72 selection
0:P72
1:SEG5

LC2SLO

SEG4/P73 selection
0:P73
1:SEG4

Port 7
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P7DWN

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

eset
DR
£ G
eset
K R

R
R
E P7PLUDO

1/O direction control

Reset
RoP7DIRO
viek | \/R

snq ereqg

Port output data

R

Port output control

1

o P7OUTO o

- VR

eset
P7OMDO

M
U
X

ED%

Schmitt trigger input

Port input data ﬂ
R

Key interrupt input

Timer 1 input
Timer 1 output

“a ]

LC2SL3
LCD output control
/R

K

Segment output control

Segment output data

LCD clock

2160| [04U02 INdiNO

il

i

VLC1

VLC2

VLC3

Figure:4.6.1 Block Diagram (P70)

* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and

segment output is executed by the segment output control.

Port 7



Y Reset

=] P7DWN
Pull-up/pull-down resistor selection D
K | \/R

Pull-up/pull-down resistor control

Reset
DR P7PLUD1 o
9@ VR A

xCZ

1/0 direction control

Reset
DRgP7DIRL o
K| VR =y

Port output data

sng eleqg
XCZ

D gP7OUTL o
jK *R -
Regset
R P7OMDY
TR

P7IN1

Port output control

ED%

Schmitt trigger input

Port input data ﬂ
R

Key interrupt input
Timer 3 input
Timer 3 input

LCD output control

Segment output control

Segment output data

LCD clock

2160| jou0d INdino

i

VLC1

VLC2

VLC3

Figure:4.6.2 Block Diagram (P71)

* At segment output, port 1/0 direction control is forcefully set to input mode, pull-up resistor is disabled and

segment output is executed by the segment output control.

]

iy

Port 7
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Reset
R P7DWN
Pull-up/pull-down resistor selection D
| Ve v

Reset I
Pull-up/pull-down resistor control ﬁl‘u'}z DW 4DD—{
X

k] VR s

Reset
1/0 direction control @IRZ D@
K| /R il
1 —Xp72

5 P70UT2
K | \/AR
Schmitt trigger input

Port input data ﬂ P7IN2 T [
~NJ R

Key interrupt input

Port output data

sng ereq

LCD output control
K

LC2sL1
AR

Segment output control

Segment output data

LCD clock

2160| jo1u02 INdino

Figure:4.6.3 Block Diagram (P72)

* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and
segment output is executed by the segment output control.
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Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/O direction control

Port output data

Port input data

Key interrupt input

LCD output control

Segment output control

Segment output data

LCD clock

vl

P7PLUD3

Reset

R | P7DWN
D
VCK R
Reset

DR

K R
R

xXC=Z

eset
RgP7DIR3
vek | \/R

A

snqg ereq

b P70UT3
ek | \/R

_P7IN3
]

!
¢!

Schmitt trigger input

]

LC2SLO
AR

K

2160] |03u02 INdINO

i

VLC1

VLC2

VLC3

Figure:4.6.4 Block Diagram (P73)

J

E P73

* At segment output, port 1/0 direction control is forcefully set to input mode, pull-up resistor is disabled and

segment output is executed by the segment output control.

Port 7
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Y Reget
R P7DWN
Pull-up/pull-down resistor selection D
ek | \/R

Pull-up/pull-down resistor control

Reset
LR P7PLUD4
R

.
)

1/0O direction control

K
Regset
r]P7DIR4
D
VCK R

xCc=<

Port output data

snq ereq

b P70UT4
ek | \/R

ED%%

Schmitt trigger input

@?&

) P7IN4
Port input data <
N R
Key interrupt input
Reset
=] LC1SL3
LCD output control D
ek | R

Segment output control

Segment output data

LCD clock

2160j jonu0d Indino

i

4

VLC1

VLC2

VLC3

Figure:4.6.5 Block Diagram (P74)

{E P74

* At segment output, port 1/0 direction control is forcefully set to input mode, pull-up resistor is disabled and
segment output is executed by the segment output control.
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Y] Reget
R | P70DC5
Nch open-drain control P
K R

Reset
=] P7ZTDWN
Pull-up/pull-down resistor selection P Q
K R

]

Reset
. P7PLUDS
Pull-up/pull-down resistor control DRQ
Sh% e

X C

Reget
1/0 direction control bR P7DIRS 0
VR =

[xc=

Port output data

sng ereqg

b P70UT5 or
K R T&J

P7INS

Schmitt trigger input

Port input data

27\

Key interruptinput

Serial O reception data input

Serial O/UARTO transmission data output
SCOMD1(SC0SBOS)

Reset

“a ]

LCisL2
LCD output control
AR

DR
K

Segment output control

Segment output data

LCD clock

2160 j0u02 IndinQ

i

VLC1

VLC2

VLC3

Figure:4.6.6 Block Diagram (P75)

J

* At segment output, port 1/0 direction control is forcefully set to input mode, pull-up resistor is disabled and

segment output is executed by the segment output control.
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N Regset
=] P70DC6
Nch open-drain control D
K | \AR

Reset
=] P7DWN
Pull-up/pull-down resistor selection D
K | \AR

Reset
P7PLUDG6
Pull-up/pull-down resistor control DR
K | \AR

Reset
1/O direction control LR P7DIR6
K \/R

Port output data

sSnq eleqg

b P70UT6
vek | \/R

_P7IN6
~

Schmitt trigger input

Port input data

Key interruptinput
Serial 0/UARTO/IIC4 reception data input

1IC4 transmission data output

SC4AD1 (IICSEL)

LCD output control

Segment output control

Segment output data

LCD clock

2160] |00 IndINO

dii

v
v
[
R
<]

VLC1

4

VvLC2

VLC3

Figure:4.6.7 Block Diagram (P76)

* At segment output, port 1/0 direction control is forcefully set to input mode, pull-up resistor is disabled and

segment output is executed by the segment output control.
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Y Reset
=] P70DC7
Nch open-drain control D
K R

Pull-up/pull-down resistor selection

Reset

= | P7DWN
D

K R

Pull-up/pull-down resistor control

xCZ

Reset
SDR P7PLUD7 Vi
£ YR P

1/O direction control

Reget
LR P7DIR7 0
ek | /R =y

[xcz

Port output data

Snq ereq

b P70UT7 orvl
K R T&J

Schmitt trigger input

. P7IN7
Port input data ﬂ
~Nd R

1IC4 clock input
Key interruptinput
Serial O clock input
Serial 0 clock output
SCOMD1(SCOSBTS)

Reset

LC1SLO

/s

LCD output control

bR
K /R

Segment output control

Segment output data

LCD clock

9160| |01u0d Indino

L

VLC1

VLC2

VLC3

Figure:4.6.8 Block Diagram (P77)

J

* At segment output, port 1/0 direction control is forcefully set to input mode, pull-up resistor is disabled and

segment output is executed by the segment output control.
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4.7 Port9

4.7.1 Description

m  General Port Setup

To output datato pin, set the control flag of the port 9 direction control register (PODIR) to “1” and write datato
the port 9 output register (POOUT).

To read input data of pin, set the control flag of the port 9 direction control register (PODIR) to “0” and read the
value of the port 9 input register (P9IN).

Each bit can be set individually to either an input or output by the port 9 direction control register (PODIR). The
control flag of the port 9 direction control register (PODIR) is set to “1” for ouput mode, and “0” for input mode.

Each bit can be set individually if pull-up/pull-down resistor is added or not, by the port 9 pull-up/pull-down
resistor control register (POPLU). Set the control flag of the port 9 pull-up/pull-down resistor control register
(POPLU) to “1” to add pull-up resistor.

Pull-up resistor or pull-down resistor can be added to port 9 by setting the bp2 flag of the pull-up/pull-down resis-
tor selection resister (SELUD).

m  Special Function Pin Setup

P90 can be used as low-speed oscillation, aswell. When the XISEL flag of the low-speed oscillation selection
register (XSEL) is set to “1”, P90 can be used as |ow-speed oscillation.

Port 9
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Registers
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Table:4.7.1 shows the registers that control the port 9.

Table:4.7.1 Port 9 Control Register

Registers Address R/W Function Page
POOUT 0x03F19 R/W Port 9 output register IV-67
PI9IN 0x03F29 R Port 9 input register IV-68
PIODIR 0x03F39 R/W Port 9 direction control register IV-68
POPLUD 0x03F49 R/W Port 9 pull-up/pull-down resistor control register | 1V-69
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IV-69
XSEL 0x03F4C R/W Port 9 oscillation switching register IV-70
R/W:Readable/Writable

m  Port 9 output register (P9OUT:0x03F19)

bp 7 6 5 4 3 2 1 0
Flag - - - - - - - POOUTO
At reset - - - - - - - X
Access - - - - - - - R/W
bp Flag Description

7 -

6 -

5 -

4 i Output data

3 i 0:Output L(VSS level)

5 i 1:Output H(VDD level)

1 -

0 P90OUTO

Port 9
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m  Port 9 Input Register (P9IN:0x03F29)

bp 7 6 5 0
Flag - - - P9INO
At reset - - - 0
Access - - - R/W
bp Flag Description

7 -

6 -

Z Input data

3 i 0:Pin is L(VSS level)

5 i 1:Pin is H(VDD level)

1 -

0 P9INO
m  Port 9 Direction Control Register (PO9DIR:0x03F39)

bp 7 6 5 0
Flag - - - P9DIRO
At reset - - - 0
Access - - - R/W
bp Flag Description

7 -

6 -

5 - .

I/O mode selection

4 - .

3 i 0:Input mode

> i 1:Output mode

1 -

0 P9DIRO

Port 9




m  Port 9 Pull-up/pull-down Resistor Control Register (P9PLUD:0x03F49)
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bp 7 6 5 4 3 2 1 0
Flag - - - - - - - P9PLUDO
At reset - - - - - - - 1
Access - - - - - - - R/W
bp Flag Description
7 -
6 -
Z Pull-up/pull-down resistor selection
3 i 0:Not added
1:Added
2 -
1 -
0 P9PLUDO
m  Pull-up/pull-down Resistor Selection Register (SELUD:0x03F4B)
bp 7 6 5 4 3 2 1 0
Flag - - - PADWN | P3DWN PO9DWN P7DWN P1DWN
At reset - - - 1 1 1 0 0
Access - - - R/W R/W R/W R/W R/W
bp Flag Description
7 - -
6 - -
5 - -
Port A pull-up/pull-down selection
4 PADWN 0:Pull-up
1:Pull-down
Port 3 pull-up/pull-down selection
3 P3DWN 0:Pull-up
1:Pull-down
Port 9 pull-up/pull-down selection
2 PODWN 0:Pull-up
1:Pull-down
Port 7 pull-up/pull-down selection
1 P7DWN 0:Pull-up
1:Pull-down
Port 1 pull-up/pull-down selection
0 P1DWN 0:Pull-up
1:Pull-down
Port 9
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m  Port 9 Oscillation Switching Register (XSEL:0x03F4C)

bp 7 6 5 4 0
Flag - - - - XSEL
At reset - - - - 0
Access - - - - R/W
bp Flag Description
7-1 - -

X1 dual-purpose selection
0 - 0:P90

1:low-speed oscillation input XI

IV -70 Port 9




4.7.3 Block Diagram

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

I/O direction control

Port output data

Port input data

STOP signal
Clock input

I3k

snq eleg

- |PIouTO
Tob

Schmitt trigger input

Chapter 4

Oscillation
circuit

Figure:4.7.1 Block Diagram (P90)

Port 9
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IvV-72

4.8 Port A

4.8.1 Description

m  General Pin Setup

To output data to pin, set the control flag of the port A direction control register (PADIR) to “1” and write datato
the port 8 output register (PAOUT).

To read input data of pin, set the control flag of the port A direction control register (PADIR) to “0” and read the
value of the port A input register (PAIN).

Each bit can be set individually to either an input or output by the port A direction control register (PADIR). The
control flag of the port A direction control register (PADIR) isset to “1” for ouput mode, and “0” for input mode.

Each bit can be set individually if pull-up/pull-down resistor is added or not, by the port A pull-up/pull-down
resistor control register (PAPLUD). Set the control flag of the port A pull-up/pull-down resistor control register
(PAPLUD) to “1” to add pull-up/pull-down resistor.

The bp4 of the pull-up/pull-down resistor selection register (SELUD) select if pull-up resistor or pull-down resis-
tor is added.

Each bit can be selected individually as input mode by the portA input mode register (PAIMD). The control flag
of the portA input mode register (PAIMD) isset to "1" to input the special function dataand 1 isread out from the
portA input register (PAIN), and "0" to use as the general port.

For PAO, PA2, PA5 and PAG6, each bit can be selected individually as Nch open-drain output by the port A Nch
open-drain control register (PAODC). When the port A Nch open-drain control register (PAODC) issetto“1” for
Nch open-drain output and to “0” for push-pull output.

m  Special Function Pin Setup

PAO isused as ouput pin of the serial 0 transmission data and UARTO transmission data, aswell. When the
SCOSBOS flag of the seria interface 0 mode register 1 (SCOMD1) isset to“1”, PAQ isthe serial data output pin.
Push-pull output or Nch open-drain output can be selected by setting the port A Nch open-drain control register
(PAODC).

PA1 can be used as input pin of the serial 0 reception data and UARTO reception data, as well.

PA2 can be used as the serial 0 clock I/0 pin, aswell. When the SCOSBTS flag of the seria interface 0 mode reg-
ister 1 (SCOMD1) issetto“1”, PA2 isthe seria clock output pin. Push-pull output or Nch open-drain output can
be selected by setting the port A Nch open-drain control register (PAODC).

PA4 can be used as input pin of the serial 1 reception data and UART 1 reception data, as well.

PA5 is used as ouput pin of the serial 1 transmission data and UART1 transmission data, aswell. When the
SC1SBOSflag of the seria interface 1 mode register 1 (SCIMD1) issetto “1”, PAS isthe seria data output pin.
Push-pull output or Nch open-drain output can be selected by setting the port A Nch open-drain control register
(PAODC).

PA6 can be used asthe serial 1 clock 1/O pin, aswell. When the SC1SBOS flag of the seria interfacel mode reg-
ister 1 (SCIMD1) issetto“1”, PA2 isthe seria clock output pin. Push-pull output or Nch open-drain output can
be selected by setting the port A Nch open-drain control register (PAODC).

Port A
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PAOisused asinput pin for analog, aswell. Each bit can be set individually as an input by the port A input mode
register (PAIMD). When it isused asanalog input pin, set the port A input mode register to “1”. Then, the value
of the port A input register isread tobe “1”.

PA1isused asinput pin for analog, aswell. Each bit can be set individually as an input by the port A input mode
register (PAIMD). When it isused as analog input pin, set the port A input mode register to “1”. Then, the value
of the port A input register isread tobe “1”.

PA2isused asinput pin for analog, aswell. Each bit can be set individually as an input by the port A input mode
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, thevalue
of the port A input register isread to be“1”.

PA3isused asinput pin for analog, aswell. Each bit can be set individually as an input by the port A input mode
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, thevalue
of the port A input register isread to be“1”.

PA4 isused asinput pin for analog, aswell. Each bit can be set individually as an input by the port A input mode
register (PAIMD). When it isused as analog input pin, set the port A input mode register to “1”. Then, the value
of the port A input register isread tobe “1”.

PAS5 isused asinput pin for analog, aswell. Each bit can be set individually as an input by the port A input mode
register (PAIMD). When it isused as analog input pin, set the port A input mode register to “1”. Then, the value
of the port A input register isread tobe “1”.

PA6 isused asinput pin for analog, aswell. Each bit can be set individually as an input by the port A input mode
register (PAIMD). When it isused as analog input pin, set the port A input mode register to “1”. Then, the value
of the port A input register isread tobe“1”.

Serial 0 1/O pin can be selected to either PAO to PA2 or P75 to P77. When the SCOSL flag of the serial selection
register (SCSEL) issetto“0”, PAOto PA2 are selected, to “ 1", P75to P77 are selected. For seria 1 1/0 pin, either
P15 to P17 or PA4 to PA6 can be selected by setting the serial selection register (SCSEL). When the SC1SL flag
of the serial selection register (SCSEL) isset to “0” for P15to P17, to “1” for PA4 to PAG.

Port A
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4.8.2 Registers

IvV-74

Table:4.8.1 shows the registers that control the port A.

Table:4.8.1 Port A Output Control Register

Registers Address R/W Function Page
PAOUT O0x03F1A R/W Port A output register IV-74
PAIN 0x03F2A R Port A input register IV-75
PADIR 0x03F3A R/W Port A direction control register IV-75
PAPLUD O0x03F4A R/W Port A pull-up/pull-down resistor control register | IV-76
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IvV-77
PAIMD Ox03F4E R/W Port A input mode register IV-76
PAODC 0x03F2D R/W Port A Nch open-drain control register IV-77
R/W:Readable/Writable
m  Port A output register (PAOUT.0x03F1A)
bp 7 6 5 4 3 2 1 0
Flag - PAOUT6 | PAOUT5 |PAOUT4 |PAOUT3 |PAOUT2 |PAOUT1 |PAOUTO
At reset - X X X X X X X
Access - R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 -
6 PAOUT6
Z iﬁgaﬁ Output data
0:Output L(VSS level)

3 PAOUTS 1:Output H(VDD level)
2 paouT2 | YR
1 PAOUT1
0 PAOUTO

Port A




m  Port A Input Register (PAIN:0x03F2A)
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bp 7 6 5 4 3 2 1 0
Flag - PAIN6 PAINS PAIN4 PAIN3 PAIN2 PAIN1 PAINO
At reset - 1 1 1 X

Access - R R R R R R R

bp Flag Description

7 -

6 PAING

5 PAINS

Input data

4 PAIN4 0:Pin is L(VSS level)

3 PAIN3 1:Pin is H(VDD level)

2 PAIN2 ’

1 PAIN1

0 PAINO
m  Port A Direction Control Register (PADIR:0x03F3A)

bp 7 6 5 4 3 2 1 0

Flag - PADIR6 PADIR5 PADIR4 PADIR3 PADIR2 PADIR1 PADIRO
At reset - 0 0 0 0 0 0 0
Access - R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

7 -

6 PADIR6

5 PADIR5 .

: papiRa | 10 noce seectr

3 PADIRS 1:OEt ut mode

2 PADIR2 |~ UP

1 PADIR1

0 PADIRO

Port A
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m  Port A Pull-up/pull-down Resistor Control Register (PAPLUD:0x03F4A)

bp 7 6 5 4 3 2 1 0
Flag - PAPLUDG6 | PAPLUDS | PAPLUD4 | PAPLUDS | PAPLUDZ2 | PAPLUD1 | PAPLUDO
At reset - 1 1 1 0 0 0 0
Access - R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

7 -

6 PAPLUD6

5 PAPLUDS Pull-up/pull-down resistor selection

4 PAPLUDA4 | .

0:Not added

3 PAPLUD3 1:Added

2 PAPLUD2 | ™

1 PAPLUD1

0 PAPLUDO
m  Port A Input Mode Register (PAIMD:0x03F4E)

bp 7 6 5 4 3 2 1 0
Flag - PAIMD6 PAIMD5 PAIMD4 PAIMD3 PAIMD2 PAIMD1 PAIMDO
At reset - 0 0 0 0 0 0 0
Access - R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

7 -

6 PAIMDG6

S PAIMDS Analog input selection

4 PAIMD4 | gortp

3 PAIMD3 1:AnaFI)o input

2 PAIMD2 | —AN&legnp

1 PAIMD1

0 PAIMDO
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m  Port A Nch Open-drain Control Register (PAODC:0x03F2D)
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bp 7 6 5 4 3 2 1 0
Flag - PAODC6 |PAODCS5 |- - PAODC2 |- PAODCO
At reset - 0 0 - - 0 - 0
Access - R/W R/W - - R/W - R/W
bp Flag Description
7 -
6 PAODC6
5 PAODCS Nch open-drain output selection
4 - :
3 i 0:Push-pull output
5 PAODC?2 1:Nch open-drain output
1 -
0 PAODCO
m  Pull-up/pull-down Resistor Selection Register (SELUD:0x03F4B)
bp 7 6 5 4 3 2 1 0
Flag - - - PADWN P3DWN PO9DWN P7DWN P1DWN
At reset - - - 1 1 1 0 0
Access - - - R/W R/W R/W R/W R/W
bp Flag Description
7 - -
6 - -
5 - -
Port A pull-up/pull-down selection
4 PADWN 0:Pull-up
1:Pull-down
Port 3 pull-up/pull-down selection
3 P3DWN 0:Pull-up
1:Pull-down
Port 9 pull-up/pull-down selection
2 PODWN 0:Pull-up
1:Pull-down
Port 7 pull-up/pull-down selection
1 P7DWN 0:Pull-up
1:Pull-down
Port 1 pull-up/pull-down selection
0 P1DWN 0:Pull-up
1:Pull-down
Port A
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4.8.3 Block Diagram

Reset
r | PAODCO

K R

Nch open-drain control

@j

eset
R PADWN
Pull-up/pull-down resistor selection P %7

K R XZ

Pull-up/pull-down resistor control DRQ PAPLUDO ‘ )

K R

Reset
LR PADIRO

= V¥ <] Pao

PAOUTO orvl

1/0 direction control

snq ereq
!
e
Q Forl:

Port output data

U
R | X

Reset
R~ PAIMDO|

K R

Input mode control D

Z

Schmitt trigger input

Port input data ﬂ PAINO T
~NJ R

Analog input

Serial O reception data input

Serial O/UARTO transmission data output
SCOMD1(SCOSBOS)

Figure:4.8.1 Block Diagram (PAQ)

N4
=] PADWN

Pull-up/pull-down resistor selection

R y
Pull-up/pull-down resistor control RqPAPLUDL 4D)—{

Reset
%] PADIRL

L LlE
= sl
<1
o
<H

@
]
-

E

110 direction control

snq elreq
@ @

<] <]

Pl o)

X|pa1

PAOUT1

Port output data

Reset
R PAIMD1

Input mode control

Eﬂ

Schmitt trigger input

PAIN1
v/

Port input data

27\

Analog input
Serial 0/UARTO reception data input

Figure:4.8.2 Block Diagram (PA1)

Port A



Nch open-drain control

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/0 direction control

Port output data

Input mode control

Port input data

Analog input

Serial O clock input
Serial O clock output
SCOMD1(SCOSBTS)

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/0 direction control

Port output data

Input mode control

Port input data

Analog input

~J R

NN Reset
bR PAODC2
vex | /R

Reset
bRy PADWN
vek | \/R

Reset
DRg PAPLUD2
vek | \/R

Reset

= | PADIR2
D

vek | \/R

sng ereq

b PAOUT2 orvl
]
ex | AR ol

Reset

=] PAIMD2|
)

K | \AR

Schmitt trigger input

_ PAIN2
~

o7

Y Reset
P,

Figure:4.8.3 Block Diagram (PA2)

=] PADWN

i

vek | \/R
Reset
bR PAPLUD3

Y
— ey

R

Reset
=] PADIR3

K R

Eﬁi

PAOUTS
Ak,

snq ereq
? o)
~

eset
=] PAIMD3

o
e

D

K | \/R

_PAIN3
RN

b

Schmitt trigger input
/s

Figure:4.8.4 Block Diagram (PA3)

X pa3

Port A
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Y Reset
R ] PADWN
Pull-up/pull-down resistor selection D
vek | \ /R

Reset
PAPLUD4

¥
i— ey

Pull-up/pull-down resistor control

Reset
1/0 direction control HRo PADIR4
VCK R

X PA4

Port output data

snqg ereg

PAOUT4
T

o
e

Reset
R~ PAIMD4
Input mode control D
YCK R

Port input data ﬂ PAIN4

~N R

Schmitt trigger input
/s

Analog input
Serial 1/UART1 reception data input

Figure:4.8.5 Block Diagram (PA4)

Y ese!
AODC5
Nch open-drain control D
R

Reget
R P
K
Reset
=] PADWN
Pull-up/pull-down resistor selection D
K R
Reget
. PAPLUDS
Pull-up/pull-down resistor control
K R

Reset
1/0 direction control pR PADIRS
VCK R

snq eleq

Port output data PAOUTS o ’\l‘ﬂj

v
Y
—
R

Reset
Input mode control DR PAIMDS)
K | \/R

Schmitt trigger input
o/

_PAIN5
]
R

Port input data

Analog input

Serial 1 reception data input

Serial 1/UART1 transmission data output
SC1MD1(SC1SBOS)

Figure:4.8.6 Block Diagram (PA5)
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Nch open-drain control

Pull-up/pull-down resistor selection

Pull-up/pull-down resistor control

1/O direction control

Port output data

Input mode control

Port input data

Analog input

Serial 1 clock input
Serial 1 clock output
SC1MD1(SC1SBTS)

Reset
M R PAODCE
K | \/R

Reset

=] PADWN
D
v R

Reset
S PAPLUDG6
K | \/R

snqg ereq

Reset

=1 PADIR6
D
VEK R

Chapter 4

L [PAOUT6 o
Ted o 0

Schmitt tri;;%ﬂlsut
/s

Figure:4.8.7 Block Diagram (PA6)
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4.9 Real Time Output Control

P12, P14, P16 have the real time output function that can switch pin output at the falling edge event of the exter-
nal interrupt O pin (P54/1RQO).

Thereal time control isthe function that can change the timer output signal (PWM output, timer pulse output,
remote control career output) synchronized with the external event without the interposition. Switchable output
values at the event generation are “0”, “1”, “Hi-impedance (Hi-2)".

4.9.1 Registers

Table:4.9.1 shows the real time output control registers of port 1.

Table:4.9.1 Real Time Output Control Registers

Register Address R/ Function Page

w
Port 1 P1OUT 0x03F11 R/ Port 1 output register V-7

w

P1DIR 0x03F31 R/ Port 1 direction control register V-8
w

P1PLUD 0x03F41 R/ Port 1 pull-up/pull-down resistor control V-9
W register

P1OMD 0x03F39 R/ Pull-up/pull-down resistor V-9
W selection register

P1CNTO 0x03F3D R/ Port 1 real time output control register IV-11
w

4.9.2 Operation
. ________________________________________________________________________________________________________|

m Real Time Output Pin Setup

Thereal time output pin setup should be done at the port 1 output control register (PLCNTO). Selectable pinsare
P12, P14, P16 and each of them can be specified by each bit. The output mode should be selected at the port 1
direction control register (P1DIR).

The pin output that is switched at the falling edge event of the external interrupt O pin (P54/IRQ0) is“0", “1”,
“Hi-impedance’. Port isinput mode at the hi-impedance.

Therea time control isthe function that changes the timer output signal (PWM output, timer pul se output remote
control career output) synchronized with the external event. It isalso available to normal port output.

When /O port (real time control disabled) is selected at the port 1 output control register (PLCNTO), if switching
event is generated, the value is not be changed. Set this mode when it is used as the general port.

Real Time Output Control
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m  Real Time Output Control Operation

After the setup of the port 1 output control register (PLCNTO), selected function at the port 1 output mode register
(P1OMD) is output to the pin until the falling edge is generated at the external interrupt 0 pin (P54/IRQOQ).

When the falling edge is generated, pin output is switched to the set value. The falling edge event istaken in the
edge event hold function that is shown below and the setup value of the port 1 output control register (PLCNTO)
isheld until that information is cleared.

m Real Time Output Release (Clearance of edge event hold function)

After the event generation, when the write operation is done to the port 1 output register (PLOUT), the informa-
tion of the edge event hold function is cleared and all output pins are reset to the output data before the event gen-
eration. The event is generated again, it is switched to the setup value of the port 1 output control register
(P1CNTO0). When thereal time control is canceled, set the port 1 output control register (PLCNTO) to I/O port
(real time control disabled).

Regardless of the setup at the external interrupt 0 control register (IRQOICR), valid edge of
IRQO is only the falling edge.

port 1 output register (PLOUT) in advance and clear the information of the edge event hold

G When the real time output control function is used, writing operation should be done to the
2 function.

m  Timing of Real Time Output Control

P1CNTO setvalue:” 0" (Low) output

Timer output
External interrupt O
(IRQO) ;

PITCNT : _ PITCNT
set value > Timer output > setvalue — %

P1n output
(n=2,4,6)

Write operation to
P1OUT register

-&—— Timer output H#

Figure:4.9.1 Timing of Real Time Output Control

Real Time Output Control
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V-2

5.1 Overview

ThisLSl contains one general purpose 8-bit timers (Timer 0) and three 8-bit timers combined baud rate timers
(Timer 1, Timer 2, Timer 3). Timer 0 and timer 1 or timer 2 and timer 3 can be used as 16-bit timer with cascade
connection. In acascade connection, timer o and timer 2 form the “timer 0”, or the lower 8 bits of 16-bit counter,
and timer 1 and timer 3 form the “timer 1", or the upper 8 bits.

8-hit timer contains two prescal ers which can use at the same time. Each prescaler counts fosc, fs as the base
clock. Configurations of hard ware are shown below.

Prescaler O (fosc base) 7 bits Prescaler

Prescaler 1 (fs base) 3 hits Prescaler
Prescaler 0 outputs fosc/4, fosc/16, fosc/32, fosc/64, fosc/128.
Prescaler 1 outputs fg/2, /4, f5/8.

Fosc or fs can be selected as the clock source for each timer by using the prescaler.

Overview
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Functions

Chapter 5

8-bit Timers

Table:5.1.1 shows functions that can be used with each timer.

Table:5.1.1 Timer Functions

Timer O Timer 1 Timer 2 Timer 3
(8-bit) (8-bit) (8-bit) (8-bit)
Interrupt source TMOIRQ TM1IRQ TM2IRQ TM3IRQ
Timer operation (0] @) (0] 0
Event count TMOIO input TM1IO input TM2I0 input TM3IO input
(P14) (P70) (P16) (P71)

Timer pulse output

TMOIO output
(P14)

TM1IO output
(P70)

TM210 output
(P16)

TM3IO output
(P71)

PWM output

TMOIO output pin
(P14)

TM2IO output pin
(P16)

Additional pulse
method PWM
output

(0]

o

Timer output to
large current pin

TMOOA output pin
(P50I

TM20A output pin
(P52)

Serial transfer - Serial 0 Serial 0, 2 Serial 2

clock output

Pulse width External interrupt 0 | - External interrupt 2 | -

measurement (P54/1IRQ0) (P56/IRQ2)

Cascade (e} (0]

connection

Clock source fosc fosc fosc fosc
fosc/4 fosc/4 fosc/a fosc/4
fosc/16 fosc/16 fosc/16 fosc/16
fosc/32 fosc/64 fosc/32 fosc/64
fosc/64 fosc/128 fosc/64 fosc/128
fs/2 fs/2 fs/2 fs/2
fs/4 fs/8 fs/a fs/8
fx fx fx fx
TMOIO input TM1IO input TM2IO input TM3IO input

fosc:Machine clock (High frequency oscillation)
fx:Machine clock (Low frequency oscillation)
fs:System clock [Chapter 2. 2.5 Clock Switching]
-When timer 3 is used as a baud rate timer for serial function, it cannot be uses as a general timer.
-Pulse width measurement function is not available at cascade connection (16-bit counter).
-At cascade connection (16-bit counter), when the clock source is fx and TMnIO input is selected, set the
synchronous fx and synchronous TMnIO input.
This function is not available when clock source is fx and TMnlO input is selected at cascade connection.

Overview
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5.1.2 Block Diagram

m  Prescaler Block Diagram

TMnEN
7bit prescaler S 3bit prescaler S
fosc —q ck PSCO fs —ck PSC1
CKOMD
TMoBAS |8P° 3
TMOPSCO
TMOPSC1
TMOADDEN 2
TMOADDO M ,
TMOADD1 4 u Timer 0
- X
- bp7
CKIMD
TMIBAS %pO 3
TM1PSCO
Tmipsct [
- 2 = M -
- 4 Y Timer 1
- X
- bp7
CK2MD
Twizeas |3 3
TM2PSCO
Twzpsct |J
TM2ADDEN 2
| M
TM2ADDO 4 N Timer 2
TM2ADD1
- X
- bp7
CK3MD
TM3BAS tl’po 3
TM3PSCO
Tmapsci])
- 2 M
- 4 = U Timer 3
- X
- bp7

fs/8
fs/4
fs/2

o]

N TN ©
dOMmdost N
NN ===
[SISHSIRSEE RSN E)
N NN Ny OO
0000000
WG S e

Figure:5.1.1 Prescaler Block Diagram
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m  Timer 0 and 1 Block Diagram
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Figure:5.1.2 Timer 0 and 1 Block Diagram
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Figure:5.1.3 Timer 2 and 3 Block Diagram
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5.2 Control Registers

Timer 0 to 3 consist of the binary counter (TMnBC) and the compare register (TMnOC). And they are controlled
by the mode register (TMnMD).

When the prescaler output is selected as the count clock source of timer 0 to 3, they should be controlled by the
prescaler selection register (CKnMD).

521 Registers

Table:5.2.1 shows registers that control timer O to timer 3.
Table:5.2.1 8-bit Timer Control Registers

Register Address R/W | Function Page
Timer O TMOBC 0x03F50 R Timer O binary counter V-13
TMOOC 0x03F52 R/W | Timer O compare register V-12
TMOMD 0x03F54 R/W | Timer O mode register V-14
CKOMD 0x03F56 R/W | Timer O prescaler selection register V-9
TMOICR Ox03FE7 R/W | Timer O interrupt control register 1-24
P1OMD 0x03F1C R/W | Port 1 output mode register IV-10
P1DIR 0x03F31 R/W | Port 1 direction control register V-8
P50MD 0x03F2C R/W | Port 5 output mode register IV-44
P5DIR 0x03F35 R/W | Port 5 direction control register IV-42
Timer 1 TM1BC 0x03F51 R Timer 1 binary counter V-13
TM10C 0x03F53 R/W | Timer 1 compare register V-12
TM1MD 0x03F55 R/W | Timer 1 mode register V-15
CK1MD 0x03F57 R/W | Timer 1 prescaler selection register V-10
TM1ICR Ox03FE8 R/W | Timer 1 interrupt control register 11-25
P10OMD 0x03F1C R/W | Port 1 output mode register IV-10
P1DIR 0x03F31 R/W | Port 1 direction control register V-8
P70OMD 0x03F3C R/W | Port 7 output mode register IV-53
P7DIR 0x03F37 R/W | Port 7 direction control register IV-52

Control Registers V-7
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V-8

Register Address R/W | Function Page
Timer 2 TM2BC 0x03F58 R Timer 2 binary counter V-13
TM20C O0x03F5A R/W | Timer 2 compare register V-12
TM2MD 0x03F5C R/W | Timer 2 mode register V-16
CK2MD 0x03F5E R/W | Timer 2 prescaler selection register V-11
TM2ICR O0x03FE9 R/W | Timer 2 interrupt control register -17
P1OMD 0x03F1C R/W | Port 1 output mode register IV-10
P1DIR 0x03F31 R/W | Port 1 direction control register V-8
P50MD 0x03F2C R/W | Port 5 output mode register IV-44
P5DIR 0x03F35 R/W | Port 5 direction control register IV-42
Timer 3 TM3BC 0x03F59 R Timer 3 binary counter V-13
TM30C 0x03F5B R/W | Timer 3 compare register V-12
TM3MD 0x03F5D R/W | Timer 3 mode register V-17
CK3MD O0x03F5F R/W | Timer 3 prescaler selection register V-11
TM3ICR Ox03FEA R/W | Timer 3 interrupt control register 1-27
P10OMD 0x03F1C R/W | Port 1 output mode register IV-10
P1DIR 0x03F31 R/W | Port 1 direction control register V-8
P70MD 0x03F3C R/W | Port 7 output mode register IV-10
P7DIR 0x03F37 R/W | Port 7 direction control register V-8
R/W:Readable / Writable
R:Readable only

Control Registers
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5.2.2 Timer Prescaler Registers
. ________________________________________________________________________________________________________|

Timer prescaler selection register selects the count clock for 8-bit timer.
The register which selects prescaler output is consisted by the timer prescaler selection register (CKnMD).
m  Timer O prescaler selection register (CKOMD:0x03F56)

bp 7 6 5 4 3 2 1 0
Flag - - TMOADD | TMOADD | TMOADDEN | TMOPSC1 | TMOPSCO | TMOBAS
1 0

At reset - - 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7-6 - -

Additional pulse position (within PWM 4 periods)

00: None

TMOADD1 ) .

5-4 TMOADDO 01:2nd period

10:1st, 3rd periods
11:1st, 2nd, 3rd periods

TMOADDEN | Additional pulse method PWM output control

3 0:Disabled (8-bit PWM output)
1:Enabled

2-0 Clock source selection
000:fosc/4

TMOPSC1 010:fosc/16
TMOPSCO 100:fosc/32
TMOBAS 110:fosc/64
X01:fs/2
X11:fs/4

Control Registers V-9
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m  Timer 1 Prescaler Selection Register (CK1MD:0x03F57)

bp 7 6 5 4 3 2 1 0
Flag - - - - - TM1PSC1 | TM1PSCO | TM1BAS
At reset - - - - - 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7-3 - -
2-0 Clock source selection
000:fosc/4
TM1PSC1 010:fosc/16
TM1PSCO 100:fosc/64
TM1BAS 110:fosc/128
X01:fs/2
X11:fs/8

Control Registers
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m  Timer 2 Prescaler Selection Register (CK2MD:0x03F5E)
bp 7 6 5 4 3 2 1 0
Flag - - TM2ADD | TM2ADD | TM2ADDEN | TM2PSC1 | TM2PSCO | TM2BAS
1 0
At reset - - 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7-6 - -
Additional pulse position (within PWM 4 periods)
00: None
5-4 $mgﬁggé 01:2nd period
10:1st, 3rd periods
11:1st, 2nd, 3rd periods
TMOADDEN | Additional pulse method PWM output control
3 0:Disabled (8-bit PWM output)
1:Enabled
2-0 Clock source selection
000:fosc/4
TM2PSC1 010:fosc/16
TM2PSCO 100:fosc/32
TM2BAS 110:fosc/64
X01:fs/2
X11:fs/4
m Timer 3 Prescaler Selection Register (CK3MD:0x03F5F)
bp 7 6 5 4 3 2 1 0
Flag - - - - - TM3PSC1 | TM3PSCO | TM3BAS
At reset - - - - - 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7-3 - -
2-0 TM3PSC1 Clock source selection
TM3PSCO 000:fosc/4
TM3BAS 010:fosc/16
100:fosc/64
110:fosc/128
X01:fs/2
X11:fs/8

Control Registers
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5.2.3

Programmable Timer Registers

Each of timer 0 to 3 has 8-bit programmable timer registers.

Programmabl e timer register consists of compare register and binary counter.

Compare register is 8-bit register which stores the value to be compared to binary counter are stocked.

m  Timer 0 Compare Register (TMOOC:0x03F52)

bp 7 6 5 4 3 2 1 0

Flag TMOOC7 | TMOOC6 | TMOOC5 | TM0OOC4 | TMOOC3 | TMOOC2 |TMOOC1 | TMOOCO
At reset X X X X X X X X
Access R/W R/W R/W R/W R/W R/W R/W R/W

m  Timer 1 Compare Register (TM1OC:0x03F53)

bp 7 6 5 4 3 2 1 0

Flag TM10C7 | TM10C6 | TM10C5 |TM10C4 |T10C3 TM10C2 | TM10C1 | TM10CO
At reset X X X X X X X X
Access R/W R/W R/W R/W R/W R/W R/W R/W

m  Timer 2 Compare Register (TM20C:0x03F5A)

bp 7 6 5 4 3 2 1 0

Flag TM20C7 | TM20C6 | TM20C5 | TM20C4 | T20C3 TM20C2 | TM20OC1 | TM20CO0
At reset X X X X X X X X
Access R/W R/W R/W R/W R/W R/W R/W R/W

m  Timer 3 Compare Register (TM30C:0x03F5B)

bp 7 6 5 4 3 2 1 0

Flag TM30OC7 | TM30C6 | TM30OC5 |TM30C4 |T30C3 TM30C2 | TM30OC1 | TM30OCO
At reset X X X X X X X X
Access R/W R/W R/W R/W R/W R/W R/W R/W

Control Registers
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Binary counter is 8-bit up counter. If any dataiswritten to compare register the counting is stopped and binary

counter is cleared to 0x00.

m  Timer 0 Binary Counter (TMOBC:0x03F50)

Chapter 5
bit Timers

bp 7 6 5 4 3 2 1 0

Flag TMOBC7 | TMOBC6 |TMOBC5 |TMOBC4 |TMOBC3 | TMOBC2 |TMOBC1 | TMOBCO
At reset 0 0 0 0 0 0 0 0
Access R R R R R R R R

m  Timer 1 Binary Counter (TM1BC:0x03F51)

bp 7 6 5 4 3 2 1 0

Flag TM1BC7 |TM1BC6 |TM1BC5 |TM1BC4 |TM1BC3 |TM1BC2 |TM1BC1 | TM1BCO
At reset 0 0 0 0 0 0 0 0
Access R R R R R R R R

m  Timer 2 Binary Counter (TM2BC:0x03F58)

bp 7 6 5 4 3 2 1 0

Flag TM2BC7 | TM2BC6 |TM2BC5 |TM2BC4 |TM2BC3 | TM2BC2 | TM2BC1 | TM2BCO
At reset 0 0 0 0 0 0 0 0
Access R R R R R R R R

m  Timer 3 Binary Counter (TM3BC:0x03F59)

bp 7 6 5 4 3 2 1 0

Flag TM3BC7 | TM3BC6 |TM3BC5 |TM3BC4 |TM3BC3 |TM3BC2 |TM3BC1 | TM3BCO
At reset 0 0 0 0 0 0 0 0
Access R R R R R R R R

Control Registers
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5.2.4

Timer Mode Registers
. ________________________________________________________________________________________________________|

Timer mode register is readable/writable register that controlstimer 0 to 3.

m  Timer 0 Mode Register (TMOMD:0x03F54)

bp 7 6 5 4 3 2 1 0
Flag - TMOPOP | TMOMOD | TMOPWM | TMOEN TMOCK2 | TMOCK1 | TMOCKO
At reset - 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 - -
6 TMOPOP Output signal start polarity selection
0:Timer output L-~H, PWMH-L
1:Timer output H-H, PWM L H
5 TMOMOD Pulse width measurement control
0:Normal timer operation
1:P54 pulse width measurement
4 TMOPWM Timer O operation mode selection
0:Normal timer operation
1:PWM operation
3 TMOEN Timer O count control
0:Halt the count
1:Operate the count
2-0 TMOCK2 Clock source selection
TMOCK1 X00:fosc
TMOCKO X01:TMOPSC (Prescaler output)
010:fx
011:Synchronous fx
110:TMOIO input
111:Synchronous TMOIO output
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m  Timer 1 Mode Register (TM1MD:0x03F55)
bp 7 6 5 4 3 2 1 0
Flag - - - TM1CAS | TM1EN TM1CK2 | TM1CK1 | TM1CKO
At reset - - - 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7-5 - -
4 TM1CAS Timer 1 operation mode selection

0:Normal timer operation

1:Cascade connection
3 TM1EN Timer 1 count control

0:Halt the count

1:Operate the count
2-0 TM1CK2 Clock source selection

TM1CK1 X00:fosc
TM1CKO X01:TM1PSC (Prescaler output)

010:fx

011:Synchronous fx

110:TM1IO input

111:Synchronous TMOIO input

Control Registers
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m  Timer 2 Mode Register (TM2MD:0x03F5C)

bp 7 6 5 4 3 2 1 0
Flag - TM2POP | TM2MOD | TM2PWM | TM2EN TM2CK2 | TM2CK1 | TM2CKO
At reset - 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 - -
6 TM2POP Output signal start polarity selection
O:Timer output L-H, PWM H-L
1:Timer output H-H, PWM L-H
5 TM2MOD Pulse width measurement control
0:Normal timer operation
1:P56 pulse width measurement
4 TM2PWM Timer 2 operation mode selection
0:Normal timer operation
1:PWM operation
3 TM2EN Timer 2 count control
0:Halt the count
1:Operate the count
2-0 TM2CK2 Clock source selection
TM2CK1 X00:fosc
TM2CKO X01:TM2PSC (Prescaler output)
010:fx
011:Synchronous fx
110:TM2IO input
111:Synchronous TM2IO output
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m  Timer 3 Mode Register (TM3MD:0x03F5D)
bp 7 6 5 4 3 2 1 0
Flag - - - TM3CAS | TM3EN TM3CK2 | TM3CK1 | TM3CKO
At reset - - - 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7-5 - -
4 TM3CAS Timer 3 operation mode selection
0:Normal timer operation
1:Cascade connection
3 TM3EN Timer 3 count control
0:Halt the count
1:Operate the count
2-0 TM3CK2 Clock source selection
TM3CK1 X00:fosc
TM3CKO X01:TM3PSC (Prescaler output)
010:Synchronous fx
110:TM3IO input
111:Synchronous TM3IO input

Control Registers
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m  Port 1 Output Mode Register (P1LOMD:0x03F1C)

bp 7 6 5 4 3 2 1 0
Flag P1OMD7 | P10MD6 |P10OMD5 |P10OMD4 |P1OMD3 |NBUZSEL | PIOMD2 | BUZSEL
At reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 P1OMD7 1/O port, TM20B selection

0:1/0 port

1:TM20B
6 P1OMD6 1/0O port, TM2IO selection

0:1/O port

1:TM2I10
5 P1OMD5 I/0O port, TMOOB selection

0:1/0 port

1:TM0OB
4 P1OMD4 1/0O port, TMOIO/RMOUT selection

0:1/O port

1:TMOIO/RMOUT
3 P10OMD3 I/0O port, TM710 selection

0:1/0 port

1. TM710
2 NBUZSEL 1/0 port, NBUZZER selection

0:1/O port

1:NBUZZER
1 P10OMD2 I/0O port, TM8IO selection

0:1/0 port

1:.TM8IO
0 BUZSEL 1/0O port, BUZZER selection

0:1/O port

1:BUZZER

V-18
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5.3 Prescaler
]

531 Prescaler Operation

m Prescaler Operation (Prescaler 0 to 1)

Prescaler O, prescaler 1 are each free-run counter of 7 bits, 3 bits and output the dividing clock of the reference
clock. Thiscount up operation starts automatically when any TMnEN flags of 8-bit timer are set to “1” and oper-
ate the timer n counting. Also, it stops automatically when all TMnEN flags of 8-bit timer are set to “0” and stop
al timer counting.

m  Count Timing of Prescaler Operation (Prescaler O to 1)
Prescaler 0 counts up at the falling edge of fosc.

Prescaler 1 counts up at the rising edge of fs.

m  Peripheral Functions

Peripheral functions which can use the prescaler output dividing clock, or registers which control the dividing
clock selections are shown below.

Timer 0 Count Clock CKOMD
Timer 1 Count Clock CK1MD
Timer 2 Count Clock CK2MD
Timer 3 Count Clock CK3MD

Start the timer operation after the prescaler setup. Also, at the timer, the prescaler output
should be set up by the timer mode register. The prescaler starts counting at the start of the

timer operation.

Prescaler

V-
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5.3.2 Setup Example
|
m  Prescaler Operation Setup Example

fg/2 clock which is output from the prescaler 1 is selected to the count clock of the timer O.

A setup procedure example, with a description of each step in shown below:

Setup Procedure Description
(1) Select the prescaler output (1) Select fs/2 to the prescaler output by the TMOPSC 1 to
CKOMD(0x03F56) 0, TMOBAS flag of the timer O prescaler selection
bp2-1 :TMOPSC1-0 =X0 register.
bp0 :TMOBAS =1

At the timer, prescaler output selection should be set up by the timer mode register.
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54 8-bit Timer

54.1 8-bit Timer Operation

Timer operation can constantly generates interrupts.
m  8-bit Timer Operation (Timer 0, 1, 2, and 3)

The generation cycle of timer interruptsis set by the clock source selection and the setting value of the compare
register (TMnOC), in advance. If the binary counter (TMnBC) reaches the setting value of the compare register,
an interrupt is generated at the next count clock, then binary counter is cleared and counting is restarted from
0x00.

Table shows clock source that can be selected by timer.

Clock source per Count Timer 0 Timer 1 Timer 2 Timer 3
(8-bit) (8-bit) (8-bit) (8-bit)

fosc 100 ns (0] (0] (0] (0]

fosc/4 400 ns (0] (0] (0] (0]

fosc/16 1.6 ys (0] (0] @) (0]

fosc/32 3.2us (0] - @) -

fosc/64 6.4 us (0] (0] 0 (0]

fosc/128 12.8 ps - (0] - (0]

fs/2 400 ns O 0] o 0]

fs/4 800 ns (0] - @) -

fs/8 1.6 ys - (0] - (0]

fx 30.5 us o] o )

fosc=10 MHz fx=32.768 kHz

fs=fosc/2=5 MHz

When fs/2, fs/4, fs/8 are used as clock source, they are counted at the rising of the count
‘ clock and when others are used, they are counted at the falling of the count clock.
n

8-bit Timer V-21
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m  Count Timing of Timer Operation (Timer 0, 1, 2, and 3)

Binary counter counts up with selected clock source as a count clock. The basic operation of the whole function
of 8-bit timer isasfollows:

TMnEN
flag

Compare MX D N I M
register : : : : : : : :

. R G S O
Binary X 00 X01X02>---<N-1X N XOOXOlXOZXOZ%
counter
) (B) (©) (E)

Interrupt
request flag

Figure:5.4.1 Count Timing of Timer Operation (Timer 0, 1, 2, and 3)

« (A)If thevalueiswritten to the compare register during the TMnEN flag is stopped (“0”), the binary counter is
cleared to 0x00, at the writing cycle.

» (B)If the TMnEN flag is operated (“1"), the binary counter is started to count.

 (C)If the binary counter reaches the value of the compare register, the interrupt request flag is set at the next
count clock, then the binary counter is cleared to 0x00 and the counting is restarted.

» (D)Even if the compare register isrewritten during the TMnEN flag isenabled (1), the binary counter is not
changed.

» (B)If the TMnEN flag is stopped (“0"), the binary counter is stopped.

8-bit Timer
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When the binary counter reaches the value in the compare register, the interrupt request flag
is set and the binary counter is cleared, at the next count clock. So set the compare register
as:

Compare register setting = (count till the interrupt request -1)

=

If the compare register is set to smaller than the binary counter during the count operation,
the following operations occur by the values of binary counter and compare register.

1. When using as the 8-bit timer, binary counter counts up until overflow once.

2. When using as the 16-bit timer with cascade connection, if the upper 8 bit value of binary
counter reaches the upper 8 bit value of compare register, binary counter counts up until
overflow once.

3. When using as the 16-bit timer with cascade connection, if the upper 8 bit value of binary
counter reaches the upper 8 bit value of compare register, binary counter is cleared as the
lower 8 bit of binary counter overflows.

=

If the interrupt is enabled, the timer interrupt request flag should be cleared before timer is
started.

(e

When a timer interrupt request flag is generated, up to 3 system clock is required for the next
flag generation. Even if the binary counter reaches the value in the compare register, a timer
interrupt request flag is not generated.

=

When fx is used as the clock source, clear the binary counter before starting the timer opera-
tion. Also, when 0x00 is set to the compare register, use the synchronous fx.

f e

When fx is used as the count clock source and the compare register is rewritten during the
count operation, it may not operate properly. To prevent, use synchronous fx.

f e

When synchronous fx is used as the count clock source, binary counter may reach to unex-
pected value. To prevent, select synchronous fx input.

8-bit Timer V-23
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5.4.2 Setup Example

m  Timer Operation Setup Example (Timer 0, 1, 2, and 3)

Timer function can be set by using timer O that generates the constant interrupt. Interrupt is generated every 250
cycles (200 ps) by selecting fs/2 (at fs=2.5 MHz operation) as a clock source.

A setup procedure example, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter
TMOMD(0x03F54)
bp3 :TMOEN =0

(2) Disable the interrupt
TMOICR(OX03FE7)
bpl :TMOIE =0

(3) Select the normal timer operation
TMOMD(0x03F54)
bp4 :TMOPWM =0
bp5 :TMOMOD =0

(4) Select the count clock source
TMOMD(0x03F54)
bp2-0 :-TMOCK2-0 =X01

(5) Select and enable the prescaler output
CKOMD(0x03F56)
bp2-1 :TMOPSC1-0 =X0
bp0 :TMOBAS =1

(6) Set the cycle of the interrupt generation
TMOOC (0x03F52) =0xF9

(7) Set the interrupt level
TMOICR(OX03FE7)
bp7-6 :-TMOLV1-0 =10

(8) Enable the interrupt
TMOICR (OX03FE7)
bpl :TMOIE =1

(9) Start the timer operation
TMOMD(0x03F54)
bp3 :TMOEN =1

(1) Set the TMOEN flag of the timer 0 mode register
(TMOMD) to “0” to stop the counting of the timer 0.

(2) Set the TMOIE flag of the TMOICR register to “0” to
disable the interrupt.

(3) Set the TMOPWM flag and the TMOMOD flag of the
TMOMD register to “0” to select the normal timer
operation.

(4) Select the prescaler output to the clock source by the
TMOCK?2 to 0 flag of the TMOMD register.

(5) Select fs/2 to the prescaler output by the TMOPSC 1to 0
flag and TMOBAS flag of the timer O prescaler selection
register (CKOMD).

(6) Set the value of the interrupt generation cycle to the
timer O compare register (TMOOC). The cycle is 250,
so that the setting value is set to 249 (0x49).

At that time, the timer O binary counter (TMOBC) is
initialized to 0x00.

(7) Set the interrupt level by the TMOLV1 to O flag of the
timer O interrupt control register (TMOICR).
If the interrupt request flag may be already set, clear
the request flag.
[Chapter 3 3.1.4. Interrupt Flag Setup]

(8) Set the TMOIE flag of the TMOICR register to “1” to
enable the interrupt.

(9) Set the TMOEN flag of the TMOMD register to “1” to
operate the timer O.

8-bit Timer
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The TMOBC starts to count up from 0x00. When the TMOBC reaches the setting value of the TMOOC register,
the timer O interrupt request flag is set at the next count clock, then the value of the TMOBC becomes 0x00 and
restart to count up.

When the TMnEN flag of the TMnMD register is changed at the same time to other bit, binary
counter may start to count up by the switching operation.

Do not operate the TMnEN flag and the TMnCK 2 to 0 flag of the TMnMD register at the
‘ same time. That may lead the malfunction.
u

G Count clock source should be changed when the timer interrupt is disabled.
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5.5 8-bit Event Count

55.1 Operation

Event count operation has 2 types; TMnl O input and synchronous TMnlO input, according to the clock source
selection.

m  8-bit Event Count Operation (Timer 0, 1, 2, and 3)

Event count operation means that the binary counter (TMnBC) counts the input signal from external to the
TMnIO pin. If the value of the binary counter reaches the setting value of the compare register (TMnOC), inter-
rupts can be generated at the next count clock.

Table:5.5.1 Event Count Input Clock

Timer O Timer 1 Timer 2 Timer 3
Event input TMOIO input TM1IO input TM2IO input TM3IO input
(P14) (P70) (P16) (P71)

Synchronous | Synchronous | Synchronous | Synchronous
TMOIO input TM1IO input TM2IO input TM3IO input

m  Count Timing of TMnIO Input (Timer 0, 1, 2, and 3)
When TMnIO input is selected, TMnIO isinput to the count clock of the timer n.
The binary counter is started to count up at the falling edge of the TMnlO input signal.

TM7EN
Flag
Compare
Register M >< i i N i i : :
Binary >< 00 X 01 X 02 >- -- < N-1X N X 00 X 01
Counter
Interrupt

Request Flag

Figure:5.5.1 Count Timing of TMnIO Input (Timer 0, 1, 2, and 3)
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f e

When the TMnIO input is used as the count clock source, the value of the binary counter may
reach to an unexpected value. To prevent, select synchronous TMOIO input.

(e

When TMnIO is used as the count clock source and the compare register is rewritten during
the count operation, it may not operate properly. To prevent, use synchronous TMnIO.

=

When the TMnIO input is selected for count clock source and the value of the timer n binary
counter is read out during operation, incorrect value at count up may be read out. To prevent
this, use the event count by synchronous TMnlIO input, as the following page.

-

When the event input (TMnlO input) is used, clear the binary count before the timer opera-
tion. Also, when 0x00 is set to the compare register, use the event count by the synchronous
TMnIO input, as the following page.

f e

Timer can be recovered from STOP mode only at the TMnIO input. When TMnIO input is
used at STOP mode, fs should be selected for the count clock and set the value to TMnOC,
then select TMnlO input.

(e

When the event input (TMnIO) is selected as the count clock source, and the compare regis-
ter is rewritten during the timer operation, the operation of the corresponding cycle to the
value cannot be guaranteed during the transition period. For proper timer operation with an
expected cycle, stop the timer, rewrite the compare register, then start the timer operation.
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m  Count Timing of Synchronous TMnIO Input (Timer 0, 1, 2, and 3)

If the synchronous TMnlIO input is selected, the synchronous circuit output signal is inputted to the timer n count
clock. The synchronous circuit output signal is synchronization with the falling edge of the system clock derived
the TMnlIO input signal.

e | M i —

\ \ \ \ N ™ N\ \

~
System
Clock (fs) L]
Synchronous : : : : :
Circuit Output ‘
(count clock) . . R Rt

TMnEN
Flag

Compare >< : : :
Register M : : NE 5 5 :
Binary \ o0 >< 01 >< 02 >< N-1 >< N >< 00 !
Counter :

Interrupt
Request Flag

Figure:5.5.2 Count Timing of Synchronous TMnIO Input (Timer 0, 1, 2, and 3)

counter counts up in synchronization with system clock, therefore the correct value is always

G When the synchronous TMnIO input is selected as the count clock source, the timer n
2 read out.
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m  Event Count Setup Example (Timer 0, 1, 2, and 3)

If the falling edge of the TMnIO input pin signal is detected 5 times, an interrupt is generated.

A setup procedure example, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter
TMOMD(0x03F54)
bp3 :TMOEN =0

(2) Enable the interrupt
TMOICR(OX03FE7)
bpl :TMOIE =0

(3) _Set the special function pin to input
P1DIR(0x03F31)
bpO :P1DIRO =0

(4) Select the count clock source
TMOMD(0x03F54)
bp2-0 :TMOCK2-0 =X01

(5) Select and enable the prescaler output
CKOMD(0x03F56)
bp2-1 :TMOPSC1-0 =X0
bp0 :TMOBAS =1

(6) set the interrupt generation cycle
TMOOC (0x03F52) =0x04

(7) Select the normal timer operation
TMOMD(0x03F54)
bp4 :TMOPWM =0
bp5 :TMOMOD =0

(8) Select the count clock source
TMOMD(0x03F54)
bp2-0 :TMOCK2-0 =110

(9) Set the interrupt level
TMOICR(0X03FE7)
bp7-6 :TMOLV1-0 =10

(1) Set the TMOEN flag of the timer 0 mode register to “0” to
stop timer O counting.

(2) Set the TMOIE flag of the TMOICR register to “0” to
disable the interrupt.

(3) Set the P1DIRO flag of the port 1 direction control
register (P1DIR) to “0” to set P10 pin to input mode.
[Chapter 4. I/O Port Function]

(4) Select the prescaler output to the clock source by the
TMOCK?2 to 0 flag of the TMOMD register.

(5) Select the fs/2 to the prescaler output by the TMOPSC1
to 0 flag and the TMOBAS flag of the timer O prescaler
selection register (CKOMD).

(6) Set the interrupt generation cycle to the timer O compare
register (TMOOC). Counting is 5, so the setting value
should be 4.

At the time, the timer O binary counter (TMOBC) is
initializes to 0x00.

(7) Set the TMOPWM flag and the TMOMOD flag of the
TMOMD register to “0” to select the normal timer
operation.

(8) Select the TMOIO input to the clock source by the
TMOCK2 to O flag of the TMOMD register.

(9) Set the interrupt level by the TMOLV1 to O flag of the
timer O interrupt control register (TMOICR).
If the interrupt request flag may be already set, clear
the request flag.
[Chapter 3 3.1.4. Interrupt Flag Setup]
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(10) Enable the interrupt (10) Set the TMOIE flag of the TMOICR register to “1” to
TMOICR(0x03FE7) enable the interrupt.
bpl :TMOIE =1

(11) Start the event count (11) Set the TMOEN flag of the TMOMD register to “1” to
TMOMD(0x03F54) operate the timer 0.
bp3 :TMOEN =1

Every time TMOBC detects the falling edge of TMOIO input, TMOBC counts up from 0x00. When TMOBC
reaches the setting value of TMOOC register, the timer O interrupt request flag is set at the next count clock, then
the value of TMOBC becomes 0x00 and counting up is restarted.
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5.6 8-bit Timer Pulse Output

5.6.1 Operation

The TMnIO pin can output a pulse signal at any frequency.
m  Operation of Timer Pulse Output (Timer 0, 1, 2, and 3)

Thetimers can output signals of 2 x cycle of the setup value in the compare register (TMnOC). Output pinsare as
follows;

Table:5.6.1 Timer Pulse Output Pin

Timer O Timer 1 Timer 2 Timer 3
Pulse output pin | TMOIO TM1I0 TM2I0 TM3IO

output output output output

(P14) (P70) (P16) (P71)

m  Count Timing of Timer Pulse Output (Timer 0, 1, 2, and 3)

TMnEN
flag

Compare
register

= (o - EEEE-

Interrupt
request flag

TMnIO output

Figure:5.6.1 Count Timing of Timer Pulse Output (Timer 0, 1, 2, and 3)

« The TMnIO pin outputs signals of 2 x cycle of the setup value in the compare register. If the binary counter
reaches the compare register, and the binary counter is cleared to 0x00, TMnlO output (timer output) is
inverted.

8-bit Timer Pulse Output
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5.6.2 Setup Example

m  Timer Pulse Output Setup Example (Timer 0, 1, 2, and 3)

TMOIO pin outputs 50 kHz pulse by using timer 0. For this, select fs/2 for clock source, and set a 1/2 cycle (100
kHz) for the timer O compare register (at fs=10 MHz).

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure Description

(1) Stop the counter (1) Set the TMOEN flag of the timer 0 mode register
TMOMD(0x03F54) (TMOMD) to “0” to stop timer O counting.
bp3 :TMOEN =0

(2) Set the special function pin to the output (2) Set the P10MDO flag of the port 1 output mode register
mode (P10MD) to “0” to set P10 pin to the special function
P1OMD(0x03F1C) pin.
bpO :P10MDO =1 Set the TMOMOD flag of the port 1 direction control
P1DIR (0x03F31) register (P1DIR) to “1” to set the output mode.
bp0 :P1DIRO =1 [Chapter 4. I/O Port Function]

(3) Select the normal timer operation (3) Set the TMOMOD flag of the TMOMD register to “0” to
TMOMD(0x03F54) select the normal timer operation.

bp4 :TMOPWM =0
bp5 :TMOMOD =0

(4) Select the count clock source (4) Select the prescaler output to the clock source by the
TMOMD(0x03F54) TMOCK?2 to 0 flag of the TMOMD register.
bp2-0 :TMOCK2-0 =X01

(5) Select and enable the prescaler output (5) Select fs/2 to the prescaler output by the TMOPSC 1to 0
CKOMD(0x03F56) flag and TMOBAS flag of the timer O prescaler selection
bp2-1 :TMOPSC1-0 =X0 register (CKOMD).

bp0 :TMOBAS =1

(6) Set the timer pulse output cycle (6) Set the timer 0 compare register (TMOOC) to the 1/2 of

TMOOC (0x03F52) =0x31 the timer pulse output cycle. The setting value should
be 50-1=49 (0x31), for 100 kHz to be divided by 5 MHz.
At that time, the timer O binary counter (TMOBC) is
initialized to 0x00.

(7) Start the timer operation (7) Set the TMOEN flag of the TMOMD register to “1” to
TMOMD(0x03F54) operate the timer O.
bp3 :TMOEN =1

TMOBC counts up from 0x00. If TMOBC reaches the setting value of the TMOOC register, then TMOBC is
cleared to 0x00, TMOIO output signal isinverted and TMOBC restarts to count up from 0x00.

If any dataiswritten to compare register when the binary counter is stopped, timer output isreset to “L".
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If any data is written to compare register when the binary counter is stopped, timer output is
reset to “L”".

[Compare register] Compare register=Timer pulse output / (Selection clock cycle x 2)-1
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5.7 8-bit PWM Output

The TMnIO pin outputs the PWM waveform, which is determined by the match timing for the compare register
and the overflow timing of the binary counter.

5.7.1 Operation

m  Operation of 8-bit PWM Output (Timer 0 and 2)

The PWM waveform with an arbitrary duty cycleis generated by setting the duty cycle of PWM period to the
compare register (TMnOC). The cycleisthe period from the full count to the overflow of the 8-bit timer.

Table:5.7.1 shows PWM output pins;
Table:5.7.1 Output Pins of PWM Output

Timer 0

Timer 2

PWM output pin TMOIO output pin (P14)

TM2IO output pin (P16)

8-bit PWM Output
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m  Count Timing of PWM Output (at Normal) (Timer 0 and 2)

TMnEN
flag

Compare
register

TMnIO output ~ (A) (B)
(PWM output) L

Time set in the compare regiser

N

PWM basic components(overflow time of binary counter)

Interrupt
request flag

Figure:5.7.1 Count Timing of PWM Output (at Normal)

PWM source waveform when TMnPOP flag is set to “0”
* (A) is“H” while counting up from 0x00 to the value stored in the compare register.

» (B) is“L" after the match to the value in the compare register, then the binary counter continues counting up
till the overflow.
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m  Count Timing of PWM Output (when the compare register is 0x00) (Timer O and 2)

Here is the count timing when the compare register is set to 0x00.

Count

clock

ThREN I
flag

oA N R R ™Y B
register : : : : : : : : : : : :
Binary X 00 X 01 ><N1X N XN+1XN+Z>———< FEX FF >< 00>< 01 ><N1X N ><N+1
counter

H
TMnIO output
(PWM output)

Figure:5.7.2 Count Timing of PWM Output (when compare register is 0x00)

When TMnEN flag is stopped (“0"), PWM output is“H”.
m  Count Timing of PWM Output (when the compare register is OXFF) (Timer 0 and 2)

Here is the count timing when the compare register is set to OxFF.

TMnEN
flag

Compare
register

Binary X oo>< 01 ><N1X N XN+1XN+2>—--< FEX FFX oo>< 01 ><N1X N XN+1
counter

TMnIO output !
(PWM output)

Figure:5.7.3 Count Timing of PWM Output (when compare register is OXFF)

FF
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5.7.2 PWM Output with Additional Pulse

m  PWM Output with Additional Pulse Method (Timer 0 and 2)

In the additional pulse method, an additional bit is added to the 8-bit basic PWM output.

The bit0 to 3 can be added during 4 cycle of basic PWM output.

Whether or not, and to which the additional bit is added during 4 cycles of basic PWM output can be controlled
with the timer O mode register (TMOMD bit 6, 7) and the timer 2 mode register (TM2MD bit 6, 7).

m  Setting the position of the Additional Pulses

The positions of the additional pulseis set in the timer O prescaler selection register (CKOMD)and the timer 2
prescaler selection register (CK2MD) at the bit 5, 4. When the CKOMD and the CK2MD register bit 5 and 4 are
set as ‘00", no additional pulseis added to the basic PWM cycle. When set as‘11’, 3 out of the 4 periodsin the
basic PWM cycle are each added with an additional bit pulse.

Table:5.7.2 shows the relationship between values of CKOMD and CK2MD bits 5 and 4, and the additional

pul ses.

Figure:5.7.4 shows the rel ationship between values of CKOMD and CK2MD bits 6 and 7, and the position of the
additional pulses.

Table:5.7.2
CKnMD register set
value Additional pulse position
PWM basic wave form (4-periods)
bit7 bité
0 0 No additional pulse
0 1 2 period
1 0 1 and 3 period
1 1 1, 2 and 3 period

Interrupt generates at the 4th cycles of the basic waveform.
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CKOMD
CK2MD bit 5,4
00"
No additional pulse

CKOMD
CK2MD bhit 5,4
or

CKOMD
CK2MD bhit 5,4
10

Interrupt
Request Flag

V -38 8-bit PWM Output

PWM basic waveform (4 periods)

| |
— 1 1
PWM basic waveform | |
8bit 256 resolution } }
I I I I
I I

! Additional pit (PWM b:asic Waveli‘orm 1/2563pu|se width)

~J4 7

| Additional bit | L] l
T T T ! T T T !

During 4 cycles of the PWM basic waveform, additional pulses
(1/256 pulse width of PWM basic waveform)can be added in any of the periods 0 to 3.

Figure:5.7.4
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5.7.3 Setup Example

m  PWM Output Setup Example (Timer 0 and 2)

The 1/4 duty cycle PWM output waveform is output from the TMOIO output pin at 19.53 Hz by using the timer O.
Fs/2 oscillatesat 5 MHz. Cycle period of PWM output waveform is decided by the overflow of the binary
counter. “H” period of the PWM output waveform is decided by the setting value of the compare register.

An exampl e setup procedure, with a description of each step is shown below.

TMOIO output ‘ |

19.53 Hz

Figure:5.7.5 Output Waveform of TMOIO Output Pin

Setup Procedure Description

(1) Stop the counter (1) Set the TMOEN flag of the timer 0 mode register
TMOMD(0x03F54) (TMOMD) to “0” to stop the timer O counting.
bp3 :TMOEN =0

(2) iSelect the special function pin to output (2) Set the P10MDO flag of the port 1 output mode register
P1OMD(0x03F1C) (P10MD) to “1” to set P10 pin to the special function
bpO :P10MDO =1 pin.
P1DIR(0x03F31) Set the P1DIRO flag of the port 1 direction control
bp0 :P1DIRO =1 register (P1DIR) to “1” for the output mode.

[Chapter 4. I/O Ports]

(3) Select the PWM operation (3) Set the TMOPWM flag of the TMOMD register to “1” and
TMOMD(0x03F54) the TMOMOD flag to “0” to select the PWM operation.
bp4 :TMOPWM =1
bp5 :TMOMOD =0
bp6 :TMOPOP =0

(4) Select the count clock source (4) Select the prescaler output to the clock source by the
TMOMD(0x03F54) TMOCK?2 to 0 flag of the TMOMD register.
bp2-0 :TMOCK2-0 =X01

(5) Select and enable the prescaler output (5) Select fs/2 to the prescaler output by the TMOPSC1 to 0
CKOMD(0x03F56) and TMOBAS flag of the timer O prescaler selection
bp2-1 :TMOPSC1-0 =X0 register.

bp0 :TMOBAS =1
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(6) Set the period of PWM “H” output (6) Set the “H” period of PWM output to the timer O compare
TMOOC (0x03F52) =0x40 register (TMOOC).

The setting value is set to 256/4=64 (0x40), because it
should be the 1/4 duty of the full count (256).

At that time, the timer O binary counter (TMOBC) is
initialized to 0x00.

(7) Start the timer operation (7) Set the TMOEN flag of the TMOMD register to “1” to

TMOMD(0x03F54) operate the timer O.
bp3 :TMOEN =1

The initial setting of PWM output is changed from “L” output to “H” output at the selection of
PWM operation by the TMnPWM flag of the TMnMD register.
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5.8 Serial Transfer Clock Output

5.8.1 Operation

Serial transfer clock can be created by using the timer output signal.
Serial transfer clock operation by 8-bit timer (Timer 1, 2, and 3)

* Timer 1:Seria O

e Timer 2:Serial O, Serial 2

o Timer 3:Seria 2

m  Timing of Serial Transfer Clock (Timer 1, 2, and 3)

TMnEN
flag

Compare ; ; : : PN
register : : : : : :

= 55 o000 ooe ek

Interrupt
request flag

Timer output

Figure:5.8.1 Timing of Serial Transfer Clock (Timer 1, 2, and 3)

» The serial transfer clock isthe 1/2 of the frequency set to the compare register.
« For the baud rate calculation and the serial interface setup, refer to chapters for Serial Interface.

Serial Transfer Clock Output
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5.8.2 Setup Example
|
m  Serial Transfer Clock Setup Example (Timer 2)

How to create atransfer clock for half duplex UART (Seria 0) using with the timer 2 is shown below. The baud
rateis selected to be 300 bps, the source clock of timer 2 is selected to be f5/2 (at fs=2 MHZ).

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Stop the counter (1) Set the TM2EN flag of the timer 2 mode register
TM2MD(0x03F5C) (TM2MD) to “0” to stop the timer 2 counting.
bp3 :TM2EN =0
(2) Select the normal timer operation (2) Set the TM2PWM flag and the TM2MOD flag of the
TM2MD(0x03F5C) TM2MD register to “0” to select the normal timer
bp4 :TM2PWM =0 operation.

bp5 :TM2MOD =0

(3) Select the count clock source (3) Select the prescaler output to the clock source by the
TM2MD(0x0F5C) TM2CK2 to 0 flag of the TM2MD register.
bp2-0 :TM2CK2-0 =X01

(4) Select and enable the prescaler output (4) Select fs/2 to the prescaler output by the TM2PSC1 to 0
CK2MD(0x0F5E) flag and the TM2BAS flag of the timer 2 prescaler
bp2-1 :TM2PSC1-0 =X0 selection register.

bp0 :TM2BAS =1

(5) Set the baud rate (5) Set the timer 2 compare register (TM20C) such a value
TM20C (0x0F5A) =0xCF that the baud rate comes to 300 bps.

At that time, the timer 2 binary counter (TM2BC) is

initialized to 0x00.

(6) Start the timer operation (6) Set the TM2EN flag of the TM2MD register to “1” to
TM2MD(0x0F5C) operate the timer 2.
bp3 :TM2EN =1

« TM2BC counts up from 0x00. Timer 2 output is the clock of the serial interface O at transmission and recep-
tion.

* For the setup value of the compare register and the setup of the serial interface operation, refer to Chapter 11
Seria interface 0.
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5.9 Simple Pulse Width Measurement

59.1 Operation

Timer measuresthe “L” duration of the pulse signal input from the external interrupt pin.
m  Simple Pulse Width Measurement Operation by 8-bit Timer (Timer 0, 2)

When the input signal of the external interrupt pin (simple pulse width) is“L”, the binary counter of the timer
counts up. Pulsewidth “L” period can be measured by reading the count of timer. 8-bit timersthat have the sim-
ple pulse width measurement function are the timer 0, and 2.

Table:5.9.1 Simple Pulse Width Measurement Able Pins

Timer O Timer 2
Simple pulse width External interrupt O External interrupt 2
measurement enable pin (P54/1RQ0) (P56/IRQ2)

m  Count Timing of Simple Pulse Width Measurement (Timer 0, 2)

Count Clock

Source

Count H '

Clock H
External interrupt

IRQ() P : : ; : H i
External interrupt : : :

Synchronous signal i i i ;

TMnEN

Flag : : : : :

Compare H H H H H
register H H H H H

Binary 00 >< 01 >< 02 >< 03 >< 04 >< 05
Counter

Figure:5.9.1 Count Timing of Measurement of Simple Pulse Width

FF

« External interrupt IRQ(n) is synchronized by the count clock source.

« After the external interrupt IRQ(n) is set to “H”, count operation continues until the falling edge of the next
count clock source.

the value of the binary counter cannot be guaranteed. When measuring pulse width, do not

G When the low speed clock (fx) and the event count (TMnlO) are selected as the clock source,
2 select fx and TMnIO as the clock source.

Simple Pulse Width Measurement V-43



Chapter 5
8-bit Timers

5.9.2 Setup Example
|
m  Setup Example of Simple Width Measurement by 8-bit Timer (Timer 0, 2)

The pulse width of “L” period of the external interrupt O (IRQO) input signal is measured by the timer 0. The
clock source of thetimer 0 is selected to f5/2.

A setup procedure example, with a description of each step is shown below.

Setup Procedure Description
(1) Stop the counter (1) Set the TMOEN flag of the timer 0 mode register
TMOMD(0x03F54) (TMOMD) to “0” to stop the timer O counting.
bp3 :TMOEN =0

(2) Set the pulse width measurement operation (2) Set the TMOPWM flag of the TMOMD register to “0” and
TMOMD(0x03F54) TMOMOD flag to “1” to enable the timer operation
bp4 :TMOPWM =0 during “L” period to be measured.
bp5 :TMOMOD =1

(3) Select the count clock source (3) Select the prescaler output to the clock source by the
TMOMD(0x03F54) TMOCK?2 to 0 flag of the TMOMD register.
bp2-0 :TMOCK2-0 =X01

(4) Select and enable the prescaler output (4) Select fs/2 to the prescaler output by the TMOPSC1 to 0
CKOMD(0x03F56) flag and the TMOBAS flag of the timer O prescaler
bp2-1 :TMOPSC1-0 =X0 selection register (CKOMD).

bp0 :TMOBAS =1

(5) Set the compare register (5) Set the timer 0 compare register (TMOOC) to the bigger
TMOOC (0x03F52) =x'FF' value than the cycle of fs/2 / “L” period of measured
pulse width.

At that time, the timer O binary counter (TMOBC) is
initialized to 0x00.

(6) Set the interrupt level (6) Set the interrupt level by the IRQOLV1 to O flag of the
IRQOICR(0X03FE2) external interrupt O control register (IRQOICR). If the
bp7-6 :IRQOLV1-0 ="XX" interrupt request flag is already set, clear all interrupt

request flags.
[Chapter 3. 3.1.4 Interrupt Flag Setup]

(7) Set the interrupt valid edge (7) Set the REDGO flag of the IRQOICR register to “1" to
IRQOICR(0OX03FE2) specify the interrupt valid edge to the rising edge.
bp5 :REDGO =1

(8) Enable the interrupt (8) Set the IRQOIE flag of the IRQOICR register to “1” to
IRQOICR(0OX03FE2) enable the interrupt.
bpl :IRQOIE =1

(9) Enable the timer operation (9) Set the TMOEN flag of the TMOMD register to “1” to
TMOMD(0x03F54) enable the timer O operation.
bp3 :TMOEN =1
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» TMOBC starts to count up with negative edge of the external interrupt O (IRQO) input asatrigger. Timer O
continues to count up during “L” period of IRQO input, then stop the counting with positive edge of IRQO
input as atrigger. At the same time, reading the value of TMOBC by interrupt handling can detects“L”"
period.

be wrong at the count stop. To prevent this, use the clock source that is synchronized with

G When using TMnIO input or fx as the count clock source, the value of the binary counter may
2 fosc or fx.
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5.10 Cascade Connection

5.10.1 Operation

Cascading timers 0 and 1, or timers 2 and 3 forms a 16-bit timer.
m  8-bit Timer Cascade Connection Operation (Timer 0+1, Timer 2+3)

Timer 0 and timer 1, or timer 2 and timer 3 are combined to be a 16-bit timer. Cascading timer is operated at the
clock source of timer O or timer 2 which are lower 8 bits.

Table:5.10.1 Timer Functions at Cascade Connection

Timer 0+Timerl Timer 2+Timer 3
(16-bit) (16-bit)
Interrupt source TM1IRQ TM3IRQ
Timer operation (0] (0]
Event count (0] o
TMOIO input TM2I0 input
PWM output - -
Clock source fosc fosc
fosc/4 foscl4
fosc/16 fosc/16
fosc/32 fosc/32
fosc/64 fosc/64
fs/2 fs/2
fs/4 fs/4
fx fx
TMOIO input TM2I0O input
fosc:Machine clock (High frequency oscillation)
fx:Machine clock (Low frequency oscillation)
fs:System clock [Chapter 2. 2.5 Clock Switching]

« At cascade connection, the binary counter and the compare register are operated as a 16-bit register. At oper-
ation, set the TMnEN flag of the upper and lower 8-bit timersto “1” to be operated.

Also, select the clock source by the lower 8-bit timer.

Other setup and count timing is the same to the 8-hit timer at independently operation.

Cascade Connection
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When timer 0 and timer 1 are used in cascade connection, timer 1 is used as an interrupt
request flag. Timer pulse output of timer 0 is “L” fixed output.

An interrupt request of timer 0 is not generated, but the timer O interrupt should be disabled.

When timer 2 and timer 3 are used in cascade connection, timer 3 is used as an interrupt
request flag. Timer pulse output of timer 2 is “L” fixed output.

An interrupt request of timer 2 is not generated, but the timer 2 interrupt should be disabled.

At cascade connection, when the clear of the binary counter is needed by rewriting the com-
pare register, set the TMnEM flag of both the upper 8-bit timer and the lower 8-bit timer to “0”

to stop counting.

out if it changes from lower 8 bit of upper 8 bit as it is treated as 8-bits of data in LSl internally.

G To read out the binary counter during the timer operation, the correct value may not be read
2 Stop the timer and read out to get the correct value.
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5.10.2 Setup Example
. ________________________________________________________________________________________________________|

Cascade Connection Timer Setup Example (Timer O + Timer 1)

Setting example of timer function that an interrupt is constantly generated by cascade connection of the timer O
and thetimer 1, as a 16-bit timer is shown. An interrupt is generated 2500 times every 1 ms by selecting source

cl

ock fg/2 (fs=5 MHz at operation).

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter
TMOMD(0x03F54)
bp3 :TMOEN =0
TM1MD(0x03F55)
bp3 :TM1EN =0

(2) Select the normal lower timer operation
TMOMD(0x03F54)
bp4 :TMOPWM =0
bp5 :TMOMOD =0

(3) Set the cascade connection
TM1MD(0x03F55)
bp4 :TM1CAS =1

(4) Select the count clock source
TMOMD(0x03F54)
bp2-0 :TMOCK2-0 =X01

(5) Select and enable the prescaler output
CKOMD(0x03F56)
bp2-1 :TMOPSC1-0 =X0
bpO :TMOBAS =1

(6) Set the interrupt generation cycle
TMnOC(0x03F52,0x03F53) =0x09C3

(7) Disable the lower timer interrupt
TMOICR(0OxX03FE7)
bpl :TMOIE =0

(8) Set the level of the upper timer interrupt
TM1ICR(OX03FES8)
bp7-6 :TM1LV1-0 =10

(1) Set the TMOEN flag of the timer 0 mode register
(TMOMD) to “0”, the TM1EN flag of the timer 1 mode
register to “0” to stop the timer 0 and the timer 1
counting.

(2) Set the TMOPWM flag and the TMOMOD flag of the
TMOMD register to “0” to select the normal timer O
operation.

(3) Set the TM1CAS flag of the TM1MD register to “0” to
connect the timer 1 and the timer 0 to the cascade.

(4) Select the prescaler to the clock source by the TMOCK2
to O flag of the TMOMD register.

(5) Select fs/2 to the prescaler output by the TMOPSC1 to 0
flag and the TMOBAS flag of the timer O prescaler
selection register (CKOMD).

(6) Set the timer 1 compare register + timer O compare
register (TM10C + TMOOC) to the interrupt generation
cycle (0x09C3:2500 cycles -1).

At that time, timer 1 binary counter + timer O binary
counter (TM1BC + TMOBC) are initialized to 0x000.

(7) Set the TMOIE flag of the timer O interrupt control
register (TMOICR) to “0” to disable the interrupt.

(8) Set the interrupt level by the TM1LV1 to O flag of the
timer 1 interrupt control register (TM1ICR).
If any interrupt request flag may be already set, clear all
request flags.
[Chapter 3. 3.1.4 Interrupt Flag Setup]
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Setup Procedure Description

(9) Enable the upper timer interrupt (9) Set the TM1IE flag of the TM1ICR register to “1” to
TM1ICR(0x03FES) enable the interrupt.
bpl :TM1IE =1

(10) Start the upper timer operation (10) Set the TM1EN flag of the TM1MD register to “1” to
TM1MD(0x03F55) operate the timer 1.
bp3 :TM1EN =1

(11) Start the lower timer operation (11) Set the TMOEN flag of the TMOMD register to “1” to
TMOMD(0x03F54) operate the timer 0.
bp3 :TMOEN =1

* TM1BC + TMOBC counts up from 0x0000 as a 16-bit timer.
When TM1BC + TMOBC reaches the set value of TM1BC + TMOBC register, the timer 1 interrupt request

flag is set at the next count clock, and the value of TM1BC + TMOBC becomes 0x0000 and restarts count up.

‘o’ Use a 16-bit access instruction to set the (TM10C + TMOOC) register.

E‘)‘ Start the upper timer operation before the lower timer operation.

Cascade Connection
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VI -

2

6.1 Overview

This LS contains two general-purpose 16-bit timers (Timer 7, Timer 8). The 16-bit timer has compare register

with double buffer. Timer 7 (High precision 16-bit timer) contains 2 sets of compare registers with double buffer-
ing and 2 sets of independent interrupt functions such as Timer 7 interrupt and Timer 7 compare register 2-match
interrupt. Timer 8 (High precision 16-bit timer) contains 2 sets of compare registers with double buffering and 2
sets of independent interrupt functions such as Timer 8 interrupt and Timer 8 compare register 2-match interrupt.

6.1.1 Functions

Table:6.1.1 shows the functions of each timer.

Table:6.1.1 16-bit Timer functions

Timer 7
(High precision 16-bit timer)

Timer 8
(High precision 16-bit timer)

Input source TM7IRQ TM8IRQ
T70C2IRQ T80OC2IRQ

Timer operation o o

Event count O TM710 input OTMB8IO input

Timer pulse output

O TM710 output / TM70 output

O TMB8IO output / TM8O output

PWM output (duty is changeable)

O TM710 output / TM70 output

O TMB8IO output / TM8O output

High precision PWM output (duty/
cycle are changeable)

O TM710 output / TM70 output

O TMB8IO output / TM8O output

IGBT output (duty is changeable)

O TM710 output / TM70 output,
TM8IO output / TM8O output

High precision IGBT output (duty/
cycle are changeable)

O TM710 output / TM70 output,
TM8IO output / TM8O output

Timer operation, Event count, PWM
output, High precision PWM output,
Capture function

Capture function @)
Pulse width measurement (@]
32-hit cascade connection (0]

Overview
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Clock source

fosc

fosc/2

fosc/4

fosc/16

fs

fs/2

fs/4

fs/16

TM710 input

TM710 input/2

TM710 input/4

TM710 input/16
synchronous TM710 input
synchronous TM7I0 input/2
synchronous TM7I0O input/4
synchronous TM710 input/16

fosc

fosc/2

fosc/4

fosc/16

fs

fs/2

fs/4

fs/16

TM8IO input

TM8IO input/2

TM8IO input/4

TM8IO input/16
synchronous TM8IO input
synchronous TM8IO input/2
synchronous TM8IO input/4
synchronous TM8IO input/16

fosc:Machine clock (High frequency oscillation)
fs:System clock [Chapter 2. 2.5 Clock Switching]

Overview VI-3



Chapter 6

16-bit Timers

Block Diagram

6.1.2

m  Timer 7 Block Diagram
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m  Timer 8 Block Diagram
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6.1.2 Timer 8 Block Diagram
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6.2 Control Registers

Timer 7 contains the binary counter (TM7BC), the compare register 1 (TM70CL1) with its double buffer preset
register 1 (TM7PR1), the compare register 2 (TM70C2) with its double buffer preset register 2 (TM7PR2), the
capture register (TM7IC), the dead time preset register 1 (TM7DPR1) and the dead time preset register 2
(TM7DPR2). Timer 7 is controlled by the mode register 1 (TM7MD1), the mode register 2 (TM7MD?2), the
mode register 3 (TM7MD3), and the mode register 4 (TM7MD4). Timer 8 containsthe binary counter (TM8BC),
the compare register 1 (TM80OC1) with its double buffer preset register 1 (TM8PRL1), the compare register 2
(TM80C?2) with its double buffer preset register 2 (TM8PR2) and the capture register (TM8IC). Timer 8is con-
trolled by the mode register 1 (TM8MD1), the mode register 2 (TM8MD?2), the mode register 3 (TM8MD3) and
and the mode register 4 (TM8MDA4).

VI-6 Control Registers



6.2.1 Registers

Table:6.2.1 shows the registers that control timer 7.

Table:6.2.1 16-bit Timer Control Registers (1/2)

Chapter 6
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Register Address R/W | Function Page
Timer 7 TM7BCL 0x03F70 R Timer 7 binary counter (lower 8 bits) VI-11
TM7BCH 0x03F71 R Timer 7 binary counter (upper 8 bits) VI-11
TM70C1L | Ox03F72 R Timer 7 compare register 1 (lower 8 bits) VI-9
TM70C1H | Ox03F73 R Timer 7 compare register 1 (upper 8 bits) VI-9
TM7PR1L 0x03F74 R/W | Timer 7 preset register 1 (lower 8 bits) VI-10
TM7PR1H | OX03F75 R/W | Timer 7 preset register 1 (upper 8 bits) VI-10
TM7ICL 0x03F76 Timer 7 capture register 1 (lower 8 bits) VI-11
TM7ICH 0x03F77 Timer 7 capture register 1 (upper 8 bits) VI-11
TM7MD1 0x03F78 R/W | Timer 7 mode register 1 VI-16
TM7MD2 0x03F79 R/W | Timer 7 mode register 2 VI-17
TM70C2L | OX03F7A Timer 7 compare register 2 (lower 8 bits) VI-9
TM70C2H | OxO3F7B Timer 7 compare register 2 (upper 8 bits) VI-9
TM7PR2L 0x03F7C R/W | Timer 7 preset register 2 (lower 8 bits) VI-10
TM7PR2H | OX03F7D R/W | Timer 7 preset register 2 (upper 8 hits) VI-10
TM7MD3 0x03F8E R/W | Timer 7 mode register 3 VI-18
TM7MD4 0x03F6E R/W | Timer 7 mode register 4 VI-19
TM7ICR 0x03FED R/W | Timer 7 interrupt control register 111-30
T70C2ICR | OXO3FEE R/W | Timer 7 compare register 2 match interrupt control 1-31
register
P1OMD 0x03FIC R/W | Port 1 output mode register IV-10
P1DIR 0x03F31 R/W | Port 1 direction control register V-8
P50MD 0x03F2C R/W | Port 5 output mode register IV-44
P5DIR 0x03F35 R/W | Port 5 direction control register IV-42
TM7DPR1 | OX03F7E R/W | Dead time preset register 1 VI-12
TM7DPR2 | OX03F7F R/W | Dead time preset register 2 VI-12

Control Registers
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Table:6.2.2 shows the registers that control timer 8.

Table:6.2.2 16-bit Timer Control Registers (2/2)

Register Address R/W | Function Page
Timer 8 TM8BCL 0x03F80 R Timer 8 binary counter (lower 8 bits) VI-15
TM8BCH 0x03F81 R Timer 8 binary counter (upper 8 bits) VI-15
TM80OC1L 0x03F82 R Timer 8 compare register 1 (lower 8 bits) VI-13
TM80OC1H 0x03F83 R Timer 8 compare register 1 (upper 8 bits) VI-13
TM8PR1L 0x03F84 R/W | Timer 8 preset register 1 (lower 8 bits) VI-14
TM8PR1H 0x03F85 R/W | Timer 8 preset register 1 (upper 8 bits) VI-14
TMS8ICL 0x03F86 R Timer 8 capture register 1 (lower 8 bits) VI-15
TMS8ICH 0x03F87 R Timer 8 capture register 1 (upper 8 bits) VI-15
TM8MD1 0x03F88 R/W | Timer 8 mode register 1 VI-20
TM8MD2 0x03F89 R/W | Timer 8 mode register 2 VI-21
TM80OC2L 0x03F8A R Timer 8 compare register 2 (lower 8 bits) VI-13
TM80OC2H 0x03F8B R Timer 8 compare register 2 (upper 8 bits) VI-13
TM8PR2L 0x03F8C R/W | Timer 8 preset register 2 (lower 8 bits) VI-14
TM8PR2H 0x03F8D R/W | Timer 8 preset register 2 (upper 8 bits) VI-14
TM8MD3 O0x03F8F R/W | Timer 8 mode register 3 VI-22
TM8MD4 O0x03F6F R/W | Timer 8 mode register 4 VI-23
TMS8ICR O0x03FF6 R/W | Timer 8 interrupt control register 111-39
T8OC2ICR Ox03FF7 R/W | Timer 8 compare register 2 match interrupt control 11-40
register
P1OMD 0x03F1C R/W | Port 1 output mode register IV-10
P1DIR 0x03F31 R/W | Port 1 direction control register V-8
P50MD 0x03F2C R/W | Port 5 output mode register IV-44
P5DIR 0x03F35 R/W | Port 5 direction control register IV-42

Control Registers




6.2.2

Programmable Timer Registers
. ________________________________________________________________________________________________________|
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Timer 7 has a set of 16-bit programmable timer registers, which contains a compare register, a preset register, a
binary counter and a capture register. Each register has 2 sets of 8-bit register. Operate these registers by 16-bit

access.

A compare register is a 16-bit register which stores comparative value of the compare register and the binary

counter.

m  Timer 7 Compare Register 1 (TM70C1)

Table:6.2.3 Timer 7 Compare Register 1 Lower 8 bits (TM7OC1L:0x03F72)

bp 7 6 5 4 3 2 1 0

Flag TM70C1L | TM70OC1L | TM70CI1L | TM70OC1L | TM70OC1L | TM70OC1L | TM7OCI1L | TM70C1L
7 6 5 4 3 2 1 0

At reset X X X X X X X X

Access R

Table:6.2.4 Timer 7 Compare Register 1 Upper 8 bits (TM70C1H:0x03F73)

bp 7 6 5 4 3 2 1 0

Flag TM70C1 | TM70C1 | TM70C1 | TM70C1 |TM70Cl1 |TM70C1 |TM70C1 | TM70C1
H7 H6 H5 H4 H3 H2 H1 HO

At reset X X X X X X X X

Access R

m  Timer 7 Compare Register 2 Lower 8 bits (TM70C2)

Table:6.2.5 Timer 7 Compare Register 2 Lower 8 bits (TM70CS2L:0x03F7A)

bp 7 6 5 4 3 2 1 0

Flag TM70C2L | TM70C2L | TM70C2L | TM70OC2L | TM70C2L | TM70C2L | TM70C2L | TM70C2L
7 6 5 4 3 2 1 0

At reset X X X X X X X X

Access R

Table:6.2.6 Timer 7 Compare Register 2 Upper 8 bits (TM70OCS2H:0x03F7B)

bp 7 6 5 4 3 2 1 0

Flag TM70C2 | TM70C2 | TM70C2 |TM70C2 |TM70C2 | TM70C2 | TM70C2 | TM70C2
H7 H6 H5 H4 H3 H2 H1 HO

At reset X X X X X X X X

Access R

Control Registers
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Timer 7 preset register 1 and 2 are buffer registers of the compare registers 1, 2 of timer 7. If the set valueiswrit-
ten to the timer 7 preset registers 1, 2 when the counting is stopped, the same set value is loaded to the timer 7
compare register. If set value iswritten to the timer 7 preset registers 1, 2 during counting, the set value of the
timer 7 preset registers 1, 2 isloaded to the timer 7 compare registers 1, 2 at the timing that the timer 7 binary
counter iscleared. Also, If the set value iswritten to the timer 7 preset register 1 and 2 during IGBT operation, the
set value of the timer 7 preset register isloaded to the timer 7 compare register at the timing that the IGBT is dis-

abled.

m  Timer 7 Preset Register 1 (TM7PR1)
Table:6.2.7 Timer 7 Preset Register 1 Lower 8 bits (TM7PR1L:0x03F74)

bp 7 6 5 4 3 2 1 0

Flag TM7PRI1L | TM7PR1L | TM7PR1L | TM7PR1L | TM7PR1L | TM7PR1L | TM7PR1L | TM7PR1L
7 6 5 4 3 2 1 0

At reset X X X X X X X X

Access R/W

Table:6.2.8 Timer 7 Preset Register 1 Upper 8 bits (TM7PR1H:0x03F75)

bp 7 6 5 4 3 2 1 0

Flag TM7PR1 | TM7PR1 |TM7PR1 |TM7PR1 |TM7PR1 |TM7PR1 | TM7PR1H | TM7PR1
H7 H6 H5 H4 H3 H2 1 HO

At reset X X X X X X X X

Access R/W

m  Timer 7 Preset Register 2 (TM7PR2)

Table:6.2.9 Timer 7 Preset Register 2 Lower 8 bits (TM7PR2L:0x03F7C)

bp 7 6 5 4 3 2 1 0

Flag TM7PR2L | TM7PR2L | TM7PR2L | TM7PR2L | TM7PR2L | TM7PR2L | TM7PR2L | TM7PR2L
7 6 5 4 3 2 1 0

At reset X X X X X X X X

Access R/W

Table:6.2.10 Timer 7 Preset Register 2 Upper 8 bits (TM7PR1H:0x03F7D)

bp 7 6 5 4 3 2 1 0

Flag TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 |TM7PR2 |TM7PR2 | TM7PR2H | TM7PR2
H7 H6 H5 H4 H3 H2 1 HO

At reset X X X X X X X X

Access R/W

Control Registers
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Binary counter isa 16-bit up counter. If any dataiswritten to a preset register when the counting is stopped, the
binary counter is cleared to 0x0000. At IGBT setting, when IGBT operation is stopped, the binary counter is
cleared to 0x0000. Also, by setting the register, the binary counter is cleared to 0x0000 at capture.

m  Timer 7 Binary Counter (TM7BC)

Table:6.2.11 Timer 7 Binary Counter Lower 8 bits (TM7BCL:0x03F70)

bp 7 6 5 4 3 2 1 0

Flag TM7BCL7 | TM7BCL6 | TM7BCL5 | TM7BCL4 | TM7BCL3 | TM7BCL2 | TM7BCL1 | TM7BCLO

At reset X X X X X X X X

Access R

Table:6.2.12 Timer 7 Binary Counter Upper 8 bits (TM7BCH:0x03F71)

bp 7 6 5 4 3 2 1 0

Flag TM7BCH | TM7BCH | TM7BCH | TM7BCH | TM7BCH | TM7BCH | TM7BCH1 | TM7BCH
7 6 5 4 3 2 0

At reset X X X X X X X X

Access R

Input capture register is aregister that holds the value loaded from a binary counter by a capture trigger. A cap-
ture trigger is generated by an input signal from an external interrupt pin, the timer O interrupt, the timer 1 inter-
rupt and when an arbitrary valueiswritten to an input capture register (Directly writing to the register by program

is disabled.).

m  Timer 7 Input Capture Register (TM7IC)

Table:6.2.13 Timer 7 Input Capture Register Lower 8 bits (TM7ICL;0x03F76)

bp 7 6 5 4 3 2 1 0

Flag TM7ICL7 | TM7ICL6 | TM7ICLS | TM7ICL4 | TM7ICL3 | TM7ICL2 | TM7ICL1 | TM7ICLO

At reset X X X X X X X X

Access R

Table:6.2.14 Timer 7 Input Capture Register Upper 8 bits (TM7ICH;0x03F77)

bp 7 6 5 4 3 2 1 0

Flag TM7ICH7 | TM7ICH6 | TM7ICHS5 | TM7ICH4 | TM7ICH3 | TM7ICH2 | TM7ICH1 | TM7ICH
0

At reset X X X X X X X

Access

Control Registers
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m  Timer 7 Dead Time Preset Register 1 (TM7DPR1)

Table:6.2.15 Timer 7 Dead Time Preset Register 1 (TM7DPR1:0x03F7E)

bp 7 6 5 4 3 2 1 0

Flag TM7DPR | TM7DPR | TM7DPR | TM7DPR | TM7DPR | TM7DPR | TM7DPR1 | TM7DPR
17 16 15 14 13 12 1 10

At reset X X X X X X X X

Access R/W

m  Timer 7 Dead Time Preset Register 2 (TM7DPR2)

Table:6.2.16 Timer 7 Dead Time Preset Register 2 (TM7DPR2:0x03F7F)

bp 7 6 5 4 3 2 1 0

Flag TM7IDPR | TM7IDPR | TM7IDPR | TM7IDPR | TM7IDPR | TM7IDPR | TM7IDPR | TM7IDPR
27 26 25 24 23 22 21 20

At reset X X X X X X X X

Access R/W

Control Registers
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Timer 8 has a set of 16-bit programmable timer registers, which contains a compare register, a preset register, a
binary counter and a capture register. Each register has 2 sets of 8-bit register. Operate these registers by 16-bit

access.

A compare register is a 16-hit register which stores comparative value of the compare register and the binary

counter.

m  Timer 8 Compare register 1 (TM80OC1)

Table:6.2.17 Timer 8 Compare register 1 Lower 8 bits (TM8OC1L:0x03F82)

bp 7 6 5 4 3 2 1 0

Flag TMBOCI1L | TM8OCIL | TM8OCIL | TM8OCIL | TM8OCI1L | TM8BOCI1L | TMBOCILL | TM8OC1L
7 6 5 4 3 2 1 0

At reset X X X X X X X X

Access R

Table:6.2.18 Timer 8 Compare register 1 Upper 8 bits (TM8OC1H:0x03F83)

bp 7 6 5 4 3 2 1 0

Flag TM80C1 | TM80C1 |TM80OC1 |TM80C1 |TM80C1 |TM80OC1 | TM80OC1 | TM80C1
H7 H6 H5 H4 H3 H2 H1 HO

At reset X X X X X X X X

Access R

m  Timer 8 Compare Register 2 (TM80OC?2)

Table:6.2.19 Timer 8 Compare Register 2 Lower 8bits (TM8OC2L:0x03F8A)

bp 7 6 5 4 3 2 1 0

Flag TM80C2L | TM8OC2L | TM8OC2L | TM8OC2L | TM8OC2L | TM8OC2L | TM8BOC2L | TM8OC2L
7 6 5 4 3 2 1 0

At reset X X X X X X X X

Access R

Table:6.2.20 Timer 8 Compare Register 2 Upper 8bits (TM8OC2H:0x03F8B)

bp 7 6 5 4 3 2 1 0

Flag TM70C2 | TM70C2 | TM70C2 | TM70C2 |TM70C2 |TM70C2 |TM70C2 | TM70C2
H7 H6 H5 H4 H3 H2 H1 HO

At reset X X X X X X X X

Access R

Control Registers
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Timer 8 preset register 1 and 2 are buffer registers of the compare registers 1, 2 of timer 8. If the set value iswrit-

VI-14

ten to the timer 8 preset registers 1, 2 when the counting is stopped, the same set value is loaded to the timer 7
compare register. If set value iswritten to the timer 8 preset registers 1, 2 during counting, the set value of the
timer 8 preset registers 1, 2 isloaded to the timer 8 compare registers 1, 2 at the timing that the timer 8 binary
counter is cleared.

m  Timer 8 Preset Register 1 (TM8PR1)

Table:6.2.21 Timer 8 Preset Register 1 Lower 8 bits (TM8PR1L:0x03F84)

bp 7 6 5 4 3 2 1 0

Flag TM8PRI1L | TM8PRI1L | TM8PR1L | TM8PRI1L | TM8PR1L | TM8PR1L | TM8BPRI1L | TM8PR1L
7 6 5 4 3 2 1 0

At reset X X X X X X X X

Access R/W

Table:6.2.22 Timer 8 Preset Register 1 Upper 8 bits (TM8PR1H:0x03F85)

bp 7 6 5 4 3 2 1 0

Flag TM8PR1 | TM8PR1 |TM8PR1 |TM8PR1 |TM8PR1 |TM8PR1 |TM8PR1H | TM8PR1
H7 H6 H5 H4 H3 H2 1 HO

At reset X X X X X X X X

Access R/W

m  Timer 8 Preset Register 2 (TM8PR2)

Table:6.2.23 Timer 8 Preset Register 2 Lower 8 bits (TM8PR2L:0x03F8C)

bp 7 6 5 4 3 2 1 0

Flag TM8PR2L | TM8PR2L | TM8PR2L | TM8PR2L | TM8PR2L | TM8PR2L | TM8PR2L | TM8PR2L
7 6 5 4 3 2 1 0

At reset X X X X X X X X

Access R/W

Table:6.2.24 Timer 8 Preset Register 2 Upper 8 bits (TM8PR2H:0x03F8D)

bp 7 6 5 4 3 2 1 0

Flag TM8PR2 | TM8PR2 | TM8PR2 |TM8PR2 |TM8PR2 |TM8PR2 | TM8PR2H | TM8PR2
H7 H6 H5 H4 H3 H2 1 HO

At reset X X X X X X X X

Access R/W

Control Registers
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Binary counter isa 16-bit up counter. If any dataiswritten to a preset register when the counting is stopped, the
binary counter is cleared to 0x0000. During the timer counting, the binary counter is cleared to 0x0000 at capture
by setting the register.

m  Timer 8 Binary Counter (TM8BC)
Table:6.2.25 Timer 8 Binary Counter Lower 8 bits (TM8BCL:0x03F80)

bp 7 6 5 4 3 2 1 0

Flag TM8BCL7 | TM8BCL6 | TM8BCLS5 | TM8BCL4 | TM8BCL3 | TM8BCL2 | TM8BBCL1 | TM8BCLO
At reset X X X X X X X X

Access R

Table:6.2.26 Timer 8 Binary Counter Upper 8 bits (TM8BCH:0x03F81)

bp 7 6 5 4 3 2 1 0

Flag TM8BCH | TM8BCH | TM8BCH | TM8BCH | TM8BCH | TM8BCH | TM8BCH1 | TM8BCH
7 6 5 4 3 2 0

At reset X X X X X X X X

Access R

Input capture register is aregister that holds the value loaded from a binary counter by a capture trigger. A cap-
ture trigger is generated by an input signal from an external interrupt pin, the timer O interrupt, the timer 1 inter-
rupt and when an arbitrary valueiswritten to an input capture register (Directly writing to the register by program
is disabled.).

m Timer 8 Input Capture Register (TM8IC)
Table:6.2.27 Timer 8 Input Capture Register Lower 8 bits (TM8ICL:0x03F86)

bp 7 6 5 4 3 2 1 0

Flag TMBICL7 | TM8ICL6 | TMS8ICLS5 | TM8ICL4 | TM8ICL3 | TM8ICL2 | TM8ICL1 | TMS8ICLO
At reset X X X X X X X X
Access R

Table:6.2.28 Timer 8 Input Capture Register Upper 8 bits (TM8ICH:0x03F87)

bp 7 6 5 4 3 2 1 0

Flag TMBICH7 | TM8ICH6 | TM8ICH5 | TM8ICH4 | TM8ICH3 | TM8ICH2 | TM8ICH1 | TM8ICHO
At reset X X X X X X X X
Access R

Control Registers VI-15
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6.2.3  Timer Mode Registers
|
Thisis areadable/writable register that controlstimer 7.

m  Timer 7 Mode Register 1(TM7MD1)

Table:6.2.29 Timer 7 Mode Register 1(TM7MD1:0x03F78)

bp 7 6 5 4 3 2 1 0
Flag Reserved | T7ICEDG | TM7CL TM7EN TM7PS1 | TM7PSO | TM7CK1 | TM7CKO
1
At reset 0 0 1 0 0 0 0 0
Access R/W
bp Flag Description
7 Reserved Set always “0".
6 T7ICEDG1 Capture trigger edge selection
0:Falling edge
1:Rising edge
5 TM7CL Timer output reset signal

0:Operate timer output
1:Disable timer output

4 TM7EN Timer 7 count control
0:Halt the count
1:Operate the count

3-2 TM7PS1 Count clock selection
TM7PS0 00:1/1 of clock
01:1/2 of clock
10:1/4 of clock
11:1/16 of clock

1-0 TM7CK1 Clock source selection
TM7CKO 00:fosc
01:fs

10:TM7IO input
11:Synchronous TM710 input

VI-16 Control Registers
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m  Timer 7 Mode Register 2 (TM7MD2)
Table:6.2.30 Timer 7 Mode Register 2 (TM7MD2:0x03F79)
bp 7 6 5 4 3 2 1 0
Flag T7ICEDG | T7PWMS | TM7BCR | TM7PWM | TM7IRS1 | T7ICEN T7ICT1 T7ICTO
0 L
At reset 0 0 0 0 0 0 0 0
Access R/W
bp Flag Description
7 T7ICEDGO | Capture trigger edge selection
0:Select the both edges
1:Select the specified edge
6 T7PWMSL | PWM mode selection
0:Set duty by OC1
1:Set duty by OC2
5 TM7BCR Timer 7 count clear factor selection
0:Full count OVF
1:Match of BC and OC1
4 TM7PWM Timer output waveform selection
0:Output timer
1:Output PWM
3 TM7IRS1 Timer 7 interrupt factor selection
0:Counter clear
1:Match of BC and OC1
2 T7ICEN Input capture operation enable flag
0:Disable capture operation
1:Enable capture operation
1-0 T7I1CT1 Capture trigger selection
T7ICTO 00:External interrupt 0 input signal
01:External interrupt 1 input signal
10:External interrupt 2 input signal
11:Disable

Control Registers
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m  Timer 7 Mode Register 3 (TM7MD3)

Table:6.2.31 Timer 7 Mode Register 3 (TM7MD3:0x03F8E)
bp 7 6 5 4 3 2 1 0
Flag TM7CKS | Reserved |TM7CKE |T7IGBTT |T7IGBTD | T7IGBTE | T7IGBT1 | T7IGBTO
MP DG R T N
At reset 0 0 0 0 0 0 0 0
Access R/W
bp Flag Description
7 TM7CKSMP | Capture sampling selection
0:Count clock
1:fs
6 Reserved Set always “0".
5 TM7CKEDG | TM7IO count edge selection
0:Rising edge
1:Both edges
4 T7IGBTTR | IGBT trigger level selection
O0:H
1L
3 T7IGBTDT | IGBT dead timer insert timing
0:Falling edge standard
1:Rising edge standard
2 T7IGBTEN | IGBT operation enable
0:Disable
1:Enable
1-0 T7IGBT1 IGBT/timer startup factor selection
T7IGBTO 01:External interrupt O input signal
10:Externa interrupt 1 input signal
11:External interrupt 2 input signal
00:Timer 7 count operation

VI-18

When IGBT is not selected, set as
T7IGBTEN=0
T7IGBT1-0=00

Q
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m  Timer 7 Mode Register 4 (TM7MD4)
Table:6.2.32 Timer 7 Mode Register 4 (TM7MD4:0x03F6E)
bp 7 6 5 4 3 2 1 0
Flag - - - T70NES | T7TNODE | - T7I1CT2 T7CAPCL
HOT D R
At reset - - - 0 0 0 0 0
Access R/W
bp Flag Description
7-5 - -
4 T7ONESHO | One shot pulse selection
T 0:Continuous pulse
1:0ne shot pulse
3 T7NODED Dead time selection
0:With dead time
1:Without dead time
2 - -
1 T7ICT2 Capture trigger selection
O:Timer O interrupt
1:Timer 1 interrupt
0 T7CAPCLR | BC clearance at capture
0:Clear
1:Unclear

capturing at timer stop.

G T7CAPCLR flag is effective when timer is operating. The binary counter is uncleared when
u

Control Registers
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Thisis areadable/writable register that controlstimer 8.
m  Timer 8 Mode Register 1(TM8MD1)
Table:6.2.33 Timer 8 Mode Register 1(TM8MD1:0x03F88)

0:Operate timer output
1:Disable timer output (Reset)

bp 7 6 5 4 3 2 1 0
Flag Reserved | TBICEDG | TM8CL TM8EN TM8PS1 | TM8PSO | TM8CK1l | TM8CKO
1
At reset 0 0 1 0 0 0 0 0
Access R/W
bp Flag Description
7 Reserved Set always “0”
6 T8ICEDG1 Capture trigger edge selection
0:Falling edge
1:Rising edge
5 TM8CL Timer output reset signal

4 TM8EN Timer 8 count control
0:Halt the count
1:Operate the count

3-2 TM8PS1 Count clock selection
TM8PSO0 00:1/1 of clock
01:1/2 of clock
10:1/4 of clock
11:1/16 of clock

1-0 TM8CK1 Clock source selection
TM8CKO 00:fosc
01:fs

10:TM8IO input
11:Synchronous TM8IO input

VI-20 Control Registers
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m  Timer 8 Mode Register 2 (TM8MD?2)
Table:6.2.34 Timer 8 Mode Register 2 (TM8MD2:0x03F89)
bp 7 6 5 4 3 2 1 0
Flag T8ICEDG | TMBPWM | TMBBCR | TMBPWM | TM8IRS1 | TM8ICEN | TM8ICT1 | TMS8ICTO
0 SL
At reset 0 0 0 0 0 0 0 0
Access R/W
bp Flag Description
7 T8ICEDGO | Capture trigger edge selection
0:Select the both edges
1:Select the specified edge
6 TM8PWMS | PWM mode selection
L 0:Set duty by OC1
1:Set duty by OC2
5 TM8BCR Timer 8 count clear factor selection
0:Full count OVF
1:Match of BC and OC1
4 TM8PWM Timer output waveform selection
0:Output timer
1:Output PWM
3 TM8IRS1 Timer 8 interrupt factor selection
0:Counter clear
1:Match of BC and OC1
2 TM8ICEN Input capture operation enable flag
0:Disable capture operation
1:Enable capture operation
1-0 TMS8ICT1 Capture trigger selection
TM8ICTO 00:External interrupt 0 input signal
01:External interrupt 1 input signal
10:External interrupt 2 input signal
11:Timer interrupt

Control Registers
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m  Timer 8 Mode Register 3 (TM8MD3)

Table:6.2.35

Timer 8 Mode Register 3 (TM8MD3:0x03F8F)

bp 7 6 5 4 3 2 1 0
Flag TM8CKS | - - TM8CKE | TM8SEL | TM8PWM | TMBPWM | TMBCAS
MP DG F 0]
At reset 0 - - 0 0 0 0 0
Access R/W
bp Flag Description
7 TM8CKSMP | Capture sampling selection
0:Count clock
1:fs
6 - -
5 - -
4 TM8CKEDG | TM8IO count edge selection
0:Falling edge
1:Both edges
3 TM8SEL Timer 8 output selection
0:Timer 8 output
1:IGBT output
2 TM8PWMF | PWM output selection at timer 8 stopped
O:L
1:H
1 TM8PWMO | Timer 8 PWM output polarity selection
0:Normal turn
1:Reverse turn
0 TMBCAS Cascade selection
O:Timer 7, Timer 8 independence
1:Timer 7, Timer 8 cascade

Control Registers
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m  Timer 8 Mode Register 4 (TM8MDA4)
Table:6.2.36 Timer 8 Mode Register 4 (TM8MD4:0x03F6F)
bp 7 6 5 4 3 1 0
Flag - - - - - T8ICT2 | TSCAPCL
R

At reset 0 0 0 0 0 0 0
Access R/W
bp Flag Description
7-2 - -
1 T8ICT2 Capture trigger selection

O:Timer O interrupt

1:Timer 1 interrupt
0 T8CAPCLR | BC clearance at capture

O:Cleart
1:Unclear

capturing at timer stop.

G T7CAPCLR flag is effective when timer is operating. The binary counter is uncleared when

Control Registers
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VI-24

6.3 Operation

6.3.1 Operation

The timer operation can constantly generate interrupts.
m  16-bit Timer Operation (Timer 7, Timer 8)

The generation cycle of an timer interrupt is set by the clock source selection and the set value of the compare reg-
ister 1 (TMnOC1), in advance. When the binary counter (TMnBC) reaches the set value of the compare register
1, aninterrupt is generated at the next count clock. There are 2 sources to be selected to clear the binary counter;
the TMnOC1 compare match and the full count overflow. After the binary counter is cleared, the counting up is
restarted from 0x0000.

Table:6.3.1 16-bit Timer Interrupt Source and Binary Counter Clear Source (Timer 7, Timer 8)

TM7MD2 register Interrupt source Binary counter clear source
TM7IRS1 flag TM7BCR flag

1 1 TM70C1 compare match TM70C1 compare match

0 1 TM70C1 compare match TM70C1 compare match

1 0 TM70C1 compare match Full count overflow

0 0 Full count overflow Full count overflow
TM8MD2 register Interrupt source Binary counter clear source
TMB8IRSL1 flag TM8BCR flag

1 1 TM80OC1 compare match TM8OC1 compare match

0 1 TM80OC1 compare match TM8OC1 compare match

1 0 TM80OC1 compare match Full count overflow

0 0 Full count overflow Full count overflow

Timer n can generate another set of an independent interrupt (timer n compare register 2 match interrupt) by the
set value of the timer n compare register 2 (TMnOC2). At thetime of the interrupt, the binary counter is cleared
as the above setup.

The compare register is double buffer type. So, when the value of the preset registersis changed during the count-
ing, the changed value is stored to the compare register when the binary counter is cleared. Thisfunction can
change the compare register value constantly, without disturbing the cycle during timer operation (Reload func-
tion).

Operation
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units even if it is a 16-bit MOVW instruction. As a result, it will read the data incorrectly if a
carry from the lower 8 bits to the upper 8 bits occurs during counting operation.

To read the correct value of the 16-bit counting (TMnBC), use the writing program function to
the input capture register (TMnIC). By writing to the TMnIC, the counting data of TMnBC can
be stored to TMnIC to read out the correct counting value during timer operation.

[Chapter 6.8.1. Operation]

G When the CPU reads the 16-bit binary counter (TMnBC), the read data is handled in 8-bits

To count properly, do not switch the count clock on the timer operation. To switch the count
‘ clock, stop the timer operation.
[ ]

Table:6.3.2shows the clock source that can be sel ected.
Table:6.3.2 Clock Source at Timer Operation (Timer 7, Timer 8)

Clock source 1 count time
fosc 100 ns
fosc/2 200 ns
fosc/4 400 ns
fosc/16 1.6 us
fs 200 ns
fs/2 400 ns
fsl4 800 ns
fs/16 1.6 us
fosc=10 MHz

fs=fosc/2=5 MHz

Operation VI-25
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m  Count Timing of Timer Operation (Timer 7, Timer 8)

The binary counter counts up with the selected clock source as the count clock. The basic operation of whole 16-
bit timer functionsis as below.

TM7EN
flag A A
Preset X N X L
reglster H H 1 1 H H
(A) : ¢ (©): : : :

Compare )( LN | 9( R
register H H H H F H H H

(A : : : : (D) :
Binary X 0000 0001 “ 0000} 0001)0002) 0003
counter

(A) (B) (E)
Interrupt

request flag

Figure:6.3.1 Count Timing of Timer Operation (Timer 7, Timer 8)
(A)When adatais written to the preset register while the TMnEN flag is stopped (“0"), the same value is loaded
during the writing cycle and the binary counter is cleared to 0x0000.

(B)When TMnEN flag is (“1"), the binary counter starts counting. The counting starts at the rising edge of the
count clock.

(C)Even if the preset register is rewritten when the TMnEN flagis (“1"), the binary counter is not changed.

(D)When the binary counter reaches value of compare register 1, the set value of the preset register is loaded to
the compare register at the next count clock. And the interrupt request flag is set at the next count clock, and the
binary counter is cleared to 0x0000 to restart counting up.

(E)When the TMnEN flag is (“0"), the binary counter is stopped.

When the binary counter reaches the value of the compare register, the interrupt request flag
is set to the next count clock, and the binary counter is cleared. So, set the compare register
as:

(the set value of the compare register) = (the counts till the interrupt generation-1)

When the timer n compare register 2 match interrupt is generated and TMnOC1 compare
match is selected as a binary counter clear source, the set value of the compare register 2

should be smaller than the set value of the compare register.

On the interrupt service routine, clear the timer interrupt request flag before the timer is
started.

VI - 26 Operation
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When the binary counter is used as a free-counter that counts 0x0000 to OXFFFF, set
OxFFFF to the compare register or set the TM7BCR flag of the TM7MD2 register to “0".

When the TMnEN flag of the TMnMD register is changed with other bits, the binary counter
may count up by switching operation.

C Set up 16-bit timer counter clock should be done when the timer interrupt is disabled.

bits unit in LSI. So, when the digit is raised from lower 8 bits to upper 8 bits, correct value
cannot be read out.
Stop the timer to read out the correct value.

G When the binary counter is read out on the timer operation, it is regarded as the data by 8
n

Operation VI-27
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6.3.2 Setup Example

m  Timer Operation Setup Example

Timer 7 generates an interrupt constantly for timer function. Fosc/2 (fosc=10 MHz at operation) is selected as a
clock source to generate an interrupt every 1000 cycles (200 ms).
An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter
TM7MD1(0x03F78)
bp4: TM7EN =0

(2) Disable the interrupt
TM7ICR(0OX03FED)
bp1l:TM7IE =0

(3) Select the timer clear source
TM7MD2(0x03F79)
bp5:TM7BCR =1

(4) Select the count clock source
TM7MD1 (0x03F78)
bp1-0:TM7CK1-0 =00
bp3-2:TM7PS1-0 =01

(5) Select IGBT/timer startup factor
TM7MD3(0x03F8E)
bp1-0:T7IGBT1-0=00

(6) Set the interrupt generation cycle
TM7PR1(0x03F75,0x03F74) =0x03E7

(7) Set the interrupt level
TM7ICR(0X03FED)
bp7-6:TM7LV1-0 =10

(8) Enable the interrupt
TM7ICR (0x03FED)
bpl:TM7IE =1

(9) Start the timer operation
TM7MD1 (0x03F78)
bp4: TM7EN =1

(1) Set the TM7EN flag of the timer 7 mode register 1
(TM7MD) to “0” to stop the timer 7 counting.

(2) Set the TM7IE flag of the TM7CIR register to “0” to
disable the interrupt.

(3) Set the TM7BCR flag of the timer 7 mode register 2
(TM7MD2) to “1” to select the compare match to the
binary counter clear source.

(4) Select fosc to the clock source by the TM7CK1 to O flag
of the TM7MDL1 register. Besides, select 1/2 fosc to
the count clock source by the TM7PS1 to O flag.

(5) Set IGBT/timer startup factor to timer 7 count operation.

(6) Set the interrupt generation cycle to the timer 7 preset
register 1 (TM7PR1). The cycle is 1000. The set value
should be 1000-1=999 (0x03E7). At the time, the same
value is loaded to the timer 7 compare register 1
(TM70C1), and the timer 7 binary counter (TM7BC) is
initialized to 0x0000.

(7) Set the interrupt level by the TM7LV1 to 0 flag of the
timer 7 interrupt control register (TM7ICR). If the
interrupt request flag is already set, clear the request
flag.

[Chapter 3 3.1.4. Interrupt Flag Setup]

(8) Set the TM7IC flag of the TM7ICR register to “1” to
enable the interrupt.

(9) Set the TM7EN flag of the TM7MD1 register to “1” to
operate the timer 7.

TM7BC counts up from 0x0000. When TM7BC reaches the set value of the TM70C1 register, the timer 7 inter-
rupt request flag is set at the next count clock and the TM7BC becomes 0x0000 and counts up again.

Operation
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6.4 16-bit Event Count

6.4.1 Operation

Event count operation has 2 types; TMnl O input and synchronous TMnlO input. These can be selected as the
count clock. Each type can select 1/1, 1/2, 1/4, or 1/16 as a count clock source. Also, it is possible to select the
count edge. (the falling edge and the both edge at the normal operation are selectable)

m 16-bit Event Count Operation (Timer 7, Timer 8)

The binary counter (TMnBC) counts the external signal input to the TMnlO pin. If the binary counter reachesthe
set value of the compare register (TMnOC), an interrupt can be generated at the next count clock.

Table:6.4.1

Timer 7 Timer 8

Event input TM7IO input (P13) TM8IO input (P12)

Synchronous TM710 Synchronous TM8IO
input input

m  Count Timing of TMnIO Input

When TMnIO input is selected, TMnlIO input signal isinput to thetimer n count clock. The binary counter counts
up at the falling edge of the TMnIO input signal or TMnIO input signal that passed the divider.

TM7EN
flag

Compare
register 1

Binary 0000 X 0001 X0002> --- -< N-1X N XOOOOX 0001
counter

Interrupt
request flag

Figure:6.4.1 Count Timing TMnIO Input (Timer 7, Timer 8)

16-bit Event Count
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If the binary counter is read out during operation, incorrect data at counting up may be read.
Also, the binary counter may have unexpected value at the timer stopped. To prevent this,
use the event count by the synchronous TMnlIO input, which is shown in the following page.

=

When using TMnIO input, after selecting fs as the count clock first, then set each mode regis-
ter and preset register. After that, operate the timer on selecting TMnlO input. Do not write
any data to the preset register on the operation. Only TMnIO input can recover from STOP
mode in 16-bit timer.

f e

When using the event input (TMnlO input), clear the binary counter before starting the timer
operation. Also, when setting 0x0000 to the compare register, use the event count by TMnlO
input which is shown below.

f e

When the event input (TMnlO input) is selected as the count clock source, even if the set
value is written to the preset register at the timer stop, the same set value may not be loaded
to the compare register. To prevent this, select the system clock (fx) for the count clock
source once, write the set value to the preset register, then select the event input (TMnlO) as
the clock source to start the timer operation.

-

The binary counter should not be read out after the timer operation is stopped when setting
the event input (TMnlO input) as the count clock source as the binary counter may reach to
an unexpected value.

f e

VI -30 16-bit Event Count
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m  Count Timing of Synchronous TMnlO Input (Timer 7, Timer 8)

If the synchronous TMnlIO input is selected, the synchronizing circuit output signal isinput to the timer n count
clock. The synchronizing circuit output signal is changed at the falling edge of the system clock after the TMnIO
input signal ischanged. The binary counter counts up at the falling edge of the synchronizing circuit output signal
or the synchronizing circuit output signal that passed through the division circuit.

e | ol

D I N ™\ Ny ™ NN

Y
System
clock (fs)
Synchronous circuit
output (countclock) | { | { | |

TMnEN
flag

Compare
register 1

Binary 0000 >< 0001 >< 0002 >< N-1 >< N Xoooo
counter

Interrupt
request flag

Figure:6.4.2 Count Timing of Synchronous TMnIO Input (Timer 7, Timer 8)

The timer n binary counter counts up the binary counter at the signal in synchronization with
the system clock so that correct value is read out from the timer n binary counter.

16-bit Event Count VI-31
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m  Count Timing of TMnlO Input (Both edges selected)

When TMnlIO input is selected, TMnIO input signal isinput to the timer n count clock. The binary counter counts
up at the falling edge of the TMnIO input signal or TMnIO input signal that passed the divider.

e |
1 6 I

TMnEN
flag

Compare >< : : : 3 : : : 3
. ; ' ; ' N ' ' ; '
registerl : : : : 1 1 1 !
x 0000 X0001X0002X0003x xN-lx N XOOOOX 0001

Interrupt
request flag

Figure:6.4.3 Count Timing TMnIO Input (Timer 7, Timer 8)

oscillation). Input from TMnIO should be done the waveform which has more than 2 times
cycle than fosc (when duty ratio is 50%). If the waveform which has less cycle is input, it may
not be counted correctly.

G When both edges are selected, they are counted only at the normal operation (high-speed
n

VI - 32 16-bit Event Count
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m  Event Count Setup Example

When the falling edge of the TM 710 input pin signal is detected 5 times using timer 7, an interrupt is generated.

Chapter 6
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An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter
TM7MD1 (0x03F78)
bp4:TM7EN =0

(2) Disable the interrupt
TM7ICR(0X03FED)
bpl:TM7IE =0

(3) Set the special function pin to input
P1DIR (0x03F31)
bp3:P1DIR3 =0

(4) Select the count clock source
TM7MD1(0x03F78)
bp1-0:TM7CK1-0 =01
bp3-2:TM7PS1-0 =00

(5) Select IGBT/timer startup factor
TM7MD3(0x03F8E)
bp1-0:T7IGBT1-0=00

(6) Set the interrupt generation cycle
TM7PR1(0x03F75,0x03F74) =0x0004

(7) Select the timer clear source
TM7MD2 (0x03F79)
bp5:TM7BCR =1

(8) Select the count clock source
TM7MD1 (Ox03F78)
bp1-0:TM7CK1-0 =10
bp3-2:TM7PS1-0 =00

(9) Set the interrupt level
TM7ICR (0x03FED)
bp7-6:TM7LV1-0 =10

(1) Set the TM7EN flag of the timer 7 mode register 1
(TM7MD1) to “0” to stop the timer 7 counting.

(2) Set the TM7IE flag of the TM7ICR register to “0 “to
disable the interrupt.

(3) Set the P1DIR3 flag of the port 1 direction control
register (P1DIR) to “0” to set P13 pin to the input mode.
Add pull-up/pull-down resistor, if necessary.
[Chapter 4 1/0O ports]

(4) Select fs to the clock source by the TM7CK1 to O flag of
the TM7MD1 register. Besides, select 1/1 to the count
clock source by the TM7PS1 to 0O flag.

(5) Set IGBT/timer startup factor to timer 7 count operation.

(6) Set the interrupt generation cycle to the timer 7 preset
register 1 (TM7PR1). The set value should be 4,
because the counting is 5 times. At that time, the same
value is loaded to the timer 7 compare register 1
(TM70C1), and the timer 7 binary counter (TM7BC) is
initialized to 0x0000.

(7) Set the TM7BCR flag of the timer 7 mode register 2
(TM7MD2) to “1” to select the compare match as a
binary counter clear source.

(8) Select TM7IO to the clock source by the TM7CK1 to O
flag of the TM7MDL1 register. Besides, select 1/1(no
dividing) to the count clock source by the TM7PS1 to O
flag.

(9) Set the interrupt level by the TM7LV1 to 0 flag of the
timer 7 interrupt control register (TM7ICR). If the
interrupt request flag is already set, clear the request
flag.

[Chapter 3 3.1.4. Interrupt Flag Setup]

16-bit Event Count
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Setup Procedure Description

(10) Enable the interrupt (10) Set the TM7IE flag of the TM7ICR register to “1” to

TM7ICR (OxO3FED) enable the interrupt.
bpl:TM7IE =1
(11) Start the event count (11) Set the TM7EN flag of the TM7MD1 register to “1” to
TM7MD1 (0Ox03F78) operate the timer 7.
bp4: TM7EN =1

Every time TM7BC reaches the falling edge of the TM 710 input, it counts up from 0x0000. When the TM7BC
reaches the set value of the TM70CL register, thetimer 7 interrupt request flag is set at the next count clock, and
the value of TM7BC becomes 0x0000 to restart counting up.

Allow the setup procedures (4) to (8) to have the correct operation.

VI -34 16-bit Event Count
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6.5 16-bit Timer Pulse Output

6.5.1 Operation

TMnIO pin can output a pulse signal with aarbitrary frequency.
m 16-bit Timer Pulse Output Operation (Timer 7, Timer 8)

These timers can output 2 x cycle signal, compared with the set value of the compare register 1 (TMnOCL1) and
the 16-bit full count. Output pins are as follows.

Table:6.5.1 Timer Pulse Output Pin

Timer 7 Timer 8

Pulse output TM710 output
pin (P13)

TMS8IO output
(P12)

TM70 output
(P51)

TM8O output
(P53)

Table:6.5.2 shows the timer interrupt generation sources and the flags that control the timer pul se output cycle.

Table:6.5.2 16-bit Timer Interrupt Generation Source and Timer Pulse Output Cycle (Timer 7, Timer 8)

TM7MD2 register Interrupt source Timer pulse output cycle
TM7IRS1 flag TM7BCR flag

1 1 TM70C1 compare match Set value of TM70C1 x 2
0 1 TM70C1 compare match Set value of TM70C1 x 2
1 0 TM70C1 compare match Full count of TM7BC x 2
0 0 Full count over flow Full count of TM7BC x 2
TM8MD?2 register Interrupt source Timer pulse output cycle
TMB8IRSL flag TM8BCR flag

1 1 TM8OC1 compare match Set value of TM80OC1 x 2
0 1 TM8OC1 compare match Set value of TM80OC1 x 2
1 0 TM8OC1 compare match Full count of TM8BC x 2
0 0 Full count over flow Full count of TM8BC x 2

16-bit Timer Pulse Output
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TMnEN
flag

Compare
register 1

Binary 0000 X 0001 X0002> --- -< N-1X N XOOOOX 0001
counter

Interrupt

request flag

TMnIO output

Figure:6.5.1 Count Timing of Timer Pulse Output (Timer 7, Timer 8)

TMnIO output pin outputs 2 x cycle, compared with the value of the compare register 1. If the binary counter
reaches the compare value or full count overflow is occurred, the binary counter is cleared to 0x0000, and the
TMnIO output (timer output) isinverted.

In the initial state after releasing reset, the timer pulse output is reset, and low output is fixed.
Therefore, release the reset of the timer pulse output by setting the TMnCL flag of the

TMnMD1 register to “0”".

Regardless of whether the binary counter is stopped or operated, the timer output is “L”,
when the TMnCL flag of the TMnMD1 register is set to “1”.

C Reset release of the timer pulse output should be done when the timer count is stopped.

When the prescaler is operated by the timer pulse output, set the prescaler dividing rate after
‘ the reset release of the timer pulse output.
[ ]
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m  Timer Pulse Output Setup Example

TM710 output pin outputs a50 kHz pulse using timer 7. For this, select fosc as the clock source and set 1/2 cycle

Chapter 6
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(50 kHz) to the timer 7 compare register (at fosc=10 MHz).

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counting
TM7MD1 (0x03F78)
bp4:TM7EN =0

(2) Set the special function pin
P10OMD (0x03F1C)
bp3:P10MD3 =1
bp2:NBUZSEL=1
P1DIR (0x03F31)
bp3:P1DIR3 =1

(3) Set the timer pulse
TM7MD2 (0x03F79)
bp4:TM7PWM =0

(4) Select the timer clear source
TM7MD2 (0x03F79)
bp5:TM7BCR =1

(5) Release the reset of the timer pulse
TM7MD1 (0x03F78)
bp5:TM7CL =0

(6) Select the count clock source
TM7MD1 (0x03F78)
bp1-0:TM7CK1-0 =00
bp3-2:TM7PS1-0 =00

(7) Select IGBT/timer startup factor
TM7MD3(0x03F8E)
bp1-0:T7IGBT1-0=00

(8) Set the timer pulse output generation cycle
TM7PR1(0x03F75,0x03F74) =x00C7

(9) Start the timer operation
TM7MD1 (0x03F78)
bp4: TM7EN =1

(1) Set the TM7EN flag of the timer 7 mode register 1
(TM7MD1) to “0” to stop the timer 7 counting.

(2) Set the P1OMD3 flag of the port 1 output mode register
(P1OMD) to “1”, the NBUZSEL flag to “1” to set P13 as
the special function pin. Set the P1DIR3 flag of the port
1 direction control register (P1DIR) to “1” to set the
output mode.

[Chapter 4 1/O Ports]

(3) Set the TM7PWM flag of the timer 7 mode register 2
(TM7MD2) to “0” to select the timer pulse output.

(4) Set the TM7BCR flag of the TM7MD2 register to “1” to
select the compare match as the binary counter clear
source.

(5) Set the TM7CL flag of the TM7MD1 register to “0” to
enable the pulse output.

(6) Select fosc as the clock source by the TM7CK1 to O flag
of the TM7MDL1 register. Also, select 1/1 dividing as
the clock source by the TM7PS1 to O flag.

(7) Set IGBT/timer startup factor to timer 7 count operation.

(8) Set 1/2 of the timer pulse output cycle to the timer 7
preset register 1 (TM7PR1). To set 50 kHz by dividing
10 MHz, set as;
200-1=199 (0xC7)
At the same time, the same value is loaded to the timer
7 compare register 1 (TM7BC) and the timer 7 binary
counter (TM7BC) is initialized to 0x0000.

(9) Set the TM7EN flag of the TM7MD1 register to “1” to
operate the timer 7.

16-bit Timer Pulse Output
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TM7BC counts up from 0x0000. If TM7BC reachesthe set value of the TM70CL register and TM7BC is cleared
to 0x0000, the signal of the TM 710 output isinverted and TM7BC counts up from 0x0000 again.

VI-38 16-bit Timer Pulse Output
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6.6 16-bit Standard PWM Output (Only
duty can be changed consecutively)

TMnI O pin outputs the standard PWM output, which is determined by the overflow timing of the binary counter,
and the match timing of the timer binary counter and the compare register.

6.6.1 Operation

m 16-bit Standard PWM Output (Timer 7, Timer 8)

PWM waveform with an arbitrary duty is generated by setting a duty of PWM “H” period to the compare register
1 (TMnOC1). Its cycleisthe time of the 16-bit timer full count overflow.
Table:6.6.1 shows the PWM output pin.

Table:6.6.1 PWM Output Pin

Timer 7 Timer 8
Pulse out- TM7I0 output (P13) TM8IO output (P12)
put pin

TM70 output (P51) TM8O output (P53)

m  Count Timing of Standard PWM Output (at Normal) (Timer 7, Timer 8)

TMnEN
flag

Compare

register 1 N :

Binary 0000 0001 ———<N-1X N XN+1XN+2>»———<FFFEXFFFFXOOOOX0001>——— M N+1
counter

TMnIO output
(PWM outpu S
A) 93) ©)

Setup time for compare register 1

PWM basic component (overflow time of the binary counter)

Figure:6.6.1 Count Timing of Standard PWM Output (at Normal)

16-bit Standard PWM Output (Only duty can be changed consecutively)
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m  Stop Condition of PWM Waveform, Polarity Selection (Timer 8)

Select the TM8IO/TM 80 output waveform for the time when the PWM operation is stopped by the TM8PWMF
of the TM8MD3 register. Select the polarity of PWM output by the TM8PWMO.

Before starting the second PWM or later, clear the BC and PWM waveform by writing to the
‘ preset register as the PWM output waveform of the first cycle cannot be guaranteed.
[ ]

PWM source waveform,
e (A)shows“H” until the binary counter reaches the compare register value from 0x0000.
* (B)shows*“L" after the compare match, then the binary counter counts up till the overflow.

e (C)shows“H” again if the binary counter overflow.

m  Count Timing of Standard PWM Output (when compare register 1 is 0x0000) (Timer 7, Timer 8)
Here isthe count timing at setting 0x0000 to the compare register 1.

= UL UYL HUUL JUL

Compare
register 1

counter
H —

TMnIO output
(PWM output)
L

10000

Figure:6.6.2 Count Timing of Standard PWM Output (when compare register 1 is 0x0000)

PWM output shows “H”, when TMnEN flag is stopped (at “0").
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m  Count Timing of Standard PWM Output (when compare register 1 is OXFFFF) (Timer 7, Timer 8)
Here isthe count timing at setting OXFFFF to the compare register 1.

Compare
register 1

Blnary 0000 o Mn o - FFFF 0000 0001 o - N+l
counter

TMnIO output
(PWM output)

{FFFF!

L

Figure:6.6.3 Count Timing of Standard PWM Output (when compare register 1 is OxFFFF)

To output the standard PWM output, set the TMnBCR flag of the TM7MD2 or TM8MD?2 regis-
ter to “0” to select the full count overflow as the binary counter clear source and the PWM
output set (“H” output) source.

The TMnOC1 compare match or the TMnOC2 compare match can be selected as a PWM
output reset (“L” output) source with the TnPWMSL flag of the TMnNMD2 register.

=R

In the initial state of the PWM output, it is changed to “H” output from “L” output at the timing
that the PWM operation is selected by the TMnPWM flag of the TMnMD?2 register.

=

To guarantee the PWM waveform of the first cycle, after PWM operation is stopped, write to
‘ the preset register to clear the binary counter and the PWM waveform when restarting the
PWM operation.

(e

16-bit Standard PWM Output (Only duty can be changed consecutively) VI-41
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6.6.2 Setup Example
m  Standard PWM Output Setup Example

The TM710 output pin outputs the 1/4 duty PWM output waveform at 152.6 Hz with the timer 7 (at the high fre-
guency oscillation, fosc=10 MHZz). One cycle of the PWM output waveform is decided by the overflow of the
binary counter. “H” period of the PWM output waveform is decided by the set value of the compare register 1.
An exampl e setup procedure, with a description of each step is shown below.

TM710 output ‘

-

152.6 Hz

Figure:6.6.4

Output Waveform of

Setup Procedure

Description

(1) Stop the counter
TM7MD1 (0x03F78)
bp4:TM7EN =0

(2) Set the special function pin to output
P10OMD (0x03F1C)
bp3:P10MD3 =1
bp2:NBUZSEL=1
P1DIR (0x03F31)
bp3:P1DIR3 =1

(3) Set the PWM output
TM7MD2 (0x03F79)
bp4:TM7PWM =1

(4) Set the standard PWM output
TM7MD2 (0x03F79)
bp5:TM7BCR =0

(5) Select the count clock source
TM7MD1 (0x03F78)
bp1-0:TM7CK1-0 =00
bp3-2:TM7PS1-0 =00

(6) Select IGBT/timer startup factor
TM7MD3(0x03F8E)
bp1-0:T7IGBT1-0=00

(1) Set the TM7EN flag of the timer 7 mode register 1
(TM7MD1) to “0” to stop the timer 7 counting.

(2) Set the P10MD3 flag of the port 1 output mode register
(P10MD) to “1”, NBUZSEL flag to “1” to set the P13 pin
as a special function pin. Set the P1DIR3 flag of the
port 1 direction control register (P1DIR) to “1” to set the
output mode.

[Chapter 4 1/O Ports]

(3) Set the TM7PWM flag of the timer 7 mode register 2
(TM7MD2) to “1” to select the PWM output.

(4) Set the TM7BCR flag of the TM7MD2 register to “0” to
select the full count overflow as the binary counter
clear source.

(5) Select fosc as the clock source by the TM7CK1 to O flag
of the TM7MDL1 register. Also, select 1/1 dividing as
the count clock source by the TM7PS1 to O flag.

(6) Set IGBT/timer startup factor to timer 7 count operation.

VI -42
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Setup Procedure

Description

(7) Set “H” period of the PWM output
TM7PR1(0x03F75,0x03F74) =0x4FFF

(8) Start the timer operation
TM7MD1 (0x03F78)
bp4: TM7EN =1

(7) Set “H” period of the PWM output to the timer 7 preset
register 1 (TM7PR1). To set 1/4 duty of the full count
65536, set as;
65536/4-1=16383 (Ox03FFF)

At the same time, the same value is loaded to the timer
7 compare register 1 (TM70C1) and the timer 7 binary
counter (TM7BC) is initialized to 0x0000.

(8) Set the TM7EN flag of the TM7MD1 register to “1” to
operate the timer 7.

TM7BC counts up from 0x0000. The PWM source waveform outputs “H” until TM7BC reaches the set value of
the TM70C1 register, then after the match it outputs“L”. After that, TM7BC continues to count up. Once a
overflow occurs, the PWM source waveform outputs “H” again, and TM7BC counts up from 0x0000, again.

16-bit Standard PWM Output (Only duty can be changed consecutively)
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6.7 16-bit High Precision PWM Output
(Cycle/Duty can be changed consec-
utively)

The TMnIO pin outputs high precision PWM output, which is determined by the match timing of the timer binary
counter and the compare register 1, and match timing of the binary counter and the compare register 2.

6.7.1 Operation

m 16-bit High Precision PWM Output Operation (Timer 7, Timer 8)

The PWM waveform of any cycle/duty is generated by setting the cycle of PWM to the compare register 1
(TMnOC1) and setting the duty of the “H” period to the compare register 2 (TMnOC?2).

m  Count Timing of High Precision PWM Output (at Normal) (Timer 7, Timer 8)

TMnEN
flag

Compare
register 1

Compare
register 2

o) e (e G

TMnIO output
(PWM output L
A=

©

M

B)
Setup time for compare register é

PWM basic component (Setup time for compare register 1)

Figure:6.7.1 Count Timing of High Precision PWM Output (at Normal)

PWM source waveform,
(A)shows “H” until the binary counter reaches the compare register from 0x0000.

(B)shows “L" after the TMnOC2 compare match, the binary counter then counts up until the binary counter
reaches the TMnOC1 compare register is cleared.

16-bit High Precision PWM Output (Cycle/Duty can be changed consecutively)
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(C)shows “H” again, when the binary counter is cleared.

m  Count Timing of High Precision PWM Output (When the compare register 2 is 0x0000) (Timer 7,
Timer 8)

Hereisthe count timing as the compare register 2 is set to 0x0000.

Count

clock

TMnEN : : : : : :
flag

Compare
. N
register 1
Compare P 0000 S
register 2 : : : : : :
Binary 0000 M ---------------------------- < N-1>< N X0000><0001> ------------------
counter

TMnIO output
(PWM output)

Figure:6.7.2 Count Timing of High Precision PWM Output (When the compare register 2 is 0x0000)

When the TMnEN flag is stopped (at “0"), the PWM output shows “H”.
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m  Count Timing of High Precision PWM Output (At the compare register 2 = the compere register 1-1)

Count
clock

TMnEN
flag

Compare
register 1

Compare
register 2

Binary 0000 M --------------------------- < N-1>< N ><oooo><0001> ——————————————————
counter

TMnIO output J
(PWM output)

N-1

Figure:6.7.3 Count Timing of High Precision PWM Output (At the compare register 2 = the compare
register 1-1)

To output the high precision PWM output, set the TMnBCR flag of the TMnMD2 register to “1”
to select the TM7OC1 compare match as the clear source for the binary counter, and the set
(“H” output) source of the PWM output.

Also, set the TNPWMLS flag to “1” to select the TMNnOC2 compare match as the reset (“L”
output) source of the PWM output.

In the initial state of the PWM output, it is changed to “H” output from “L” output at the timing
that the PWM operation is selected by the TMnPWM flag of the TMnMD register.

Set as the set value of TMNnOC2 < the set value of TMnOCL1.
If it is set as the set value of TMNOC2 = the set value of TMNnOC1, the PWM output is a “H”

fixed output.

16-bit High Precision PWM Output (Cycle/Duty can be changed consecutively)
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6.7.2 Setup Example

m  High Precision PWM Output Setup Example (Timer 7, Timer 8)

The TM710 output pin outputs the 1/4 duty PWM output waveform at 400 Hz with thetimer 7. Select fosc/2 (at
fosc=10 MHz) as the clock source. One cycle of the PWM output waveform is decided by the set value of the
compare register 1. “H” period of the PWM output waveform is decided by the set value of the compare register
2.

An exampl e setup procedure, with a description of each step is shown below.

TM710 output ‘ |

152.6 Hz

Figure:6.7.4 Output Waveform of TM710 Output Pin

Setup Procedure Description

(1) Stop the counter (1) Set the TM7EN flag of the timer 7 mode register 1
TM7MD1(0x03F78) (TM7MD1) to “0” to stop the timer 7 counting.
bp4: TM7EN =0

(2) Set the special function pin to output (2) Set the P1OMD3 flag of the portl output mode register
P10OMD(0x03F1C) (P1OMD) to “1”, the NBUZSEL flag to “1” to set P13 pin
bp3:P10MD3 =1 as the special function pin. Set the P1DIR3 flag of the
bp2:NBUZSEL=1 port 1 direction control register (P1DIR) to “1” to set the
P1DIR (0x03F31) output mode.
bp3:P1DIR3 =1 [Chapter 4 1/O Ports]

(3) Set the PWM output (3) Set the TM7PWM flag of the timer 7 mode register 2
TM7MD2(0x03F79) (TM7MD2) to “1” to select the PWM output.

bp4: TM7PWM =1

(4) Set the high precision PWM output (4) Set the P1DIR4 flag of the port 1 direction control
TM7MD2(0x03F79) register (P1DIR) to “1” to select the TM70C2 compare
bp5:TM7BCR =1 match as the duty decision source of the PWM output.

bp6:T7PWMSL =1

(5) Select the count clock source (5) Select fosc as the clock source by the TM7CK1 to 0 flag
TM7MD1(0x03F78) of the TM7MD1 register. Also, select 1/1 dividing as
bp1-0:TM7CK1-0 =00 the count clock source by theTM7PS1 to 0 flag.

bp3-2:TM7PS1-0 =00

(6) Select IGBT/timer startup factor (6) Set IGBT/timer startup factor to timer 7 count operation.
TM7MD3(0x03F8E)
bp1-0:T7IGBT1-0=00

16-bit High Precision PWM Output (Cycle/Duty can be changed consecutively) VI - 47
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Setup Procedure Description
(7) Set the PWM output cycle (7) Set the PWM output cycle to the timer 7 preset register 1
TM7PR1(0x03F75,0x03F74) =0x61a7 (TM7PR1). To set 400 Hz by dividing 10 MHz, set as;
25000-1=24999 (0x61a7)
At the same time, the same value is loaded to the timer
7 compare register 1 (TM70C1), the timer 7 binary
counter is initialized to 0x0000.
(8) Set the “H” period of the PWM output (8) Set “H” period of the IGBT output to the timer 7 preset
TM7PR2(0x03F7D,0x03F7C) =0x1869 register 2 (TM7PR2). To set 1/4 duty of 25000 dividing,
set as;
25000/4=6250 (0x1869)
At the same time, the same value is loaded the timer 7
compare register 2 (TM70C2).
(9) Start the timer operation (9) Set the TM7EN flag of the TM7MD1 register to “1” to
TM7MD1(0x03F78) operate the timer 7.
bp4: TM7EN =1

TM7BC counts up from 0x0000. The PWM source waveform outputs“H” until TM7BC matches the set value of
the TM70C2 register. Once they matches, it outputs“L”. After that, TM7BC continues to count up. Once
TM7BC matchesthe TM70C1 register to be cleared, the PWM output waveform outputs “H” again and TM7BC
counts up from 0x0000 again.
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6.8 16-bit Timer Capture

6.8.1 Operation

The value of the binary counter isread out at the timing of the external interrupt input signal which is synchro-
nized to fosc, fsor the external event signal, at the timing of the timer 0 and timer 1 interrupts or at the timing of
the writing operation with any value to the capture register.

m  Capture Operation with External Interrupt Signal as the Trigger (Timer 7, Timer 8)

Input capture trigger is generated at the external interrupt signal. The capture trigger is selected by the timer 7
mode register 1 (TMnMD1) and the timer mode register 2 (TMnMD?2).
Selectable capture triggers and the interrupt flag setup are shown below.

Table:6.8.1 Capture Trigger

Capture trigger source Timer 7 mode regis- Timer 7 mode | Timer 8 mode regis- Timer 7 mode
ter 2 register 1 ter 2 register 2
T71CT1-0 | T7ICED | T7ICEDG1 T8ICT1-0 | T8ICED | T8ICEDG1

GO GO

IRQO falling edge 00(IRQO) | 1 0 00(IRQO) | 1 0

IRQO rising edge 00(IRQO) | 1 1 00(IRQO) | 1 1

IRQO both edges 00(IRQO) | O x 00(IRQO) | O x

IRQ1 falling edge 01(IRQ1) |1 0 01(IRQ1) |1 0

IRQ1 rising edge 01(IRQ1) |1 1 01(IRQ1) |1 1

IRQ1 both edges 01(IRQ1) | O x 01(IRQ1) | O x

IRQ2 falling edge 10(IRQ2) | 1 0 10(IRQ2) | 1 0

IRQ2 rising edge 10(IRQ2) | 1 1 10(IRQ2) | 1 1

IRQ2 both edges 10(IRQ2) | O x 10(IRQ2) | 0 x

16-bit Timer Capture
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If the system clock (fs) is selected as the capture clock and the capture operation is done
during the TMnIO input or operation with fosc, an incomplete value at the count up of the
binary counter may be written to the input capture register. To prevent this, use fx or syn-
chronous TMnIO input as the count clock.

Capture trigger signals of the 16-bit timers 7 and 8 are generated by sampling the rising edge
of the capture clock selected by the TMNnCKSMP flag of the TMnMD3 register. Therefore,
even capture trigger is input, the value of the binary counter is not loaded to the capture reg-
ister until the rising edge of the next capture clock.

If the clock which is slower than CPU operation speed (fs) is set as the timer source clock,
set the TMNCKSMP of the TMnMD3 register to fs.

Also, the interval of each capture trigger should be set more than 2 cycles of the clock which
is set at the TMNnCKSMP of the TMNnMD3 register.

If the capture clock frequency is longer against the system clock, the value of the capture
register may be read out before capturing.
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m Capture Count Timing as Both Edges of External Interrupt Signal is selected as Trigger (Timer 7,
Timer 8))

Count
clock
(fs) : : L : : : L : : : L :

TMnEN
flag

Compare
register

S(i)r:ﬁ]?ér X N X0000X0001>» --- ~<0111X0112X0113X01l4>» --- ~<5555X5556X5557X5558>> --- -< N-lX N

External
interrupr m
input signal

N

Capture trigger
(synchronous
to fs)

Capture X 0000 X 0111 X 0114 X 5555 X 5558
register

Figure:6.8.1 Capture Count Timing as External Interrupt Signal is selected as Trigger (Timer 7, Timer
8)

A capturetrigger is generated at the both edges of the external interrupt m input signal. In synchronized with this
capture trigger, the value of binary counter isloaded to the input capture register. The value loaded to the capture
register is depending on the value of the binary counter at the falling edge of the capture trigger. When the speci-
fied edge is selected as the capture trigger source, the capture trigger is generated only at that edge. The other
count timing is the same as the count timing of the timer operation.

When the binary counter is used as a free counter which counts 0x0000 to OXFFFF set the
compare register 1 to OXFFFF, or set the TMnBCR flag of the TM7MD2 to “0".

Even if an event is generated before the value of the input capture register is read out, the
value of the input capture register can be rewritten.

In the initial state after releasing the reset, the generation of trigger by the external interrupt
signal is disabled. Set the TnICEN flag of the TMnMD2 register to “1” to enable the trigger

generation.
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m  Capture Operation as Timer 0 and 1 interrupts are selected as Trigger (Timer 7, Timer 8)

A capturetrigger of the input capture function is generated by the timer 0 and 1 interrupts signals. Select the cap-
ture trigger by the timer mode register 2 (TMnMD2) and the timer mode register 4 (TMnMD4). When the timer
0 and 1 interrupts signals are selected as the capture trigger, the edges of the capture trigger are disabled.

TM7EN
Flag

Compare

Register 1 N

Binary >< N ><oooo><0001>- --- <0111><0112><0113><0114> --- <5555X5556X5557X5558>» --- < N-1>< N
Counter

Timer 0, 1
Interrupt

Capture
trigger

Capture >< 0000 >< 0114 >< 5558
register

Figure:6.8.2 Capture Operation as Timer 0 and 1 interrupts are selected as Trigger (Timer 7, Timer 8)

input capture function is generated by the timer 0 and 1 interrupts signals. Select the capture
trigger by the timer mode register 2 (TMnMDZ2) and the timer mode register 4 (TMnMD4).
When the timer 0 and 1 interrupts signals are selected as the capture trigger, the edges of
the capture trigger are disabled. When setting the capture clock as the count clock to exe-
cute the event count operation, the timer 0, 1 interrupt signal may not be recognized. To pre-
vent this, select the synchronous TMnIO input as the clock source.

G When the T7ICT1-0 flag of the timer mode register 2 is set to x'11’, a capture trigger of the
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m Binary Counter Clearance at the Timing of Capture (Timer 7, Timer 8)

When selecting the external interrupt input signal or the timer 0 and 1 interrupts as the capture trigger, the binary
counter can be cleared during capture operation by setting the TNnCAPCLR flag of the timer mode register 4
(TMnMD4) to “1". The binary counter can be cleared during timer count operation only.

= YUy yryUyL

TM7EN
Flag

Compare

Register 1 N

Binary

Counter X N A0000j; 0001 OOOZXOOOO 0001A0002)0003 0004X0005 0006 J0000 A0001 0002X0003 0004

Capture trigger

Capture >< 0002 >< 0006
Reqister

Figure:6.8.3 Binary Counter Clearance at the Timing of Capture (Timer 7, Timer 8)
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m  Capture Operation Triggered by Writing Software (Timer 7, Timer 8)

Count
clock (fs) L L L

TMnEN
flag

Compare
register

Binary “ 0000 @ --- <0111><0112><0113X0114> --- (5555X5556><5557><5558> --- < N-1>< N
counter

Capture trigger
(Synchronous to
writing signal)

Capture >< 0000 X 0114 >< 5558
reglster

Figure:6.8.4 Capture Count Timing Triggered by Writing Software (Timer 7, Timer 8)

The capture trigger is generated at the writing signal to the input capture register. The writing signal is generated
at the last cycle of the writing instruction. In synchronized with this capture trigger, the value of the binary
counter isloaded to the input capture register. The valueis depending on the value of the binary counter at the
falling edge of the capturetrigger. The other timing is the same as the timer operation.

The writing to the input capture to generate the capture trigger should be done with 8-bit
access instruction of the TMnICL register or the TMnICH register.

At this time, data is not actually written to the TMnIC register.

On hardware, there is no flag to disable the capture operation triggered by writing software.
Capture operation is enabled regardless of the TnICEN flag of the TMnMD2 register.

16-bit Timer Capture
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m  Capture Function Setup Example

External interrupt O
IRQO input

Chapter 6

16-bit Timers

interrupt interrupt

Pulse width to be measured

Figure:6.8.5 Pulse Width Measurement of External Interrupt O

Setup Procedure

Description

(1) Stop the counter
TM7MD1(0x03F78)
bp4: TM7EN =0

(2) Disable the interrupt
IRQOICR(0X03FE2)
bp1:IRQOIE =0

(3) Select the timer clear source
TM7MD2(0x03F79)
bp5:TM7BCR =1

(4) Select the count clock source
TM7MD1(0x03F78)
bp1-0:TM7CK1-0 =00
bp3-2:TM7PS1-0 =00

(5) Select IGBT/timer startup factor
TM7MD3(0x03F8E)
bp1-0:T7IGBT1-0=00

(6) Set the compare register
TM7PR1(0x03F75,0x03F74) =OxFFFF

(7) Select the capture trigger generation
interrupt source
TM7MD2(0x03F79)
bp1-0:T7ICT1-0 =00

(8) Select the capture trigger generation edge
TM7MD1(0x03F78)
bp6:T7ICEDG1 =1
TM7MD2 (0x03F79)
bp7:T7ICEDGO =1

(1) Set the TM7EN flag of the timer 7 mode register 1
(TM7MD1) to “0” to stop the timer 7 counting.

(2) Set the IRQIE flag of the IRQOICR register to “0” to
disable the interrupt.

(3) Set the TM7BCR flag of the timer 7 mode register 2
(TM7MD2) to “1” to select the compare match as the
binary counter clear source.

(4) Select fosc as the clock source by the TM7CK1 to O flag
of the TM7MDL1 register. Also, select 1/1 dividing of
fosc as the count clock source by the TM7PS1 to 0
flag.

(5) Set IGBT/timer startup factor to timer 7 count operation.

(6) Set OXFFFF to the timer 7 preset register  1(TM7PR1).
At that time, the same value is loaded to the timer 7
compare register 1 (TM70C1), the timer 7 binary
counter (TM7BC) is initialized to 0x0000.

(7) Select the external interrupt 0 (IRQO) input as the
capture trigger generation source by the T7ICT1to O
flag of the TM7MD2 register.

(8) Set the T7ICEDGLI flag of the TM7MD1 register to “1” to
select the rising edge as the capture trigger generation
edge. Also, set the T7ICEDGO flag of the TM7MD2
register to “1” to enable the specify edge as the capture
trigger generation source.

16-bit Timer Capture
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Setup Procedure

Description

(9) Select the capture sampling
TM7MD3(0x03F8E)
bp7:TM7CKSMP =0

(10) Select the interrupt generation valid edge
IRQOICR(0X03FE2)
bp5:REDGO =1

(11) Set the interrupt level
IRQOICR(0x03FE2)
bp7-6:IRQOLV1-0 =10

(12) Enable the interrupt
IRQOICR(OX03FE2)
bpl:IRQOIE =1

(13) Enable the capture trigger generation
TM7MD2(0x03F79)
bp2:T7ICEN =1

(14) Start the timer operation
TM7MD1(0x03F78)
bp4: TM7EN =1

(9) Select the capture sampling as the count clock.

(10) Set the REDGO flag of the external interrupt O control
register (IRQOICR) to “1” to select the rising edge as
the interrupt generation valid edge.

(11) Set the interrupt level by the IRQOLV1 to O flag of the
IRQOICR register. If the interrupt request flag is
already set, clear the request flag.

[Chapter 3 3.1.4. Interrupt Flag Setup]

(12) Set the IRQOIE flag of the IRQOICR register to “1” to
enable the interrupt.

(13) Set the T7ICEN flag of the TM7MD2 register to “1” to
enable the capture trigger generation.

(14) Set the TM7EN flag of the TM7MD1 register to “1” to
operate the timer 7.

TM7BC counts up from 0x0000. At the timing of the rising edge of the external interrupt O input signal, the value
of TM7BC isloaded to the TM7IC register. At that time, the pulse width between rising edge of the external
interrupt input signal can be measured by reading the value of the TM7IC register through interrupt service rou-
tine, and calculating the difference between the capture values.
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6.9 16-bit High Precision IGBT Output
(Cycle/Duty can be changed consec-
utively)

High precision IGBT output starts counting by the external interrupt input signal asthe trigger. Startup trigger
can be selected by the external interrupt 0, 1 and 2 or starting of the timer 7 count operation. When counting
starts, the operation is the same as the high precision PWM output.

6.9.1 Operation

m |IGBT Trigger Selection

IGBT trigger can be selected from IRQO, IRQ1, IRQ2 and the start of the timer 7 count operation.

Setup should be done at the T7IGBTO and T7IGBT1 flag of the TM7MD3 register. When the startup is controlled
from external of the microcontroller, one of IRQO to IRQ2 should be selected. Thistrigger detectsthe input level
before activation. Either “H” or “L” level can be selected with the T7IGBTTR flag of the TM7MD3 register.
When “1” (therising edge) is selected, count operation continues while thetrigger pinis“H”. When “0” (thefall-
ing edge) is selected, count operation continues while the trigger pinis“L”.

To control the startup by the commands, TM7EN count operation should be selected. In that case, timer count
operation or IGBT output are controlled by the TM7EN flag of the TM7MD1 register. When “1” (count opera-
tion) is selected, count continues counting until “0” (count stop) is set. Make sureto set the TM7IGBTO, 1 of the
TM7MD3 register before operating the TM7EN flag of the TM7MD1 register. In that case, setup of T7ZIGBTTR
is neglected. The binary counter is cleared as the counting stops. The value isloaded from the preset register to
the compare register in synchronization with the counter clock.

m  16-bit High Precision IGBT Output (Timer 7)

The IGBT waveform of any cycle/duty is generated by setting the cycle of IGBT to the compare register 1
(TM70C1) and setting the duty of the “H” period to the compare register 2 (TM70C2). The 16 bit timer that can
be used by high precision IGBT output is the timer 7.

m  One shot Pulse Output Setup
One shot pulse output can be done by setting the T7TONESHOT flag of the TM7MD4 register to “1”.

16-bit High Precision IGBT Output (Cycle/Duty can be changed consecutively) VI-57
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m  Count Timing of High Precision IGBT Output (At Normal) (Timer 7)

wo AU U Uy e

TM7EN
Flag

Compare N
Register 1

Compare M
Register 2

IGBT TriggerJ I_

Binary o VoV N Y Y oY oo d v YV v Yoo Yo o
Counter 0000 0001 A 0002 M-1 M+1 X M+2 N-1 N 0000 A 0001 L-1 0000

g e | |
Q) ® © ©) ®

TMB8IO output
(IGBT Output) | |

Figure:6.9.1 Count Timing of High Precision IGBT Output (At Normal)

(A) When IGBT trigger isinput, IGBT operation becomes valid after 1 count clock. After IGBT output isvalid,
itis"L" until the next count clock.

(B) When IGBT trigger isvalid, it is"H" during the period when the value of the binary counter reaches that of
TM70C2 from X'0000'. ("H" output from X'0001 at the first operation cycle)

(C) After the TM70C2 compare match, itis"L" and the binary counter counts up until the counter reaches the
TM70C1 compare register to be cleared.

(D) When the binary counter is cleared, it becomes "H" again.
(E) When IGBT trigger becomesinvalid, the timer isinitialized and IGBT output forcibly becomes"L".
m  Count Timing of High Precision IGBT Output (When the compare register 2 is X’0000’) (Timer 7)

The following shows the count timing as the compare register 2 is set to X’ 0000’.

7 U T O O L I A

TM7EN
Flag

Compare
Register 1 N

Compare
Register 2 0000

IGBT Trigger J I__

Binary
Counter 0000 0001 X 0002 }------ -< N-1 N XOOOO 0001 }------ M-1 X MX 0000

TM710 output |—|
(IGBT output)

TM8IO output

(IGBT output)

Figure:6.9.2 Count Timing of High Precision IGBT Output (When the compare register 2 is X’0000")
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When the TM7EN flag isset to “0" (stop status) and the T7ZIGBTDT of the TM7MD3 register is set to “0”, both
TM710 and TM8IO output “L".

m  Count Timing of High Precision IGBT Output (When compare register 2 = compare register 1)
(Timer 7)

The following shows the count timing when the value of the compare register 1 is set to the compare register 2.

comens | F LA LS LA LI LA LS LALE

TM7EN
Flag

Compare
Register N

Compare N
Register 2

IGBT Trigger

Binary Counter
0000 0001 X 0002 }------ -< N-1 N XOOOO 0001 )------ M-1 X MX 0000

TM7I1O output
(IGBT output)

TMB8IO output
(IGBT output)

Figure:6.9.3 Count Timing of High Precision IGBT Output (When compare register 2 = compare
register 1)

For high precision IGBT output, set the TM7BCR flag of the TM7MD?2 register to "1" and

select TM70C1 compare match as the binary counter clear factor and IGBT output set ("H"
output) factor. Also, set the TTPWMSL flag of the TM7MD2 register to "1" and select the
TM70C2 compare match as the IGBT output reset ("L" output) factor.

In the initial state of the IGBT output (TM710), when the IGBT output is selected by the
T7IGBTEN of the TM7MD3 register, it is "L" output. After the trigger is input, it changes to

"H" at the second cycle.

Set as TM70C2 value < TM70C1 value.
When TM70C2 value > TM70C1 value, the IGBT output waveform is fixed to “H".
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m  One Shot Pulse Output of High Precision IGBT Output (At Normal) (Timer 7)

e | PSP ALY DY

TM7EN
Flag

Compare
Register N

Comparé M
Register

IGBT
Trigger
Binary

Counter 0000 0001 A 0002 M-1 M+L A M+2 ( N1 X N X 0000
TM710 output |
(IGBT output)

TMBIO output | |
(IGBT output)

Figure:6.9.4 One Shot Pulse Output of High Precision IGBT Output (At Normal) (Timer 7)

m  One Shot Pulse Output of High Precision IGBT Output (When the compare register 2 is X’0000)
(Timer 7)

Count cmeMM\ """ —IJIW ------ —\M

TM7EN
Flag

Compare N
Register 1

Compare
Register 2 0000

IGBT Trigger

Binary
Counter

TM7IO output
(IGBT output)

TMS8IO output |
(IGBT output)

0000 0001 A 0002 < N—1>< N 0000

Figure:6.9.5 One Shot Pulse Output of High Precision IGBT Output (When the compare register 2 is
X'0000’) (Timer 7)
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One Shot Pulse Output of High Precision IGBT Output ~ (When compare register 2 = compare
register 1) (Timer 7)

A U B O O

TM7EN
Flag

Compare
Register 1 N

Compare N
Register 2

IGBT Trigger

Binary
Counter 0000 0001 X 0002 < N-1 N 0000

TM710 output
(IGBT output)
TMB8IO output
(IGBT output)

Figure:6.9.6 One Shot Pulse Output of High Precision IGBT Output (When compare register 2 =
compare register 1) (Timer 7)
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6.9.2 Setup Example
. ________________________________________________________________________________________________________|

m  High precision IGBT Output Setup Example (Timer 7)

At the interrupt generation edge of the external interrupt O input signal, TM 710 output pin outputs the waveform
of 1/4 duty IGBT output waveform at 400 Hz using the timer 7. Select fosc/2 (at fosc=20 MHz) as the clock
source. Required period for one IGBT output waveform cycle depends on the set value of the compare register 1.
“H” period of IGBT output waveform depends on the set value of the compare register 2.

An exampl e setup procedure, with a description of each step is shown below.

IGBT trigger

TM710 output —| |_| |_|

400 Hz

Figure:6.9.7 Output Waveform of TM710 Output Pin

Setup Procedure Description

(1) Stop the counter (1) Set the TM7EN flag of the timer 7 mode register 1
TM7MD1(x'3F78) (TM7MD1) to “0” to stop the timer 7 counting.
bp4: TM7EN =0

(2) Set the output of special function pins (2) Set the P1OMDS flag of the port 1 output mode register
P10MD(x’3F1C’) (P1OMD) to “1”, the NBUZSEL flag to “1” to set the P13
bp4:P10MD3 =1 pin to the special function pin. Set the P1LOMD2 flag of
bp3:NBUZSEL =1 the port 1 output mode register to “1”, the BUZSDEL
bp4:P10MD2 =1 flag to “1” to set the P12 pin to the special function pin.
bp3:BUZSEL =1 Set the P1DIR3 flag of the port 1 direction control
P1DIR(x'3F31’) register (P1DIR) to “1”, the P1DIR2 flag to “1” to set the
bp3:P1DIR3=1 output mode.
bp2:P1DIR2=1 Add pull-up/pull-down resistor if necessary.

[Chapter 4 1/O port]

(3) Set IGBT output (3) Set the T7IGBTEN flag of the timer 7 mode register 3
TM7MD3(x’3F8E’) (TM7MD3) to “1” to select IGBT output.
bp2:TM7IGBTEN =1

(4) Set the high precision IGBT output operation | (4) Set the TM7BCR flag of the TM7MD2 register to “1” to

TM7MD2(x'3F79) select the TM70C1 compare match as the clear factor
bp5:TM7BCR =1 of the binary counter. Set the T7TPWMSL flag to “1” to
bp6:T7PWMSL =1 select the TM70C2 compare match as the duty
TM7MDA4(x'3F6E") determination factor of IGBT output. Set the
bp3:T7NODED =1 T7NODED flag of the TM7MD4 register to “1” to select

the IGBT waveform without dead time.
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Setup Procedure

Description

source
TM7MD3(x'3F8E)
bp1-0:T7IGBT1-0 =01

IRQOICR(X'3FE2)
bp5:REDGO =1

(7) Select IGBT trigger generation level
TM7MD3(x'3F8E’)
bp4:T7IGBTTR=0

(8) Select IGBT trigger generation edge
TM7MD2(x'3F79)
bp7:T7ICEDG=1

(9) Set the interrupt level
IRQOICR(X'3FE2")
bp7-6:IRQOLV1-0 =10

(10) Enable the interrupt
IRQOICR(X'3FE2')
bpl:IRQOIE =1

(11) Select the count clock source
TM7MD1(x'3F78)
bp1-0:TM7CK1-0 =00
bp3-2:TM7PS1-0 =01

(12) Set the IGBT output cycle
TM7PR1(x’'3F75’, xX'3F74") =x'61a7”

(13) Set “H” period of the IGBT output

(14) Start the timer operation
TM7MD1(x'3F78)
bp4: TM7EN= 1

(5) Select IGBT trigger generation interrupt

(6) Select the interrupt generation valid edge

TM7PR2(x’3F7D', X'3F7C’) =x'186a’

(5) Set the external interrupt 0 (IRQO) input as IGBT trigger
generation factor by the T7IGBT1-0 flag of the
TM7MD3 register.

(6) Set the REDGO flag of the external interrupt O control
register (IRQOICR) to “1” to select the rising edge as
the interrupt generation valid edge.

(7) Set the T7IGBTTR flag of the TM7MD3 register to “0” to
set the IGBT trigger level to “H".

(8) Set the T7ICEDG flag of the TM7MD2 register to “1" to
select the external interrupt specified edge as the IGBT
trigger generation factor.

(9) Set the interrupt level by the IRQ1LV1 to O flag of the
IRQOICR register. If any interrupt request flag is
already set, clear it.

[Chapter 3. 3.1.4 Interrupt Flag Setup]

(10) Set the TM7EN flag of the TM7MD1 register to “1” to
start the timer 7.

(11) Select fosc as the clock source by the TM7CK1 to 0
flag of the TM7MDL1 register.
Also, select 1/2 dividing as the count clock source by
the TM7PS1 to O flag.

(12) Set the IGBT output cycle to the timer 7 preset register
1 (TM7PR1). To set 400 Hz by dividing MHz, set as;
25000-1=24999 (x61a7’)

At the same time, the same value is loaded to the timer
7 compare register 1 (TM70C1), and the timer 7 binary
counter (TM7BC) is initialized to x’0000'.

(13) Set the “H" period of the IGBT waveform to the timer 7
preset register 2 (TM7PR2). To set 1/4 duty of 25000
dividing, set as;
25000/4=6250(x'186")

At the same time, the same value is loaded to the timer
7 compare register 2 (TM70C2).

(14) Set the TM7EN flag of the TM7MD1 register to “1” to
operate the timer 7.

TM7BC counts up from x’0000. The IGBT output waveform outputs “H” until TM7BC matches the set value of
the TM70C2 register. Oncethey match, it outputs“L”. After that, TM7BC continuesto count up. Once TM7BC
value matches the TM70C1 register value to be cleared, the IGBT output waveform outputs “H” and TM7BC

counts up from x’ 0000 again.

16-bit High Precision IGBT Output (Cycle/Duty can be changed consecutively)
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To output the IGBT output waveform from the large current pin TM 70, set the specia function pin to output
mode as follows (refer to setup example (2)). Set each of PSOMD flag of the port 5 output mode register

(P5OMD) to “1” to select P51 pin as the specia function pins. Set PSDIR1 flag of the port 5 direction control
register to “1” to set output mode.
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6.10 16-bit Standard IGBT Output (Only

duty can be changed consecutively)

Startup trigger can be selected by the external interrupt O, 1 and 2 or starting of the timer 7 count operation. When
counting starts, the operation is the same as the high precision PWM output.

6.10.1 Operation

m |IGBT Trigger Selection

IGBT trigger can be selected from IRQO, IRQ1, IRQ2 and the start of the timer 7 count operation. Setup should
be done at the T7IGBTO and T7IGBT1 flag of the TM7MD3 register. When the startup is controlled from exter-
nal of the microcontroller, one of IRQO to IRQ2 should be selected. Thistrigger detectsthe input level before
activation. Either “H” or “L” level can be selected with the T7IGBTTR flag of the TM7MD3 register. When “1"
(therising edge) is selected, count operation continueswhilethetrigger pinis“H”. When“0” (thefalling edge) is
selected, count operation continues while the trigger pinis“L”.

To control the startup by the commands, TM7EN count operation should be selected. In that case, timer count
operation or IGBT output are controlled by the TM7EN flag of the TM7MD1 register. When “1” (count opera-
tion) is selected, count continues counting until “0” (count stop) is set. Make sureto set the TM7IGBTO, 1 of the
TM7MD3 register before operating the TM7EN flag of the TM7MDL1 register.

m  16-bit Standard IGBT Output (Timer 7)

The IGBT waveform of any duty is generated by setting the duty of “H” period to the compare register 1
(TM70C1) and detecting the trigger that is generated by the external interrupt after the external interrupt interface
block has passed. The cycleisthefull count overflow time of the 16 bit timer. The following shows IGBT output
pins, types of the selectable IGBT trigger, and the setting of the interrupt flags.

Table:6.10.1 IGBT Output Pin

Timer 7

IGBT output pin TM710 output (P13)

TM70 output (P51)

16-bit Standard IGBT Output (Only duty can be changed consecutively)
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Table:6.10.2 IGBT Trigger

Timer 7 mode register 3
T71GBT T71IGBTTR
IRQO falling edge 01 (IRQO) 1
IRQO rising edge 01 (IRQO) 0
IRQ1 falling edge 10 (IRQ1) 1
IRQ1 rising edge 10 (IRQ1) 0
IRQ2 falling edge 11 (IRQ2) 1
IRQ2 rising edge 11 (IRQ2) 0
TM7EN count operation 00 -

VI - 66 16-bit Standard IGBT Output (Only duty can be changed consecutively)
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m  Count Timing of Standard IGBT Output (At Normal)

Count
Clock

TM7EN
Flag

Compare
Register 1

IGBT Trigger

Counter >.

TM7IO Output
(IGBT output)

) B) © ®) (E)

Figure:6.10.1 Count Timing of Standard IGBT Output (At Normal)

(A) When IGBT trigger isinput, IGBT operation becomes valid after 1 count clock. After IGBT output isvalid,
itis"L" until the next count clock.

(B) When IGBT trigger isvalid, it is"H" during the period when the value of the binary counter reaches that of
TM70C2 from X'0000'". ("H" output from X'0001 at the first operation cycle)

(C) After the TM70C2 compare match, itis"L" and the binary counter counts up until the counter reaches the
TM70OC1 compare register to be cleared.

(D) When the binary counter is cleared, it becomes "H" again.

(E) When IGBT trigger becomesinvalid, the timer isinitialized and IGBT output forcibly becomes"L".
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m  Count Timing of Standard IGBT Output (When the compare register 1 is X’0000’) (Timer 7)
The following shows the count timing as the compare register 1 is set to X’ 0000'.

Count
Clock
TH7EN e

Flag H H H H H H H H H H H H

Compare
Register 1

£0000

IGBT Trigger

_— H H

Blnary 0000 o @ o % FFFF 0000 o 0000
Counter

H
TM710 Output
(IGBT output{

Figure:6.10.2 Count Timing of Standard IGBT Output (When the compare register 1 is X’0000")

When TM7EN flag is set to “0” (stop status), IGBT output is“L”.

m  Count Timing of Standard IGBT Output (When the compare register 1 is X'FFFF’) (Timer 7)
The following shows the count timing as the compare register 1 is set to X' FFFF'.

TM7EN
Flag

Compare
Register 1

IGBT Trigger J
Blnary 0099 @ o M“ﬂ o %% 009 o M“ﬂ 0000
Counter >.

TM710 Output
(IGBT output)

{FFFFi

Figure:6.10.3 Count Timing of Standard IGBT Output (When the compare register 1 is X'’FFFF’)
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full count overflow as the binary counter clear factor and the IGBT output set ("H" output) fac-

G For standard IGBT output, set the TM7BCR flag of the TM7MD2 register to "0" and select the
2 tor.

TM70C1 compare match or TM70C2 compare match can be selected as the IGBT output
‘ reset ("L" output) factor by the T7TPWMSL flag of the TM7MD2 register.
[ ]
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6.10.2 Setup Example

m  Standard IGBT Output Setup Example (Timer 7)

At the interrupt generation edge of the external interrupt O input signal, TM710 output pins output the waveform
of /4 duty IGBT waveform at 305.18 Hz using the timer 7. Frequency for high speed operation (fosc) is20 MHz.
Required period for one IGBT output waveform cycle depends on the overflow time of the binary counter. “H”
period of IGBT output waveform depends on the set value of the compare register 1.

An exampl e setup procedure, with a description of each step is shown below.

IGBT TriggerJ
TM710 Output | |

]

305.18 Hz
<>

Figure:6.10.4 Output Waveform of TM710 Output Pin and TM8IO Output Pin

Setup Procedure

Description

(1) Stop the counter
TM7MD1(x'3F78)
bp4: TM7EN =0

(2) Set the output of special function pins
P1OMD(x'3F1C’)
bp4:P10OMD3 =1
bp3:NBUZSEL =1
P1DIR(x'3F31")
bp4:P1DIR3=1

(3) Set IGBT output
TM7MD3(x'3F8E’)
bp2:TM7IGBTEN =1
TM7MD2(x'3F79’)
bp4:PM7PWM =1

(4) Set the standard IGBT output operation
TM7MD2(x'3F79)
bp5:TM7BCR =1

(5) Select IGBT trigger generation interrupt
source
TM7MD3(x'3F8E)
bp1-0:T7IGBT1-0 =01

(1) Set the TM7EN flag of the timer 7 mode register 1
(TM7MD1) to “0” to stop the timer 7 counting.

(2) Set the P1OMDS3 flag of the port 1 output mode register
(P1OMD) to “1”, to set the P13 pin to the special
function pin.

Set the P1DIR3 flag of the port 1 direction control
register (P1DIR) to “1” to set the output mode.
Add pull-up/pull-down resistor if necessary.
[Chapter 4 1/O port]

(3) Set the T7IGBTEN flag of the timer 7 mode register 3
(TM7MD3) to “1” , the TM7PWM flag of the timer 7
mode register 2 (TM7MD2) to “1” to select IGBT output.

(4) Set the TM7BCR flag of the TM7MD2 register to “0” to
select the full count overflow as the clear factor of the
binary counter.

(5) Set the external interrupt 0 (IRQO) input as IGBT trigger
generation factor by the T7IGBT1-0 flag of the
TM7MD3 register.

16-bit Standard IGBT Output (Only duty can be changed consecutively)
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Setup Procedure

Description

(6) Select the trigger level
TM7MD3(x'3F8E’)
bp4:T7IGBTTR=1

(7) Select the dead time
TM7MD4(x'3F6E")
bp3:T7NODED =1

(8) Select the count clock source
TM7MD1(x'3F78)
bp1-0:TM7CK1-0 =00
bp3-2:TM7PS1-0 =01

(9) Start the timer operation
TM7MD1(x'3F78)
bp4: TM7EN= 1

(6) Set the T7IGBTTR flag of the TM7MD3 register to “1” to
set the IGBT trigger level to “H".

(7) Set the T’TNODED flag of the TM7MD4 register to “1” to
select without dead time.

(8) Select fosc as the clock source by the TM7CK1 to O flag
of the TM7MDL1 register.
Also, select 1/1 dividing as the count clock source by
the TM7PS1 to O flag.

(9) Set the TM7EN flag of the TM7MD1 register to “1” to
enable the operation of the timer 7. After “H” is input to
the P54, IGBT is output from the P13.

16-bit Standard IGBT Output (Only duty can be changed consecutively)
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VI-72

6.11 Dead Time IGBT Output

IGBT output with dead time generates the waveform, inclusive ON or OFF time delay, during the standard IGBT
signal inversion. And the formed waveform is output through TM710 and TM8IO pins. Startup trigger can be
selected by the external interrupt 0, 1 and 2 or starting of the timer 7 count operation.

6.11.1 Operation
. ________________________________________________________________________________________________________|

m  Dead Time IGBT Output Operation (Timer 7)

Dead time IGBT output can be selected at the T7IGBTEN of the timer 7 mode register 3 (TM7MD3). Also, dead
time can be set to the dead time preset register 1 and 2 (TM7DEADPR1, 2). Only thetimer 7 of 16-bit timer can
use dead time IGBT output functions.

m IGBT Trigger Selection

IGBT trigger can be selected from IRQO, IRQ1, IRQ2 and the start of the timer 7 count operation.

Setup should bedone at the T7IGBTO and T7IGBT1 flag of the TM7MD3 register. When the startup is controlled
from external of the micro controller, one of IRQO to IRQ2 should be selected. Thistrigger detectsthe input level
before activation. Either “H” or “L” level can be selected with the T7IGBTTR flag of the TM7MD3 register.
When “1” is selected, count operation continues while the trigger pinis“H”. When “0” is selected, count opera-
tion continues while the trigger pinis“L”.

To control the startup by the commands, TM7EN count operation should be selected. In that case, timer count
operation or IGBT output are controlled by the TM7EN flag of the TM7MD1 register. When “1” (count opera
tion) is selected, count continues counting until “0” (count stop) is set. Make sureto set the TM7IGBTO, 1 of the
TM7MD3 register before operating the TM7EN flag of the TM7MD1 register. In that case, setup of T7IGBTTR
is neglected. The binary counter is cleared as the counting stops. The value isloaded from the preset register to
the compare register in synchronization with the counter clock.

m  Dead Time Count

Dead time counter counts the timer clock source. When the dead time insert is set asrising standard, set the
period from the falling of TM8IO to therising of TM710 to the dead time preset register 1 (TM7DPR1) and the
period from the falling of TM710 to the rising of TM8IO to the dead time preset register 2 (TM7DPR2). Dead
time isinserted for the period of the set value + 1. Only for the period from the IGBT output is enabled by the
IGBT trigger to the first rising of TM710 (in the case of the IGBT falling standard), the set value of the
TM7DPR1 + 2 isinserted to the dead time. (1 count clock should be longer than usually.)

Dead Time IGBT Output
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Count Timing of Dead Time IGBT Output (Timer 7)
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Figure:6.11.1 Count Timing of Dead Time IGBT Output (Timer 7)

VI-73

Dead Time IGBT Output



Chapter 6
16-bit Timers

VI-74

Output waveform of the IGBT with dead time (at falling-edge standard)

(A)TM710="L", TM8IO="L" until the IGBT trigger isinput and become valid.

(B)After the trigger isinput and after 1 count clock falling edge of the next count clock + count clock x (value of
the dead time preset register 1 + 1) output voltage of TM710 isincreased.

(C)After the compare matching (the value of the binary counter matches that of TM70C2), and after 1 count
clock, output voltage of TM710 is decreased.

(D)After TM710 output voltage is decreased and after count clock x (value of the dead time preset register 2 + 1),
output voltage of TM8IO isincreased.

(E)After the compare matching (the value of the binary counter matches that of TM70C1) and after 1 count
clock, output voltage of TM8IO is decreased.

(F)After TM8IO output voltage is decreased and after count clock x (value of the dead time preset register 1 + 1),
output voltage of TM710 isincreased.

(G)When IGBT trigger becomes invalid, both TM710 and TM8IO become “L” right away.

Set as TM70C2 value < TM70C1 value.
When TM70C2 value > TM70C1 value, the IGBT output waveform is fixed as P13="L",

P12="L" at falling edge standard.

lowing cases may occur:

-the value set in the preset register during IGBT operation may not be loaded to the compare
register.

-the value set in the dead time preset register during IGBT operation may not be reflected.

G If IGBT trigger is enabled within 2 cycles of count clock after IGBT trigger is disabled, the fol-

occur when IGBT trigger is disabled:

-the value set in the preset register during IGBT operation may not be loaded to the compare
register.

-the value set in the dead time preset register during IGBT operation may not be reflected.

G If the event input (TM710) is selected as the count clock source, the following cases may
u

entered on the dead time preset register while IGBT operation halt may not be reflected. To
prevent this, select the system clock (fs) as the count clock source and enter the value on the
dead time preset register. Then, select the event input (TMnlO) as the count clock source
and start the IGBT operation.

G When the event input (TTMnIO) is selected as the count clock source, the value which is
[ ]

When IRQO, IRQ1, or IRQ2 is selected as the IGBT trigger, the timing of IGBT operation start
‘ may delay up to 1 count clock.

Dead Time IGBT Output
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m  One Shot Pulse Output Setup
One shot pulse can be output by setting the T7TONESHOT flag of the TM7M D4 register to “1”.

N+1

N-1

01

00

n+1l
00

|

‘
—
. . :

Com:

0000
00

Count Clock
TM7EN

Flag
Compare
Register 1
Compare
Register 2
Dead Time Compare

Register 1
Dead Time Compare
Register 2
IGBT Trigger
Binary
Counter
Dead Time
Counterl
Dead Time
Counter2
TM710 Output
(IGBT output)
TMB8IO Output
(IGBT output)

Figure:6.11.2 Count Timing of Dead Time IGBT One Shot Pulse Output (Timer 7)
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6.11.2 Setup Example
. ________________________________________________________________________________________________________|

m  Dead Time IGBT Output Setup Example (Timer 7)

At the interrupt generation edge of the external interrupt O input signal, TM710 and TM8IO output pins output the
waveform of 1/4 duty IGBT waveform at 200 Hz with 0.01 ms, 0.02 ms dead time by the falling standard using

thetimer 7. Select fosc/1 (at fosc=8.0 MHz) asthe clock source. Required period for one IGBT output waveform
cycle depends on the set value of the compare register 1. “H” period of IGBT output standard waveform depends
on the set value of the compare register 2. Dead time period depends on the value of the dead time preset register

1

and 2.

An exampl e setup procedure, with a description of each step is shown below.

IGBT trigger J
(P20 input)

IGBT waveform

TM7IO output : |
waveform H

TM8IO output
waveform

Lrr

0.0Lms 0.02ms

001ms 0.02ms 0.01ms

200 Hz

Figure:6.11.3 Output Waveform of TM7IO Output Pin and TM8IO Output Pin

Setup Procedure

Description

(1) Stop the counter
TM7MD1(x'3F78)
bp4: TM7EN =0

(2) Set the dead time IGBT output operation
TM7MD2(x'3F79’)
bp5:TM7BCR =1
bp6: T7PWMSL =1

(3) Select IGBT/timer startup factor
TM7MD3(x'3F8E")
bp1-0:TM7IGBT1-0 =01

(4) Select the interrupt generation valid edge
TM7MD3(x'3F8E’)
bp4:T7IGBTTR =0

(5) Set the dead time edge
TM7MD3(x'3F8E’)
bp3:T7IGBTDT =0

(1) Set the TM7EN flag of the timer 7 mode register 1
(TM7MD1) to “0” to stop the timer 7 counting.

(2) Set the TM7BCR flag of the TM7MD2 register to “1” to
select the TM70C1 compare register match as the
binary counter clear source.

Also, set the T7TPWMSL flag to “1” to select the
TM70C2 compare match as the duty decision source
of the IGBT output.

(3) Select the external interrupt 0 (IRQO) input as the IGBT/
timer startup factor by the T7IGBT1 to O flag of the
TM7MD3 register.

(4) Set the T7IGBTTR flag of the TM7MD3 register to “1” to
select the rising edge as the interrupt generation valid
edge.

(5) Set the T7IGBTDT flag of the timer 7 mode register 3
(TM7MD3) to “0” to select the falling standard as the
dead time edge.

VI-76
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Setup Procedure

Description

(6) Set the interrupt level
IRQOICR(X'3FE2")
bp7-6:IRQOLV1-0 =10

(7) Enable the interrupt
IRQOICR(X'3FE2')
bp1l:IRQLIE =1

(8) Select the count clock source
TM7MD1(x'3F78)
bp1-0:TM7CK1-0 =00
bp3-2:TM7PS1-0 =00

(9) Set the IGBT output cycle
TM7PR1(x’3F75’, X'3F74") =x'9C3F’
bp2:T7ICEN =1

(10) Set “H” period of the IGBT output
TM7PR2(x’3F7D', X'3F7C’) =x'2710’

(11) Set the dead time
TM7DPR1(x'3F7E") = x'50"
TM7DPR2(x'3F7F") = xX'9F'

(12) Set the IGBT output
TM7MD2 (x'3F79")
bp4:TM7PWM =1
TM7MD3 (x'3F8E))
bp2:T7IGBTEN =1
TM8MD3 (x'3F8F")
bp2: TM8SEL =1

(13) Set the special function pin to output

P1OMD(x'3F1C’)

bp3: PIOMD3=1

bp2: NBUZSEL=1

bpl: PIOMD2=1

bp0: BUZSEL=1

P1DIR (xX'3F31’)

bp3: P1DIR3=1

bp2: P1DIR2=1

(6) Set the interrupt level by the IRQ1LV1 to O flag of the
IRQOICR register. If any interrupt request flag is
already set, clear it.

(7) Set the IRQOIE flag of the IRQOICR register to “1” to
enable the interrupt.

(8) Select fosc as the clock source by the TM7CK1 to O flag
of the TM7MDL1 register.
Also, select 1/1 dividing as the count clock source by
the TM7PS1 to O flag.

(9) Set the IGBT output cycle to the timer 7 preset register 1
(TM7PR1). To set 200 Hz by dividing 8.0 MHz, set as;
40000-1=39999 (0x9C3F)

At the same time, the same value is loaded to the timer
7 compare register 1 (TM70C1), and the timer 7 binary
counter (TM7BC) is initialized to 0x0000.

(10) Set the “H" period of the IGBT waveform to the timer 7
preset register 2 (TM7PR2). To set 1/4 duty of 40000
dividing, set as;
40000/4=10000 (0x2710")

At the same time, the same value is loaded to the timer
7 compare register 2 (TM70C2).

(11) Set the period from the falling of the TM8IO to the rising
of the TM7I10 to the timer 7 preset register 1
(TM7DEADPR1) and from the falling of the TM710O to
the rising of the TM8IO to the timer 7 preset register 2
(TM7DEADPR?2).

To make dead time which is from the TM7IO falling to
the TM8IO rising is 0.02 ms and from the TM8IO falling
to the TM7IO rising is 0.01 ms, set Ox4F to the timer 7
dead time preset register 1 and Ox9F to the timer 7
dead timer preset register 2.

(12) Set T7IGBTEN flag of the timer 7 mode register 3
(TM7MD3) to “1” to select the dead time IGBT output.
Set T78SEL flag of the timer 8 mode register 3
(TM8MD3) to “1” to select the timer 7 IGBT output.

(13) Set the PLOMD3 flag, NBUZSEL flag, PLOMD?2 flag
and BUZSEL flag of the port 1 output mode register
(P1OMD) to “1” to set P13 and P12 as the special
function pins. Set the P1DIR3 flag and P1DIR2 flag of
the port 1 direction control register (P1DIR) to “1” to set
the output mode.

[Chapter 4 1/O Ports]
Set P13, P12 as the special function pins after setup
procedures (1) to (13).

Dead Time IGBT Output
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VI-78

Setup Procedure

Description

(14) Start the timer operation
TM7MD1(x'3F78)
bp4: TM7EN= 1

(14) Set the TM7EN flag of the TM7MD1 register to “1” to
operate the timer 7. After “H” is input to P54 pin, IGBT
is output from P13, P12.

TM7BC counts up from X’0000. The IGBT output waveform outputs “H” until TM7BC matches the set value of
the TM70C2 register. Oncethey match, it outputs“L”. After that, TM7BC continuesto count up. Once TM7BC
value matches the TM70C1 register value to be cleared, the IGBT output waveform outputs “H” and TM7BC

counts up from X’ 0000 again. TM710O pin outputs dead time worth of IGBT output waveform. TM8IO pin out-
puts dead time worth of inverted IGBT output waveform.

To output the IGBT output waveform from the large current pin TM 710, set the special function pin to output
mode as follows (refer to setup example (2)). Set each of PSOMD1 flag and PSOM D3 flag of the port 5 output
mode register (P5OMD) to “1” to select P51 pin and P53 pin as the specia function pins. Set P5SDIR1 and
P5DIR3 flag of the port 5 direction control register to “1” to set output mode.

Dead Time IGBT Output
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6.12 16-bit Timer Cascade Connection

6.12.1 Operation

Cascading timers 7 and 8 forms a 32-hit timer.
m 16-bit Timer Cascade Connection Operation (Timer 7 + Timer 8)

Timer 7 and timer 8 are combined to be a 32-bit timer. Cascading timer is operated at clock source of timer 7
which are lower 16 bits.

Table:6.12.1 Timer Function at Cascade Connection

Timer 7+Timer 8
(32-bit)

Interrupt source

TM8IRQ1, TM8IRQ2

Timer operation

(0]

Timer pulse output

O
(TM8IO output)

PWM output

O

Synchronous output

Clock source

fosc

fosc/2

fosc/4

fosc/16

fs

fs/2

fs/4

fs/16

TM710 input
TM7I0 input/2
TM710 input/4
TM710i input/16

fosc:Machine clock (High frequency oscillation)
fs:System clock [Chapter 2 2.5. Clock Switching]

* At cascade connection, timer 8 interrupt factor is only counter-clear.

At cascade connection, the binary counter and the compare register are operated as a 32-bit register. At operation,
set the TM7EN flag of the lower 16-bit timersto “1” to be operated. Also, select the clock source with the lower
16-bit timer. Other setup and count timing are the same as the 16-bit timer at independently operation.

16-bit Timer Cascade Connection
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When timer 7 and timer 8 are used in the cascade connection, timer 8 is used as the interrupt
request flag. Timer pulse output of timer 7 is “L” fixed output.

Timer 7 interrupt should be disabled as the interrupt request of timer 7 is generated.

once that if the loading timing from the preset register to the compare register occurs at the

G The preset registers (TM7PR1 and TM8PR1, TM7PR2 and TM8PR2) cannot be written at
2 same time as the writing timing of the preset register, the correct data may not be loaded.

VI - 80 16-bit Timer Cascade Connection
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6.12.2 Setup Example (Timer Operation)
. ________________________________________________________________________________________________________|

m Cascade Connection Timer Setup Example (Timer 7 + Timer 8)

Setting example of timer function that the interrupt is constantly generated by cascade connection of timer 7 and
timer 8, as 32-bit timer is shown. An interrupt is generated in every 100000 cycles (40 ms) by selecting source
clock to f&/2 (fosc=10 MHz, fs=fosc/2).

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter
TM7MD1 (x'3F78")

(1) Set the TM7EN flag of the timer 7 mode register
(TM7MD1) to “0” and the TM8EN flag of the timer 8

bp4:TM7EN=0 mode register (TM8MD1) to “0” to stop the timer 7 and
TM8MDL1 (x’3F88") the timer 8 counting.
bp7: TM8EN =0

(2) Select the timer clear source
TM7MD2 (x’3F88")
bp5:TM7BCR =1

(3) Select the normal lower operation
TM7MD2 (x'3F79")
bp2:T7ICEN=0

(4) Set the cascade connection
TM8MDS3 (x’3F8')
bp0:TM8CAS=1

(5) Select the count clock source
TM7MD1 (x'3F78")
bp1-0:TM7CK1-0=01
bp3-2:TM7PS1-0=01

(6) Set the interrupt generation cycle
TM7PR1 (X'3F75', X'3F74")=x’869F'
TM8PR1 (x'3F85', x’'3F84')=x’0001'

(7) Disable the lower timer interrupt
TM7ICR (x'3FED")
bp1l:TM7IE=0

(8) Set the upper timer interrupt level
TMBICR (x'3FF6')
bp7-6:TM8LV1-0=10

(2) Set the TM7BCR flag of the TM7MD2 register to “1” to
select the compare match as the binary counter clear
source.

(3) Set the T7ICEN flag of the TM7MD2 register to “0” to
select the normal timer operation.

(4) Set the TMBCAS flag of the TM8MD3 register to “1” to
connect the timer 7 and the timer 8 to the cascade.

(5) Select fs as the clock source by the TM7CK1 to 0 of the
TM7MDL1 register. Also, select 1/2 of fs as the count
clock source by the TM7PSL1 to O flag.

(6) Set the interrupt generation cycle to the timer 7 preset
register 1 (TM7PR1) and the timer 8 preset register
(TM8PR1). (100000 cycles-1). Atthe same time, the
same values as the preset registers are loaded to the
timer 7 compare register 1 (TM70C1) and the timer 8
compare register (TM80C1), and the binary counters
(TM7BC, TM8BC) are initialized to x’0000’.

(7) Set the TM7IE flag of the timer 7 interrupt control
register (TM7ICR) to “0” to disable the interrupt.

(8) Set the interrupt level by the TM8LSL1 to O flag of the
timer 8 interrupt control register (TM8ICR). If any
interrupt request flag is already set, clear it.
[Chapter 3 3.1.4. Interrupt Flag Setup]

16-bit Timer Cascade Connection
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VI - 82

Setup Procedure

Description

(9) Enable the upper timer interrupt
TMB8ICR (X'3FF3’)
bpl:TM8IE=1

(10) Start the lower timer operation
TM7MD1 (x'3F78")
bp4: TM7EN=1

(9) Set the TMBIE flag of the TM8ICR register to “1” to
enable the interrupt.

(10) Set the TM7EN flag of the TM7MD1 register to “1” to
operate the timer 7.

TM7BCL+TM7BCH+TM8BCL+TM8BCH counts up from X’ 00000000 as a 32-hit timer.

When TM7BCL+TM7BCH+TM8BCL+TMB8BCH reaches the set value of
TM70C1L+TM70C1IH+TM80OCI1L+TMB8OC1H register, the timer 8 interrupt request flag is set at the next
count clock and the value of TM7BCL+TM7BCH+TM8BCL+TM8BCH becomes X’ 00000000 to restart count

up.

16-bit Timer Cascade Connection
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6.12.3 Setup Example (PWM Operation)

m Cascade Connection PWM Output Setup Example (Timer 7 + Timer 8)

TM8IO output pin outputs the 1/10 duty PWM output waveform at 1/60 Hz with the cascade connection of timer
7 and timer 8, asa 32-bit timer. Select fosc/1 (fosc=8 MHz, at operation) as the clock source. One cycle of the
PWM output waveform is depending on the set value of the compare register 1. “H” period of the PWM output
waveform is depending of the set value of the compare register 2.

An exampl e setup procedure, with a description of each step is shown below.

TM8IO output ‘ |

|

1/60 Hz (60 seconds)

Figure:6.12.1 Output Waveform of TM8IO Output Pin

Setup Procedure

Description

(1) Stop the counter
TM7MD1 (X'3F78")

(1) Set the TM7EN flag of the timer 7 mode register
(TM7MD1) to “0”, the TM8EN flag of the timer 8 mode

bp4:TM7EN=0 register (TM8MD1) to “0” to stop the timer 7 and the
TM8MDL1 (x’3F88") timer 8 counting.
bp7: TM8EN=0

(2) Set the special function pin to output
P1OMD (x'3F1C')
bp1:P1OMD2=1
bp0:BUZSEL=1
P1DIR (x'3F31")
bp2:P1DIR2=1

(3) Set the cascade connection
TM8MD3 (x'3F8F')
bp0:TM8CAS=1

(4) Set the PWM output
TM7MD2 (x'3F79")
bp4: TM7PWM=1

(5) Set the high precision PWM output operation
TM7MD2 (x'3F79’)
bp5:TM7BCR=1
bp6:T7PWMSL=1

(6) Select the count clock source
TM7MD1 (x'3F78")
bp1-0:TM7CK1-0=00
bp3-2:TM7PS1-0=00

(2) Set the P10MD2, BUZSEL flags of the port 1 output
mode register (P1LOMD) to “1” to set the P12 pin as the
special function pin.

Set the P1DIR2 flag of the port 1 direction control
register (P1DIR) to “1” to set the output mode.
Add pull-up/pull-down register, if necessary.
[Chapter 4. 1/O Ports]

(3) Set the TMBCAS flag of the TM8MD3 register to “1” to
connect the timer 7 and the timer 8 to the cascade.

(4) Set the TM7PWM flag of the timer 7 mode register 2
(TM7MD2) to “1” to select the PWM output.

(5) Set the TM7BCR flag of the TM7MD2 register to “1” to
select the TM70C1 compare match as the binary
counter clear source. Also, set the T7TPWMSL flag to
“1" to select the TM70C2 compare match as the duty
of the PWM output.

(6) Select fosc as the clock source by the TM7CK1 to O flag
of the TM7MDL1 register.
Also, select 1/1 dividing as the count clock source by
the TM7PS1 to O flag.

16-bit Timer Cascade Connection
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Setup Procedure Description

(7) Set the PWM output cycle (7) Set the PWM output cycle to the timer 7 preset register 1
TM7PR1 (X'3F75' x'3F74") = X'37FF' (TM7PR1) and the timer 8 preset register 1 (TM8PR1).
TM8PR1 (x'3F85',x'3F84") = x’1C9C' To set 1/60 Hz by dividing 8 MHz, set as;

480.000.000-1=479.999.999 (x'1C9C37FF’)

At the same time, the same values are loaded to the
timer 7 compare register 1 (TM70C1) and the timer 8
compare register 1 (TM80OC1), and the timer 7 binary
counter (TM7BC) and the timer 8 binary counter
(TM8BC) are initialized to x'0000.

(8) Set “H” period of the PWM output (8) Set “H” period of the PWM output to the timer 7 preset
TM7PR2 (x'3F7D',x’3F7C") = x’6C00' register 2 (TM7PR2) and the timer 8 preset register 2
TM8PR2 (x'3F8D',x’3F8C") = x'02DC' (TM8PR2).

To set 1/10 duty of 480.000.000 dividing, set as;
480.000.000/10=48.000.000 (x'02DC6CO00)

At the same time, the same values are loaded to the
timer 7 compare register 2 (TM70C2) and the timer 8
compare register 2 (TM80OC?2).

(9) Start the timer operation (9) Set the TM7EN flag of the TM7MD1 register to “1” to
TM7MD1 (x'3F78") operate the timer 7 and the timer 8.
bp4: TM7EN=1

VI -84

TM7BCL + TM7BCH + TM8BCL + TM8BCH counts up from X’ 00000000 as a 32-bit timer. The TM8IO out-
puts“H” until TM7BCL + TM7BCH + TM8BCL + TM8BCH reaches the set value of the TM70C2L +
TM70C2H + TM8OC2L + TMBOC2H register. Once they mach, it outputs“L”. After that, TM7BCL +
TM7BCH + TM8BCL + TM8BCH continues to count up, once TM70C1L + TM70OC1H + TM80OCLL +
TMB8OC1H reachesthe TM7BCL + TM7BCH + TM8BCL + TM8BCH register to be cleared, the TM8I O outputs
“H” again and TM7BCL + TM7BCH + TM8BCL + TM8BCH counts up from X’ 00000000 again.

In the initial state of the PWM output, “L” output is changed to “H” output as the PWM output
is selected by the TM7PWM flag of the TM7MD2 register.

Set value should be set as;
G TM70C2L + TM70OC2H + TM8OC2L + TM8OC2H <
! TM70CI1L + TM70C1H + TM8OCI1L + TM8OC1H.
If it is set as;
TM70C2L + TM70OC2H + TM8OC2L + TM8OC2H =
TM70C1L + TM70C1H + TM8OCI1L + TM8OC1H,
the PWM output is a “H” fixed output.

16-bit Timer Cascade Connection
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7.1 Overview

This LSl has atime base timer and a 8-bit free-running timer (timer 6).

Time base timer is a 15-bit timer counter.

7.1.1 Functions

Table:7.1.1 shows the clock source and the interrupt generation cycle that timer 6 and time base timer 7 can use.

Table:7.1.1 Clock Source and Generation Cycle

Timer 6

Time base timer (8-bit free-running)

fosc % 1/210
fosc X 1/213
fosc X 1/215
fx X 1/27

fx X 1/28

fx X 1/2°

fx X 1/210
fx X 1/213
fx X 1/215

8-bit timer operation X (@)
Interrupt TBIRQ TM6IRQ
Clock source fosc fosc
fx fx
fs
fosc X 1/27*1
fosc X 1/213 %1
fx X 1/27 *2
fx X 1/213 %2
Interrupt generation fosc X 1/27 The interrupt generation
cycle fosc X 1/28 cyc!e is decided py the
arbitrary value written to
fosc X 1/2° TM60OC.

fosc: Machine clock (High speed oscillation)

fx: Machine clock (Low speed oscillation)

fs: System clock [Chapter 2. 2.5 Clock Switching]

*1 Can be used when a clock source of time base timer is selected to ‘fosc’.
*2 Can be used when a clock source of time base timer is selected to ‘fx’.

VIl -2 Overview
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When ‘fs’ is used as a clock source, it counts at “rising” of the count clock and in other uses,
‘ it counts “falling” of the count clock.

Count clock source should be changed when the timer interrupt is disabled.

Overview VIl -3



Block Diagram
m  Timer 6, Time Base Timer Block Diagram

7.1.2

Time Base Timer / Free-running Timer
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7.2 Control Registers

Timer 6 consists of binary counter (TM6BC), compare register (TM60OC), and is controlled by mode register
(TM6MD). Time base timer is controlled by mode register (TM6MD) and time base timer clear register
(TBCLR). Both timers are operated by the enable signal of the TME6BEN.

7.2.1 Control Registers

Table:7.2.1 shows the registers that control timer 6, time base timer.
Table:7.2.1 Control Registers

Register Address R/W | Function Page
Timer 6 TM6BC 0x03F60 R Timer 6 binary counter VII-6
TM60C 0x03F61 R/W | Timer 6 compare register VII-6
TM6MD 0x03F62 R/W | Timer 6 mode register VII-8
TM6BEN | 0x03F64 R/W | Timer 6 enable register VII-7
TMGICR OxO3FEB R/W | Timer 6 interrupt control register 11-28
Time base timer | TM6MD 0x03F62 R/W | Timer 6 mode register VII-8
TBCLR 0x03F63 W Time base timer clear control register VII-6
TBICR Ox03FEC R/W | Time base interrupt control register 11-29

Control Registers VIl -5
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7.2.2 Programmable Timer Registers
. ________________________________________________________________________________________________________|

Timer 6 is a8-hit programmable counter.
Programmable counter consists of compare register (TM60C) and binary counter (TM6BC).

Binary counter isa8-bit up-counter. When the TM6CL RS flag of the timer 6 mode register (TM6MD) is“0” and
the interrupt cycle data is written to the compare register (TM60C), the timer 6 binary counter (TM6BC) is
cleared to 0x00.

m  Timer 6 Binary Counter (TM6BC:0x03F60)

bp 7 6 5 4 3 2 1 0
Flag TM6BC7 | TM6BC6 |TM6BC5 |TM6BC4 |TM6BC3 | TM6BC2 | TM6BC1 | TM6BCO
At reset 0 0 0 0 0 0 0 0
Access R R R R R R R R

m  Timer 6 Compare Register (TM60OC:0x03F61)

bp 7 6 5 4 3 2 1 0

Flag TM60C7 | TM6OC6 | TM60OC5 | TM60OC4 | TM6OC3 | TM6OC2 | TM6OC1 | TM60OCO
At reset X X X X X X X X
Access R/W R/W R/W R/W R/W R/W R/W R/W

Time base timer can be reset its operation by the software. Time base timer can be cleared by writing an arbitrary
value to the time base timer clear control register (TBCLR).

m Time Base Timer Clear Control Register (TBCLR:0x03F63)

bp 7 6 5 4 3 2 1 0

Flag TBCLR7 | TBCLR6 |TBCLR5 |TBCLR4 |TBCLR3 |TBCLR2 |TBCLR1 |TBCLRO
At reset - - - - - - - -
Access W W W W W W W W

VIl - 6 Control Registers
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Timer 6 Enable Registers

Thisregister controls the starting operation of the timer 6 and the time base timer.

m  Timer 6 Enable Registers (TM6BEN:0x03F64)

Chapter 7
Time Base Timer / Free-running Timer

bp 7 6 5 4 3 2 1 0
Flag - - - - - - TBEN TMGEN
At reset - - - - - - 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7-2 - -
1 Time base timer operation control
TBEN 0:Stop
1:Operation
0 Timer 6 operation control
TM6EN 0:Stop
1:Operation

Timer 6 does not start operating unless the TM6EN flag of the TM6BEN register is set to “1”.

Time base timer does not start operating unless the TBEN flag of the TM6BEN register is set

tO “1".

Control Registers
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7.2.4  Timer Mode Registers

Thisisreadable/ writable register that controls timer 6 and time base timer.

m  Timer 6 Mode Register (TM6MD:0x03F62)

bp 7 6 5 4 3 2 1 0
Flag ;MGCLR TM6IR2 TM6IR1 TM6IRO TM6CK3 | TM6CK2 | TM6CK1 | TM6CKO
At reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7 Timer 6 binary counter clear selection flag
TM6CLRS 0:Enable the initialization of TM6BC as TM60OC is written.
1:Disable the initialization of TM6BC as TM60OC is written.
* TM6IRQ is disable as TM6CLRS = 0, TM6IRQ is enable as TM6CLRS = 1.
6-4 Time base timer interrupt cycle selection
000:Time base selection clock X 1/27
TM6IR2 001:Time base selection clock X 1/28
TM6IR1 010:Time base selection clock X 1/2°
TM6IRO 011:Time base selection clock X 1/210
10-:Time base selection clock X 1/213
11-:Time base selection clock X 1/215
3-1 Timer 6 clock source selection
000:fosc
001:fs
010:fx
TMG6CK3 011:Synchronous fx
TM6CK2 - ; x 1/213
TM6CK1 100:Time base selection clock X 1/2
101:Synchronous time base selection clock X 1/2%3
110:Time base selection clock X 1/27
111:Synchronous time base selection clock X 1/27
0 Time base timer clock source selection
TM6CKO 0:fosc
1:fx

VIl -8 Control Registers
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7.3 8-bit Free-running Timer
|

7.3.1 Operation

m  8-bit Free-running Timer (Timer 6)

The generation cycle of the timer interrupt should be set in advance, by the set value of the compare register
(TM60C) and the clock source selection. When the binary counter (TM6BC) reaches the set value of the com-
pare register, an interrupt request is generated at the next count clock and the binary counter is cleared to restart
count up from 0xQ0.

Table:7.3.1 shows selectable clock source.
Table:7.3.1 Clock Source at Timer Operation (Timer 6)

Clock source One count time
At fosc=10 MHz At fosc=8.39 MHz At fosc=2 MHz
fosc 100 ns 119.1 ns 500 ns
fx 30.5 us
fs 200 ns 238.3ns 1000 ns
fosc X 1/27 12.8 ps 15.2 us 64 s
fosc X 1/213 819.2 ps 976.4 ps 4096 ps
fx X 1/27 3.9ms
fx X 1/213 250 ms

fx = 32.768 KHz
fs = fosc/2

fosc = 20 MHz, 8.39 MHz, 2 MHz

8-bit Free-running Timer
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m  8-bit Free-running Timer as a 1 Minute-timer, a 1 Second-timer

Table:7.3.2 shows the clock source selection and the TM60OC register setup, when a 8-bit free-running timer is
used as a 1 minute-timer, a 1 second-timer.

Table:7.3.2 1 Minute-timer, 1 Second-timer (Timer 6) Setup

Interrupt Generation Clock source TM60C Register
Cycle

1 min fx x 1/213 OxEF

1s fx x 1/213 0x03

fx = 32.768 kHz

When the 1 minute-timer (1 m.) isset on Table:7.3.2, the bp2 waveform frequency (cycle) of the TM6BC register
is1Hz(1s.). So,that can be used for adjusting the seconds.

TM6BC
bp2

"1Hz(ls)'

Figure:7.3.1 Waveform of TM6BC Register bp2 (Timer 6)

G For proper count, count clock should be switched after the timer stops its operation.
u
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m  Count Timing of Timer Operation (Timer 6)

Binary counter counts up with the selected clock source as a count clock.

TM6CLRS
flag
Compare MzXz R EXE VN
register : : : : : : : : : : : : :

: : : : : : : 2. : : : : :
Blnary ﬂﬂa o maaﬂ ---- 01
counter

1. 4.,

Interrupt

request flag

3. 5.

Figure:7.3.2 Count Timing of Timer Operation (Timer 6)

1. When any dataiswritten to the compare register asthe TM6CLRS flagis“0”, the binary counter is cleared to
0x00.

2. Evenif any dataiswritten to the compare register asthe TM6CLRS flag is“1”, the binary counter is not
changed.

3. When the binary counter reaches the value of the compare register asthe TM6CLRS flagis“1”, an interrupt
request flag is set at the next count clock.

4. When aninterrupt request flag is set, the binary counter is cleared to 0x00 and restarts the counting.

5. Evenif the binary counter reaches the value of the compare register asthe TM6CLRS flag is“ 0", no interrupt
request flag is set.

8-bit Free-running Timer VIl -11
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When the binary counter reaches the value in the compare register, the interrupt request flag
is set and the binary counter is cleared at the next count clock.

So set the compare register as:

Compare register setting = (count till the interrupt request -1)

Q

If the fx input is selected as a clock source and the value of timer 6 binary counter is read out
at operation, an incorrect value could be read out. To prevent this, select a synchronous fs
as the count clock source.

Q

When fx is used to the clock source, the binary counter should be cleared before starting the
timer operation. Also, when 0x00 is set to the compare register, the synchronous fx should
be used.

=

If the smaller value than the binary counter is set to the compare register at counting opera-
tion, the binary counter continues counting till overflow.

Q

When fx and time base selection clock (at time base clock source is selected as fx) are
selected as clock sources, the binary counter may not be cleared. To prevent this, select a
synchronous fx and synchronous time base selection clock.

Q

When a timer interrupt request flag is generated, up to 3 system clock is required for the next
flag generation. Even if the binary counter reaches the value in the compare register, a timer
interrupt request flag is not generated.

VIl - 12
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7.3.2 Setup Example

m  Timer Operation Setup (Timer 6)

Timer 6 generates interrupts constantly for timer function. Interrupts are generated in every 250 dividing (25 ps)

Chapter 7

Time Base Timer / Free-running Timer

by selecting fs (fs= 10 MHz at operation) as clock source.

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Enable the binary counter
TM6MD(0x03F62)
bp7 :TM6CLRS =0

(2) Disable the interrupt
TM6ICR(OX03FEB)
bpl:TM6IE =0

(3) Select the clock source
TM6MD(0x03F62)
bp3-1:TM6CK3-1 =001

(4) Set the interrupt generation cycle
TM60OC(0x03F61) =0xF9

(5) Enable the interrupt request
TM6MD(0x03F62)
bp7 :-TM6CLRS =1

(6) Set the interrupt level
TM6ICR(0X03FEB)
bp7-6 :TM6LV1-0 =01

(7) Enable the interrupt
TM6ICR(OX03FEB)
bpl :TM6IE =1

(8) Start the TM6 operation
TM6BEN(0x03F64)
bp0 :TM6EN =1

(1) Set the TMB6CLRS flag of the timer 6 mode register
(TM6MD) to “0”. At the time, the initialization of the
timer 6 binary counter (TM6BC) is enabled.

(2) Set the TM6IE flag of the TM6ICR register to “0” to
disable the interrupt.

(3) Clock source can be selected by the TM6CK3 to 1 flag of
the TM6MD register. Actually, fx is selected.

(4) Set the interrupt generation cycle to the timer 6 compare
register (TM60OC). At that time, TM6BC is initialized to
0x00.

(5) Set the TM6CLRS flag of the TM6MD register to “1” to
enable the interrupt request generation.

(6) Set the interrupt level by the TM6LV1 to 0 flag of the
timer 6 interrupt control register (TM6ICR). If the
interrupt request flag may be already set, clear them.
[Chapter 3. 3.1.4 Interrupt Flag Setup]

(7) Set the TM6IE flag of the TM6ICR register to “1” to
enable the interrupt.

(8) Set the TM6EN flag of the TM6BEN register to “1” to
start the timer 6.

AsTM60C is set, TM6BC isinitialized to 0x00 to count up.

When TM6BC matches TM60OC, the timer 6 interrupt request flag is set at the next count clock and TM6BC is

cleared to 0x00 to restart counting.

8-bit Free-running Timer
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If the TM6CLRS flag of the TM6MD register is set to “0”, TM6BC can be initialized at every
rewriting of TM60C register, but in that state the timer 6 interrupt is disabled. If the timer 6

interrupt should be used, set the TM6CLRS flag to “1” after rewriting the TM60OC register.

On the timer 6 clock source selection, if the time base timer output or the time base timer
synchronous output is selected, the clock setup of time base timer is necessary.

VIl - 14 8-bit Free-running Timer



7.4 Time Base Timer
]

7.4.1 Operation

m Time Base Timer (Time Base Timer)

Interrupt is constantly generated by a selected clock source and ainterrupt generation cycle. Table:7.4.1 shows

the interrupt cycle is combination with the clock source;

Table:7.4.1 Selection of Time Base Timer Interrupt Generation Cycle

Selected clock source Interrupt generation cycle

fosc fosc X 1/27 12.8 us
fosc X 1/28 25.6 s
fosc X 1/2° 51.2 ps
fosc X 1/210 102.4 ps
fosc X 1/213 819.2 s
fosc X 1/21° 3.27ms

fx fx X 1/27 3.9ms
fx X 1/28 7.8 ms
fx X 1/2° 15.6 ms
fx X 1/210 31.2 ms
fx X 1/213 250 ms
fx X 1/215 1s

fosc = 10 MHz fx = 32.768 kHz

Time Base Timer

VII -
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m  Count Timing Timer Operation (Time Base Timer)

The counter counts up with the selected clock source as a counter clock.

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 3;3;3;3;3; fosc
[<—MUX
fx

| | | |
S A

13 9 7
1/2 1/2 1/2 12 12 172

<
<

Figure:7.4.1 Count Timing of Timer Operation (Time Base Timer)

» When the selected interrupt cycle is passed, the interrupt request flag of the time base interrupt control register
(TBICR) is set.

An interrupt may be generated at switching of the clock source. Enable the interrupt after
switching the clock source.

The initialization can be done by writing an arbitrary value to the time base timer clear control
register (TBCLR).

When fx is selected as a clock source, the time base timer may not be initialized. For pre-
‘ vention, write twice to the time base timer clear control register (TBCLR).
[ ]
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Chapter 7
Time Base Timer / Free-running Timer

m  Timer Operation Setup (Time Base Timer)

An interrupt can be generated constantly with time base timer in the selected interrupt cycle. Theinterrupt gener-

ation cycleisfosc x 1/213 (1 ms:fosc = 8.192 MH2z) to generate interrupts.
An exampl e setup procedure, with a description of each step is shown below

Setup Procedure

Description

(1) Select the clock source
TM6MD(0x03F62)
bp0 :TM6CKO =0

(2) Disable the interrupt
TBICR(0x03FEC)
bpl:TBIE =0

(3) Select the interrupt generation cycle
TM6MD(0x03F62)
bp6-4 :TM6IR2-0 =100

(4) Initialize the time base timer
TBCLR(0x03F63) =0x00

(5) Set the interrupt level
TBICR(OXO0EFC)
bp7-6 :TBLV1-0 =01

(6) Enable the interrupt
TBICR(OX03FEC)
bpl :TBIE =1

(7) Start the time base timer operation
TM6BEN(0x03F64)
bpl :TBEN =1

(1) Select fosc as a clock source by the TM6CKO flag of the
timer 6 mode register (TM6MD).

(2) Set the TBIE flag of the TBICR register to “0” to disable
the interrupt.

(3) Select the selected clock X 1/212 as an interrupt
generation cycle by the TM6IR2 to 0 flag of the TM6MD
register.

(4) Write value to the time base timer clear control register
(TBCLR) to initialize time base timer.

(5) Set the interrupt level by the TBLV1 to O flag of the time
base interrupt control register (TBICR). If any interrupt
request flag may be already set, clear them.

[Chapter 3. 3.1.4 Interrupt Flag Setup]

(6) Set the TBIE flag of the TBICR register to “1” to enable
the interrupt.

(7) Set the TBEN flag of the TM6BEN register to “1” to start
the time base timer.

» When the selected interrupt generation cycle is passed, the interrupt request flag of the time base interrupt con-

trol register (TBICR) issetto“1".

Time Base Timer

VII -
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Chapter 8
Remote Control Carrier Functions

8.1 Overview

Remote control carrier output functions can generate the carrier wave for the remote control and output.

8.1.1 Functions

Table:8.1.1 shows the remote control carrier output functions.

Table:8.1.1 The remote control carrier output functions.

Remote control carrier output base timer Timer O
selection Timer 3
Duty selection 1/2

1/3

Timer output
Remote control carrier output enable factor RMOEN
Remote control carrier output enable "L" level output

Remote control carrier output

P14 special function selection Timer O
Remote control carrier output

This function is not available in the STOP/HALT mode.

VI -2 Overview
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8.1.2 Block Diagram

m  Remote Control Carrier Output Block Diagram

Remote control
career output/
Timer0 output

MUX —»D

L

0 o ~
=}

S . x| 22(5=|s(3
53 NEEEEEE
3 s |-

> S £ = = 1 b b Y

e ° x| x|l x-e
%) 7

A

X

)

=

1/2
duty
1/3
duty

MUX
t

Timer O output
Timer 3 output

Figure:8.1.1 Remote Control Carrier Output Block Diagram
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VIl -4

8.2 Control Registers

8.2.1 Control Registers

Table:8.2.1 shows the registers that control the remote control carrier output.

Table:8.2.1 Control Registers

Registers Address R/W Function Page
RMCTR 0x03F6C R/W Remote control carrier output control register VIII-5
TMOMD 0x03F54 R/W Timer 0 mode register V-14
TMOOC 0x03F52 R/W Timer O compare register V-12
CKOMD 0x03F56 R/W Timer O prescaler selection register V-9

P1OMD 0x03F1C R/W Port 1 output mode register IV-10
P1DIR 0x03F31 R/W Port 1 direction control register V-8

Control Registers
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8.2.2 Remote Control Carrier Output Control Register

m  Remote Control Carrier Output Control Register (RMCTR:0x03F6C)

bp 7 6 5 4 3 2 1 0
Flag - - Reserved | TMORM RMOEN |RMDTY1 | RMDTYO |RMBTMS
At reset - - 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
bp Flag Description
7-6 - -
5 Reserved | Set always to "0".

P14 special functions output selection
4 TMORM 0:TMOIO

1:RMOUT

Remote control carrier output enable
3 RMOEN 0:"L" level output

1l:remote control carrier output

Remote control carrier duty selection
2.1 RMDTY1 | 00:1/2 duty

RMDTYO | 01:1/3 duty

1-:Timer output

Remote control carrier base timer selection
0 RMBTMS | 0:Timer O output selection

1:Timer 3 output selection

Control Registers

VIl -5
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8.3 Operations

8.3.1 Operations

Remote control carrier output functions can generate the carrier pulse for the remote control.
m  Operation of the remote control carrier output

Remote control carrier can be created by using the output signals of timer 0 and timer 3. Duty ratio can be
selected from 1/2, 1/3, Timer output. Remote control carrier output signal is output from the RMOUT pin (P14).

Timer base cycle
>
Timer base cycle
(Timer output)

RMOUT
(1/2 duty)

RMOUT
(1/3 duty)

Figure:8.3.1 Remote Control Carrier Output Signal Duty Ratio

m  Count Timing of Remote Control Carrier Output Functions

Timer base cycle
(Timer output)

output ON
RMOEN output OFF
RMOUT
(1/3 duty)

Figure:8.3.2 Count Timing of Remote Control Carrier Output Functions

1. Evenif the RMOEN flag is switched OFF at the carrier output "H", the carrier wave is held by the synchro-
nous circuit.

VIl - 6 Operations
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When RMOEN flag is changed, the base cycle and the duty selection timer should not be
changed at the same time, as the carrier pulse may not be output correctly.

Set the timer output over 1 cycle of the system clock. The remote control carrier output may
‘ be executed incorrectly when the timer output is set under 1 cycle.
[ ]

Operations VIl -7
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8.3.2 Setup Examples

m  Setup Example of the Remote Control Carrier Output Functions (Timer 0, Timer 3)

The setup examples that 1/3 duty carrier pulse signal is output as 36.7 kHz for "H" period from the RMOUT pin
with the timer 0 are shown below. The clock source of thetimer O is selected asfg/2 (at fs=8 MHz). An example
setup procedure, with a description of each step is shown below.

RMOUT output
(1/3 duty)

Timer O
base cycle

Timer O base cycle
(36.7 kMz)

€

UHUUL

L

L

Figure:8.3.3 Output Wave of RMOUT Output Pin

Setup Procedure

Description

(1) Disable the remote control carrier output
RMCTR(0x03F6C)
bp3 :RMOEN =0

(2) Select the base cycle setup timer
RMCTR(0x03F6C)
bp0 :RMBTMS =0

(3) Select the carrier output duty
RMCTR(0x03F6C)
bp2-1 :RMDTY1-0 =01

(4) Confirm the counter stop
TMOMD(0x03F54)
bp3 :TMOEN =0

special function pin
P10OMD(0x03F1C)
bp4 :P1OMD4 =1
P1DIR(0x03F31)
bp4 :P1DIR4 =1
RMCTR(0x03F6C)
bp4 :TMORM =1

(6) Select the timer general operation
TMOMD(0x03F54)
bp4 :TMOPWM =0
bp5 :TMOMOD =0

(5) Set the remote control carrier output of the

control carrier output.

to select the duty to 1/3.

pin.

operation.

(1) Set the RMOEN flag of the remote control carrier output
control register (RMCTR) to "0" to disable the remote

(2) Set the RMBTMS flag of the RMCTR register to "0" to
select the timer 0 as the setup timer of the base cycle.

(3) Set the RMDTY1, 0 flag of the RMCTR register to "0, 1"

(4) Set the TMOEN flag of the timer 0 mode register
(TMOMD) to "0" to stop counting of the timer 0.

(5) Set the P1OMD4 flag of the port 1 output mode register
(P1OMD) to "1" to set P14 pin to the particular function

Set the P1DIR4 flag of the port 1 direction control
register (P1DIR) to "1" to set the output mode.

Set the TMORM flag of the RMCTR register to "1" to
select the remote control carrier output.

(6) Set the TMOPWM flag and the TMOMOD flag of the
TMOMD register to "0" to select the timer general

VIIl -8 Operations
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Setup Procedure

Description

(7) Select the count clock source
TMOMD(0x03F54)
bp2-0 :TMOCK2-0 =X01

(8) Select and enable the prescaler output
CKOMD(0x03F56)
bp2-1 :TMOPSC1-0 =X0
bp0 :TMOBAS =1

(9) Set the base cycle of the remote control
carrier
TMOOC(0x03F52) =0x36

(10) Start the timer operation
TMOMD(0x03F54)
bp3 :TMOEN =1

(11) Enable the remote control carrier output
RMCTR(0x03F6C)
bp3 :RMOEN =1

(7) Select the prescaler output to the clock source by
theTMOCK?2 to 0 of the TMOMD register.

(8) Select the fs/2 to the prescaler output by the TMOPSC1
to 0 flag, TMOBAS flag of the timer O prescaler
selection register.

(9) Set the base cycle of the remote control carrier by
writing 0x36 to the timer O compare register (TMOOC).
To divide fs=8 MHz to get 1/2 dividing of 36.7 kHz
(73.4 kHz), the setup value should be
(fs/2 MHz/73.4 kHz) - 1 = 54 (0x36).

(10) Set the TMOEN flag of the TMOMD register to "1" to
start the timer O.

(11) Set the RMOEN flag of the RMCTR register to "1" to
enable the remote control carrier output.

TMOBC starts the count up from 0x00. Asthe base cycle pulsethat is set at the TMOOC is output from the timer
0, /3 of the remote control carrier pulse signal isoutput. |If the RMOEN flag of the RMCTR register isset to "0",
the output signa of the remote control carrier pulse is stopped.

Operations VIIl -9
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IX -

2

9.1 Overview
]

This LS| has awatchdog timer that is used to detect software processing errors. It is controlled by the watchdog
timer control register (WDCTR). When an overflow of watchdog timer is generated, a watchdog interrupt
(WDIRQ) isgenerated. If thewatchdog interrupt is generated twicein arow, it isregarded to be an indication that
the software cannot execute in the intended sequence; thus, a system reset is initiated by the hardware.

9.1.1 Functions
]

Table:9.1.1 shows watchdog timer functions.
Table:9.1.1 Watchdog Timer Functions

Watchdog time-out period setup selection 216 of system clock
218 of system clock
220 of system clock
Watchdog timer enable Stop
Operation
Overview
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9.1.2 Block Diagram

m  Watchdog Timer Block Diagram

NRST [X }—(}A ™~
STOP *

A y

HALT —d R R R .
D—> 1/2 t0 112 1/2%¢to 1/2 — internal reset release
S

writeWDCTR

fs

. I fs/214
internal rese\';\;;l;;se;i)i ‘ fs/210 T
fs/26 _ |MUX
DLYCTR fs/22 |
- >

_BUZS2 | I5/2%

BUZOE | 7 fs/218 _|MUX|——» WDIRQ
WDCTR fs/21®

‘
Zis
tSi=]
o
181z

—

o

7

Figure:9.1.1 Block Diagram (Watchdog Timer)
The watchdog timer is also used as atimer to count the oscillation stabilization wait time. Thisisused asawatch-
dog timer except at recovering from STOP mode and at reset releasing.

The watchdog timer isinitialized at reset or at STOP mode, and counts system clock (fs) as a clock source from
theinitial value (0x0000). The oscillation stabilization wait timeis set by the oscillation stabilization control reg-
ister (DLYCTR).

Overview IX-3
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9.2 Control Register

The watchdog timer is formed by the control register (WDCTR).

9.2.1 Control Registers

Table:9.2.1 shows the registers that control the watchdog timer.
Table:9.2.1 Watchdog Timer Control Register Functions

Register Address R/W Function Page

WDCTR 0x03F02 R/W Watchdog timer control register IX-4

9.2.2 Watchdog Timer Control Register
. ________________________________________________________________________________________________________|

The watchdog timer is controlled by the watchdog timer control register (WDCTR).
m  Watchdog Timer Control Register (WDCTR:0x03F02)

bp 7 6 5 4 3 2 1 0

Flag - - Reserved | Reserved | Reserved | WDTS1 WDTSO WDEN

At reset - - 0 0 0 1 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W

bp Flag Description

7-6 - -

5-3 Reserved | Set always to "0".

2-1 Watchdog time-out period setup

WDTS1 | 00:218 of system clock
WDTSO0 | 01:2%8 of system clock
1X:220 of system clock

0 Watchdog timer enable
WDEN | 0:Watchdog timer is stopped
1:Watchdog timer is operated

Control Register
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9.3 Operation

9.3.1 Operation

The watchdog timer counts system clock (fs) asa clock source. If the watchdog timer is overflowed, the watch-
dog interrupt (WDIRQ) is generated as non maskable interrupt (NMI). At reset, the watchdog timer is stopped,
but once the operation is enabled, it cannot be stopped except at reset. The watchdog timer control register
(WDCTR) sets when the watchdog timer is released or how long the time-out period should be.

When the watchdog interrupt (WDIRQ) is generated, it is regarded to be an indication that the software cannot
execute in the intended sequence; thus, a system reset isinitiated by the hardware.

G Once the watchdog timer starts operation, it cannot be stopped
[ ]

m Usage of Watchdog Timer

When the watchdog timer is used, constant clear in program is needed to prevent an overflow of the watchdog
timer. Asaresult of the softwarefailure, the software cannot execute in the intended sequence, thus the watchdog
timer overflows to detect errors.

Programming of the watchdog timer is generally done in the last step of program debugging.

m  How to Detect Incorrect Code Execution

The watchdog timer is executed to be cleared in the certain cycle on the correct code execution. In MN101C78A,
the watchdog timer detects errors when,

1. thewatchdog timer overflows.

When the watchdog timer detects any error, the watchdog interrupt (WDIRQ) is generated as a non maskable
interrupt (NM1).

m  How to clear Watchdog Timer

The watchdog timer can be cleared by writing to the watchdog timer control register (WDCTR). The watchdog
timer can be cleared regardless of the writing data to the register. The bit-set (BSET) that does not change the
value is recommended.

Operation IX-5
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m  Watchdog Time-out Period

The watchdog time-out period is decided by the bp2, 1 (WDTS1-0) of the watchdog timer control register
(WDCTR) and the system clock (fs). If the watchdog timer is not cleared by the set value, it is regarded as an
error and the watchdog interrupt (WDIRQ) of the non maskable interrupt (NMI) is generated.

The system clock is decided by the CPU mode control register (CPUM).
[Chapter 2 2.5 Clock Switching]

The watchdog time-out period is generally decided by the execution time for main routine of the program. The
period should be set longer than the execution time of main routine divided by natural number (1, 2, [(TTT). Set the
command of the watchdog timer clear to the main routine as the value makes the same cycle.

m  Watchdog Timer and CPU Mode

The relation between the watchdog timer and CPU mode features are as follows;
. INnNORMAL, IDLE, SLOW mode, the system clock is counted.
. The counting is continued regardless of swithchingin NORMAL, IDLE, SLOW mode.
. InHALT mode, the watchdog timer is stopped.

1
2
3
4. In STOP mode, the watchdog timer is cleared automatically.
5. In STOP mode, the watchdog interrupt cannot be generated.
6

. After recovering from STOP mode, if the detection of the incorrect code execution isvalid, the counting is
executed for the duration of the oscillation stabilization wait time. If the detection isinvalid, the counting is
stopped in the condition that the counting of the oscillation stabilization wait time is proceeded.

7. After releasing reset, the watchdog timer is cleared automatically and stop counting.

In the system that uses STOP mode, whether the STOP mode is done or not is generally divided on the program
execution. However, in this case, the counting value of the watchdog timer differs.

Operation
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9.3.2 Setup Example

The watchdog timer detects errors. In the following example, the time-out period is set to 218

x gystem clock.
An exampl e setup procedure, with a description of each step is shown below.

m Initial Setup Program (Watchdog Timer Initial Setup Example)

Setup Procedure Description
(1) Set the time-out period (1) Set the WDTS1-0 flag of the watchdog timer control
WDCTR(0x03F02) register (WDCTR) to "01" to select the time-out period
bp2-1:WDTS1-0 =01 to 218 x system clock.
(2) Start the watchdog timer operation (2) Set the WDEN flag of the WDCTR register to start the
WDCTR(0x03F02) watchdog timer operation.
bpO:WDEN =1

m  Main Routine Program (Watchdog Timer Constant Clear Setup Example)

Setup Procedure Description

(1) Set the watchdog timer for the constant clear | (1) Clear the watchdog timer by the cycle from 218 x system

Writing to WDCTR(0x03F02) clock.

(c.f.)BSET (WDCTR) WDEN The watchdog timer clear should be inserted in the

(bp0:WDEN=1) main routine, with the same cycle, and to be the set
cycle.

The recommended instruction is the bit-set (BSET),
does not change value, for clear.

m Interrupt Service Routine Setup

Setup Procedure Description
(1) Set the watchdog interrupt service routine (1) If the watchdog timer overflows, the non maskable
NMICR(Ox03FEL) interrupt is generated.
TBNZ (NMICR),WDIR,WDPRO Confirm that the WDIR flag of the non maskable

interrupt control register (NMICR) is “1” on the interrupt
service routine to manage the suitable execution.

The operation just before the watchdog interrupt may be executed wrongly. Therefore, if the
‘ watchdog interrupt is generated, initialize the system.
[ ]
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10.1 Overview

This LS| has abuzzer. It can output the square wave that multiply by 1/2% to 1/2% of the high frequency oscilla-
tion clock, or by 1/23 to 1/2* of the low frequency oscillation clock.

10.1.1 Functions

Table:10.1.1 shows the buzzer functions.

Table:10.1.1 Buzzer Functions

P12, P13 output Port output
selection Buzzer output

Buzzer output fosc/214

frequency selection fosc/213

fosc/212
fosc/211
fosc/210
fosc/2°
fx/24
fx/23

Oscillation stabilization | g/014
wait cycle selection fg/210
fs/26 *1
fs/2? *1

*1:Do not use at high-speed operation (NORMAL mode).
Use at slow-speed operation (SLOW mode).

G When BUZOE flag is set to “0”, buzzer output becomes “Low”.
[ ]
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10.1.2 Block Diagram

m  Buzzer Block Diagram

fosc —»
MUX > 1/2to 1/2"
fx —— R
i fosc/214
fosc/213 >
fosc/2'2 ﬂﬁ —» BUZZER
11
NRSTIX fosc/2 >
fosc/21° _ |MUX '@—>NBUZZER
9
DLYCTR fosc/2 -
0 fx/24
Smm e > Count clear ¢ >
ST, | circuit fx/23
“Disn. »|CONtro
_DLYS1_| A
_Buzso_ |
_BUZS1_ |
._B.U.Z_$.2-_J
BUZOE |—

Figure:10.1.1 Buzzer Block Diagram
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10.2 Control Register

Buzzer isformed by the control register (DLY CTR).

10.2.1 Registers

Table:10.2.1 shows the buzzer control register.
Table:10.2.1 Buzzer Control Register

Register Address R/W Functions Page

DLYCTR 0x03F03 R/W Oscillation Stabilization Wait Time Control X-5
Register

P10OMD 0x03F1C R/W Port loutput mode register IV-10

X-4 Control Register
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10.2.2 Oscillation Stabilization Wait Time Control Register (DLYCTR)
|
m  Oscillation Stabilization Wait Time Control Register (DLYCTR:0x03F03)
bp 7 6 5 4 3 2 0
Flag BUZOE BUZS2 BUZS1 BUZSO DLYS1 DLYSO -
at reset 0 0 0 0 0 0 -
Access R/W R/W R/W R/W R/W R/W -
bp Flag Description
7 P12, P13 output selection
BUZOE | O:Port output
1:Buzzer output
6-4 Buzzer output frequency selection
000:fosc/214
001:fosc/213
BUZS2 010:fosc/2t?
BUZS1 |011:fosc/2tt
BUZSO | 100:fosc/21?
101:fosc/2°
110:fx/2%
111:fx/23
3-2 Oscillation stabilization wait period selection
DLys1 00:fs/214
£</o10
DLYSO 01:fs/2
10:fs/28 *1
11:fs/2? *1
1-0 - -
*1:Do not use at high-speed operation (NORMAL mode).
Use at slow-speed operation (SLOW mode).
Control Register X-5
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10.3 Operation

10.3.1 Operation

m  Buzzer

Buzzer outputs the square wave, having frequency 1/2° to 1/21* of the high oscillation clock (fosc), or 1/2° to 1/2*
of the low oscillation clock (fx). The BUZS 2, 1, 0 flag of the oscillation stabilization wait control register
(DLYCTR) set the frequency of the buzzer output. The BUZOE flag of the oscillation stabilization wait control
register (DLY CTR) sets buzzer output ON / OFF.

m  Buzzer Output Frequency

The frequency of buzzer output is decided by the frequency of the high oscillation clock (fosc) or the low oscilla-
tion clock (fx) and the bit 6, 5, 4 (BUZS2, BUZS1, BUZS0) of the oscillation stabilization wait control register
(DLYCTR).

Table:10.3.1 Buzzer Output Frequency

fosc fx BUZS2 BUZS1 BUZSO Buzzer output frequency

10 MHz - 0 0 0 2.44 kHz
10 MHz - 0 0 1 4.88 kHz
10 MHz - 0 1 0 9.76 kHz
8.39 MHz - 0 1 0 2.05 kHz
8.39 MHz - 0 1 1 4.1 kHz
2 MHz - 1 0 0 1.95 kHz
2 MHz - 1 0 1 3.91 kHz

- 32 kHz 1 1 0 2 kHz

- 32 kHz 1 1 1 4 kHz

Operation
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10.3.2 Setup Example

. ________________________________________________________________________________________________________|
m  Setup Example

Buzzer outputs the square wave of 2 kHz from P12 pin. It isused 8.39 MHz as the high oscillation clock (fosc).

An example of setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Set the buzzer frequency (1) Set BUZS2 to BUZSO flag of the oscillation stabilization
DLYCTR (0x03F03) wait control register (DLYCTR) to "010" to select fosc/
bp6-4 :BUZS2-0 =010 212 to the buzzer frequency.

When the high oscillation clock fosc is 8.39 MHz, the
buzzer output frequency is 2.05 kHz.

(2) Set P12 pin (2) Set BUZSEL flag of port 1 output mode register
P10OMD (0x03F1C) (P1OMD) to "1" to set P12 to special function pin. Set
bp0 :BUZSEL =1 P1DIR2 flag of port 1 direction control register (P1DIR)
P1DIR (0x03F31) to "1" to set output mode, then low level is output from
bp2 :P1DIR2 =1 P12.

(3) Buzzer output ON (3) Set the BUZSE flag of the oscillation stabilization wait
DLYCTR (0x03F03) control register (DLYCTR) to "1" to output the square
bp7 :BUZOE =1 wave of the buzzer output frequency set by P12 pin.

(4) Buzzer output OFF (4) Set the BUZOE flag of the oscillation stabilization wait
DLYCTR (0x03F03) control register to (DLYCTR) "0" to clear, and P12 pin
bp7 :BUZOE =0 outputs low level.

When the low oscillation clock (fx) dividing is selected as the buzzer output frequency and
the buzzer output is switched ON from OFF, the buzzer dividing counter is not cleared unless
more than 1clock of the low oscillation clock is secured.

G Setup of the buzzer output ON should be done after setup of the buzzer frequency.

Operation X-7
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11.1 Overview

This LS| contains a serial interface O that can be used for both communication types of clock synchronous and
UART (duplex).

Also the used pins can be switched to A (port A: PAO/SBOOA/TXDOA/ANO, PAL/SBIOA/RXDOA/AN1, PA2/
SBTOA/AN2) or to B (Port 7: P75/SBOOB/TXDOB/KEY 5/SEG2, P76/SBIOB/RXDOB/KEY 6/SDA4A/SEGL,
P77/SBTOB/KEY 7/SCL4B/SEGO).

On this text, if there are not much difference between port A and port B on the operation, port
‘ A and B are omitted.
u

11.1.1 Functions

Table:11.1.1 shows functions of serial interface 0.

Table:11.1.1 Serial Interface 0 functions

Communication style Clock synchronous UART (duplex)
Interrupt SCOTIRQ SCOTIRQ(on transmission
completion)
SCORIRQ(on reception
completion)
Pins SBOO0,SBI0,SBTO TXDO,RXDO
3 channels type (0] -
2 channels type O(SBOO0,SBT0) (0]
1 channel type - TXDO
Specification of transfer bit count/ Frame |1 to 8 bits 7 bit +1STOP
selection 7 bit +2STOP
8 bit +1STOP
8 bit +2STOP
Selection of parity bit - (0]
Parity bit control - 0 parity
1 parity
odd parity
even parity
Selection of start condition (0] Only "enable start condition” is
available
Specification of the first transfer bit O (0]
Specification of input edge/ output edge (0] -
SBOO output control after final data is H/L/final data hold -
transferred
Function in STANDBY mode Only slave reception is available |-
Internal clock Not divided Divided by 8
Divided by 8 Divided by 16
Divided by 16

Xl -2 Overview
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Clock source

fosc/2

fosc/4

fosc/16
fosc/64

fs/2

fs/4

External clock
Timer 1 output
Timer 2 output

fosc/2

foscl/4

fosc/16
fosc/64

fs/2

fs/4

Timer 1 output
Timer 2 output

Maximum transfer rate

5.0 MHz

300 kbps

fosc:Machine clock (High speed oscillation)

fs:System clock

Overview XI-3



Block Diagram
m  Serial interface 0 Block Diagram

Serial interface 0
11.1.2
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Figure:11.1.1 Serial interface 0 Block Diagram
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11.2 Control Registers

11.2.1 Regqisters

Table:11.2.1 shows registers to control serial interface 0.

Table:11.2.1 Serial interface 0 Control Registers

Register Address R/W | Function Page
SCOMDO 0x03F91 | R/W | Serial interface 0 mode register 0 XI-7
SCOMD1 0x03F92 | R/W | Serial interface 0 mode register 1 XI-8
SCOMD2 0x03F93 | R/W | Serial interface 0 mode register 2 XI-9
SCOMD3 0x03F94 | R/W | Serial interface 0 mode register 3 XI-10
SCOSTR 0x03F95 | R Serial interface 0 status register XI-11
RXBUFO 0x03F96 |R Serial interface 0 reception data buffer XI-6
TXBUFO 0x03F97 | R/W | Serial interface O transmission data buffer XI-6
SCSEL 0x03F90 | R/W | Serial interface 1/0 pins switching control register XI-6
PAODC 0x03F2D | R/W | Port A Nch open-drain control register IvV-77
PADIR 0x03F3A | R/W | Port A direction control register IV-75
PAPLU 0x03F4A | R/W | Port A pull-up/pull-down control register IV-76
SCORICR OX03FEF | R/W | Serial 0 UART reception interrupt control register 11-32
SCOTICR Ox03FFO | R/W | Serial 0 UART transmission interrupt control register 11-33

R/W:Readable/ Writable

R:Readable only

Control Registers Xl-5
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11.2.2

Data Buffer Registers
. ________________________________________________________________________________________________________|

Serial interface 0 has one each of 8-bit data buffer register for transmission and for reception.

m Serial interface 0 Reception Data Buffer (RXBUF0:0x03F96)

bp 7 6 5 4 3 2 1 0

Flag RXBUF07 | RXBUF06 | RXBUF05 | RXBUF04 | RXBUFO03 | RXBUF02 | RXBUF01 | RXBUFOO
Reset X X X X X X X X

Access R/W R/W R/W R/W R/W R/W R/W R/W

m Serial interface 0 Transmission Data Buffer (TXBUFO0:0x03F97)

bp 7 6 5 4 3 2 1 0

Flag TXBUFO7 | TXBUFO6 | TXBUFO05 | TXBUF04 | TXBUFO03 | TXBUF02 | TXBUFO1 | TXBUFOO
Reset X X X X X X X X

Access R/W R/W R/W R/W R/W R/W R/W R/W

Control Registers




11.2.3

m  Serial interface 0 Mode Register 0 (SCOMDO0:0x03F91)

Mode Registers
. ________________________________________________________________________________________________________|

Chapter 11

Serial interface 0

bp 7 6 5 4 3 2 1 0
Flag SCOCE1 - - SCODIR | SCOSTE | SCOLNG2 | SCOLNG1 | SCOLNGO
Reset 0 - - 0 0 1 1 1
Access R/W - - R/W R/W R/W R/W R/W
bp Flag Description

Transmission data output edge

0O:falling

1:rising
! SCOCEL Reception data input edge

0:rising

1:falling
6-5 - -

First bit to be transferred
4 SCODIR 0:MSB first

1:LSB first

Start condition selection
3 SCOSTE 0:Disabled

1:Enabled

Transfer bit

000:1bit

001:2bit

SCOLNG2 010:3bit
2-0 SCOLNG1 011:4bit
SCOLNGO 100:5bit

101:6bit

110:7bit

111:8bit

Control Registers

Xl-7



Chapter 11
Serial interface 0

X1-8

m  Serial interface 0 Mode Register 1(SCOMD1:0x03F92)

bp 7 6 5 4 3 2 1 0
SCO0SBO
Flag SCOIOM | SCOSBTS | SCOSBIS S SCOCKM | SCOMST | SCODIV | SCOCMD
Reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W - R/W R/W R/W
bp Flag Description
Serial data input selection
7 SCoIoM 0:Data input from SBIO (RXDO0)
1:Data input from SBOO (TXDO)
SBTO pin function selection
6 SCOSBTS 0:Port
1:Transfer clock 1/O
Serial input control selection
5 SCOSBIS O:Input "1"
1:Input serial
SBOO(TXDO) pin function
4 SCOSBOS | O:Port
1:Output serial data
Transfer clock dividing selection
3 SCOCKM 0:Not divided
1:Divided
Clock master/ slave selection
2 SCOMST 0:Clock slave
1:Clock master
Transfer clock dividing selection
1 SCODIV 0:Devided by 8
1:Devided by 16
Synchronous serial/ duplex UART selection
0 SCOCMD 0:Synchronous serial

1:Duplex UART

Control Registers
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m Serial interface 0 Mode Register 2 (SCOMD2:0x03F93)
bp 7 6 5 4 3 2 1 0
Flag SCOFM1 | SCOFMO | SCOPM1 | SCOPMO | SCONPE - SCOBRKF | SCOBRKE
Reset 0 0 0 0 0 - 0 0
Access R/W R/W R/W R/W R/W - R R/W

bp Flag Description

Frame mode specification
00:7 data bit + 1 stop bit

7-6 288:2”3 01:7 data bit + 2 stop hit
10:8 data bit + 1 stop bit
11:8 data bit + 2 stop bit
Added bit specification
Transmission Reception

5.4 SCOPM1 00:Add "0" Check for 0

SCOPMO 01:Add "1" Check for 1

10:Add odd parity Check for odd parity
11:Add even parity Check for even parity

Parity enable
3 SCONPE 0:Enable parity bit
1:Disable parity bit

2 - -

Break status receive monitor
1 SCOBRKF 0:Data reception
1:Break reception

Break status transmit control
0 SCOBRKE 0:Data transmission
1:Break transmission

Control Registers XI-9
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m Serial interface 0 Mode Register 3 (SCOMD3:0x03F94)

bp 7 6 5 4 3 2 1 0
Flag SCOFDC1 | SCOFDCO0 - - SCOISSC SCOPSC2 | SCOPSC1 | SCOPSCO
Reset 0 0 - - 0 0 0 0
Access R/W R/W - - R/W R/W R/W R/W
bp Flag Description

Output selection after SBOO final data is transferred
00:Fix to "1" (High) output

76 eoroce | 01:Hold final data
10:Fix to "0" (Low) output

11:Reserved

5-4 - -

Prescaler count control
3 SCOPSCE 0:Disable the count
1:Enable the count

Selection clock

000:fosc/2
001:fosc/4
SCOPSC2 010:fosc/16
2-0 SCOPSC1 011:fosc/64
SCOPSCO 100:fs/2
101:fs/4

110:Timer 1 output
111:Timer 2 output

XI-10 Control Registers
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m Serial interface 0 Status Register (SCOSTR:0x03F95)
bp 7 6 5 4 3 2 1 0
SCOTBS

Flag v SCORBSY | SCOTEMP | SCOREMP | SCOFEF | SCOPEK | SCOORE | SCOERE

Reset 0

Access R R R R R R R R

bp Flag Description

Serial bus status

7 SCOTBSY 0:Other use
1:Serial transmission in progress
Serial bus status

6 SCORBSY 0:Other use
1:Serial reception in progress
Transmission buffer empty flag

5 SCOTEMP | O:Empty
1:Full
Reception buffer empty flag

4 SCOREMP | O:Empty
1:Full
Framing error detection

3 SCOFEF 0:No error
1:Error
Parity error detection

2 SCOPEK 0:No error
1:Error
Overrun error detection

1 SCOORE 0:No error
1:Error
Error monitor flag

0 SCOERE 0:No error
1:Error

Control Registers

Xl-11
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m  Serial interface 1/0 pin switching control Register (SCSEL:0x03F90)
bp 7 6 5 4 3 2 1 0
Flag TEMPSC | TEMPSC | TEMPSCO | TEMPSCO scasL i SCiSL SCOSL
12 11 2 1
Reset 0 0 0 0 0 - 0 0
Access R/W R/W R/W R/W R/W - R/W R/W
bp Flag Description
Serial 1 used timer 2 output dividing switching
7.6 TMPSC12 XO0:Timer 2 output
TMPSC11 01:Timer 2 output divided by 2
11:Timer 2 output divided by 8
Serial 0 used timer 2 output dividing switching
5.4 TMPSCO02 X0:Timer 2 output
TMPSCO01 01:Timer 2 output divided by 2
11:Timer 2 output divided by 8
Serial 4 1/0O pin switching
3 SC4sSL 0:A (P10, P11)
1:B (P76, P77)
2 - -
Serial 1 I/O pin switching
1 SC1SL 0:A (P15 to P17)
1:B (PA4 to PAB)
Serial 0 1/O pin switching
0 SCOSL 0:A (PAO to PA2)
1:B (P75 to P77)

X1-12
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Serial interface 0 can be used for both clock synchronous and duplex UART.

11.3.1

Clock Synchronous Serial Interface

m  Activation Factor for Communication

Table:11.3.1 shows activation factors for communication. At master communication, the transfer clock is gener-
ated by setting data to the transmission data buffer TXBUFO, or by receiving a start condition. Except during
communication, the input signal from SBTO pin is masked to prevent operating errors by noise. This mask can be
released automatically by setting adatato TXBUFO (accessto the TXBUFO register), or enabling astart condition
tothe datainput pin. Therefore, at slave communication, set datato TXBUFO, or input an external clock after a

start condition isinput.

However, the external clock should be input after 3.5 transfer clock interval past from the data set to TXBUFO.
This period is for loading the data from TXBUFO to the internal shift register.

Table:11.3.1 Synchronous Serial Interface Activation Factor and Cautions

Clock Communication type Start condition | Activation factor of communication
Master Transmission Enabled Set transmission data (*1)
Disabled Set transmission data(*2)
Reception Enabled Input start condition(*3)
or
Set dummy data(*2)
Disabled Set dummy data (*2)
Transmission/Reception | Enabled -(*4)
Disabled Set transmission data(*2)
Slave Transmission Enabled Input clock after transmission data is set (*5)
Disabled Input clock after transmission data is set (*6)
Reception Enabled Input clock after start condition is input (*7)
or
Input clock after dummy data is set (*6)
Disabled Input clock after dummy data is set (*6)
Transmission/Reception | Enabled -(*4)
Disabled Input clock after transmission data is set (*6)

Operation
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(*1) After the start condition output, the transfer clock is output after 1 transfer clock interval.

(*2) After setting transmission data/dummy data, the transfer clock should be output after 3.5 transfer
clock interval at the maximum. The system configuratioin is required so that the transmission data/
dummy data are written after the master receives the information of slave data load completion.

(*3) After the start condition input, the transfer clock is output after 2.5 transfer clock interval at the
maximum. When receiving data continuously, the system configuration is required to notify the
master of the readout completion. Without the notification, the data before readout may be

overwritten.

(*4) When the start condition is set to "enable", transmission and reception should not be excuted at the
same time.

(*5) After setting the transmission data, output the start condition and wait until the master excutes the
clock input. At the clock input, 1 or more transfer clock interval is required after the start condition
output.

(*6) At the clock input, 3.5 or more transfer clock interval is required after setting transmission data/

dummy data. The system configuration is required to notify the master of the data load completion.

*7) At the clock input, 0.5 or more transfer clock interval is required after the start condition input. When
receiving data continuously, the system configuration is required to notify the master of the readout
completion. Without the notification, the data before readout may be overwritten.

m  Transfer Bit Setup

The transfer bit count can be set from 1 to 8 bits. Set the transfer bit count by the SCOLNG 2 to 0 flag of the
SCOMDO register (at reset:111). The SCOLNG2 to 0 flag holds the former set value until it is set again.

Except during communication, SBTO pin is masked to prevent errors by noise. At slave com-
‘ munication, set data to TXBUFO or input a clock to SBTO pin after a start condition is input.

To communicate properly, more than 2.5 transfer clock interval after the data set to TXBUFO
‘ is required to input the external clock.

Xl -14 Operation
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m  Start Condition Setup
The SCOSTE flag of the SCOMDO register sets the start condition whether it is enabled or disabled.

The start condition is recognized when SCOCEL flag of SCOMDO isset to "0" and aclock line (SBTO pin) is"H",
dataline (SBI0 pin with 3 lines or SBOO pin with 2 lines) is changed from "H" to "L". Also, it isrecognized when
SCOCEL flag issetto"1" and aclock line (SBTO pin) is"L", dataline (SBIO pin with 3 lines or SBOO pin with 2
lines) is changed from "H" to "L".

Both the SCOSBOS flag and the SCOSBI S flag of the SCOM D1 register should be set to 0" before the start condi-
tion setup is changed.

When transmission and reception are executed at the same time, set the start condition to "disable" to prevent
abnormal operation.

m  First Transfer Bit Setup
The SCODIR flag of the SCOMDO register can set the transfer bit. MSB first or LSB first can be selected.
m  Transmission Data Buffer

The transmission data buffer TXBUFO is the spare buffer which stores datato be loaded to internal shift register.
Set the datato be transferred to transmission data buffer TXBUFO, and the dataiis automatically loaded to internal
shift register. The dataloading takes more than 3 transfer clocks cycles. Data setting to TXBUFO again during
dataloading may not be operated properly. You can determine whether or not dataloading isin progress by mon-
itoring transmission buffer empty flag SCOTEMP of the SCOSTR. SCOTEMP flag is set to "1"when datais set to
TXBUFO and cleared to "0" when dataloading ends.

(Data set to TXBUFO), ‘ ‘ ‘ ‘ ‘ ‘

v : : 3 3 I :

Clock }
(Prescaler output) } |

SCOTEMP

Clock(SBTO pin) . | | | l | | |

Data road period

Figure:11.3.1 Transmission Data Buffer

m  Reception Date Buffer

The reception data buffer RXBUFO is the spare buffer that pushed the received datain the internal shift register.
After the communication complete interrupt SCOTIRQ is generated, all data stored in the internal shift register is
stored to the received data buffer RXBUFO automatically. RXBUFO can store dataup to 1 byte. RXBUFO is
rewritten every time communication is completed. Data of RXBUFO should be read out before the next reception
iscompleted. The received data buffer empty flag SCOREMP isset to "1" at the same time SCOTIRQ is gener-
ated. SCOREMP s clearedto "0" after RXBUFO isread out.

Operation Xl -15
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G When the start condition is set to "enable” in the clock synchronous communication, trans-
u

mission and reception should not be executed at the same time to prevent abnormal opera-
tion.

If the start condition is input to restart during communication, the transmission data is not
valid. Set the transmission data to TXBUFO again to operate the transmission again.

RXBUFO is rewritten every time when communication is completed. At continuous communi-
cation, data of RXBUFO should be read out by the time the next reception completes.

Xl -16 Operation
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m  Transmission Bit Count and First Transfer Bit

At transmission, when the transfer bit count is 1 bit to 7 bits, the data storing method to the transmission data
buffer TXBUFO is different depending on the first transfer bit selection. At MSB first, use the upper bits of
TXBUFO for storing. When the transfer bit count is 6 bits, as shown on Figure:11.3.2, if data"A" to "F" are
stored to bp2 to bp7 of TXBUFOQ, the transfer is operated from "F"' to "A". At LSB first, use the lower bits of
TXBUFO for storing. When the transfer bit count is 6 bits, as shown on Figure:11.3.3, if data"A" to "F" are
stored to bpO to bp5 of TXBUFO, the transfer is operated from "A" to "F".

TXBUFO| F E D C B A

Figure:11.3.2 Transmission Bit Count and First Transfer Bit (starting with MSB)

TXBUFO F E D C B A

Figure:11.3.3 Transmission Bit Count and First Transfer Bit (starting with LSB)

m Reception Bit Count and First Transfer Bit

At reception, when the transfer bit count is 1 bit to 7 bits, the data storing method to the reception data buffer
RXBUFO is different depending on the first transfer bit. At MSB first, datais stored to the lower bits of
RXBUFO. When the transfer bit count is 6 bits, as shown on figure Figure:11.3.5, if data"A" to "F" are stored to
bp0 to bp5 of RXBUFO, the transfer is operated from "F" to "A". At LSB first, datais stored to the upper bits of
RXBUFO. When thetransfer bit count is 6 bits, as shown on Figure:11.3.4, if data"A" to "F" are stored to bp2 to
bp7 of RXBUFO, the transfer is operated from "A" to "F".

RXBUFO A B C D E F

RXBUFO | F E D C B A

Figure:11.3.5 Reception Bit Count and First transfer Bit (starting with LSB bit)

Operation XI-17
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m  Continuous Transmission

This serial interface has a function for continuous communication. If datais set to the transmission data buffer
TXBUFO during communication, the transmission buffer empty flag SCOTEMP is automatically set to communi-
cate continuously. Data setup to TXBUFO should be done after the datais loaded to the internal shift register
before the communication complete interrupt SCOTIRQ isgenerated. At master communication, suspension of
communication between the SCOTIRQ generation and the next transfer clock output is 4 transfer clocks.

m Input Edge/ Output Edge Setup

The SCOCEL flag of the SCOMDO register sets the output edge of the transmission data and the input edge of the
reception data. Dataat transmission is output at the falling edge of clock asthe SCOCE1 flag="0", and at theris-
ing edge of clock asthe SCOCEL ="1". Dataat reception isinput at the rising edge of clock asthe SCOCE1 ="0",
and at the falling edge of clock asthe SCOCEL flag="1".

Table:11.3.2 Transmission Data Output Edge and Reception Data Input Edge

SCOCE1 Transmission data output edge Reception data input edge

0
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m Clock Setup

Clock sourceis selected from the dedicated prescaler and timers 1, 2 output (2 channels) with the SCOPSC2 to 0
of the SCOMD3 register. The dedicated prescaler is started by selecting "count enable” with the SCOPSCE flag of
the SCOMD3 register. The SCOMST flag of the SCOMD1 register can select theinternal clock (clock master), or
the external clock (clock slave). Even if the external clock is selected, set theinternal clock that has the same
clock cycle or lower to the external clock by the SCOMD3 register as the interrupt flag SCOTIRQ is generated by
theinternal clock. The followingistheinternal clock source that can be set by the SCOM D3 register. Also, the
SCOCKM flag of the SCOMD register can divide the internal clock. SCODIV flag can select the dividing ratio
between "divided by 8" and "divided by 16".

Table:11.3.3 Synchronous Serial Interface Internal Clock Source

Serial Interface 0

Clock source fosc/2
(internal clock)

fosc/4

fosc/16

fosc/64

fs/2

fs/4

Timer 1 output

Timer 2 output

Timer 2 output/2

Timer 2 output/8

Set always the SCOSBIS flag and SCOSBOS flag of the SCOMD1 register to "0" before
‘ switching the clock setup.
[ ]

munication, the system configuration is required to notify the master of the readout comple-

G When the slave reception is executed with the start condition "enable" at the continuous com-
2 tion. Without the notification, the data before readout may be overwritten.
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m  Pin Switching

Used pin can be switched to A (SBOOA, SBIOA, SBTOA) or B (SBOOB, SBIOB, SBTO0B) by the SCOSL flag of
the SCSEL register.

m Data Input Pin Setup

3 channels type (clock pin: SBTO pin, data output pin: SBOO pin, data input pin: SBI0 pin) or 2 channels type (
clock pin: SBTO pin, data l/O pin: SBOO pin) can be selected as a communication mode. SBIO pin can be used
only for serial datainput. SBOO pin can be selected as serial datainput or output. Whether the serial dataisinput
from SBI0 pin or SBOO pin, it can be selected by the SCOIOM flag of the SCOMD1 register. When "data input
from SBOO pin” is selected to set the 2 channels type, transmission/ reception can be switched by the SBOO pin
direction control. For SBOOA pin, it can be done by the PADIR2 flag of the PADIR register, for SBOOB pin, by
the P7DIRS flag of the P7DIR. At thistime, SBI0 pin can be used as a general port, too.

The transfer speed should be up to 5.0 MHz. If the transfer clock is over 5.0 MHz, the trans-
‘ mission data may not be sent correctly.
[ ]

At reception, if SCOIOM of the SCOMDL register is set to "1" and "serial data input from
SBOOQ" is selected, SBIO pin can be used as a general port.

m  Reception Buffer Empty Flag

After reception is completed (SCOTIRQ is generated), data is automatically stored to RXBUFO from the internal
shift register. If datais stored to the shift register RXBUFO when the SCOSBI'S of the SCOMD register is set to
"seria input”, the reception buffer empty flag SCOREMP of the SCOSTR register isset to "1". Thisindicatesthat
the reception datais going to be read out. SCOREMP is cleared to "0" by reading out the data of RXBUFO.

m  Transmission Buffer Empty Flag

During the communication (after the datais loaded to the internal shift register and before the communication
completeinterrupt SCOTIRQ is generated) if any datais set to TXBUFO again, the transmission buffer empty flag
SCOREMP of the SCOSTR register isset to "1". Thisindicates that the next transmission datais going to be
loaded. Dataisloaded to theinternal shift register from TXBUFO by generation of SCOTIRQ, and the next trans-
fer is started as SCOTEMP is cleared to "0".

m  Overrun Error and Error Monitor Flag

After reception complete, if the next data has already been received before reading out of the data of the received
data buffer RXBUFO, overrun error is generated and the SCOORE flag of the SCOSTR register isset to "1". At
the same time, the error monitor flag SCOERE is set to indicate a reception error. The SCOERE flag is cleared
after the data of RXBUFO is read out and the next communication complete interrupt SCOTIRQ is generated.
SCOERE is cleared as SCOORE flag iscleared. These error flags have no effect on communication operation.

m  Reception BUSY Flag

When the SCOSBI S flag of the SCOMDL1 register is set to “ serial datainput” and the datais set to TXBUFO, or the
start condition is recognized, the BUSY flag SCORBSY of the SCOSTR register issetto "1". Theflagiscleared
to“ 0" after the communication complete interrupt SCOTIRQ is generated. During continuous communication, the
SCORBSY flagisawaysset. If the transmission buffer empty flag SCOTEMP is cleared to "0" as the communi-
cation complete interrupt SCOTIRQ is generated, SCORBSY is cleared to "0". If the SCOSBISflag issetto "0"
during communication, the SCORBSY flag is cleared to "0".

Operation
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m  Transmission BUSY Flag

When the SCOSBOS flag of the SCOMDL1 register is set to “serial data output” and the dataiis set to TXBUFO, or
the start condition is recognized, the SCOTBUSY flag of the SCOSTR register is set if the SCOSBOS flag of the
SCOMD1 register is“1”. Theflagiscleared to “0” after the communication complete interrupt SCOTIRQ is gen-
erated. During continuous communication, the SCOTBSY flag isalways set. If the transmission buffer empty flag
SCOTEMP iscleared to "0" as the communication complete interrupt SCOTIRQ is generated, SCOTBSY is
cleared to "0". If the SCOSBOS flagis set to "0" during communication, the SCOTBSY flag is cleared to"0".

m  Forced Reset

This seriad interface contains forced reset for abnormal operation. For forced reset, the SCOSBOS flag and the
SCOSBIOS flag of the SCOMD register should be set to "0" (SBOO pin: port, input data:"1" input).

At forced reset, the status register (the SCOBRKF flag of the SCOMD2 register, al flags of the SCOSTR register)
areinitialized asthey are set at reset, but the control register holds the set value.

m Last Bit of Transmission Data

Table:11.3.4 shows the data output holding period of the last bit at transmission, and the minimum data input
period of the last bit at reception. At slave, the internal clock should be set up to keep the data hold time at trans-
mission.

Table:11.3.4 Last Bit Data Length of Transfer Data

The last bit data holding period at transmission | The last data input period at reception

At master 1 bit data length 1 bit data length (Minimum)

At slave [1 bit data length of external clock x 1/2] +
[internal clock cycle x (1-2)]

When start condition is disabled (at SCOSTE flag = 0), the SBOO output after the data output holding period of the
final bit can be set by the setting value of the SCOFDCL1 to O flag of the SCOMD3 register, as shown on
Table:11.3.5

After releasing the reset, despite the setting value of the SCOFDCL1 to O flag, output before the seria transfer is
"H". When start condition is enabled (at SCOSTE flag = 1), despite the setting value of the SCOFDC1t0 0, "H" is
output.

Table:11.3.5 SBOO Output after the Data Output Holding Period of the Last Bit (without start condition)

SBOO output after the data
SCOFDCL1 flag SCOFDCO flag output holding period of the
last bit
0 0 Fixed to "1"(High) output
1 0 Last data holding
0 1 Fixed to "0"(Low) output
1 1 Reserved

Operation
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m  Other Control Flag Setup

Table:11.3.6 shows the flags that do not required to be set or monitored as the flags are not used at clock synchro-
nous communication.

Table:11.3.6 Other Control Flag

Register Flag Detail
SCOMD2 SCOBRKE Break status transmission control
SCOBRKF Break status reception monitor
SCONPE Parity enable
SCOPM1to O Added bit specification
SCOFM1to O Frame mode specification
SCOSTR SCOPEK Parity error detection
SCOFEF Frame error detection
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m  Transmission Timing

At master At slave
Tmax=25T T T Tmax=2T

-

wmn / X X X X X A X /
30 0D000E X

SCO TBSY : ‘ : ‘ : : : : : :
(Data set to TXBUFO)  ~. 3 | | | | | | Do
Interrupt(SCOTIRQ) .~ © = . | H

Figure:11.3.6 Transmission Timing (at falling edge, start condition is enabled)

At master

At slave
Tmax=3.5T T Tmax=2T
Clock
(SBTO pin)

Qo YXXXXXXX/
X X X X X X X X
SCO TBSY J

(Datasetto TXBUFO) § § | | | | B
Interrupt(SCOTIRQ) | | | | | | | | |_|

Figure:11.3.7 Transmission Timing (at falling edge, start condition is disabled)
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At master At slave
Tmax=2.5T T T ‘ ‘ ‘ ‘ ‘ Tmax=2T
- - - . . . ' d—v—»

Clock(SBTO pin)

w1 OO000000
X X & X X X X X
SCOTBSY /J

(Data set to TXBUFQ) |_|

Interrupt
(SCOTIRQ)

Figure:11.3.8 Transmission Timing (at rising edge, start condition is enabled)

At master At slave
Tmax=3.5T T ‘ ‘ ‘ ‘ ‘  Tmax=2T
Clock
(SBTO pin)

e 0000000
EEEEE
— T L

(Data set to TXBUFO) ; : : ; ; ; ; : : |_|

Interrupt
(SCOTIRQ)

Figure:11.3.9 Transmission Timing (at rising edge, start condition is disabled)
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m  Reception Timing

. T . T .
P

it | OO0000
EA B 000000

counter

interrupt I

(SCOTIRQ)

Figure:11.3.10 Reception Timing (at rising edge, start condition is enabled)

At master
Tmax=3.5T T ‘

i OOOO000)
e EEEECX

count

SCORBSY

(Datasetto TXBUFO) % = |_|

Interrupt
(SCOTIRQ)

Figure:11.3.11 Reception Timing (at rising edge, start condition is disabled)
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= 000000
e Sb00e000

counter

SCORBSY

Interrupt(SCOTIRQ) : : : : : : f f f |_|

Figure:11.3.12 Reception Timing (at falling edge, start condition is enabled)

At master
Tmax=3.5T T

Clock
(SBTO pin)

=t OOOCO00)
S 0000000,
wall ERERREEEE

(Data set to TXBUF0) 7 : : : : : : : : |_|

Interrupt(SCOTIRQ)

Figure:11.3.13 Reception Timing (at falling edge, start condition is disabled)
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m  Transmission/ Reception Timing

Asdatais received at the opposite edge of the transmission clock, set the polarity of reception datainput edge to
opposite polarity of the transmission data output edge.

When transmission and reception are executed at the same time, set the start condition to "disable” to prevent
abnormal operation.

SBTO pin

Data is received at the rising edge of clock.

HEEE

Data is output at the falling edge of clock.

oo | NN A A

Figure:11.3.14 Transmission/ Reception Timing (Reception:at rising edge, Transmission:at falling edge)

SBIO pin

SBTO pin

Data is received at the rising edge of clock.

ssom | AN NN

Data is output at the falling edge of clock.

oo J N

Figure:11.3.15 Transmission/ Reception Timing (Reception:at falling edge, Transmission:at rising edge)

Operation Xl - 27



Chapter 11
Serial interface 0

m  Communication Function at Standby Mode

This seria interfaceis capable of slave reception in STANDBY mode. CPU operation status can be recovered
from standby to normal by the communication complete interrupt SCOTIRQ that is generated after the slave
reception.

(In STANDBY mode, continuous reception is disabled after data of transfer bit count set by SCOLNG2-0 flags of
the SCOMDO register isreceived.) The received data should be read out from the received data buffer RXBUFO
after recovering to NORMAL mode.

In STANDBY mode, reception with start condition is not available, thus, disable start condition. And set dummy
data to tramsmission data buffer TXBUFO before transition to STANDBY mode.

Normal mode Standby mode . Normal mode

- R E— ]
. Oscillation
Stabilization wait

Clock
(SBTO pin)

Input pin
(SBI0, SBOO pin)

Transfer bit
counter

SCORBSY

(Data set to TXBUFO) /

Interrupt(SCOTIRQ)

Figure:11.3.16 Reception Timing at Standby Mode (Reception:at rising edge, start condition is disabled)
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Table:11.3.7 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, SBTO
pin) at transmission.

Table:11.3.7 Setup for Synchronous Serial Interface Pin (with 3 channels, at transmission)

PAPLU(PAPLUO)/
P7PLU(P7APLUS)

Setup item Data output pin Data input pin Clock 1/0 pin
SBOOA pin/ SBIOA pin SBTO pin/ SBTOB pin
SBOOB pin SBIOB pin Clock master ‘ Clock slave

SCOSCMD1(SCOMST)

Port pin PAO/P75 PA1/P76 PA2/PT77

Port pin setup Select pin (A, B)

SCSEL (SCOSL)

Serial data input | SBIO -

selection SCOMD1(SCOIOM)

Function Serial data output "1" input Transfer clock I/O ‘ Transfer clock I/O
SCOMD1(SCOSBOS) | SCOMD1(SCOSBIS) | SCOMD1(SCOSBTS)

Style Push-pull/ Nch open- |- Push-pull/ N-ch open- | Push-pull/ N-ch open-
drain drain drain
PAODC(PAODCO0)/ PAODC(PAODC2)/P70DC(P70ODCT7)
P70DC(P70ODC5)

1/0 Output mode - Output mode ‘ Input mode
PADIR(PADIRO)/ PADIR(PADIR2)/P7DIR(P7DIR7)
P7DIR(P7DIR5)

Pull-up setup Added/ Not added - Added/ Not added ‘ Added/ Not added

PAPLU(PAPLU2)/P7PLU(P7PLU7)

Operation
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m  Pins Setup (with 3 channels, at reception)

Table:11.3.8 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, SBTO

pin) at reception.

Table:11.3.8 Setup for Synchronous Serial Interface Pin (with 3 channels, at reception)

Setup item Data output pin Data input pin Clock 1/0 pin
SBOOA pin/ SBIOA pin SBTOA pin/ SBTOB pin
SBOOB pin SBIOB pin Clock master ‘ Clock slave
SCOSCMD1(SCOMST)
Port pin PAO/P75 PA1/P76 PA2/PT77
Port pin setup Select pin (A, B)
SCSEL (SCOSL)
Serial data input | SBIO -
selection SCOMD1(SCOIOM)
Function Port Serial input Transfer clock I/O ‘ Transfer clock I/O
SCOMD1(SCOSBOS) | SCOMD1(SCOSBIS) | SCOMD1(SCOSBTS)
Style - - Push-pull/ N-ch open- | Push-pull/ N-ch open-
drain drain
PAODC(PAODC2)/P70DC(P70ODCT7)
110 - Input mode Output mode ‘ Input mode
PADIR(PADIR1) PADIR(PADIR2)/P7DIR(P7DIR7)
P7DIR(P7DIR6)
Pull-up setup - - Added/ Not added ‘Added/ Not added

PAPLU(PAPLU2)/P7PLU(P7PLU7)

Operation




m  Pins Setup (with 3 channels, at transmission / reception)
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Table:11.3.9 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, SBTO
pin) at transmission / reception.

Table:11.3.9 Setup for Synchronous Serial Interface Pin (with 3 channels, at transmission / reception)

Setup item Data output pin Data input pin Clock 1/0 pin
SBOOA pin SBIOA pin SBTOA pin/SBTOB pin
SBOOB pin SBIOB pin Clock master ‘ Clock slave

SCOSCMD1(SCOMST)

Port pin PAO/P75 PA1/P76 PA2/PT77

Port pin setup Select pin (A, B)

SCSEL (SCOSL)

Serial data input | SBIO -

selection SCOMD1(SCOIOM)

Function Serial data output Serial input Transfer clock I/O ‘ Transfer clock I/O
SCOMD1(SCOSBOS) | SCOMD1(SCOSBIS) | SCOMD1(SCOSBTS)

Style Push-pull/ N-ch - Push-pull/ N-ch open- | Push-pull/ N-ch open-
open-drain drain drain
PAODC(PAODCO) PAODC(PAODC?2)

P70DC(P70ODC5) P70DC(P70ODCT7)

110 Output mode Input mode Output mode ‘ Input mode
PADIR(PADIRO) PADIR(PADIR1) PADIR(PADIR2)

P7DIR(P7DIRS5) P7DIR(P7DIR®6) P7DIR(P7DIR7)

Pull-up setup Added/ Not added - Added/ Not added ‘ Added/ Not added
PAPLU(PAPLUO) PAPLU(PAPLU2)

P7PLU(P7PLUS) P7PLU(P7PLU7)

Operation
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m  Pins Setup (with 2 channels, at transmission)

Table:11.3.10 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO pin) at trans-

mission. SBIO pin can be used as a port.

Table:11.3.10 Setup for Synchronous Serial Interface Pin (with 2 channels, at transmission)

PAPLU(PAPLUO)
P7PLU(P7PLUS5)

Setup item Data output pin Serial unused pin Clock 1/O pin
SBOOA pin SBIOA pin SBTOA pin/ SBTOB pin
SBOOB pin SBIOB pin Clock master ‘ Clock slave

SCOSCMD1(SCOMST)

Port pin PAO/P75 PA1/P76 PA2/P77

Port pin setup | Select pin (A, B)

SCSEL (SCOSL)

Serial datainput | SBOO -

selection SCOMD1(SCOIOM)

Function Serial data input "1" input Transfer clock I/O ‘ Transfer clock /O
SCOMD1(SCOSBOS) | SCOMD1(SCOSBIS) |SCOMD1(SCOSBIS)

Style Push-pull/ N-ch open- | - Push-pull/ N-ch open- | Push-pull/ N-ch open-
drain drain drain
PAODC(PAODCO) PAODC(PAODC?2)

P70DC(P70DC5) P70DC(P70ODCT7)

1/0 Output mode - Output mode ‘ Input mode

PADIR(PADIRO0) PADIR(PADIR2)
P7DIR(PADIR5) P7DIR(P7DIRY)
Pull-up setup Added/ Not added - Added/ Not added ‘ Added/ Not added

PAPLU(PAPLU2)
P7PLU(P7PLU7)

Operation
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Table:11.3.11 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO pin) at
reception. SBIO pin can be used as a port.

Table:11.3.11 Setup for Synchronous Serial Interface Pin (with 2 channels, at reception)

Setup item Data output pin Serial unused pin Clock 1/0O pin
SBOOA pin SBIOA pin SBTOA pin/ SBTOB pin
SBOOB pin SBIOB pin Clock master ‘ Clock slave
SCOSCMD1(SCOMST)
Port pin PAO/P75 PA1/P76 PA2/PT7
Port pin setup Select pin (A, B)
SCSEL (SCOSL)
Serial data input SBOO0 -
selection SCOMD1(SCOIOM)
Function Port Serial input Transfer clock 1/O ‘Transfer clock 110
SCOMD1(SCOSBO | SCOMD1(SCOSBIS) | SCOMD1(SCOSBIS)
S)
Style - - Push-pull/ N-ch Push-pull/ N-ch
open-drain open-drain
PAODC(PAODC2)
P70DC(P70ODCT7)
1/0 Input mode - Output mode I Input mode
PADIR(PADIRO0) PADIR(PADIR2)
P7DIR(P7DIRS5) P7DIR(P7DIR7)
Pull-up setup - - Added/ Not added ‘Added/ Not added

PAPLU(PAPLU2)
P7PLU(P7PLU7)

Operation
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11.3.2 Setup Example
. ________________________________________________________________________________________________________|

m  Transmission / Reception Setup Example

The setup example for clock synchronous serial communication with serial 0 is shown. Table:11.3.12 showsthe
conditions at transmission / reception.

Table:11.3.12 Setup Examples for Synchronous Serial Interface Transmission / Reception

Setup item Set to

Serial data input pin Select SBIO (3 channels)
Transfer bit count 8 bit

Start condition None

First transfer bit MSB

Input edge Falling edge
Output edge Rising edge
Clock Clock master
Clock source fs/2

Clock source dividing Not divided

Pin A (port A)
SBTO/SBOO pin style Nch open-drain
SBTO pin pull-up resistor Added

SBOO pin pull-up resistor Added

serial 0 communication complete Enable
interrupt

SBOO output after last data output "1"(H) fix

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Select the prescaler operation (1) Set the SCOPSCE flag of the SCOMD3 register to "1" to
SCOMD3(0x03F94) select "prescaler operation”.

bp3 :SCOPSCE =1

(2) Select the clock source (2) Set the SCOPSC2 to 0 flag of the SCOMD3 register to
SCOMD3(0x03F94) "100" to select the fs/2 as the clock source.
bp2-0 :SCOPSC2-0 =100

(3) SBOOA output control after the last data is (3) Set the SCOFDCL1 to 0 flag of the SCOMD3 register to
output "00" to select "1" (High) fix of the SBOO last data
SCOMD3(0x03F94) output.
bp7,6 :SCOFDC1-0 =00
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Setup Procedure

Description

(4) Select the pin
SCSEL(0x03F90)
bp :SCOSL =0

(5) Control the pin style
PAODC(0x03F2D)
bp2:PAODC2=1
bp0:PAODCO0=1
PAPLU(Ox03F4A)
bp2:PAPLU2=1
bp0:PAPLUO=1

(6) Control the pin direction
PADIR(0x03F3A)
bp2 :PADIR2 =1
bpl :PADIR1 =0
bp0 :PADIRO =1

(7) Set the SCOMDO register
Select the transfer bit count
SCOMDO(0x03F91)
bp2-0 :SCOLNG2-0 =111
Select the start condition
SCOMDO(0x03F91)
bp3 :SCOSTE =0
Select the first bit to be transferred
SCOMDO(0x03F91)
bp4 :SCODIR =0
Select the transfer edge
SCOMDO(0x03F91)
bp7 :SCOCE1 =1

(8) Set the SCOMD1 register
Select the communication style
SCOMD1(0x03F92)
bp0 :SCOCMD =0

Select the transfer clock
SCOMD1(0x03F92)

bp2 :SCOMST =1

bp3 :SCOCKM =0

Select the transfer clock
SCOMD1(0x03F92)

bp4 :SCOSBOS =1

bp5 :SCOSBIS =1

bp6 :SCOSBTS =1

bp7 :SCOIOM =0

(9) Set the interrupt level
SCOTICR(0x03FF0)
bp7-6 :SCOLV1-0 =10

(4) Set the SCOSL flag of the SCSEL register to "0" to select
A (port A) as /O pin.

(5) Set the PAODC2,PAODCO flag of the PAODC register
to "1,1" and select Nch open-drain to SBO0/SBTO pin.
Set the PAPLU2,PAPLUO flag of the PAPLU register to
"1,1" to enable the pull-up resistor.

(6) Set the PADIR2, PADIRO flag of the Port A pin direction
control register (PADIR) to "1,1" and the PADIRL1 flag to
"0" to set PA2, PAO to the output mode, PA1 to the
input mode.

(7) Set the SCOLNG2 to 0 flag of the serial 0 mode register
0 (SCOMDO) to "111" to set the transfer bit count as "8
bits".

Set the SCOSTE flag of the SCOMDO register to "0" to
disable the start condition.

Set the SCODIR flag of the SCOMDO register to "0" to
set MSB as a transfer first bit.

Set the SCOCEL1 flag of the SCOMDO register to "1" to
set the reception data input edge "falling" and the
transmission data output edge "rising".

(8) Set the SCOCMD flag of the SCOMD1 register to "0" to
select the synchronous serial.

Set the SCOMST flag of the SCOMDL1 register to "1" to
select the clock master (internal clock).

Set the SCOCKM flag to "0" to select "not divided" for
the clock source.

Set the SCOSBOS, SCOSBIS, SCOSBTS flag of the
SCOMDL1 register to "1" to set the SBOO pin to the
serial data output, the SBIO pin to the serial input, SBTO
pin to the transfer clock input/output. Set the SCOIOM
flag "0" to set the serial data input from the SBIO pin.

(9) Set the interrupt level by the SCOTLV1 to O flag of the
serial 0 UART transmission interrupt control register
(SCOTICR).

Operation
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Setup Procedure Description
(10) Enable the interrupt (10) Set the SCOTIE flag of the SCOTICR register to "1" to
SCOTICR(0x03FF0) enable the interrupt.
bpl :SCOTIE =1 If any interrupt request flag (SCOTIR of the SCOTICR
bp0 :SCOTIR =0 register) is already set, clear SCOTIR before the

interrupt is enabled.

(11) Start the serial transmission (11) Set the transmission data to the serial transmission
Transmission data - TXBUFO(0x03F97) data buffer TXBUF0. The transmission or reception is
Received data - input SBIO pin started by the internal clock generation. When the

transmission is finished, the serial 0 UART
transmission interrupt SCOTIRQ is generated.
[Chapter 3. 3-1-4 Setup]

Note: Procedures (1) to (3), (5), (6), (7) to (8) can be set at the same time.
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m  Reception Setup Example

The setup example for clock synchronous serial communication with serial 0 is shown. Table:11.3.12 showsthe

conditions at Reception.
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Table:11.3.13 Setup Examples for Synchronous Serial Interface Reception

Setup item Set to

Serial data input pin Select SBIO (3 channels)
Transfer bit count 8 bit

Start condition None

First transfer bit MSB

Input edge Falling edge
Output edge Rising edge
Clock Clock Slave
Clock source fs/2

Clock source dividing Not divided

Pin A (port A)
SBTO0/SBOO pin style Nch open-drain
SBTO pin pull-up resistor Added

SBOO pin pull-up resistor Added

serial 0 communication complete interrupt | Enable

SBOO output after last data output "1"(H) fix

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Select the prescaler operation
SCOMD3(0x03F94)
bp3 :SCOPSCE =1

(2) Select the clock source
SCOMD3(0x03F94)
bp2-0 :SCOPSC2-0 =100

(3) SBOOA output control after the last data is
output
SCOMD3(0x03F94)
bp7,6 :SCOFDC1-0 =00

(4) Select the pin
SCSEL(0x03F90)
bp0 :SCOSL =0

(5) Control the pin style
PAODC(0x03F2D)
bp2:PAODC2=1
bp0:PAODCO=1
PAPLU(OX03F4A)
bp2:PAPLU2=1
bp0:PAPLUO=1

(1) Set the SCOPSCE flag of the SCOMD3 register to "1" to
select "prescaler operation"”.

(2) Set the SCOPSC2 to 0 flag of the SCOMD3 register to
"100" to select the fs/2 as the clock source.

(3) Set the SCOFDCL1 to 0 flag of the SCOMD3 register to
"00" to select "1" (High) fix of the SBOO last data
output.

(4) Set the SC1SL flag of the SCSEL register to "0" to select
A (port A) as I/O pin.

(5) Set the PAODC7,PAODCS flag of the PAODC register to
"1,1" to select Nch open-drain to SBTO pin. Set the
PAPLU2, PAPLUS flag of the PAPLU register to "1,1" to
enable the pull-up resistor.

Operation
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Setup Procedure

Description

(6) Control the pin direction
PADIR(0x03F3A)
bp2 :PADIR2 =1
bpl :PADIR1 =0
bp0 :PADIRO =1

(7) Set the SCOMDO register
Select the transfer bit count
SCOMDO0(0x03F91)
bp2-0 :SCOLNG2-0 =111
Select the start condition
SCOMDO(0x03F91)
bp3 :SCOSTE =0
Select the first bit to be transferred
SCOMDO(0x03F91)
bp4 :SCODIR =0
Select the transfer edge
SCOMDO(0x03F91)
bp7 :SCOCE1 =1

(8) Set the SCOMD1 register
Select the communication style
SCOMD1(0x03F92)
bp0 :SCOCMD =0

Select the transfer clock
SCOMD1(0x03F92)

bp2 :SCOMST =0

bp3 :SCOCKM =0

Select the transfer clock
SCOMD1(0x03F92)

bp4 :SCOSBOS =1

bp5 :SCOSBIS =1

bp6 :SCOSBTS =1

bp7 :SCOIOM =0

(9) Set the interrupt level
SCOTICR(0x03FF0)
bp7-6 :SCOLV1-0 =10

(10) Enable the interrupt
SCOTICR(0x03FFO0)
bpl :SCOTIE =1
bp0 :SCOTIR =0

(11) Start the serial Reception
dummy data -~ TXBUFO(0x03F97)
Received data — input SBIO pin

(6) Set the PADIR2, PADIRO flag of the Port A pin direction
control register (PADIR) to "1,1" and the PADIRL1 flag to
"0" to set PA2, PAO to the output mode, PAL1 to the
input mode.

(7) Set the SCOLNG2 to 0 flag of the serial 0 mode register
0 (SCOMDO) to "111" to set the transfer bit count as 8
bits.

Set the SCOSTE flag of the SCOMDO register to "0" to
disable the start condition.

Set the SCODIR flag of the SCOMDO register to "0" to
set MSB as a transfer first bit.

Set the SCOCEL1 flag of the SCOMDO register to "1" to
set the reception data input edge "falling" and the
transmission data output edge "rising".

(8) Set the SCOCMD flag of the SCOMDL1 register to "0" to
select the synchronous serial.

Set the SCOMST flag of the SCOMDL1 register to "0" to
select the clock slave (external clock).

Set the SCOCKM flag to "0" to select "not divided " for
the clock source.

Set the SCOSBOS, SCOSBIS, SCOSBTS flag of the
SCOMDL1 register to "1" to set the SBOO pin to the
serial data output, the SBIO pin to the serial input, SBTO
pin to the transfer clock input/output. Set the SCOIOM
flag "0" to set the serial data input from the SBIO pin.

(9) Set the interrupt level by the SCOTLV1 to O flag of the
serial 0 UART transmission interrupt control register
(SCOTICR).

(10) Set the SCOTIE flag of the SCOTICR register to "1" to
enable the interrupt.
If any interrupt request flag (SCOTIR of the SCOTICR
register) is already set, clear SCOTIR before the
interrupt is enabled.

(11) Set the dummy data to the serial transmission data
buffer TXBUFO. After the dummy data is set, when
clock input is done after more than 3.5 transfer clock,
reception is started. When reception is finished, the
serial 0 UART transmission interrupt SCOTIRQ is
generated.

[Chapter 3. 3-1-4 Setup]
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Note: Each procedure (1) to (3), (7), (8), (9) to (10) can be set at the sametime.

At the reception with the start condition input, set the SCOSTE flag to “1” to select start condi-
tion enable at the step (7) in the setup procedure. At the step (11), execute the start condition
input instead of setting dummy data. After start condition input, more than 0.5 transfer clock

is required for the clock input.

For communication with 2 channels, serial data is input/output from the SBOO pin. Input/out-
put is switched by the port direction control register PADIR. At reception, set always
SCOSBIS of the SCOMDL1 register to "1" to select "serial input”. The SBIO pin can be used as
a general port.

= £

This serial interface contains a force reset function. If the communication should be stopped
by force, set SCOSBOS and SCOSBIS of the SCOMDL1 register to "0".

=

Each flag should be set as this setup procedure in order. Activation of communication should
be operated after all control registers (refer to Table:11.2.1 except TXBUFOQ) are set.

=

Transfer rate of transfer clock set by the SCOMD3 register should not exceed 5.0 MHz.

=
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m  Transmission / Reception Setup Example (Standby Mode Reception)

The setup example for clock synchronous serial communication with serial 0 is shown. Table:11.3.14 showsthe
condition at standby mode reception.

Table:11.3.14 Setup Examples for Synchronous Serial Interface Transmission / Reception (Standby
Mode Reception)

Setup item Set to

Serial data input pin Select SBIO (3 channels)
Transfer bit count 8 bit

Start condition None

First transfer bit MSB

Input edge Falling edge
Clock Clock slave
Operation mode Stop mode
Clock source fs/2

Clock source dividing Not divided
Pin A (port A)
SBTO0/SBOO pin style Push-pull
SBTO pin pull-up resistor Not added
SBOO pin pull-up resistor Not added
serial 0 communication complete Enable
interrupt

An example setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Select the prescaler operation (1) Set the SCOPSCE flag of the SCOMD3 register to "1" to
SCOMD3(0x03F94) select "prescaler operation"”.

bp3 :SCOPSCE =1

(2) Select the clock source (2) Set the SCOPSC2 to 0 flag of the SCOMD3 register to
SCOMD3(0x03F94) "100" to select fs/2 as the clock source.
bp2-0 :SCOPSC2-0 =100

(3) Select the pin (3) Set the SCOSL flag of the SCSEL register to "0" to select
SCSEL(0x03F90) A (port A) as I/O pin
bp0 :SCOSL =0

(4) Control the pin style (4) Set the PAODC2,PAODCO flag of the PAODC register
PAODC(0x03F2D) to "0,0" to select Push-pull to SBOO/SBTO pin. Set the
bp2:PAOD2=0 PAPLU2,PAPLUO flag of the PAPLU register to "0,0" to
bp0:PAODCO0=0 disenable the pull-up resistor.
PAPLU(Ox03F4A)

bp2:PAPLU2=0
bp0:PAPLUO=0
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Setup Procedure

Description

(5) Control the pin direction
PADIR(0x03F3A)
bp2 :PADIR2 =0
bpl :PADIR1 =0
bp0 :PADIRO =1

(6) Select the transfer bit count
SCOMDO(0x03F91)
bp2-0 :SCOLNG2-0 =111

(7) Select the start condition
SCOMDO(0x03F91)
bp3 :SCOSTE =0

(8) Select the first bit to be transferred
SCOMDO(0x03F91)
bp4 :SCODIR =0

(9) Select the transfer edge
SCOMDO(0x03F91)
bp7 :SCOCE1 =1

(10) Select the communication type
SCOMD1(0x03F92)
bp0 :SCOCMD =0

(11) Select the transfer clock
SCOMD1(0x03F92)
bp2 :SCOMST =0
bp3 :SCOCKM =0

(12) Control the pin function
SCOMD1(0x03F92)
bp4 :SCOSBOS =0
bp5 :SCOSBIS =1
bp6 :SCOSBTS =1
bp7 :SCOIOM =0

(13) Set the interrupt level
SCOTICR(0x03FFO0)
bp7-6 :SCOLV1-0 =10

(14) Enable the interrupt
SCOTICR(0x03FFO0)
bpl :SCOTIE =1
bp0 :SCOTIR =0

(15) Set the startup factor of the serial
communication
Dummy data — TXBUFO(0x03F97)

(5) Set the PADIR2, PADIR1 flag of the Port A pin direction
control register (PADIR) to "0,0" and the PADIRO flag to
"1" to set PA2, PA1 to disable the start condition.

(6) Set the SCOLNG2-0 flag of the serial 0 mode register
(SCOMDO) to "111" to set the transfer bit count as 8
bits.

(7) Set the SCOSTE flag of the serial 0 mode register
(SCOMDO) to "1" to disable the start condition.

(8) Set the SCODIR flag of the SCOMDO register to "0" to set
MSB as a transfer first bit.

(9) Set the SCOCEL flag of the SCOMDO register to "1" to
set the reception data input edge as falling.

(10) Set the SCOCMD flag of the SCOMD1 register to "0" to
select the synchronous serial.

(11) Set the SCOMST flag of the SCOMDL1 register to "0" to
select the clock slave (external slave).
Set the SCOCKM flag to "0" to select "not divided" for
the clock source.

(12) Set the SCOSBOS flag of the SCOMD1 register to "0",
the SCOSBTS flag of the SCOSBIS register to "1" to set
the SBIO pin to the serial data input as the SBOO pin
general port, the SBTO pin to the transfer clock input/
output. Set the SCOIOM flag "0" to set the serial data
input from the SBIO pin.

(13) Set the interrupt level by the SCOLV1 to 0 flag of the
serial 0 UART transmission interrupt control register
(SCOTICR). (Set level 2)

(14) Set the SCOTIE flag of the SCOTICR register to "1" to
enable the interrupt.
If any interrupt request flag (SCOTIR of the SCOTICR
register) is already set, clear SCOTIR before the
interrupt is enabled.

(15) Set the dummy data to the serial transmission data
buffer TXBUFO.

Operation
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Setup Procedure

Description

(16) Transfer to STOP mode
CPUM(0x03F00)
bp3:STOP =1

(17) Start the serial communication
Transmission clock - input SBTO pin
Received data — input SBIO pin

(18) Recover from the standby mode

(16) Set the STOP flag of the CPUM register to "1" to
transfer to the stop mode.

(17) Input the transfer clock to the SBTO pin and transfer
data to the SBIO pin.

(18) The serial 0 UART transmission interrupt SCOTIRQ is
generated at the same time of the 8™ pits data
reception, then, CPU is recovered from the stop mode
to the normal mode after the oscillation stabilization
walit.

Note: Procedures (1), (2), (6) to (9), (10) to (12), (13) to (14) can be set at the sametime.

be operated after all control registers (refer to Table:11.2.1 except TXBUFOQ) are set.

G Each flag should be set as this setup procedure in order. Activation of communication should
[ ]

Operation
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Serial 0 can be used for duplex UART communication. Table:11.3.15 shows UART seria interface functions.

Table:11.3.15 URAT Serial Interface Functions

Communication style

UART (duplex)j

Interrupt

SCOTIRQ (transmission), SCORIRQ (reception)

Pins

TXDO (output / input)
RXDO (input)

First transfer bit specification MSB /LSB

Parity bit selection (0]

Parity bit control 0 parity
1 parity
odd parity
even parity

Frame selection

7 bits + 1 STOP
7 bits + 2 STOP
8 bits + 1 STOP
8 bits + 2 STOP

Continuous operation

(0]

Maximum transfer rate

300 kbps
(standard 300 bps to 38.4 kbps)
(with baud rate timer)

Operation
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m  Activation Factor for Communication

At transmission, when datais set to the transmission data buffer TXBUFO, start condition is generated to start
transfer. At reception, when start condition is received, communication is started. At reception, if the datalength
of "L" for start bit islonger than 0.5 hit, it can be recognized as start condition.

m  Transmission

Datatransfer is automatically started by setting data to the transmission data buffer TXBUF0. When the trans-
mission is completed, the serial 0 transmission interrupt SCOTIRQ is generated.

m Reception

Once the start condition is recognized, reception is started after the transfer bit counter that counts transfer bit is
cleared. When the reception is completed, the serial 0 reception interrupt SCORIRQ is generated.

m  Duplex communication

On duplex communication, the transmission and reception can be operated separately at the sametime. The
frame mode and parity bit of the used data on transmission / reception should have the same polarity.

m  Transfer Bit Count Setup

The transfer bit count is automatically set after the frame mode is specified by the SCOFM1 to O flag of the
SCOMD?2 register. If the SCOCMD flag of the SCOMD1 register isset to "1", and UART communication is
selected, the setup by the synchronous serial transfer bit count selection flag SCOLNG2 to 0 isno longer valid.

m Data Input Pin Setup

2 channelstype, data output pin (TXDO pin), datainput pin (RXDO pin, or 1 channel type, datal/O pin (TXDO
pin) can be selected as a communication mode. The RXDO pin can be used only for serial datainput. The TXDO
pin can be used for serial datainput or output. Whether the serial dataisinput from RXDO or TXDO, it can be
selected by the SCOIOM flag of the SCOMDL1 register. When "datainput from TXDO pin" is selected to set the 1
channel communication, transmission / reception can be switched by the TXDO pin direction control. For
TXDOA pin, it can be done by the PADIR2 flag of the PADIR register. For TXDOB, by the P7DIRS flag of the
P7DIR register. At the same time, the RXDO pin can be used as a genera port.

m  Reception Buffer Empty Flag

When SCORIRQ is generated, datais stored automatically to RXBUFO from the internal shift register. When data
is stored to RXBUFO from the shift register, the reception buffer empty flag SCOREMP of the SCOSTR register is
setto"1". That indicatesthat the received datais going to be read out. SCOREMP isclearedto"0" by reading out
the data of RXBUFO.

m  Reception BUSY Flag

When the start condition is recognized, the SCORBSY flag of the SCOSTR register isset to "1". When the recep-
tion complete interrupt SCOTIRQ is generated, the flag iscleared to “0”. If the SCOSBIS flag is set to "0" during
reception, the SCORBSY flagisreset to "0".

m  Transmission BUSY Flag

When dataiis set to TXBUFO, the SCOTBSY flag of the SCOSTR register isset to "1". When the transmission
complete interrupt SCOTIRQ is generated, the flag is cleared to "0". During continuous communication, the
SCOTBSY flag isalways set. If the transmission buffer empty flag SCOTEMP is set to "0" as the transmission
complete interrupt SCOTIRQ is generated, the SCOTBSY iscleared to "0". If the SCOSBOSflagisset to"0", the
SCOTBSY flagisreset to"0".

Operation



m  Frame Mode and Parity Check Setup

Figure 11-3-17 shows the data format at UART communication.

Frame

Start
bit
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Parity
it

- Character bit D

Stop
bit

Figure:11.3.17 UART Serial Interface Transmission / Reception Data Format

Thetransmission / reception data consists of start bit, character bit, parity bit and stop bit. Table:11.3.16 showsits
types to be set.

Table:11.3.16 UART Serial Interface Transmission / Reception Data

Start bit

1 bit

Character bit

7,8 bit

Parity bit

fixed to O, fixed to 1, odd, even, none

Stop bit

1,2 bits

The SCOFM1 to 0O flag of the SCOMD2 register sets the frame mode. Table:11.3.17 shows the UART seria inter-
face frame mode settings. If the SCOCMD flag of the SCOMD1 register isset to "1", and UART communication
is selected, the transfer bit count on the SCOLNG?2 to 0 flag of the SCOMDO register is no longer valid.

Table:11.3.17 UART Serial Interface Frame Mode

SCOMD2 register Frame mode

SCOFM1 | SCOFMO

0 0 Character bit 7 bits + Stop bit 1 bit
0 1 Character bit 7 bits + Stop bit 2 bits
1 0 Character bit 8 bits + Stop bit 1 bit
1 1 Character bit 8 bits + Stop bit 2 bits
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Parity bit is to detect wrong bits with transmission / reception data. Table:11.3.18 shows types of parity bit. The
SCONPE, SCOPM1 to 0 flag of the SCOMD2 register set parity bit.

Table:11.3.18 Parity Bit of UART Serial Interface

SCOMD2 Parity bit Setup

SCONPE | SCOPM1 | SCOPMO

0 0 0 Fixed to O Set parity bit to "0"
0 0 1 Fixed to 1 Set parity bit to "1"
0 1 0 Odd parity Control that the total of "1" of parity bit and

character bit should be odd

0 1 1 Even parity Control that the total of "1" of parity bit and
character bit should be even

1 - - None Do not add parity bit

m Break Status Transmission Control Setup

The SCOBRKE flag of the SCOMD2 register generates the brake status. 1f SCOBRKE isset to"1" to select the
brake transmission, all bits from start bits to stop bits transfer "0".

m  Reception Error

At reception, there are 3 types of error; overrun error, parity error and framing error. Reception error can be deter-
mined by the SCOORE, SCOPEK, SCOFEF flag of the SCOSTR register. Even one of those errorsis detected, the
SCOERE flag of the SCOSTR register isset to "1". Among reception error flags, the SCOPEK flag and the
SCOFEF flag are renewed when the reception complete interrupt SCORIRQ is generated. The SCOORE flag is
cleared at the same time of next communication complete interrupt SCORIRQ generation after the data of the
RXBUFO isread out. The decision of the received error flag should be operated before the next communication is
finished. Those error flag has no effect on communication operation. Table:11.3.19 shows thelist of reception
error source.

Table:11.3.19 Reception Error Source of UART Serial Interface

Flag Error
SCOORE Overrun error Next data is received before reading the reception buffer
SCOPEK Parity error at fixed to O when parity bit is "1"
at fixed to 1 When parity bit is "0"
Odd parity The total of "1" of parity bit and character bit is
even
Even parity The total of "1" of parity bit and character bit is
odd
SCOFEF Framing error Stop bit is not detected

m  Judgement of Break Status Reception

Reception at break status can be judge. If all received datafrom start bit and stop bit is"0", the SCOBRKF flag of
the SCOMD?2 register is set and determines the break status. The SCOBRKF flag is set when the reception com-
plete interrupt SCORIRQ is generated.
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m  Continuous Communication

This serial interface has continuous communication function. When datais set to the transmission data buffer
TXBUFO during communication, the transmission buffer empty flag SCOTEMP is automatically set to communi-
cate continuously. This does not generate any blank in communication. Set datato TXBUF between previous
data setup and generation of the communication complete interrupt SCOTIRQ.

m  Clock Setup

Transfer clock is not necessary for UART communication itself, but necessary for setup of datatransmission/
reception timing in the serial interface.

Select the timer to be used as a baud rate timer by the SCOMD3 register.
m  Reception Bit Count and First Transfer Bit

At reception, when the transfer bit count is 7 bits, the data storing method to the received data buffer RXBUFO is
different depending on the first transfer bit selection. At MSB first, datais stored to the upper bits of RXBUFO.
When the transfer bit count is 7 bits, as shown on Figure:11.3.18, data"G" to "A" are stored to bp7 to bpl of
RXBUFO inthisorder. At LSB first, data are stored to the lower bits of RXBUF0. When the transfer bit count is
7 bits, as shown on Figure:11.3.19, data"A" to "G" are stored to bp0 to bp6 of RXBUFO in this order.

RXBUFO A B C D E F G

Figure:11.3.18 Reception Bit Count and First Transfer Bit (starting with MSB)

RXBUFO G F E D C B A

Figure:11.3.19 Transfer Bit Count and First Transfer Bit (starting with LSB)
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The following items are the same as clock synchronous serial.
m  First Transfer Bit Setup

Refer to:X1-15

m  Transmission Data Buffer

Refer to:X1-15

m  Received Data Buffer

Refer to: X115

m  Transfer Bit Count and First Transfer Bit
Refer to:X1-17

m  Transmission Buffer Empty Flag

Refer to:X1-20

m  Emergency Reset

Refer to: X1-21
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m  Transmission Timing

T

pmiassssssssy

SCOTBSY
(Data set to TXBUF0)

Interrupt(SCOTIRQ) | | | | | | | | | | | (L

Figure:11.3.20 Transmission Timing (parity bit is enabled)

. T .
-~
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SCOTBSY
(Data set to TXBUF0)

interrup |

(SCOTIRQ)

Figure:11.3.21 Transmission Timing (parity bit is disabled)
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m  Reception Timing

Tmin=0.5T T

7 Forrooo

SCORBSY

A @ : : : : : : : : : :
Input start condition : : ] } ] 3 3 3 3 ‘
Interrupt S : : : : : ! ! ! !
(SCORIRQ)

Figure:11.3.22 Reception Timing (parity bit is enabled)

Tmin=0.5T T
- —

o L OOO00000EF =

SCORBSY

A : : : : : : : : : :
Input start condition : : } } } } } 3 3 : ‘
Interrupt S f f f f f : : : : : | |
(SCORIRQ) Lo 1 : : : ; : ; 3 3 : |

Figure:11.3.23 Reception Timing (parity bit is disabled)
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m Transfer Speed Setup

Baud rate timer (timer 1, timer 2) can set any transfer rate. Table:11.3.20 shows the setup example of the transfer
speed.

Table:11.3.20 UART Serial Interface Transfer Speed

Setup Register Page
Serial O clock source (timer 1, timer 2) SCOMD3 XI-10
Clock source dividing SCOMD1 XI-10
Timer 1 clock source TM1MD V-15
Timer 1 compare register TM10C V-12
Timer 2 clock source TM2MD V-16
Timer 2 compare register TM20C V-12

Timer compare register is set asfollows;
baud rate =1/ (overflow cycle x 2 x internal clock dividing)
overflow cycle = (set value of compare register + 1) x timer clock cycle
therefore,
set value of compare register = timer clock frequency / (baud rate x 2 x internal clock dividing) - 1

For example, if baud rate should be 300 bps at timer clock source fs/4 (fosc = 8 MHz, fs = fosc/2) when the inter-
nal clock dividing is set to 8, set value should be as follows:

Set value of compare register = (8 x 10%/ 2/4)/(300x2x%x8)-1
=207
= OxCF

Timer clock source and the set value of timer compare register at the standard rate are shown in the following
page.

G Transfer rate should not exceed 300 kbps.

Operation
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Table:11.3.21 Setup Value of Serial Interface Transfer Speed 1 : When Setting UART Inter Clock to
"Divided by 8" (decimal)

Transfer speed (bit/s)

300 960 1200 2400 4800
fosc |Clock source
(MHz) |(Timer) Set value Calculate Set value Calculate Set value Calculate Set value Calculate Set value Calculate
d value d value d value d value d value
2.00 |fosc - - 129 962 103 1202 51 2404 25 4808
fosc/a 103 300 - - 25 1202 12 2404 - -
fosc/16 25 300 - - - - - - - -
fosc/32 12 300 - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 103 300 - - 25 1202 12 2404 - -
fsl4 51 300 - - 12 1202 - - - -
4.00 |fosc - - - - 207 1202 103 2404 51 4808
fosc/4 207 300 64 962 51 1202 25 2404 12 4808
fosc/16 51 300 - - 12 1202 - - - -
fosc/32 25 300 - - - - - - - -
fosc/64 12 300 - - - - - - - -
fs/2 207 300 64 962 51 1202 25 2404 12 4808
fsl4 104 297 - - 25 1202 12 2404 - -
4.19 |fosc - - - - 217 1201 108 2403 54 4761
fosc/4 217 300 67 963 - - - - - -
fosc/16 - - 16 963 - - 6 2338 - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 217 300 67 963 - - - - - -
fsl4 108 300 33 963 - - 13 2338 - -
8.00 |fosc - - - - - - 207 2404 103 4808
fosc/4 - - 129 962 103 1202 51 2404 25 4808
fosc/16 103 300 - - 25 1202 12 2404 - -
fosc/32 51 300 - - 12 1202 - - - -
fosc/64 25 300 - - - - - - - -
fs/2 - - 129 962 103 1202 51 2404 25 4808
fsl4 207 300 64 962 51 1202 25 2404 12 4808
8.38 |fosc - - - - - - 217 2403 108 4805
fosc/4 - - 135 963 108 1201 - - - -
fosc/16 108 300 33 963 - - 13 2338 - -
fosc/32 - - 16 963 - - 6 2338 - -
fosc/64 - - - - - - - - - -
fs/2 - - 135 963 108 1201 - - - -
fs/4 217 300 67 963 - - - - - -
10.00 |fosc - - - - - - - - 129 4808
fosc/4 - - 162 959 129 1202 64 2404 - -
fosc/16 129 300 - - - - - - - -
fosc/32 64 300 - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 - - 162 959 129 1202 64 2404 - -
fsl4 - - - - 64 1202 - - - -

Operation




Chapter 11
Serial interface O

Table:11.3.22 Setup Value of Serial Interface Transfer Speed 2 : When Setting UART Inter Clock to
"Divided by 8" (decimal)

Transfer speed (bit/s)

300 960 1200 2400 4800
fosc |Clock source

i Calculate Calculate Calculate Calculate Calculate
(MHz) | (Timer) Set value Set value Set value Set value Set value
d value d value d value d value d value

2.00 |fosc 12 9615 - - - 3 31250
fosc/4 - - - - - - - - - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 - - - - - - - - - -
fs/a - - - - - -
4.00 |fosc 25 9615 12 19231 - -
fosc/4 - - - - - -
fosc/16 - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 - - - - - - 1 31250 - -
fsl4 - - - - - - - - - -
4.19 |fosc 26 9699 - - - - - - - -
fosc/4 - - - - - - - - - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 - - - - - - - - - -
fs/4 - - - - - - - - - -
8.00 |fosc 51 9615 25 19231 - - 15 31250 12 38462
fosc/4 12 9615 - - - - 3 31250 - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 12 9615 - - - - 3 31250 - -
fsl4 - - - - - - 1 31250 - -
8.38 |fosc 54 9523 26 19398 - - - - - -
fosc/4 - - - - - - - - - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 - - - - - - - - - -
fs/a - - - - - - - - - -
10.00 |fosc 64 9615 - - - - - 31250 - -
fosc/4 - - - - - - - 31250 - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 - - - - - - - 31250 - -
fs/4 - - - - - - - - - -

=Y
w
s
N
a
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;
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Table:11.3.23 Setup Value of Serial Interface Transfer Speed 1 : When Setting UART Inter Clock to
"Divided by 16" (decimal)

Transfer speed (bit/s)

300 960 1200 2400 4800
fosc |Clock source
(MHz) |(Timer) Set value Calculate Set value Calculate Set value Calculate Set value Calculate Set value Calculate
d value d value d value d value d value
2.00 |fosc - - 64 962 51 1202 25 2404 12 4808
fosc/4 51 300 - - 12 1202 - - - -
fosc/16 12 300 - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 51 300 - - 12 1202 - - - -
fsl4 25 300 - - - - - - - -
4.00 |fosc - - 129 962 103 1202 51 2404 25 4808
fosc/4 103 300 - - 25 1202 12 2404 - -
fosc/16 25 300 - - - - - - - -
fosc/32 12 300 - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 103 300 - - 25 1202 12 2404 - -
fsl4 51 300 - - 12 1202 - - - -
4.19 |fosc - - 135 963 108 1201 54 2381 - -
fosc/4 108 300 33 963 - - - - - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 108 300 33 963 - - - - - -
fsl4 54 298 16 963 - - - - - -
8.00 |fosc - - - - 207 1202 103 2404 51 4808
fosc/4 207 300 64 962 51 1202 25 2404 12 4808
fosc/16 51 300 - - 12 1202 - - - -
fosc/32 25 300 - - - - - - - -
fosc/64 12 300 - - - - - - - -
fs/2 207 300 64 962 51 1202 25 2404 12 4808
fsl4 103 300 - - 25 1202 12 2404 - -
8.38 |fosc - - - - 217 1201 108 2403 54 4761
fosc/4 217 300 67 963 54 1190 - - - -
fosc/16 54 298 16 963 - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 217 300 67 963 54 1190 - - - -
fs/4 108 300 33 963 - - - - - -
10.00 |fosc - - - - - - 129 2404 64 4808
fosc/4 - - 80 965 64 1202 - - - -
fosc/16 64 300 - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 - - 80 965 64 1202 - - - -
fsl4 129 300 - - - - - - - -
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Table:11.3.24 Setup Value of Serial Interface Transfer Speed 2 : When Setting UART Inter Clock to
"Divided by 16" (decimal)

Transfer speed (bit/s)

300 960 1200 2400 4800
fosc |Clock source

i Calculate Calculate Calculate Calculate Calculate
(MHz) | (Timer) Set value Set value Set value Set value Set value
d value d value d value d value d value

2.00 |fosc - - - - - - 1 31250
fosc/4 - - - - - - - - - -
fosc/16 - - - - - - - - N R
fosc/32 - - - - - - - - N R
fosc/64 - - - - - - - N N N
fs/2 - - - - - - - N N N
fs/a - - - - - - - N N N
4.00 |fosc 12 9615 - - - - 3 31250 - -
fosc/4 - - - - - - - N B N
fosc/16 - - - - - - - N - N
fosc/32 - - - - - - - N N N
fosc/64 - - - - - R - N N N
fs/2 - - - - - - - N N N
fsl/a - - - - - - - N N N
4.19 |fosc - - - - - - - N N R
fosc/4 - - - - - - - - - -
fosc/16 - - - - - - - N N N
fosc/32 - - - - - - - N N N
fosc/64 - - - - - R _ N N N
fs/2 - - - - - - N N N N
fs/4 - - - - R N
8.00 |[fosc 25 9615 12 19231 - -
fosc/4 - - - - R N
fosc/16 - - - - R N
fosc/32 - - - - - - - N N N
fosc/64 - - - - - R - N N N
fs/2 - - - - - - 1 31250 - -
fs/a - - - - - - - N N R
8.38 |fosc - - - - - - N N N N
fosc/4 - - - - - - - - - -
fosc/16 - - - - - - - N N N
fosc/32 - - - - - - - N N N
fosc/64 - - - - - R _ N N N
fs/2 - - - - - - N N N N
fs/a - - - - - - - N N N
10.00 |fosc - - - - - - 9 31250 - -
fosc/4 - - - - - - - N N N
fosc/16 - - - - - - - N N N
fosc/32 - - - - - - - - N R
fosc/64 - - - - - R B - N N
fs/2 - - - - - - - N N N
fs/4 - - - - - - - N N N
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m  Pin Setup (with 1,2 channels, at transmission)

Table:11.3.25 shows the pins setup for UART serial interface transmission. The pins setup is common to the
TXDO pin, RXDO pin, regardless of whether the pins are independent / connected.

Table:11.3.25 UART Serial Interface Pin Setup (with 1,2 channels, at transmission)

PAPLU(PAPLUO)/P7PLU(P7PLUS)

Setup item Data output pin Data input pin
TXDO pin RXDO pin

Port pin PAO/P75 PA1/P76

Port pin setup Select pin (A, B)
SCSEL (SCOSL)

Serial data input selection RXDO
SCOMD1(SCOIOM)

Function Serial data output "1" output
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)

Style Push-pull/ N-ch open-drain -
PAODC(PAODCO0)/P70ODC(P70ODC5)

1/0 Output mode -
PADIR(PADIR0)/P7DIR(P7DIR5)

Pull-up setup Added / not added -

Operation




m  Pin Setup (with 2 channels, at reception)

Chapter 11

Serial interface 0

Table:11.3.26 shows the pins setup for UART seria interface reception with 2 channels (TXDO pin, RXDOpin).

Table:11.3.26 UART Serial Interface Pin Setup (with 2 channels, at reception)

Setup item Data output pin Data input pin
TXDO pin RXDO pin
Port pin PAO/P75 PA1/P76

Port pin setup

Select pin (A, B)

SCSEL (SCOSL)

Serial data input selection RXDO
SCOMD1(SCOIOM)
Function Port Serial data input
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)
Style - -
I/O - Input mode
- PADIR(PADIRL)/
P7DIR(P7DIRS)
Pull-up setup - -

Operation
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m  Pin Setup (with 1 channel, at reception)

Table:11.3.27 shows the pin setup for UART serial interface reception with 1 channel (TXDO pin)
pin can be used as a port asit is not used.

Table:11.3.27 UART Serial Interface Pin Setup (with 1 channel, at reception)

. TheRXDO

Setup item Data output pin Data input pin
TXDO pin RXDO pin
Port pin PAO/P75 PA1/P76

Port pin setup

Select pin (A, B)

SCSEL (SCOSL)

Serial data input selection TXDO
SCOMD1(SCOIOM)

Function Port Serial data input
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)

Style - -

I/O Input mode -
PADIR(PADIR0)/P7DIR(P7DIR5) -

Pull-up setup - -

Operation
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m  Pin Setup (with 2 channels, at transmission / reception)

Table:11.3.28 shows the pin setup for UART serial interface transmission / reception with 2 channels (TXDO pin,
RXDO pin).

Table:11.3.28 UART Serial Interface Pin Setup (with 2 channels, at transmission / reception)

Setup item Data output pin Data input pin
TXDO pin RXDO pin

Port pin PAO/P75 PA1/P76

Port pin setup Select pin (A, B)
SCSEL (SCOSL)

Serial data input selection RXDO
SCOMD1(SCOIOM)

Function Serial data output Serial data input
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)

Style Push-pull/ N-ch open-drain -
PAODC(PAODCO0)/P70ODC(P70ODC5)

1/0 Output mode Input mode
PADIR(PADIR0)/P7DIR(P7DIR5) PADIR(PADIR1)/

P7DIR(P7DIR6)

Pull-up setup Added / not added -

PAPLU(PAPLUO)/P7PLU(P7PLUS5)
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11.3.4 Setup Example
. ________________________________________________________________________________________________________|

m  Transmission / Reception Setup

The setup example for UART transmission / reception with serial 0 is shown. Table:11.3.29 shows the condition
at transmission / reception.

Table:11.3.29 UART Interface Transmission Reception Setup

Setup item SEtto
TXDO/RXDO pin Independent (with 2 channels)
Frame mode specification 8 bits + 2 stop bits
First transfer bit MSB

Clock source Timer 1

Clock source dividing Divided by 8

Pin A (port A)
TXDO/RXDO pin type N-ch open-drain
Pull-up resistor of TXDO pin Added

Parity bit add/check "0" added/check
Serial 0 transmission complete Enable

interrupt

Serial 0 reception complete interrupt | Enable

An exampl e setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Set the baud rate timer (1) Set the baud rate timer by the TM1MD register, the
TM1OC register. Setthe TM1EN flag to "1" to start
timer 1.

[Chapter 5 5.8 Serial Transfer Clock Output Operation]

(2) Select the clock source (2) Set the bp2 to 0 flag of the SCOMD3 register to "110" to
SCOMD3(0x03F94) select Timer 1 output as a clock source.
bp2-0 :SCOPSC2-0 =110

(3) Select the pin (3) Set the SCOSL flag of the SCSEL register to “0” to select
SCSEL(0x03F90) A (port A) as /O pin.
bp0 :SCOSL =0

(4) Control the pin style (4) Set the PAODCO flag of the PAODC register to "1" to
PAODC(0x03F2D) select Nch open-drain. Set the PAPLUO flag of the
bp0:PAODCO=1 PAPLU register to "1" to enable the pull-up resistor.
PAPLU(Ox03F4A)

bp0:PAPLUO=1
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Setup Procedure

Description

(5) Control the pin direction
PADIR(0x03F3A)
bp0 :PADIRO =1
bpl :PADIR1 =0

(6) Set the SCOMDO register
Select the start condition
SCOMDO0(0x03F91)
bp3 :SCOSTE =1

Select the first bit to be transferred

SCOMDO(0X03F91)
bp4 :SCODIR =0

(7) Set the SCOMD?2 register
Control the output data
SCOMD2(0x03F93)
bp0 :SCOBRKE =0

Select the added parity bit
SCOMD2(0x03F93)

bp3 :SCONPE =0

bp5-4 :SCOPM1-0 =00

Specify the flame mode
SCOMD2(0x03F93)
bp7-6 :SCOFM1-0 =11

(8) Set the SCOMD1 register
Select the communication type
SCOMD1(0x03F92)
bp0 :SCOCMD =1

Select the clock frequency
SCOMD1(0x03F92)

bp3 :SCOCKM =1

bp2 :SCOMST =1

bpl :SCODIV =0

Control the pin function
SCOMD1(0x03F92)
bp4 :SCOSBOS =1
bp5 :SCOSBIS =1

bp7 :SCOIOM =0

(9) Enable the interrupt
SCORICR(0X03FEF)
bpl :SCORIE =1
SCOTICR(0x03FFO0)
bpl :SCOTIE =1

(5) Set the PADIRO flag of the Port A pin direction control
register (PADIR) to "1" and the PADIR1 flag to "0" to
set PAOQ to the output mode, PAL to the input mode.

(6) Set the SCOSTE flag of the SCOMDO register to "1" to
enable start condition.

Set the SCODIR flag of the SCOMDO register to "0" to
select MSB as first transfer bit.

(7) Set the SCOBRKE flag of the SCOMD2 register to "0" to
select the serial data transmission.

Set the SCOPM1 to 0 flag of the SCOMD2 register to
"00" to select 0 parity, and set the SCONPE flag to "0"
to enable add parity bit.

Set the SCOFML1 to O flag of the SCOMD2 register to
"11" to select 8 hits + 2 stop bits for the flame mode.

(8) Set the SCOCMD flag of the SCOMD1 register to "1" to
select duplex UART.

Set the SCOCKM flag of the SCOMDL1 register to "1" to
select "divided" at source clock.

Set the SCODIV flag to “0” to select divided by 8 as the
source clock.

The SCOMST flag should always be set to "1" to select
clock master.

Set the SCOSBOS, SCOSBIS flag of the SCOMD1
register to "1" to set the RXDO pin to serial data output
and the RXDO pin to serial data input.

(9) Setthe SCORIE flag of the SCORICR register to "1", and
SCOTIE flag of the SCOTICR register to "1" to enable
the interrupt request.

If the interrupt request is already set, clear it.

Operation
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Setup Procedure Description
(10) Start the serial transmission (10) When the transmission data is set to the serial
The transmission — TXBUFO(0x03F97) transmission data buffer (TXBUFO), the transmission is
The reception data — input to RXDO started. When the transmission is finished, the serial 0

transmission interrupt (SCOTIRQ) is generated. Also,
after the received data is stored to the RXBUFO, the
serial 0 reception interrupt (SCORIRQ) is generated.

Note: Procedures (6), (7), (8) can be set at the same time.

When the TXDO / RXDO pin are connected for communication with 1 channel, serial data is

input/output from the TXDO pin. Input/output can be switched by the port direction control
register PADIR. At reception, set SCOSBIOS of the SCOMDL1 register to "1" to select serial
data input. The RXDO pin can be used as a general port.

This serial interface contains emergency reset function. If communication should be stopped
by force, set SCOSBOS and SCOSBIS of the SCOMDL1 register to "0".

Each flag should be set as the setup procedure in order. Activation of communication should
be operated after all control registers (refer to Table:11.2.1 TXBUFO, RXBUFO) are set.

G
Timer 1 and timer 2 can be used as a baud rate timer. Refer to Chapter 5 5.8 Serial Transfer
‘ Clock Output Operation.
u
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12.1 Overview

This LS| contains aserial interface 1 that can be used for both communication types of clock synchronous and

UART (duplex).

Also the used pins can be switched to A (port 1. P15/TMOOB/SBO1A/TXD1A/SEG1, P16/TM2I0/SBI1A/
RXD1A/SEG9, P17/TM20B/SBT1A/SEGS) or to B (Port A:PAS/AN5/SBO1B/TXD1B, PA6/AN6/SBT1B, PA4/

AN4/SBI1B/RXD1B/VPP).

On this text, if there are not much difference between port A and port B on the operation, port
‘ A and B are omitted.
u

age, select A as the used pin.

G Operation with the used pin B is available for 48 pin package product only. For 44 pin pack-

12.1.1 Functions

Table:12.1.1 shows functions of serial interface 1.

Table:12.1.1 Serial Interface 1 functions

Communication style Clock synchronous UART (duplex)
Interrupt SC1TIRQ SC1TIRQ(on transmission
completion)
SC1RIRQ(on reception
completion)
Used pins SBO1,SBI1,SBT1 TXD1,RXD1
3 channels type 0] -
2 channels type O(SBO1,SBT1) (0]
1 channel type - TXD1
Specification of transfer bit count/ Frame |1 to 8 bits 7 bit +1STOP
selection 7 bit +2STOP
8 bit +1STOP
8 hit +2STOP
Selection of parity bit - (0]
Parity bit control - 0 parity
1 parity
odd parity
even parity
Selection of start condition (0] Only "enable start condition” is
available
Specification of the first transfer bit (@) (0]
Specification of input edge/ output edge (@) -

Overview
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SBO1 output control after final data is
transferred

H/L/final data hold

Function in STANDBY mode

Only slave reception is available

Internal clock dividing value Not divided Divided by 8
Divided by 8 Divided by 16
Divided by 16

Clock source fosc/2 fosc/2
fosc/4 fosc/4
fosc/16 fosc/16
fosc/64 fosc/64
fs/2 fs/2
fs/4 fs/4

External clock
Timer 1 output
Timer 2 output

Timer 1 output
Timer 2 output

Maximum transfer rate

5.0 MHz

300 kbps

fosc:Machine clock (High speed oscillation)
fs:System clock

Overview Xl -3



12.1.2 Block Diagram
Serial interface 1 Block Diagram

Serial interface 1
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12.2 Control Registers

12.2.1 Regqisters

Chapter 12

Serial interface 1

Table:12.2.1 shows registers to control serial interface 1.

Table:12.2.1 Serial interface 1 Control Registers

Register Address R/W | Function Page
SC1MDO 0x03F99 | R/W | Serial interface 1 mode register 0 XI-7
SC1imMD1 Ox03F9A | R/W | Serial interface 1 mode register 1 XI11-8
SC1MD2 0x03F9B | R/W | Serial interface 1 mode register 2 XI1-9
SC1MD3 O0x03F9C | R/W | Serial interface 1 mode register 3 XII-10
SC1STR 0x03F9D | R Serial interface 1 status register XI-11
RXBUF1 OxO3F9E | R Serial interface 1 received data buffer XII-6
TXBUF1 O0xO3F9F | R/W | Serial interface 1 transmission data buffer XII-6
SCSEL 0x03F90 | R/W | Serial interface 1/0 pins switching control register XI- 12
P10DC 0x03F1B | R/W | Port 1 Nch open drain control register V- 11
P1DIR 0x03F31 | R/W | Port 1 direction control register IV-8
P1PLUD 0x03F41 | R/W | Port 1 pull-up/pull-down control register V-9
SC1RICR Ox03FF1 | R/W | Serial 1 UART reception interrupt control register - 34
SCI1TICR Ox03FF2 | R/W | Serial 1 UART transmission interrupt control register II- 35

R/W:Readable/ Writable

R:Readable only

Control Registers
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12.2.2 Data Buffer Registers

Serial interface 1 has one each of 8-bit data buffer register for transmission, and for reception.

m Serial interface 1 Reception Data Buffer (RXBUF1:0x03F9E)

bp 7 6 5 4 3 2 1 0

Flag RXBUF17 | RXBUF16 | RXBUF15 | RXBUF14 | RXBUF13 | RXBUF12 | RXBUF11 | RXBUF10
Reset X X X X X X X X

Access R/W R/W R/W R/W R/W R/W R/W R/W

m Serial interface 1 Transmission Data Buffer (TXBUF1:0x03F9F)

bp 7 6 5 4 3 2 1 0

Flag TXBUF17 | TXBUF16 | TXBUF15 | TXBUF14 | TXBUF13 | TXBUF12 | TXBUF11 | TXBUF10
Reset X X X X X X X X

Access R/W R/W R/W R/W R/W R/W R/W R/W

Control Registers




12.2.3 Mode Registers

m  Serial interface 1 Mode Register 0 (SC1MDO0:0x03F99)

Chapter 12

Serial interface 1

bp 7 6 5 4 3 2 1 0
Flag SC1CE1 - - SCI1DIR | SCISTE |SCI1LNG2 | SC1LNG1 | SCILNGO
Reset 0 - - 0 0 1 1 1
Access R/W - - R/W R/W R/W R/W R/W
bp Flag Description

Transmission data output edge

0O:falling

1:rising
! SCICEL Reception data input edge

0:rising

1:falling
6-5 - -

First bit to be transferred
4 SCI1DIR 0:MSB first

1:LSB first

Start condition selection
3 SCI1STE 0:Disabled

1:Enabled

Transfer bit

000:1bit

001:2bit

SCILNG2 010:3bit
2-0 SCILNG1 011:4bit
SCI1LNGO 100:5bhit

101:6bit

110:7bit

111:8bit

Control Registers
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m  Serial interface 1 Mode Register 1(SC1MD1:0x03F9A)

bp 7 6 5 4 3 2 1 0
SC1SBO
Flag SC1IOM | SC1SBTS | SC1SBIS S SC1CKM | SCIMST | SCiDIV | SC1CMD
Reset 0 0 0 0 0 0 0 0
Access R/W R/W R/W R/W - R/W R/W R/W
bp Flag Description
Serial data input selection
7 SC1lioOM 0:Data input from SBI1 (RXD1)
1:Data input from SBO1 (TXD1)
SBT1 pin function selection
6 SC1SBTS 0:Port
1:Transfer clock I/O
Serial input control selection
5 SC1SBIS O:Input "1"
1:Input serial
SBO1(TXD1) pin function
4 SC1SBOS | O:Port
1:Output serial data
Transfer clock dividing selection
3 SC1CKM 0:Not divided
1:Divided by 8
Clock master/ slave selection
2 SCIMST 0:Clock slave
1:Clock master
Transfer clock dividing selection
1 SC1DIV 0:Devided by 8
1:Devided by 16
Synchronous serial/ duplex UART selection
0 SC1CMD 0:Synchronous serial

1:Duplex UART

Control Registers
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m  Serial interface 1 Mode Register 2 (SC1MD2:0x03F9B)
bp 7 6 5 4 3 2 1 0
Flag SC1FM1 | SC1FMO | SC1PM1 | SC1PMO | SCINPE - SC1BRKF | SC1BRKE
Reset 0 0 0 0 0 - 0 0
Access R/W R/W R/W R/W R/W - R R/W

bp Flag Description

Frame mode specification
00:7 data bit + 1 stop bit

7-6 281:2”3 01:7 data bit + 2 stop hit
10:8 data bit + 1 stop bit
11:8 data bit + 2 stop bit
Added bit specification
Transmission Reception

5.4 SC1PM1 00:Add "0" Check for 0

SC1PMO 01:Add "1" Check for 1

10:Add odd parity Check for odd parity
11:Add even parity Check for even parity

Parity enable
3 SCINPE 0:Enable parity bit
1:Disable parity bit

2 - -

Break status receive monitor
1 SC1BRKF 0:Data reception
1:Break reception

Break status transmit control
0 SC1BRKE 0:Data transmission
1:Break transmission

Control Registers Xl -9
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m Serial interface 1 Mode Register 3 (SC1MD3:0x03F9C)

bp 7 6 5 4 3 2 1 0
Flag SC1FDC1 | SC1FDCO0 - - SCléDSC SC1PSC2 | SC1PSC1 | SC1PSCO
Reset 0 0 - - 0 0 0 0
Access R/W R/W - - R/W R/W R/W R/W
bp Flag Description

Output selection after SBO1 final data transmission
SC1FDC1 00:Fix to. 1" (High) output
7-6 SC1EDCO 01:Hold final data
10:Fix to "0" (Low) output
11:Reserved

5-4 - -

Prescaler count control
3 SC1PSCE 0:Disable the count
1:Enable the count

Selection clock

000:fosc/2
001:fosc/4
SC1PSC2 010:fosc/16
2-0 SC1PSC1 011:fosc/64
SC1PSCO 100:fs/2
101:fs/4

110:Timer 1 output
111:Timer 2 output

Xl -10 Control Registers
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m Serial interface 1 Status Register (SC1STR:0x03F9D)
bp 7 6 5 4 3 2 1 0
SC1TBS

Flag v SC1RBSY | SCITEMP | SCIREMP | SC1FEF | SC1PEK | SC1ORE | SC1ERE

Reset 0

Access R R R R R R R R

bp Flag Description

Serial bus status

7 SC1TBSY 0:Other use
1:Serial transmission in progress
Serial bus status

6 SC1RBSY 0:Other use
1:Serial reception in progress
Transmission buffer empty flag

5 SCI1TEMP | O:Empty
1:Full
Reception buffer empty flag

4 SC1REMP | O:Empty
1:Full
Framing error detection

3 SC1FEF 0:No error
1:Error
Parity error detection

2 SCI1PEK 0:No error
1:Error
Overrun error detection

1 SC10RE 0:No error
1:Error
Error monitor flag

0 SC1ERE 0:No error
1:Error

Control Registers
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m  Serial interface 1/0 pin switching control Register (SCSEL:0x03F90)

bp 7 6 5 4 3 1 0
Flag TE“:ESC TE'\ﬁ)SC TEMPSC2 | TEMPSC1 | SCA4SL SCI1O0ORE | SC1ERE
Reset 0 0 0 0 0 0 0
Access R/W R/W R/W R/W R/W R/W R/W
bp Flag Description

Serial 1 used timer 2 output dividing switching

7.6 TMPSC12 X0:Timer 2 output
TMPSC11 01:Timer 2 output divided by 2

11:Timer 2 output divided by 8

Serial 0 used timer 2 output dividing switching
5.4 TMPSCO02 X0:Timer 2 output

TMPSCO01 01:Timer 2 output divided by 2

11:Timer 2 output divided by 8

Serial 4 1/0O pin switching
3 SC4sSL 0:A (P10, P11)

1:B (P76, P77)
2 - -

Serial 1 I/O pin switching
1 SC1SL 0:A (P15 to P17)

1:B (PA4 to PAB)

Serial 0 I/O pin switching
0 SCOSL 0:A (PAO to PA2)

1:B (P75 to P77)

Xl -12
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12.3 Operation
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Serial interface 1 can be used for both clock synchronous and duplex UART.

12.3.1

Clock Synchronous Serial Interface

m  Activation Factor for Communication

Table:12.3.1 shows activation factors for communication. At master communication, the transfer clock is gener-
ated by setting data to the transmission data buffer TXBUFL, or by receiving a start condition. Except during
communication, the input signal from SBT1 pin is masked to prevent operating errors by noise. This mask can be
released automatically by setting adatato TXBUF1 (accessto the TXBUFL1 register), or enabling astart con