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This book may be not reprinted or reproduced whether wholly or partially, without the prior written
permission of Matsushita Electric Industrial Co., Ltd.
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About This Manual

BmOrganization

In this LSl 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.

EBManual 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.

Subtitle

Sub-subtitle

The smallest block
in this manual.

Main text

Key information

Important information
from the text.

About This Manual 1

Chapter 2 Basic CPU

2-8 Reset

2-8-1 Reset operation

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

W Initiating a Reset
There are two methods to initiate a reset.
(1)  Drive the NRST pin low for at least four clock cycles.
NRST pin should be holded "low" for more than 4 clock cycles (200 nS at a 20 MHz).

NRST pin

— -—— 4 clock cycles
(200 nS at a 20 MHz)

Figure 2-8-1 Minimum Reset Pulse Width

(2)  Setting the P20UT7 flag of the P20UT register to "0" outputs low level at P27 (NRST) pin. And
transfering to reset by program (software reset) can be executed. If the internal LSl is reset and
register is initiated, the P20UT7 flag becomes "1" and reset is released.

Summary

Introduction to the
section.

References

[ €=Chapter 4. 4-4-2 Registers |

On this LS|, the starting mode is NORMAL mode that high oscillation is the base clock.

When the power voltage low circuit is connected to NRST pin, circuit that gives pulse for
‘ enough low level time at sudeen unconnected. And reset can be generated even if its pulse

is low level as the oscillation clock is under 4 clocks, take notice of noise.

References for the
main text.

Precautions and
warnings

Precautions are listed
in case.

Be sure to read these
of lost functionality or
damage.



BmFinding Desired Information
This manual provides three methods for finding desired information quickly and easily.

(1) Consult theindex 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) Chapter names are located at the top outer corner of each page, and section titles are located
at the bottom outer corner of each page.

ERelated Manuals
Note that the following related documents are available.

"MN2101C Series LSI user's Manual"
<Describes the device hardware>
"MN2101C Series Instruction Manua"
<Describes the instruction set.>
"MN101C 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 assembler syntax and notation.>
"MN101C Series C Source Code Debugger User's Manual"
<Describes the use of C source code debugger.>
"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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Chapter 1 Overview

1-1 Overview

1-1-1 Overview

The MN101C series of 8-bit single-chip microcontroller incorporates multiple types of peripheral functions.
This chip series is well suited for camera, VCR, MD, TV, CD, LD, printer, telephone, home automation
products, pager, air conditioner, PPC remote control, fax machine, musical instrument, and other applica-
tions.

The MN101C77 series brings to embedded microcontroller applications flexible, optimized hardware
configurations and a simple efficient instruction set. The MN101C77C has an internal 48 KB of ROM and
3 KB of RAM. Peripheral functions include 5 external interrupts, 17 internal interrupts including NMI,
independent 6 timer counters, 4 sets of serial interfaces, A/D converter, D/A converter, watchdog timer,
automatic data transfer, synchronous output, buzzer output, and remote control output. The configura-
tion of this microcontroller is well suited for application such as a system controller in a camera, VCR
selection timer, CD player, or MD.

With two oscillation systems (max.20 MHz/32 kHz) contained on the chip, the system clock can be
switched to high speed oscillation (NORMAL mode), or to low speed oscillation (SLOW 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. There are 2 choices for high speed oscillation : the
normal mode, which has a system clock based on the clock (fosc/2) divided by 2, and the 2x-speed
mode, which has a system clock based on the same cycle clock (fosc).

On the normal mode, when the oscillation source(fosc) is 8 MHz, minimum instructions execution
time is for 250 ns, and when fosc is 20 MHz, it is 100 ns. On the 2x-speed mode, CPU is operated with
the same cycle to the external clock, when fosc is 8 MHz, minimum instructions execution time is 125 ns.
The packages are 64-pin LQFP and 64-pin TQFP (under development).

1-1-2  Product Summary

This manual describes the following models of the MN101C77 series. These products have same pe-
ripheral functions. (Refer to chapter 18 Flash EEPROM for Flash version.)

Table 1-1-1 Product Summary

Model ROM Size RAM Size Classification
MN101C77C 48 KB 3 KB Mask ROM version
MN101CF77G 128 KB 6 KB Flash EEPROM version

|-2 Overview
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Hardware Functions

CPU Core

Memory bank

ROM correction

Internal memory

Interrupts

MN2101C Core

- LOAD-STORE architecture (3-stage pipeline)
- Half-byte instruction set / Handy addressing
- Memory addressing space is 256 KB

- Minimum instructions execution time (3.0 V to 3.6 V for Flash version)

High speed oscillation
[normal] 0.10 ps / 20 MHz (2.5V t03.6V)
0.20 ps / 10 MHz (2.1Vt0 3.6 V)
0.50 ps / 4MHz (1.8V1t03.6V)
[2x-speed] 0.119pus / 8.39MHz (25Vto3.6V)
Low speed oscillation 61.04 us / 32.768 kHz (1.8 V1o 3.6 V)
- Operation modes
NORMAL mode ( High speed oscillation )
SLOW mode ( Low speed oscillation )
HALT mode
STOP mode
(The operation clock can be switched in each mode.)

Data memory space expansion by bank form (4 banks unit : 64 KB / 1 bank)

- Bank for source address / Bank for destination address

Max.3 parts in program can be corrected

ROM 48 KB (Flash version 128 KB)
RAM 3 KB (Flash version 6 KB)

17 Internal interrupts

<Non-maskable interrupt (NMI)>

- Incorrect code execution interrupt and Watchdog timer interrupt
< Timer interrupts >

- Timer O interrupt (8-bit timer)

- Timer 1 interrupt (8-bit timer)

- Timer 4 interrupt (8-bit timer)

- Timer 5 interrupt (8-bit timer)

- Timer 6 interrupt (8-bit timer)

- Time base interrupt (8-bit timer)

- Timer 7 interrupt (16-bit timer)

- Match interrupt for Timer 7 compare register 2

Hardware Functions
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< Serial interface interrupts >

- Serial interface O reception interrupt (Full-Duplex UART)

- Serial interface 0 transmission interrupt (synchronous + Full-Duplex UART)
- Serial interface 1 reception interrupt (Full-Duplex UART)

- Serial interface 1 transmission interrupt (synchronous + Full-Duplex UART)
- Serial interface 3 interrupt (synchronous + single master IIC)

- Serial interface 4 interrupt (slave 1IC)

< A/D interrupt >

- A/D converter interrupt

< Automatic transfer controller(ATC) interrupt >

- ATC 1 interrupt

5 External interrupts (with/without noise filter)

- IRQO : Edge selectable. Both edges interrupt.

- IRQL1 : Edge selectable. Both edges interrupt. AC zero cross detector.
- IRQ2 : Edge selectable. Both edges interrupt.

- IRQS3 : Edge selectable. Both edges interrupt.

- IRQ4 : Edge selectable. Both edges interrupt. Key interrupt function.

Timers
7 timers ( 6 can operate independently )
- 8-Bit timer for general use 2 sets
- 8-Bit timer for general use (UART baud rate timer) 2 sets
- 8-Bit free-running timer 1 set
Time base timer 1 set
- 16-Bit timer for general use 1 set

Timer O ( 8-Bit timer for general use )
- Square wave output ( Timer pulse output ), PWM output,
Event count, Remote control carrier output, Simple pulse width measurement
- Clock source
fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, fx, external clock

Timer 1 ( 8-Bit timer for general use )
- Square wave output ( Timer pulse output ), Event count,
16-Bit cascade connection function ( connected to timer 0 ), Timer
synchronous output
- Clock source
fosc, fosc/4, fosc/16, fosc/64, fosc/128, fs/2, fs/8, fx, external clock
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Timer 4 ( 8-Bit timer for general use or UART baud rate timer )
- Square wave output ( Timer pulse output ), PWM output, Event count
Simple pulse width measurement, Serial interface transfer clock
- Clock source
fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, fx, external clock

Timer 5 ( 8-Bit timer for general use or UART baud rate timer)
- Square wave output ( Timer pulse output ), PWM output, Event count,
Remote control carrier output, Simple pulse width measurement,
Serial interface transfer clock
- Clock source
fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, fx, external clock

Timer 6 ( 8-Bit free-running timer, Time base timer)
U 8-Bit free-running timer
- Clock source
fosc, fosc/2'?, fosc/2®, fs, fx, fx/212, fx/213
4 Time base timer
- Interrupt generation cycle
fosc/27, fosc/28, fosc/2°, fosc/20, fosc/2'3, fosc/2,
X127, £x/28, tx/2°, fx/210, fx/2%3, fx/21°

Timer 7 ( 16-Bit timer for general use )
- Clock source
fosc, fosc/2, fosc/4, fosc/16, fs, fs/2, fs/4, fs/16,
1/1, 1/2, 1/4, 1/16 of the external clock
- Hardware organization

Compare register with double buffer 2 sets
Input capture register 1 set
Timer interrupt 2 vectors

- Timer functions
Square wave output ( Timer pulse output ), Event count,
High precision PWM output ( Cycle/Duty variable continuously ),
Timer synchronous output, Input capture function ( Both edges
can be operated )
- Real time output control
PWM output is controlled in real time by the external interrupt 0 (IRQO).
At the interrupt enable edge of the external interrupt 0 (IRQ0), PWM output
( Timer output ) is controlled in 3 values ; "fixed high", "fixed low",
"Hi-z".

Hardware Functions -5
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Watchdog timer
- Watchdog timer frequency can be selected from fs/21¢, fs/218 or fs/22°,

Remote control 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.

Synchronous output
Timer synchronous output, Interrupt synchronous output
- Port 6 outputs the latched data, on the event timing of the synchronous
output signal of timer 1, 5, or 7, or of the external interrupt 2 (IRQ 2).

Buzzer output Output frequency can be selected from fosc/2°, fosc/2°, fosc/2'?,
fosc/212, fosc/213, fosc/2, £x/23, fx/24.

Automatic transfer controller (ATC)
Data in the whole memory space (256 KB) can be transferred.
- External interrupt start / internal event start / software start
- Max. 255 bytes continuous transfer
- Support serial interface sequence transmission / reception
- Burst transfer ( interrupt shutdown is built-in )

A/D converter 10 bits X 7 channels input
D/A converter 8 bits X 2 channels input
Serial interface 4 types

Serial interface 0 (Full-Duplex UART / Synchronous serial interface )
0 Synchronous serial interface
- Transfer clock source
fosc/2, fosc/4, fosx/16, fosc/64, fs/2, fs/4
1/2 of UART baud rate timer ( timer 5) output
- MSB/LSB can be selected as the first bit to be transferred. Any
transfer size from 1 to 8 bits can be selected.
- Sequence transmission, sequence reception or both are available.
O Full-Duplex UART ( Baud rate timer : Timer 5)
- Parity check, Overrun error, Framing error detection
- Transfer size 7 to 8 bits can be selected.
[Note : When Matsushita standard serial writer is used for flash memory
version, serial interface O is used for program transfer.]

1-6 Hardware Functions
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Serial interface 1 ( Full-Duplex UART / Synchronous serial interface )
O Synchronous serial interface
- Transfer clock source
fosc/2, fosc/4, fosx/16, fosc/64, fs/2, fs/4
1/2 of UART baud rate timer ( timer 4 ) output
- MSBJ/LSB can be selected as the first bit to be transferred. Any
transfer size 1 to 8 bits can be selected.
- Sequence transmission, sequence reception or both are available.
O Full-Duplex UART ( Baud rate timer : Timer 4 )
- Parity check, Overrun error, Framing error detection
- Transfer size 7 to 8 bits can be selected.

Serial interface 3 ( Single master 1IC / Synchronous serial interface )

U Synchronous serial interface

- Transfer clock source

fosc/2, fosc/4, fosc/16, fosc/32, fs/2, fs/4, 1/2 of timer 5 output
- MSB/LSB can be selected as the first bit to be transferred. Any
transfer size 1 to 8 bits can be selected.

- Sequence transmission, sequence reception or both are available.
U4 Single master IIC

- 1IC communication for single master ( 9-bit transfer )

Serial interface 4 ( Slave IIC)
U IIC slave serial interface
- lIC high-speed transfer mode (400 kbps) is available.
- 7 bits or 10 bits slave address setting is available.
- Compatible with general call communication mode

LED driver 8 pins

Port I/0 ports 53 pins
- LED ( large current ) driver pin 8 pins
- Serves as external interrupt 5 pins

Special pins 10 pins

- Analog reference voltage input pin 2 pins
- Operation mode input pin 1 pin
- Reset input pin 1 pin
- Power pin 2 pins
- Oscillation pin 4 pins

Package 64-pin LQFP ( 14 mm square / 0.8 mm pitch)

64-pin TQFP (10 mm square / 0.5 mm pitch)

Hardware Functions
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On Flash version MN101CF77G, NC pin cannot be used as user pin as it is used as Vpp pin.
Refer to chapter 18 Flash EEPROM when designing your board for compatibility with Flash
version.

Set VREF+ to VDD, VREF- to Vss even when A/D converter is not used.

= g
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1-3  Pin Description

1-3-1  Pin Configuration
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On Flash version of MN101CF77G, NC pin is VPP.

Figure 1-3-1 Pin Configuration ( 64 LQFP/64TQFP : Top view )
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1-3-2

Pin Specification

Table 1-3-2 Pin Specification

Pin Function Inputioutput | DIrECion | iy control Descreption
control
P00 SBO1A |TXD1A infout PODIRO POPLUO  |SBO1A : Serial Interface 1 transmission data output |TXD1A : UART 1 transmission data output
PO1 SBI1A |RXD1A in/out PODIR1 POPLU1  [SBI1A : Serial Interface 1 reception data input RXD1A : UART 1 reception data output
SDA4B SDA4B : Serial Interface 4 data 1/O
P02 SBT1A |SCL4B infout PODIR2 POPLU2  |SBT1A : Serial 1 clock I/O SCL4B : Serial Interface 4 clock I/0
P03 SBOOA |TXDOA in/out PODIR3 POPLU3  |SBOOA : Serial 0 transmission data output TXDOA : UART 0 transmission data output
P04 SBIOA |RXDOA in/out PODIR4 POPLU4  ISBIOA : Serial 0 reception data input RXDOA : UART 0 reception data input
P05 SBTOA in/out PODIRS POPLU5  |SBTOA : Serial O clock I/O
P06 BUZZER in/out PODIR6 POPLU6  BUZZER : Buzzer output
P10 TCOOA |RMOUTA |[in/out P1DIRO P1PLUO  [TCIOOA : Timer O output RMOUTA : Remote control carrier output
P11 TCIO0B |RMOUTB |in/out P1DIR1 P1PLU1 [TCIOOB : Timer 0 I/O RMOUTB : Remote control carrier output
P12 TCO4A in/out P1DIR2 P1PLU2  [TCIO4A : Timer 4 1/O
P13 TCIO4B infout P1DIR3 P1PLU3  [TCIO4B : Timer 4 1/0
P14 TCIO7 in/out P1DIR4 P1PLU4  [TCIO7 : Timer 7 1/0
P20 IRQO in/out P2DIRO P2PLUO  |IRQO : External interrupt 0
P21 IRQ1 ACZ in/out P2DIR1 P2PLU1  |IRQ1 : External interrupt 1 ACZ : AC zero bolt detection input
P22 IRQ2 in/out P2DIR2 P2PLU2  [IRQ2 : External interrupt 2
P23 IRQ3 infout P2DIR3 P2PLU3  [IRQ3 : External interrupt 3
P24 IRQ4 in/out P2DIR4 P2PLU4  |IRQ4 : External interrupt 4
P27 NRST in/out - - NRST : Reset
P50 SBI3 in/out P5DIRO P5PLUO  [SBO3 : Serial 3 reception data output
P51 SBO3 SDA3 infout P5DIR1 P5PLU1  [SBI3 : Serial interface 3 ransmission data input SDAS : Serial Interface 3 data /O
P52 SBT3 SCL3 infout P5DIR2 P5PLU2  |SBT3 : Serial interface 3 clock I/O SCL3 : Serial Interface 3 clock /O
P53 SDA4A in/out P5DIR3 P5PLU3  |SDA4A : Serial interface 4 data I/O
P54 SCL4A in/out P5DIR4 P5PLU4  |SCL4A : Serial interface 4 clock 1/0
P60 SDO0 KEYO infout P6DIRO P6PLUO  [SDOO : Timer synchronous output 0 KEYO : KEY interrupt input O
P61 SDO1 KEY1 infout P6DIR1 P6PLU1  |SDOL1 : Timer synchronous output 1 KEY1 : KEY interrupt input 1
P62 SDO2 | KEY2 in/out P6DIR2 P6PLU2  |SDO2 : Timer synchronous output 2 KEY2 : KEY interrupt input 2
P63 SDO3 KEY3 in/out P6DIR3 P6PLU3  [SDO3: Timer synchronous output 3 KEY3 : KEY interrupt input 3
P64 SDO4 KEY4 infout P6DIR4 P6PLU4 ISDO4 : Timer synchronous output 4 KEY4 : KEY interrupt input 4
P65 SDO5 KEY5 infout P6DIR5 P6PLU5  [SDO5 : Timer synchronous output 5 KEY5 : KEY interrupt input 5
P66 SDO6 | KEY6 in/out P6DIR6 P6PLU6  [SDO6 : Timer synchronous output 6 KEY6 : KEY interrupt input 6
P67 SDbo7 KEY7 in/out P6DIR7 P6PLU7  [SDO7 : Timer synchronous output 7 KEY7 : KEY interrupt input 7
P70 SBOOB | TXDOB in/out P7DIRO P7PLUDO |SBOOB : Serial interface 0 transmission data output [TXDOB : UART 0 transmission data output
P71 SBIOB | RXDOB _[in/out P7DIR1 P7PLUD1 | SBIOB : Serial interface 0 reception data input RXDOB : UART 0 reception data output
P72 SBTOB infout P7DIR2 P7PLUD2 [SBTOB : Serial interface 0 clock 1/0
P73 SBO1B | TXD1B |in/out P7DIR3 P7PLUD3 | SBO1B : Serial interface 1 transmission data output [TXD1B : UART 1 transmission data output
P74 SBI1B | RXD1B |in/out P7DIR4 P7PLUD4 | SBI1B : Serial interface 1 reception data input IRXD1B : UART 1 reception data output
P75 SBT1B infout P7DIR5 P7PLUD5 | SBT1B : Serial interface 1 clock I/0
P76 TCIO1 in/out P7DIR6 P7PLUD6 |TCIO1 : Timer 1 1/0
P77 TCIOS infout P7DIR7 P7PLUD7 | TCIO5 : Timer 5 1/0
P80 LEDO infout P8DIRO P8PLUO LEDO : LED driving pin 0
P81 LED1 infout P8DIR1 P8PLU1 [LED1: LED driving pin 1
P82 LED2 infout P8DIR2 P8PLU2 |LED2 : LED driving pin 2
P83 LED3 infout P8DIR3 P8PLU3 LED3 : LED driving pin 3
P84 LED4 infout P8DIR4 P8PLU4 |LED4 : LED driving pin 4
P85 LED5 infout P8DIR5 P8PLU5 | LEDS : LED driving pin 5
P86 LED6 infout P8DIR6 P8PLU6 |LEDG : LED driving pin 6
P87 LED7 infout P8DIR7 P8PLU7 |LED7 : LED driving pin 7
PAO ANO DAO infout PADIRO PAPLUDO |ANO : Analog 0 input DAO : DAO output
PAL AN1 DA1 infout PADIR1 PAPLUD1 |AN1: Analog 1 input DA1 : DAL output
PA2 AN2 infout PADIR2 PAPLUD2 |AN2 : Analog 2 input
PA3 AN3 infout PADIR3 PAPLUD3 |AN3: Analog 3 input
PA4 AN4 infout PADIR4 PAPLUD4 |AN4 : Analog 4 input
PA5 AN5 in/out PADIR5 PAPLUD5 |AN5 : Analog 5 input
PA6 ANG6 infout PADIR6 PAPLUD6 [ANG : Analog 6 input
1-10 Pin Description
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Table 1-3-3 Pin Function Summary (1/6)

Name

No.

110

Function

Other Function

Description

VSS

10

Power supply pin

Supply 1.8 Vto 3.6 Vto VDD and 0 Vto VSS.

0OSC1
0SC2

[ee]

Input
Output

Clock input pin
Clock output pin

Connectthese oscillation pins to ceramic or
crystal oscillators for high-frequency clock
operation.

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

Xl
X0

11
12

Input
Output

Clock input pin
Clock output pin

Connectthese oscillation pins to ceramic
oscillators or crystal oscillators for low-frequency
clock operation.

If the clock is an external input, connectitto Xl
and leave XO open. The chip will not operate with
an external clock when using the STOP mode. If
these pins are not used, connect Xl to VSS and
leave XO open.

NRST

14

10

Reset pin

P27

This pin resets the chip when power is turned on,
is allocated as P27 and contains an internal pull-
up resistor. Setting this pin low initializes the
internal state of the device. Thereatfter, setting the
input to high releases the reset. The hardware
waits for the system clock to stabilize, then
processes the resetinterrupt. Also, if 0™ is
written to P27 and the reset s initiated by
software, a low level will be output. The output
has an n-channel open-drain configuration. If a
capacitor is to be inserted between NRST and
VDD, itis recommended that a discharge diode
be placed between NRST and VDD.

POO
PO1

P02
P03
P04
P05
P06

15
16

17
18
19
20
21

I/0

/O port0

SBO1A, TXD1A
SBI1A, RXD1A
SDA4B

SBT1A, SCL4B
SBOOA, TXDOA
SBIOA, RXDOA
SBTOA
BUZZER

7-Bit CMOS tri-state I/O port.

Each bit can be setindividually as either an input
or output by the PODIR register. Apull-up resistor
for each bitcan be selected individually by the
POPLU register.

Atreset, the input mode is selected and pull-up
resistors are disabled (high impedance output).

P10
P11
P12

P13
P14

22
23
24

25
26

e}

/O port1

TCOOA, RMOUTA
TCIO0B, RMOUTB
TCO4A

TCIO4B
TCI07

5-Bit CMOS tri-state I/O port.

Each bit can be setindividually as either an input
or output by the P1DIR register. Apull-up resistor
for each bitcan be selected individually by the
P1PLU register.

Atreset, the input mode is selected and pull-up
resistors are disabled (high impedance output).
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Table 1-3-4 Pin Function Summary (2/6)

Name No. I} Function Other Function Description

P20 27 1/O I/0 port 2 | IRQO 5-Bit CMOS tri-state I/O port.
Apull-up resistor for each bit can be selected
P21 28 IRQ1, ACZ L .
Q individually by the P2PLU register.
P22 29 IRQ2 Atreset, pull-up resistors are disabled
P23 30 IRQ3 (high impedance output).
P24 31 IRQ4
P27 14 Input /O port 2 [NRST P27 has an n-channel open-drain configuration.
When "0" is written and the resetis initiated by
software, a low level will be output.
P50 32 110 I/ port 5 [SBI3 5-Bit CMOS tri-state I/O port.
Each bit can be setindividually as either an input
P51 B . )

5 33 SBO3, or output by the P5DIR register. Apull-up resistor
P52 34 SBT3 for each bit can be selected individually by the
P53 35 SDA4A P5PLU register. Atreset, the P50t o P54 input

mode is selected and pull- up resistors are
disabled. (high impedance output)
P54 36 SCL4A
P60 37 1o} I/ port 6 |SDOO, KEYO 8-Bit CMOS tri-state I/O port.
Each bit can be setindividually as either an input
P61 DO1, KEY1 . )

6 38 Sbol, or output by the P6DIR register. Apull-up resistor
P62 39 SDO2, KEY2 for each bit can be selected individually by the
P63 40 SDO3, KEY3 P6PLU register.

P64 41 SDO4, KEY4 Atreset, the P6Q to P67 inpl_Jt mode is selected
P65 42 SDOS, KEY5 an_d p_uII— up resistors are disabled.
(high impedance output)
P66 43 SDO6, KEY6
P67 44 SDO7, KEY7
P70 45 o /O port 7 |SBOOB, TXDOB  (8-Bit CMOS tri-state I/O port.
Each bit can be setindividually as either an input
P71 4 BIOB, RXD0OB .
6 SBIOB, 0 or output by the P7DIR register. A pull-up/pull-
P72 47 SBTOB down resistor for each bit can be selected
P73 48 SBO1B, TXD1B individually by the P7PLU register. However,
P74 49 SBI1B, RXD1B pull-up and pull-down rgsistors can_not be mixed.
P75 50 SBT1B Atreset, the P7Qto P77 |npu_t mode is _selected
and pull- up resistors are disabled. (high
P76 51 TClo1 impedance output)
P77 52 TCIO5
P8O 60 /0 IfO port 8 |LEDO 8-Bit CMOS tri-state I/O port. Each bit can be set
individually as either an input or output by the
P81 LED1 . . .
8 59 P8DIR register. A pull-up resistor for each bit can
P82 58 LED2 be selected individually by the P8PLU register.
P83 57 LED3 When configured as outputs, these pins can
P84 56 LED4 drive LEDs directly. Atreset, the P80to P87 input
mode is selected and pull- up resistors are

P LED . S

85 55 5 disabled. (high impedance output)

P86 54 LED6

P87 53 LED7

PAO 62 /O I/ port A|ANO, DAO 6-Bit I/O port. Apull-up or pull-down resistor for
each bit can be selected individually by the

PA1 AN1, DA1 .

63 ’ PAPLUD resister. However, pull-up and pull-

PA2 64 AN2 down resistors cannot be mixed. Atreset, the

PA3 1 AN3 PAO to PA6 input mode is selected and pull- up

PA4 2 AN4 resistors are disabled. (high impedance output)

PA5 3 ANS5

PA6 4 AN6
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Table 1-3-5 Pin Function Summary (3/6)
Name No. l[e} Function Other Function Description
SBOOA |18 Output Serial interface P03, TXDOA Transmission data output pins for serial
transmission data interfaces 0, 1, 3. The output configuration,
BOOB |4 . P70, TXDOB . .
SBOO 8 output pins 0. 0 either CMOS push-pull or n-channel open-drain
SBO1A 15 P00, TXD1A can be selected. Pull-up resistors can be
SBO1B |45 P73, TXD1B selected by the POPLU register, the P5PLU
SBO3 33 P51, SDA3 register and the P7PLUD register. Select output
mode bythe PODIR register, the P5DIR register
and the P7DIR register, 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.
SBIOA 19 Input Serial interface P04, RXDOA Reception data input pins for serial interfaces 0,
reception data input 1, 3. Pll-up resistors can be selected by the
SBIOB 49 . P71, RXD0OB . .
pins POPLU register, the P5PLU register and the
SBI1A |16 PO1, RXD1A P7PLUD register. Selectinput mode by the
SDAAA PODIR register, the P5DIR register, the P7DIR
SBILB |46 P74, RXD1B register and serial input mode by the serial mode
SBI3 32 P50 register 1 (SCOMD1, SC1MD1, SC3MD1). These
can be used as normal I/O pins when the serial
interface is notused.
SBTOA |20 /O Serial interface P50 Clock I/O pins for serial interfaces 0, 1,3. The
sBToB |50 clock I/O pins P72 output conflgurathn, either CMOS push-pull or n-
channel open-drain can be selected. Pull-up
SBT1A |17 P02, SCL4A resistors can be selected bythe POPLU resister
SBT1B |47 P75 and the P5PLU register and the P7PLUD
SBT3 34 P52, SCL3 register. Select clock I/O for each communication
mode bythe PODIR register, the P5DIR register,
the P7DIR register and serial mode register 1
(SCOMD1, SC1MD1, SC3MD1). These can be
used as normal I/O pins when the serial interface
is notused.
TXDOA |18 Output |UART transmission|sgooa, PO3 In the serial interface in UART mode, these pins
008 |as data output pins SBOOB, P70 are configured as the t.ransn.ﬂssm.m data output
pins. The output configuration, either CMOS
TXD1A |15 SBO1A, P00 push-pull or n-channel open-drain can be
TXD1B |45 SBO1B, P73

selected. Pull-up resistors can be selected by
the POPLU register and the P7PLUD register.
Select output mode by the PODIR register and the
P7DIR register, and serial data output by serial
interface 1 mode register 1 (SCOMD1, SC1MD1).
These can be used as normal I/O pins when the
serial interface is notused.
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Table 1-3-6

Pin Function Summary (4/6)

Name

No.

I[e]

Function

Other Function

Description

RXDOA
RXDOB
RXD1A

RXD1B

19
49
16

46

Input

UART reception
data input pin

SBIOA, PO4
SBIOB, P71
SBI1A, PO1

SDA4A
SBI1B, P74

In the serial interface in UART mode, these pins
are configured as the received data input pin.
Pull-up resistors can be selected by the POPLU
register and P7PLUD register. Set this pin to the
input mode by the PODIR register and the P7DIR
register, and to the serial input mode by the serial
interfacel mode register 1 (SCOMD1, SC1MD1).
This can be used as normal I/O pin when the
serial interface is not used.

TCOOA
TCIO0B
TCI01

TCO4A

TCI04B
TCIO5

22
23
51
24

25
52

(o]

Timer I/O pins

P10, RMOUT
P11
P12
P13

P37
P77

Event counter clock input pins, overflow pulse
and PWM signal output pins for 8-bittimers 0, 1,
4,5. To use these pins as event clock inputs,
configure them as inputs bythe P1DIR and
P7DIR register. When the pins are used as
inputs, pull-up resistors can be specified by the
P1PLU, P7PLUD register. For overflow pulse,
PWM signal output, select the special function pin
by the port 1 output mode register (PLOMD) and
setto the output mode bythe P1DIR register.
When not used for timer /O, these can be used
as normal I/O pins.

SDAAA

SDA4B

16

35

(o]

Serial interface
data I/O pins

PO1, SBI1A

RXD1A
P53

Reception data input pins for serial interfaces 4.
During data communications, select n-channel
open-drain to comply with IIC communication
standard. Pull-up resistors can be selected by
the POPLU register and the P5PLU register.
During data communications, select output mode
by the PODIR register and the P5DIR register.
These can be used as normal I/O pins when the
serial interface is not used.

SCL4A

SCL4B

17

36

(o]

Serial interface 4
clock I/O pins

P02, SBT1A,

P54

Clock I/O pins for serial interfaces 4. During data
communications, select n-channel open-drain to
comply with IIC communication standard. Pull-up
resistors can be selected by the POPLU resister
and the P5PLU register. During data
communications, select output mode by the
PODIR register and the P5DIR register. These
can be used as normal I/O pins when the serial
interface is not used.

RMOUT

22

(o]

Remote control
transmission
signal output pin

P10,TCO0A

Output pin for remote control transmission signal
with a carrier signal. For remote control carrier
output, select the special function pin bythe port
1 output mode register (P1OMD) and set to the
output mode bythe P1DIR register. Also, setto
the remote control carrier output by the remote
control carrier output control register (RMCTR).
This can be used as a normal I/O pin when
remote control is not used.
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Table 1-3-7 Pin Function Summary (5/6)
Name No. I[e} Function Other Function Description
BUZZER |21 Output  |Buzzer output P06 Piezoelectric buzzer driver pin. The driving
frequency can be selected bythe DLYCTR
register. Select output mode bythe PODIR
register and select P06 buzzer output by the
DLYCTR register. When not used for buzzer
output, this pin can be used as a normal I/O pin.
TCIO7 26 11O Timer I/O pin P14 Event counter clock input pin, overflow pulse and
PWM signal output pin for 16-bittimer 7. To use
this pin as event clock input, configure this as
input by the P1DIR register. In the input mode,
pull-up resistors can be selected by the P1PLU
register. For overflow pulse, PWM signal output,
select the special function pin by the port 1 output
mode register (PLOMD), and setto the output
mode bythe P1DIR register. When not used for
timer I/O, this can be used as normal I/O pin.
VREF+ |6 ) + power supply for Reference power supply pins for the AID
AD converter converter. Normally, the values of VDD=VREF+
VREF- |61 - - power supply for and VSS=VREF- are used. When they are not
AD converter used, the values should be VREF+=VDD and
VREF-=VSS.
ANO 62 Input Analog inputpins  |PAO, DAO Analog input pins for an 7-channel, 10-bit AD
AN 63 PAL DAL converter. When not used for analog input, these
' pins can be used as normal I/O pins.
AN2 64 PA2
AN3 1 PA3
AN4 PA4
AN5 3 PAS
ANG6 4 PAG
DAO 62 Output  |Analog output pins |PAO, ANO Analog output pins for an 2-channel, 8-bit D/A
DAL 63 PAL, AN1 converter. When not used for analog output,
these pins can be used as normal /O pins.
IRQO 27 Input External interrupt  |pog External interrupt input pins. The valid edge for
input pins IRQO to 4 can be selected with the IRQnICR
IRQL 28 pal.ACz register. IRQ1 is an external interrupt pin thatis
IRQ2 29 p22 able to deternine AC zero crossings. Both edge
IRQ3 30 P23 for IRQO to 4 are valid for interrupt. When these
IRQ4 31 P24 are not used for interrupts, these can be used as
normal input pins.
ACZ 28 Input AC zero-cross P21,IRQ1 An input pin for an AC zero-cross detection circuit.

detection input pin

The AC zero-cross detection circuit outputs a high
level when the inputis atan intermediate level. It
outputs a low level at all other times. ACZ input
signal is connected to the P21 input circuit and
the IQR1 interrupt circuit. When the AC zero-cross
detection circuitis not used, this pin can be used
as anormal P21 input.
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Table 1-3-8 Pin Function Summary (6/6)
Name No. 110 Function Other Function Description
KEYO 37 /0 Keyinterruptinput [pgo sSpOO Input pins for interrupt based on ORed result of
pins pin inputs. Keyinput pin for 2 bits can be
KEY1 P61, SDO1 L .
38 61,Sbo selected individually by the key interrupt control
KEY2 39 P62,SDO2 register (P6MD). When not used for KEY input,
KEY3 40 P63, SDO3 these pins can be used as normal I/O pins.
KEY4 41 P64, SD0O4
KEY5 42 P65, SDO5
KEY6 43 P66, SDO6
KEY7 44 P67,SDO7
MMOD 17 Input Memory mode This pin sets the memory expansion mode.
switching input Always set the input low.
pins
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1-4  Block Diagram

1-4-1  Block Diagram

[a]
o 3 8 38 ¢
— (2]
X 3 8 e} >> =
Low Speed High Speed CPU
oscillator oscillator MN101C
TXD1A,SBO1A,P00 ~d—- | ]
) ) - ———
SDA4B,RXD1A,SBI1A,P01 ~a—pm| ROM RAM .- F;ﬁgmg
-q—p| T 48KB 3KB '
SCL4B,SBT1A,P02 s D [—— PAAN4
TXDOA,SBO0A,P03 ~=ti—= g S [«——paszAN3
RXDOA,SBIOA,P04 ~i—im- | 8-Bit Timer 0 | | External Interrupt | > [—— PA2,AN2
SBTOA,P05 ~l— ~<dl—— pA1 AN1,DA1L
BUZZERPO6 ~—8| | | 8-Bit Timer 1 | | Serial Interface 0 | = PA0,ANO,DAO
RMOUTA, TCOOA,P10 ~—p=| w—p>- P87 LED7
| 8-Bit Timer 4 | | Serial Interface 1 | ~— P86,LED6
ROMUTB,TCIO0B,P11 ~at— B U [P P85,LED5
TCO4A,P12 ~t—mm| = - - O [=@—® P84 LED4
= | 8-Bit Timer 5 | | Serial Interface 3 | a etl—I- P33 [ ED3
TCIO4B,P13 ~at—p -— P32,LED2
TCIO7,P14 ~g—i=| | 16-Bit Timer 7 ” Serial Interface 4 | <&—&=- P81 LED1
6-Bit Time <t — Pg0,LEDO
] - - [ J~a—~ P77,TCIO5
IRQO,P20 ~at—p | Time Base Timer 6 | @— P76.7CIO1
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Figure 1-4-1 Block Diagram
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1-5

Electrical Characteristics

This LS| user's manual describes the standard specification.
System clock ( fs) is 1/2 of high speed oscillation at NOR-
MAL mode, or 1/4 of low speed oscillation at SLOW mode.
Please ask our sales offices for its own product specifica-
tions.

Model
Contents MN2101C77
Structure CMOS integrated circuit
Application General purpose
Function 8-Bit single-chip microcontroller
1-5-1 Absolute Maximum Ratings™ (voltages referenced to Vss)
Parameter Symbol Rating Unit
1 |Power supply voltage Vob -0.3to0 +4.6 \%
2 |Inputclamp voltage lc -500 to +500 pA
3 |Input pin voltage Vi -0.3to Vop +0.3
4 |Output pin woltage Vo -0.3t0 Vob +0.3 \%
5 [I/O pin voltage Vio -0.3to Vop +0.3
6 Port8 *4 lo1 (peak) 30
Peak output
7 Other than Port 8 loL2 (peak) 10
current
8 lon (peak) -10
mA
9 Port8 *4 lo1 (avg) 20
Average output
10 current ¥1 Other than Port 8 lo2 (avg) 5
11 lon (avg) -5
12 |Power dissipation Po 300 mwW
13 |Operating ambient temperature Topr -40to +85
0,
C
14 |Storage temperature Tstg -40to +125 *5
*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 limit values beyond which the LSI may
be damaged and proper operation is not assured.
*4 Applied when P8LED register outputs LED.
*5 -40to + 98 (°C) for the Flash EEPROM version.
|-18 Electrical Characteristics
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Operating Conditions

Chapter 1 Overview

[ NORMAL mode : fs=fosc/2, SLOW mode : fs=fx/2 ]

Ta=-40°C to +85°C Vop=1.8Vt0 3.6 V, Vss=0V

Rating
Parameter Symbol Conditions Unit
MIN | TYP | MAX
Power supply voltage
1 Vb1 foscf 20.00 MHz 25 36
fs = fosc/2
2 Vb2 foscf 10.00 MHz 21 36
fs = fosc/2
Power supply voltage =200
3 Voos | == z 1.8 36 v
fs = fosc/2
a Voou fx=32.768 kHz 18 3.6
fs = fosc/2
5 |Voltage to maintain RAMdata| Vbps |During STOP mode 18 3.6
Operation speed *1
6 te1 Vop=25Vt0 3.6V 0.1
7 - . ) te2 Vop=2.1Vt0 3.6V 0.2
Minimum instruction S
o it
8 execution time s |Voo=18Vto3.6V 05
9 tea Vop=1.8Vt0 3.6V 61.04
Crystal osillator 1 Figure 1-5-1
10 |Crystal frequency fuar |Vop=25Vt0o3.6V 1.0 20.0 MHz
11 Cu 47
External capasitors pF
12 Cu2 47
13 [Internal feedback resistor RFio  [Vop=3.3V 1000 kQ
Crystal osillator 2 Figure 1-5-2
14 |Crystal frequency fuaz |Vop=1.8 Vo 3.6 V 32.768 kHz
15 Ca 22
External capasitors pF
16 C2 22
17 |Internal feedback resistor Rr20  [VoDp=3.3V 6.0 MQ
*1 tcl, tc2, tc3 : 1/2 of high speed oscillation
tcd : 1/2 of high speed oscillation
osc1 _ X °
RF10 i R0 T
fxtall [ | fxtalz [ |
MN101IC[ }—@® MN101C[ }——@
osc2 X0
Ci2____ — cu C2__ — Ca
- Lz
The feedback resistor is built-in. The feedback resistor is built-in.
Figure 1-5-1 Crystal Oscillator 1 Figure 1-5-2  Crystal Oscillator 2
Electrical Characteristics -19
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Ta=-40°C to +85°C Vbp=1.8 V10 3.6 V Vss=0V
Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
External clock input1l OSC1 (OSC2 is opened)
18 |Clock frequency fosc 1.0 20.0 MHz
19 |High level pulse width fwht 20.0
*1 Figure 1-5-3
20 |Low level pulse width twi1 20.0
ns
21 |Rising time twr1 5.0
Figure 1-5-3
22 |Falling time twi 5.0
External clock input2 Xl (XOis opened)
23 |Clock frequency fx 32.768 kHz
24 |High level pulse width twh2 35
*1  Figure 1-5-4 us
25 |Low level pulse width twi2 35
26 |Rising time twr2 20
Figure 1-5-4 ns
27 |Falling time twr2 20
*1 The clock duty rate should be 45% to 55%.
‘ Certain operating conditions differ between the mask ROM version and the Flash version.
Refer to chapter 18 Flash EEPROM for electrical characteristics of the Flash version.
1-20 Electrical Characteristics
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——————————————— o - 0.9VDD
——————————————— ennmeee ek 0,1VDD
: twh1 :
twrl
—
- twel .
Figure 1-5-3 OSC1 Timing Chart
7777777777777777777777777777777777777777777777777777777777777777777777777777777777 0.9VDD
—————————————————————————————————————————————————————————————————————————————————— 0.1Vbp

twh2 twi2

>
N

(—) (—)
Co w2 Co twif2
twc2 o

Ll

Figure 1-5-4 XI Timing Chart
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1-5-3 DC Characteristics

Ta=-40 °C to +85°C Vop=1.8 V10 3.6 V Vss=0V

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
Power supply current (not load at output pin) *1
fosc=20.00 MHZ,VDD=3.3 V
1 Ipp1 6 12
[fsz fosc/Z]
mA
fosc:8.39 MHZ,VDD:3.3 \Y
2 Ipb2 3 6
[fs = fosc/2]
Power supply current
£=32.768 kHz,Vpbp=3.3 V
3 Ipps 10 20
[fs=1fJ/2] Ta=25°C
£=32.768 kHz,V;,=3.3 V
4 Ibpa 40
[fs=1fJ/2] Ta=-40 °C to +85 °C
£=32.768 kHz,Vbp=3.3 V
5 Ibps 5 10
Supply current during Ta=25°C A
HALT1 mode £=32.768 kHz,Vpp=3.3 V W
6 Iope 40
Ta=-40 °C to +85 °C
Vpp=3.3V
7 Ipb7 0 2
Supply current during Ta=25°C
STOP mode Vop=3.3V
8 Ipps 30
Ta=-40 °C to +85 °C

*1

|-22

Measured under conditions of Ta=25 °C, without load.
- The supply current during operation, IDD1(IDD2), is measured under the following conditions:
After all I/O pins are set to input mode and the oscillation is set to <NORMAL mode>, the
MMOD pin is connected to Vss level, the input pins are connected to VDD level, and a 20 MHz
(8.39 MHz) square wave of VDD and Vss amplitude is input to the OSC1 pin.
- The supply current during operation, IDD3(IDD4), is measured under the following conditions:
After all I/O pins are set to input mode and the oscillation is set to <SLOW mode>, the MMOD pin
is connected to Vss level, the input pins are connected to VDD level, and a 32.768 kHz square wave
of VDD and Vss amplitude is input to the XI pin.
- The supply current during HALT mode, IDD5(IDD6), is measured under the following conditions:
After all I/O pins are set to input mode and the oscillation is set to <HALT mode>, the MMOD pin
is connected to Vss level, the input pins are connected to VDD level and an 32.768 kHz square wave
of VDD and Vss amplitude is input to the XI pin.
- The supply current during STOP mode, Ibb7(IDD8), is measured under the following conditions:
After the oscillation is set to <STOP mode>, the MMOD pin is connected to Vss level, the input pins
are connected to VDD level, and the OSC1 and Xl pins are unconnected.

Electrical Characteristics
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Ta=-40°C to +85 °C Vop=1.8 V10 3.6 V Vss=0 V

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
Input pin 1 MMOD
9 [Input high voltage ViH1 0.8Vbp Vop
\%
10 |Input low woltage Vi 0 0.2Vbp
11 |Inputleakage current ki |Vin=0Vto Vop +10 pA
Inputpin 2 P21 (atused as ACZ)
12 [Inputhigh voltage 1 VDHH 29 Vop
13 [Inputlow voltage 1 Voii  |\pp=3.3V Vss 21
. \%
14 |Input high voltage 2 VoHL Figure 1-5-5 1.1 Voo
15 |Inputlow woltage 2 VoL Vss 0.4
16 |Inputleakage current lLk2 Vin=0 Vto Vop +10 HA
17 [Rising time trs 30
Figure 1-5-5 us
18 |Falling time tis 30

« trs » <« tfs >

Input voltage level 1

Input voltage level 2

(Output) |||

Figure 1-5-5 AC Zero-Cross Detector
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Ta=-40 °C to +85 °C

Vop=1.8 Vto 3.6 V Vss=0V

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
Inputpin 3 P27 (NRST)

19 |[Inputhigh voltage ViH3 0.8Vop Vbb
20 |Inputlow voltage Vi3 0 0.2Vop Y
21 |inputhigh current lina \;Bl?_iz‘?e\;’i\s/'t’fr\ilzsbum_in 30 | -100 | -300 LA
1/0 pin 4 PAO to PA6
22 |Inputhigh voltage ViHa 0.8Vop Vb
23 |Inputlow voltage ViLa 0 0.2Vbp Y
24 |Inputleakage current ILka Vin=0 V to Vbbp +2
25 |Input high current liHa \ID/TJleL?;r\e/s\@:)\r/TZ ON -30 -100 -300 uA
26 |Inputlow current liLa \;ET::&\QYE;Z?; is ON 30 100 300
27 |Output high voltage Vona  |Vbp=3.3 V, lon=-2.0 mA 2.7
28 |Outputlow voltage VoL Vop=3.3 V, lo.=2.0 mA 0.4 Y
/0 pin5 POO to P06, P10 to P14, P20 to P24, P50 to P54, P60 to P67 (Schmitt trigger input)
29 [Inputhigh voltage ViHs 0.8Vop Vbp
30 [Inputlow voltage Vis 0 0.2Vop Y
31 |Inputleakage current ILks Vin=0 Vto Vbp +10
32 [Inputhigh current Iins giﬁ’lszizs\fg;\ﬁz on 30 | -100 | -300 o
33 |Output high voltage Vons  |Vop=3.3 V, lon=-2.0 mA 2.7
34 |[Outputlow voltage Vois Vop=3.3 V, lor=2.0 mA 0.4 Y
/O pin6 P70to P77 (Schmitt trigger input)
35 [Inputhigh voltage Vine 0.8Vop Vb
36 [Inputlow voltage Vie 0 0.2Vop Y
37 |Inputleakage current ILke Vin=0 Vto Vop +10
38 [Inputhigh current liHe \P/Tﬁlsz3r\e/s\|/g:)\r/slz oN -30 | -100 | -300 WA
39 |inputlow current lics zzflzjoiv\;\r’g';\sli’gr < oN 30 | 100 | 300
40 |Outputhigh voltage Vons  |Vop=3.3 V, lon=-2.0 mA 2.7
41 |Outputlow voltage VoLe Vop=3.3 V, lo.=2.0 mA 0.4 Y
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Ta=-40 °C to +85 °C VDD=1.8 Vto 3.6 V VSS=0V
Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
I/Opin7 P80to P87

42 |Input high voltage Vin7 0.8Vbp Vob
43 |Inputlow voltage Vir 0 0.2Vop Y
44 |Input leakage current ks |Vin=0 Vto Vop +10
45 |Input high current iz \Ffz[l’lsz3r:s\|/§; \r/slz oN 30 | -100 | -300 HA
46 |Output high wltage Vo7  [Vop=3.3V, lon=-2.0 mA 2.7
47 |Outputlow voltage Vorz  [Vop=3.3 V, lo.=2.0 mA 0.4 \%
48 |Output low voltage (LED)| Vouz |Vbp=3.3V, lo=15.0 mA 1.0
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1-5-4  A/D Converter Characteristics *2
Ta=-40°C to +85°C Vpp=3.3V Vss=0V
Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
1 |Resolution 10 Bits
2 [Non-linearity error 1 Vob =3.3V,Vss=0V +3
Differential non-linearity Vrer+ = 3.3 VVrer- =0 V
3 Tap =800 ns +3
error 1
LSB
4 |[Non-linerarity error Vob =3.3V,Vss=0V +5
S A T - Vrer+ = 3.3 V,VRer- =0 V
5 ifferential non-linearity Tao = 15.26 is 45
error 2
6 |Zero transition voltage Vob=3.3V,Vss=0V 25 80
Full-scale transition Vrer+ = 3.3 VVrer- =0V mv
7 Tap =800 ns 3220 3275
voltage
8 Tap =800 ns 9.6
A/D conversion time
9 Tap =15.26 ps 183
us
10 Tap=1.0 us 2 18
Sampling time
11 Tap =15.26 ps 30.5
12 VREF+ *1 VREF- Vbbp
Reference voltage
13 VREF- *1 Vss 0.5 \Y
14 |Analog inputvoltage VREF- VREF+
15 Analog input leakage unselected channel w2
current Vapbin =0 Vto Vbp - A
Reference voltage pin Lader resistor OFF H
16 |. +10
input leakage current VREF- < VREF+ < VDD
17 |Ladder resistance Riagd  |Vop=3.3V 20 50 80 kQ

*1 Set the potential difference between Vrer+ and Vrer- over 2 V.
*2 The value is measured with A/D Converter, not with D/A Converter.

|-26 Electrical Characteristics



Chapter 1 Overview

1-5-5 D/A Converter Characteristics *2

Ta=-40 °C to +85 °C Vop=3.3V Vss=0V

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
1 |Resolution *1 8 Bits
2 |Reference voltage low level VREF- 0 0.5
3 |Reference voltage high level VREF+ 2.0 Vob
\Y
VrRer+ =3.3V, VrRer-=0V
- *
4 |Zero-scale output voltage *1 Vzs D7 to DO=ALL"L" 0.0 0.05
VrRer+ =3.3V, VrRer-=0V
- *
5 |Full-scale output voltage *1 VFs D7 to DO=ALL"H" 3.20 3.29
Analog output resistance
6 |(minimum reference resistance) Rout 7.0 11.0 15.0 kQ
*1
7 [Non-linearity error Nie  |VrRer+ =33V, Wrer-=0V +0.5 +1.0
- - - - LSB
8 ?1|ﬁerenct|al non-linearity error Dnie  |Vrers =33V, Veer. =0V 105 115
L External capacitor CL = 35 pF
*
9 |Setling time *1 s bits are setto ON or OFF 20 us

*1 The standard value is guaranteed under condition of Voo=Vrer+=3.3 V, Vrer-=0.0 V.
*2 The value is measured with D/A Converter, not with A/D Converter.
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1-6 Precautions

1-6-1 General Usage

EConnection of VDD pin, and Vss pin

All VpD pins should be connected directly to the power supply and all Vss pins should be connected to

ground in the external. The following shows the correct connections and the incorrect connections. Please

consider the LSI chip orientation before mounting it on the printed circuit board. Incorrect connection may
lead a fusion and break a micro controller.

ECautions for Operation

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

(2) Please consider the operation temperature. The guaranteed operation temperature differs on each
model. For example, if temperature is over the operating condition, its operation may be executed
wrongly.

(3) Please consider the operation voltage. The guaranteed operation voltage differs on each model.

-If the operation voltage is over the operation range, it can be shortened the length of its life.
-If the operation voltage is below the operating range, its operation may be executed wrongly.
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1-6-2 Unused Pins

BUnused Pins (only for input)

Insert 10 kQ to 100 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

Input |

10 kQ to 100 kQ |

10 kQ to 100 kQ

Input |
Input pin
Figure 1-6-1 Unused Pins (only for input)
«— Through current
Current
Pch
Input pin
Input
Nch
77 0 I 3 Input voltage
(VDD=3 V)
Input inverter organization Input inverter characteristics

Figure 1-6-2 Input Inverter Organization and Characteristics
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BUnused pins (for 1/0)

Unused 1/O 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 10 kQ to 100 kQ resistor to be pull-up or pull-
down. If the output is on at reset, set them open.

Output control
10 kQ to 100 kQ
Output OFF

Data |

Input

Output OFF

Nch

Data

Input

Figure 1-6-3 Unused I/O pins (high impedance output at reset)
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1-6-3  Power Supply

EThe Relation between Power Supply and Input Pin Voltage

Input pin voltage should be supplied only after power supply is on. If the input pin voltage is applied
supplies before power supply is on, a latch up occurs and causes the destruction of micro controller by a
large current flow.

Input Input protection resistance

X
P

Forward current generates
N (VDD)

Figure 1-6-4 Power Supply and Input Pin Voltage

EThe Relation between Power Supply and Reset Input Voltage
After power supply is on, reset pin voltage should be low for sufficient time, ts, before rising , in order to
be recognized as a reset signal.

4 Power voltage
Voltage il
il ’ Reset Input Voltage
Reset pin e
low level —% -
. . >
0 <—> Time t

ts

[ €~ Chapter 2. 2-8 Reset]

Figure 1-6-5 Power Supply and Reset Input Voltage
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1-6-4  Power Supply Circuit

W Cautions for Setting Power Supply Circuit

The CMOS logic microcontroller is high speed and high density. So, the power circuit should be de-
signed, taking into consideration of AC line noise, ripple caused by LED driver. Figure 1-6-6 shows an
example for emitter follower type power supply circuit.

BAn example for Emitter Follower Type Power Supply Circuit

Set condensors for noise-filter near
microcontroller power pins.

/

+
J\/\/\/— _— Microcontroller

/@Z

o 777
For Noise-filter

Vobp

)

(

Vss LED port LED

L

Figure 1-6-6 An Example for Emitter follower type Power Supply Circuit
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1-7 Package Dimension

| Package Code : LQFP064-P-1414 |
Units : mm
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14.G0 2010
48 33 !
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sotrf Ty 32
6£Euﬁﬁ‘_"1§‘ /311217
HHHHHEiHHHEHEHHHﬁ

a2

{1.00) 0.80 | 0.35 005

$10.16 M)

140 £0.10
1.70max

2

. g

{1.00) 010 e

- — <

| / _SEATING PLANE

3 g
1 .
un
T
o

0.50 20,20
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Package Code : TQFP064-P-1010C
Units : mm

12.00 20.20
10.00 :0.10

L

48 33
TITITITITII T

AW

»
o
(9]
N

(1.25)

EEEEEEEEEELLLL
10.00 £0.10
12.00 2020

O

_HBAAAAAAAARRRARAE

o
>
—
~

/s

LLLLLELD

1.25 0.50 *0.
e ML )

(1.00)
1.20max

i

(1.00) ‘f_f
S
2
S C SEATING PLANE
0 fo—t—_
& LIfe
V| o -~s
0.50 to.10
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2-1 Overview

The MN101C CPU has a flexible optimized hardware configuration. It is a high speed CPU with a simple
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 time is one system clock cycle.

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

Table 2-1-1 Basic Specifications

Load / store architecture
Data : 8-bitx 4
Sixregisters
Address : 16-bitx 2
Structure
PC : 19-bit
Other PSW : 8-bit
SP : 16-bit
Number of instructions 37
Addressing modes 9
Instructions Basic portion : 1 byte (min.)
Instruction length Extended portion : 0.5-byte xn
(0O<n<9)
Instruction execution Min. 1 cycle
Inter-register operation Min. 2 cycles
Basic performance
Load / store Min. 2 cycles
Conditional branch 2 to 3 cycles
Pipeline 3-stage (instruction fetch, decode, execution)
Address space 256 KB (max. 64 KB for data)
Address 18-bit (max.)
External bus Data 8-bit
Minimum bus cycle 1 system clock cycle
Interrupt Vector interrupt 3interruptlevels
Low-power STOP mode
dissipation mode HALT mode

IN-2 Overview
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2-1-1 Block Diagram

Data registers

DO Processor status word T1 = Clock l«— Source oscillation
Address registers D1 PSW T2 «— generator
Stack pointer A0 D2
\ SP \ Al D3
ABUS i I Instruction execution
A controller
BBUS
Instruction decoder
Program
counter
Incrementer
— ALU
Instruction Interrupt
¢ queue controller
Program address Operand address
Bus controller
Q ROM bus ) ( RAM bus ) Peripheral expansion bus
Internal peripheral
Intemal ROM Internal RAM functions

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 setto 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.

Data register

Holds data for operations. Two 8-bit registers can be connected to form a 16-bit 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/ID converter, D/A converter, etc.) Peripheral
functions vary with model.

Figure 2-1-1 Block Diagram and Function
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2-1-2

CPU Control Registers

This LSI locates the peripheral circuit registers in memory space (x'03F00' to x'03FFF') with memory-
mapped I/O. CPU control registers are also located in this memory space.

Table 2-1-2 CPU Control Registers

Registers Address R/W Function Pages
CPUM X03F00' RW*1 [CPU mode control register I1-21,25
MEMCTR X03F01' R/W Memory control register II-16
RCCTR X03FOE' R/W ROM correction control register II-32
SBNKR X03F0A R/W Bank register for source address II-28
DBNKR X03FO0B' R/W Bank register for destination address II-28
OSCMD X03F2D' R/W Oscillation frequency control register II-25

X03FC7'to . ) .
RCnAP YO3ECE R/W ROM correction address setting register II-33,34
Reserved X03FEQ - For debugger -
NMICR X03FE1' RIW Non - maskable interrupt control register [€7 Chapter 3 ] -16
X03FE2' to . .
xXICR XO3FFE" R/W Maskable interrupt control register [(:7 Chapter 3 ] Ill-17 to 37
Reserved X03FFF - Reserved ( For reading interrupt vector data on interrupt process) -

R/W : Readable / Writable

-4
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2-1-3 Instruction Execution Controller

The instruction execution controller consists of four blocks: memory, instruction queue, instruction regis-
ters, and instruction decoder.

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

7 0

/\/

Memory

gFetch

15 0

Instruction queue |

1 byte or a half byte

=

Instruction register

pA

Instruction decoder Instruction decoding

CPU control signals

Figure 2-1-2 Instruction Execution Controller Configuration

Overview I1-5



Chapter 2 CPU Basics

2-1-4  Pipeline Process

Pipeline process means that reading and decoding are executed at the same time on different instruc-
tions, 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 instruc-
tion execution, the first word (operation code) of executed instruction is stored to instruction register. At
that time, the next operand 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 the first 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 queue is empty, and direct address (da) or
immediate data (imm) are needed, instruction queue keeps waiting 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, Al), and stack pointer (SP).

EProgram 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 4000. 18

0
‘ Program

PC counter

I1-6 Overview
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BAddress 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 transferred. At reset, the value of address register is undefined.
15 0

AO
Al

Address Registers

EStack Pointer (SP)
This register gives the address of the byte at the top of the stack. It is decremented during push opera-
tions and incremented during pop operations. Ar reset, the value of SP is undefined.

15 0
Stack Pointer SP

2-1-6 Registers for Data

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

EData Registers (DO, D1, D2, D3)

Data registers 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 DWO0 (D0+D1) and DW1 (D2+D3).
At reset, the value of Dn is undefined.

15 8 7 0
D1 DO DWO

Data
registers

D3 D2 DW1

Overview -7



Chapter 2 CPU Basics

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 automatically popped when return from the interrupt service routine.

7 6 5 4 3 2 1 0

PSW Reserved| MIE IM1 IMO VF NF CF ZF (Atreset:0000 0000)

ZF Zero flag

Operation result is not "0".

1 Operation result is "0".

CF Carry flag

0 A carry or a borrow from MSB
did not occur.

A carry or a borrow from MSB
occured.

NF Negative flag

0 MSB of operation results is "0".

1 MSB of operation results is "1".

VF Overflow flag

Overflow did not occur.

1 Overflow occured.

IM1 to 0| Interrupt mask level

Controls maskable interrupt acceptance.

MIE | Maskable interrupt enable

All maskable interrupts are

O | disabled.
1 (}xxLVn,xxxIE) for each interrupt
are enabled.

I Reserved |Set always "0".

Figure 2-1-3 Processor Status Word(PSW)

I1-8 Overview
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WZero Flag (ZF)
Zero flag (ZF) is set to "1", when all bits are '0' in the operation result. Otherwise, zero flag is cleared to
llOll.

HCarry Flag (CF)
Carry flag (CF) is set to "1", when a carry from or a borrow to the MSB occurs. Carry flag is cleared to
"0", when no carry or borrow occurs.

ENegative Flag (NF)
Negative flag (NF) is set to "1" when MSB is '1' and reset to "0" when MSB is '0'. Negative flag is used
to handle a signed value.

mOverflow Flag (VF)

Overflow flag (VF) is set to "1", when the arithmetic operation results overflow as a signed value. Other-
wise, overflow flag is cleared to "0".

Overflow flag is used to handle a signed value.

Hinterrupt Mask Level (IM1 and IMO)

Interrupt mask level (IM1 and IMO) 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 O is the highest mask level. The interrupt request will be accepted only
when the level set in the interrupt level flag (xxxLVn) of the interrupt control register (xxxICR) is higher
than the interrupt mask level. When the interrupt is accepted, the level is reset to IM1-IMO, and interrupts
whose mask levels are the same or lower are rejected during the accepted interrupt processing.

Table 2-1-3 Interrupt Mask Level and Interrupt Acceptance

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

EMaskable Interrupt Enable (MIE)

Maskable interrupt enable flag (MIE) enables/disables acceptance of maskable interrupts by the CPU's
internal interrupt acceptance circuit. A '1' enables maskable interrupts; a '0' disables all maskable inter-
rupts regardless of the interrupt mask level (IM1-IMO0) setting in PSW.

This flag is not changed by interrupts.

Overview -9
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2-1-8  Addressing Modes

The MN101C77G series supports the nine addressing modes.

Each instruction uses a combination of the following addressing modes.

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 data transfer 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 addresssing with absolute addressing reduces code size. For transfer data between
memory, 7 addressing modes ; register indirect, register relative indirect, stack relative indirect, abso-
lute, RAM short, I/O 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 tranfer data in 16-bit increments
with odd or all even addresses.

I1-10 Overview
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Table 2-1-4 Addressing Modes

Addressing mode Effective address Explanation
Dn/DWn f - ; :
. . Directly specifies the register. Only internal
An/SP - X i

Register direct PSW registers can be specified.

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

l n ] register.

15 Specifies the address using an address
(d8, An) [ ey Ol register with 8-bit displacement.

15 0 Specifies the address using an address
(d16, An) [ An+di6 ] register with 16-bit displacement.

Register relative

indirect

indirec (d4, PC) 17 OH Specifies Fhe adldrelss 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) L oH counter with 7-bit displacement and H bit.
(branch instructions only) L ECrdy Ll
*1
(d11, PC) 17 OH Specifies .the addres; using the program .
counter with 11-bit displacement and H bit.
(branch instructions only) L Pligl] Ll
*1
(d12, PC) 17 OH Specifies .the addres; using the program .
+d counter with 12-bit displacement and H bit.
(branch instructions only) L ECtdlz L
*1
(d16, PC) 17 OH Specifies the address using the program
(branch instructions only [ PC+d16 T] counter with 16-bit displacement and H bit.
*1
(d4, SP) 15 0 Specifies the address using the stack
’ L SP+d4 ] pointer with 4-bit displacement.

Stack relative

indirect 15 0 ifi i
Specifies the address using the stack

(d8, SP) l SP+d8 ] pointer with 8-bit displacement.
416. SP 15 0 Specifies the address using the stack
(d16, SP) | SP+d16 | pointer with 16-bit displacement.

bs8 7 0

Absolute (abse)

11 0 Specifies the address using the operand
(abs12) value appended to the instruction code.
IS o Optimum operand length can be used to
(abs16) [ 20516 ] 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) 00000°
x'00000".

: 15 0 Specifies an 8-bit offset from the top address
| h -

/O short (i08) | I0TOP+io8 ] (x'03F00") of the special function register area.
Reuses the last memory address accessed
and is only available with the MOV and

Handy (HA) R MOVW instructions. Combined use with

absolute addressing reduces code size.

*1 H: half-byte bit

Overview
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2-2  Memory Space

2-2-1  Memory Mode

ROM is the read only area and RAM is the memory area which contains readable/writable data. In
addition to these, peripheral resources such as memory-mapped special registers are allocated. The
MN2101C series supports single chip mode in its memory model.

Table 2-2-1 Memory Mode Setup

M d MMOD pi EXMEM flag in EXADV3 to 1 flag in
SoNmese P (MEMCTR register) (EXADV register)
Single chip mode L 0 -

MMOD pin should be fixed to "L" level.

=

Set the CS1EXT flag of the memory area control register (AREACTR) to "0" in single-chip
mode.

=

I1-12 Memory Space



2-2-2

Single-chip Mode

Chapter 2 CPU Basics

In single-chip mode, the system consists of only internal memory. This is the 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 12
KB of RAM and up to 240 KB of ROM. This LS| offers 3 KB of RAM and 48 KB of ROM.

X'00000' I
abs 8 addressing
256 bytes
3 KB access area .
Internal
00100 RAM space
v __ Y
X'00C00'
X'03F00' . . . +
256 bytes Special function registers Cs9
xos000 [ . | & K
Interrupt
128 bytes vector table I
x'04080' : *
Subroutine Internal
48 KB 64 bytes vector table ROM space €S0
X'040C0' .
Instruction code/
table data
x'10000*
x'20000 Reserved
192kB | X'3FFFF’
MMOD pin=L

Figure 2-2-1 Single-chip Mode

* Differs depending upon the model. [ €Z~  Table 2-2-2. Internal ROM/ Internal RAM ]
Internal ROM Internal RAM
Model
Address bytes Address bytes
MN101C77C X04000'to XOFFFF 48 K X'00000' to XO0BFF' 3K
MN101CF77G X04000'to X23FFF' 128 K X00000'to X017FF 6 K

Table 2-2-2. Internal ROM / Internal RAM

Memory Space Il-13



Chapter 2 CPU Basics

Special Function Registers

3

2-2

The MN101C series locates the special function registers (I/O spaces) at the addresses x'03F00' to

x'03FFF' in memory space. The special function registers of this LS| are located as shown below.

Table 2-2-3 Register Map

"suononIsul Yum sialsiBal paniasal sy 01 Ssadoe 10U oq (10N

j<jo]]
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|01u09 1dnua| 2001
HDI9NL | IDISINL | HOIVINL [PanIasay pamniasay| YOITIAL | ¥OI0NL panissay| YOIvOYI | ¥OIE0Y! | ¥OIZOYI | YOITOHI | ¥OI00YI | HDIAN | paniasay
011U HTdVIA | NTdVN | TTdVIN | HOJVIN | NOAVIAL | T0dVIN
[04U0d D1V 11V 1y 11V 11V 11y Tly | QYLTLY | TINOTLV|0INOTLY
|0U0D UONIB1I0D NOY | HAVZOY |INdVZOY | 1dVZIY [ HAVTOY |NdVYTOY | 1dVTOY |HdV0DH [INdV0D Y| TdV0DY [POAIaSaY | PAISSaY|PanIasay [PaAIsaY |PaAISSaY [PaAISSaY |panIasay
|013u02 /| Bojeuy T0¥aval ¥1ova panIasay| TANEGNY |04NENY [24.LONV| THLONY |04 LONY
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103U02 /| 1dnuiBu| 1a5a3 |04104N|THLOAN
paniasad| LNDLTd | HZHdLINL | T24dLNL [HZOOLNL| T2O0LNL | ZAWLINL | TAWZINL | HOIZINL | TOIZINL [HTYdZWL| TTEdZINL[HTOOLWL|TTOOLINL| HOSZINL [ TOGLINL
|0U0D 1Bl AWOSd | 4LONY 4709L | ANINL | DO9NL | DE9NL | QINSHMD | ANPMD | QINSINL | QNPINL | DOSINL | DOPINL | DGSNL | DaVINL
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Xd44€0

X34€0

Xadeo

X24€0

Xg4€0

XVv4€0

X64€0

X84€0

X/4€0
X94€0

XS4€0

Xv4€0

Xe4€0

X¢d4e0

XT4€0
X04€0

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 (I/O bus). They connect
to the internal ROM, internal RAM, and internal peripheral circuits respectively. The bus control block
controls the parallel operation of instruction read and data access. A functional block diagram of the bus
controller is given below.

Instruction Interrupt
queue Program address ‘ l Operand address control

Bus controller F
Bus controller
’ Memory control register Interrupt
l bus

Address decode
Memory mode setting

Bus access (wait)
control

Bus
arbitor

Peripheral
QROM bus B < | RAM bus B -l extension bus | >
A D A D A D
Internal
Internal RAM peripheral functions
Internal ROM

Figure 2-3-1 Functional Block Diagram of the Bus Controller
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2-3-2  Control Registers

Bus interface is controlled by these 8 bytes of registers : the memory control register (MEMCTR),
memory area control register (AREACTR) and bus mode control register (CSMDn).

EMemory Control Register (MEMCTR)

7 6 5 4 3 2 1 0
MEMCTR ‘ IOwW1 ‘ I0WO0 ‘ IVBM ‘EXMEM‘ EXWH‘ IRWE ‘ EXWl‘ EXWO‘ (Atreset:11001011)

T

RS gsesdes 1 39955
/8//1/ W Don't care W
35 ' /2055

Restedes
i e s

IRWE Software write enable flag for interrupt request flag

Software write disable

0 Even if data is written to each interrupt control
register (xxxICR), the state of the interrupt

request flag (xxxIR) will not change.

1 Software write enable

i
%/ @{WDon'tcare
i

EXMEM | Set always to "0"

IVBM Base address setting for interrupt vector table

Interrupt vector base = x'04000

1 Interrupt vector base = x'00100"

e
s | s

WDon'tcare%{/
0 17
1 ) e

Figure 2-3-2 Memory Control Register (MEMCTR: x'03F01"' R/W)

EXW1 to 0, EXWH and IOW1 to 0 flags of the memory control register (MEMCTR) need not
to be set. Set wait cycle with bus mode control register (CSMDn).
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EMemory Area Control Register (AREACTR)

6 5 4 3 2 1 o

Chapter 2 CPU Basics

AREACTR ‘CSSEXT‘CS7EXT‘CSGEXT‘CSSEXT‘CSAIEXT‘CSSEXT‘CSZEXT‘CSlEXT‘ (Atreset:11111111)

[

CS1EXT

Set always to "0"

/zé%z/%mﬂ nsarriory | el oy siacion

A

;

_Exfefrial premory”

Figure 2-3-3 Memory Area Control Register (AREACTR : x'03F03', R/W)

In CSO area, MMOD pin selects internal ROM/external memory. In CS9 area, only external memory can

be selected as internal memory is not available.

‘ The MN101CF77 contains internal memory in CSl area. Therefore, set the CS1EXT flag of the
. memory area control register (AREACTR) to "0". When CS1EXT flag is not set to "0", the data
cannot be accessed to 112KB (x'04000' to x'1FFFF") of internal ROM space.
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EBus Mode Control Register (CSMDn)

6 5 4 3 2 1
CSMDO01 ‘CSlMD‘CSlWZ ‘ CSlWl‘CSlWO‘ - ‘CSOWZ‘CSOWl ‘ CSOWO‘ (At reset: 0110-110)
(X'03F05")
CSMD23 ‘CS3MD‘CS3W2 ‘ CSSWl‘CSBWO‘CSZMD‘CSZWZ‘CSZWI ‘ CSZWO‘ (At reset: 01100110)
(X'03F06")
CSMD45 ‘CS5MD‘CSSW2 ‘ CSSWl‘CSSWO‘CS4MD‘CS4W2‘CS4W1 ‘ CS4WO‘ (At reset: 01100110)
(X'03F07")
CSMD67 ‘CS?MD‘CS?WZ ‘ CS7W1‘CS7WO‘CS6MD‘CS6W2‘CSGW1 ‘ CS6W0‘ (At reset: 01100110)
(X'03F08")
CSMD89 ‘RESERVED‘CSQWZ‘CSQWl‘CSQWO‘CSBMD‘CS8W2‘CS8W1‘CSSWO‘ (At reset: 11100110)
(X'03F09") —
CSnW?2 to 0| Wait mode selection
Set always "1"
000 Fixed O wait mode
001 Fixed 1 wait mode
010 Fixed 2 wait mode
011 Fixed 3 wait mode
100 Fixed 4 wait mode
101 Fixed 5 wait mode
110 Fixed 6 wait mode
111 Handshake mode

CSnMD Bus mode selection

0 101C bus mode

1 CSIC bus mode

Figure 2-3-4 Bus Mode Control Register (CSMDn : x'03F05' to x'03F09', R/W)

Select 101C bus mode for the area (CS1 to CS8) where internal memory is set with the
memory area control register.

Only 101C bus mode is available in CSO memory area, and only CSIC bus mode is available
in CS9 memory area.

For the area where CSIC bus mode is selected with the bus mode control register (CSMDn),
set always more than fixed 2 wait cycle and do not use fixed 0 or 1 wait cycle.
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2-4-1

Overview

Standby Function

Chapter 2 CPU Basics

This LSI has two sets of system clock oscillator (high speed oscillation, low speed oscillation) for two
CPU operating modes (NORMAL and SLOW), each with two standby modes (HALT and STOP). Power

consumption can be decreased with using those modes.

Reset

CPU operation mode

STANDBY mode

Interrupt = =
— STOPO =
NORMAL mode =0SC: Halt =
Program 5 = XI: Halt E|
NORMAL
OSC: Oscillation ( \
XI: Oscillation
Interrupt E
£ HALT 0
E OSC: Oscillatiol
£ XI: Oscillation
Program 4
Program 3
| STOP mode
IDLE
OSC: Oscillation
XI: Oscillation
Programl1
HALT mode
Program 2
Interrupt = =
= STOP1 =
EOSC: Halt H
SLOW = XI: Halt =
0SC: Halt Program 5
XI: Oscillation . /
Interrupt = =]
EHALT 1 E
SLOW mode EOSC: Halt 3
£ XI: Oscillation 3
Program 4 )
== CPUhalt —=s=:\Wait 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
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BHALT Modes (HALTO, HALT1)

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

— An interrupt returns the CPU to the previous CPU operating mode that is, to NORMAL from HALTO or
to SLOW from HALTL.

BSTOP 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.

ESLOW 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.

HIDLE Mode
— This mode allows time for 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 is for 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 is inserted 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.

oscillation (fosc) and low speed oscillation (fx), fosc should be set to 2.5 times or higher

G To stabilize the synchronization at the moment of switching clock speed between high speed
frequency than fx.
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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 ‘ SOSCDBL ‘OSCSELl‘OSCSELO‘ 0SCDBL ‘ STOP ‘ HALT ‘ OSCl‘ OSCo ‘
Atreset : 0 0 0 0 0 0 0 0

LT

OPETaloN | srop | MALT | 0SC1 | 0SCO ooy | xixo Sysem | cpu
NORMAL 0 0 0 0  |Oscillation|Oscillation|  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  |Oscillation|Oscillation|  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

Figure 2-4-2 Operating Mode and Clock Oscillation (CPUM : x'3F00', R/W)

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

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

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

(3) Set CPUM to HALT or STOP mode.

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

© System clock (fs) is changed depending on CPU operation mode.
‘l In NORMAL mode, HALTO mode, fs is based on fosc (high speed oscillation). In SLOW
mode, IDLE mode, HALT1 mode, fs is based on fx (low speed oscillation).
[ €~ Chapter 2. 2-5 Clock Switching ]
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2-4-3 Transition between SLOW and NORMAL

This LS| 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
MOV DO, (CPUM)

; Set SLOW mode.

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-fre-
guency clock oscillation is fully 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 stabilization time after consulting with oscillator
manufacturers.

G For transition from SLOW to NORMAL, oscillation stabilization waiting time is required same
[ |

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

Program 2
MOV x'01', DO : Set IDLE mode.
MOV DO, (CPUM)
Program 3
MOV x'0B', DO ; A'loop to keep approx. 6.7 ms with low-frequency clock (32 kHz)
LOOP ADD -1,DO0 ; operation when changed to high-frequency clock (20 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 a transition to a STANDBY mode, however, the program must

(1) Setthe maskable interrupt enable flag (MIE) in the processor status word (PSW) to '0' to disable
all maskable interrupts temporarily.

(2) Setthe 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 interrupts.

NORMAL/SLOW
mode

Disable all int " Clear MIE flag in the PSW and all interrupt enable flags (xxx IE)
lrzlolls 2l Il (pes in the maskable interrupt control register.

Enable interrupt which|  set the xxx IE of the return factor,
will trigger return and set MIE flag in the PSW.

Set HALT/STOP

mode HALT/STOP latchdog timer
mode HALT: stop counting
STOP: reset

Processing inside parentheses () is handled by hardware.

When returning from STOP -
mode, wait for oscillation to)
stabilize

Return factor interrupt
occured

NORMAL/SLOW

atchdog timer
-a—— | HALT: restarts counting
mode

STOP: enabled

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 impos-

G If the interrupt is enabled but interrupt priority level of the interrupt to be used is not equal to
- sible to return to CPU operation mode by maskable interrupt.

Standby Functions Il-23



Chapter 2 CPU Basics

ETransition 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 a HALT
mode: a reset or an interrupt. A reset produces a normal 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 x'4', DO ; Set HALT mode.
MOV DO, (CPUM)
NOP ; After written in CPUM, some NOP
NOP ; instructions (three or less) are
NOP ; executed.

ETransition 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 ways to leave a STOP mode: a reset

or an interrupt.

Program 5
MOV x'8', DO ; Set STOP mode
MOV DO, (CPUM)
NOP ; After written in CPUM, some NOP
NOP ; instructions (three or less) are
NOP ; executed.

Right after the instruction of the transition to HALT, STOP mode, NOP instruction should be
inserted 3 times.
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2-5  Clock Switching

This LSI can select the best operation clock for system by switching clock cycle division factor by
program. Division 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.

7 6 5 4 3 2 1 0

OSCMD - - - - - - |S0SC2DS | Reserved (Atreset:------ 00)

_

Reserved Set "0", always.
SOSC2DS Low-frequency Clock
0 Standard (Input the oscillation clock cycle)
1 Divided (Input the oscillation clock cycle
divided by 2)

Figure 2-5-1 Oscillator Frequency Control Register (OSCMD : x'03F2D', R/W)

7 6 5 4 3 2 1 0

CPUM SOSCDBL | OSCSEL1| OSCSELO| OSCDBL | STOP | HALT | 0OSCl | 0SCO (Atreset:00000000)

OSCDBL Internal System Clock
0 Standard (Input the oscillation clock cycle
divided by 2)
1 2x-speed (Input the oscillation clock cycle)
Division factor
OSCSEL1 | OSCSELO
NORMAL mode | SLOW mode
0 0 1 1
0 1 4 4
1 0 16 16
1 1 64 16
SOSCDBL Low Speed Oscillation Clock
0 Standard (Input the oscillation clock cycle
divided by 2)
1 2x-speed (Input the oscillation clock cycle)

Figure 2-5-2 CPU Mode Control Register (CPUM : x'03F00', R/W)
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CPU

High-frequency

Low-frequency

fx ‘0

—

SOSC2DS

—> System Clock

SOSCDBL

OSCSEL[1:0]

Figure 2-5-3 Clock Switching Circuit

Division factor for
OSCSEL1 | OSCSELO OSCDBL High-frequency (OSC) Input

(NORMAL mode)

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 64

1 1 1 64

Figure 2-5-4  Setting Division Factor at NORMAL mode

by combination of OSCSEL and OSCDBL

Division factor for
OSCSEL1 | OSCSELO | SOSCDBL | SOSC2DS | Low-frequency (XI / XO) Input
(SLOW mode)
0 0 0 0 2
0 0 0 1 4
0 0 1 0 1
0 0 1 1 2
0 1 1 0 4

Figure 2-5-5 Setting Division Factor at SLOW mode
by combination of OSCSEL and SOSC2DS

On clock switching, set each flag of OSCDBL, OSCSEL, SOSCSEL and OSCO, individually.
Even if those flags are mapped on the same special functions register, set twice.

Set the OSCO flag to "0" (NORMAL mode) before switching of division factor for
low-frequency input.

Set the division factor in SLOW mode only to 1 to 4 division and do not set other values.
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2-6 Bank Function

2-6-1 Overview

Chapter 2 CPU Basics

CPU of MN101COO0 series has basically 64 KB memory address space. On this LSI, address space can be
expanded up to 4 banks (256 KB) based on units of 64 KB, by bank function.

2-6-2 Bank Setting

Bank function can be used by setting the proper bank area to the bank register for source address
(SBNKR) or the bank register for destination address (DBNKR). At reset, both of the SBNKR register
and the DBNKR register indicate bank 0. Bank function is valid after setting any value except "00" to the

SBNKR register or the DBNKR register.

When the both registers of SBNKR and DBNKR are operated at interrupt processing, pushing onto the

stack or popping are necessary.

Table 2-6-1 Address Range

SBA1 SBAO
Bank area Address range
(DBA1) (DBAD)
0 0 Bank 0 X00000' to XOFFFF'
0 1 Bank 1 X10000' to X1FFFF
1 0 Bank 2 X20000' to X2FFFF'
1 1 Bank 3 X30000' to X3FFFF'

When bank area is changed at interrupt processing, pushing onto the stack or popping must
be done by program, if it necessary.

‘ The stack area should be set in the area of bank 0, always. Furnished C compiler does not
- support bank function.

and register relative indirect should be used.

function register area (x'03F00' to x'03FFF'). For access to the memory space x'13F00' to
X'13FFF', x'23F00' to x'23FFF' and x'33F00' to x'33FFF', both instructions of register indirect
[ € Chapter 2 2-1-8. Addressing Modes]

‘ During bank function is valid, I/O short instruction should be used for access to the special
[ ]
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EBank Register for Source Address
The SBNKR register is used to specify bank area for loading instruction from memory to register. Once
this register is specified, bank control is valid for all addressing modes except I/O short instruction and
stack relative indirect instruction.

[ €~ Chapter 2 2-1-8. Addressing modes ]

SBNKR - - - - - - SBAL | SBAO (Atreset:------ 00)

SBA1 SBAO Bank for source address selection
0 0 bank 0
0 1 bank 1
1 0 bank 2
1 1 bank 3

Figure 2-6-1 Bank Register for Source Address (SBNKR:x'03F0A', R/W)

EBank Register for Destination Address
The DBNKR register is used to specify bank area for storing instruction from register to memory. Once
this register is specified, bank control is valid for all addressing modes except I/O short instruction,stack
relative indirect instruction and bit manipulation instruction.

[ €~ Chapter 2 2-1-8. Addressing modes ]

DBNKR - - - - - - DBAL | DBAO (Atreset:------ 00)

DBA1 DBAO Bank for destination address selection
0 0 bank0
0 1 bankl
1 0 bank2
1 1 bank3

Figure 2-6-2 Bank Register for Destination Address (DBNKR:x'03F0B', R/W)

Read, modify, write instruction such as bit manipulation (BSET, BCLR, BTST) depend on the
value of the SBNKR register, both of for reading and writing.
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2-6-3 Bank Memory Space

When bank function is used, the memory space, where CPU can access as data, shows as the following
hatched part.

ESingle Chip Mode

In single chip mode used internal ROM and internal RAM, an expanded bank area (bank 1, 2 and a part
of bank 3) is in the memory space of internal ROM. In the expanded bank area, reading out of table data
is enable, but rewrite is disable.

A ? 00000f  abs8 addressing A ?
256 bytes access area Internal RAM
B (3KB) °
00100 Data £
oocod | | T 3
16 KB S
[
,,,,,,,,,,,,,,,,,,,,,,,,,,, o
03FO00]
) 1/0 space
256 bytes i Peripheral I/O (Special Function Register) V‘
7777777777777 4 " 04000 Interrupt A
128 bytes X vector table bank 0
04080, Subroutine
64 bytes! 7777777 vector table
040C0
Internal ROM
48 KB _ (48 KB)
Instruction code
table data
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T ---r____
10000 &
@
64 KB bank 1
|
vy _ Y
f 20000
64 KB bank 2
|
B A I S S AN
? 30000
64 KB bank 3
2 N Vv

Figure 2-6-3 Single Chip Mode

Differs depending upon the model. [ € Table 2-2-2. Internal ROM/ Internal RAM ]
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2-7 ROM Correction

2-7-1 Overview

This LSI can correct and change max. 3 parts in a program on mask ROM with ROM correction function.
The correct program is read from the external to the RAM space by using the external EEPROM or by
using the serial transmission. This function is valid to the system with the external EEPROM.

2-7-2 Correction Sequence

Program is corrected as following steps.

(1) The instruction execution address is compared to the correction address.

(2) Program counter is branched indirectly to the RAM address (the head address of the correct pro-
gram) stored to the RC vector table (RCnV(L), RCnV(H)), after matching the above addresses.
This instruction needs 6 cycle.

(3) The corrected program at the RAM area is executed.

(4) Program counter is branched back to the program at ROM area.

RCnV(L)
RCnV(H)
-
//
When a match occurs, the program ﬁ/
counter branches indirectly to
the start address of the correct program.
Correct program
Development data
label 1 NG Instruction E:><:] ‘ the head address to be corrected from the external EEPROM
label 2_ 4 JMP label2_
recover
internal ROM internal RAM

Figure 2-7-1 ROM Correction
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The ROM correction setup procedure is as follows.

(1) Set the head address of the program to be corrected to the ROM correction address setting
register (RCnAPH/MI/L).

(2) Set the correct program at RAM area.
(3) Set the head address of the correct program to RC vector table (RCnV(L), RCnV(H)).
(4) Set the RCnEN flag of ROM correction control register (RCCTR) to enable the ROM correction.

When the instruction of the corrected program head address is the half-byte instruction, the
ROM correction checks the execution instruction of the half-byte. Therefore, set the address
by a byte to the ROM correction address setting register.

=

When the instruction of the corrected program last address is the half-byte instruction, the
recover address should be set by half byte.

=
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2-7-3 ROM Correction Control Register

ROM correction control register (RCCTR) and ROM correction address setting register (RCnAPL,
RCnAPM, RCnAPH) control the ROM correction.

ROM correction control register (RCCTR) enables/disables the ROM correction function to 3 parts of the
program to be corrected. When the RCnEN flag is set, the ROM correction is activated. And when the
ROM address (the instruction execution address) reaches the set address to the ROM correction ad-
dress setting register, it branches indirectly to the RAM address set on the RC vector table (RCnV(L),
RCnV(H)). Set the RCnEN flag after setting the ROM correction address setting register.

BROM Correction Control Register(RCCTR)

7 6 5 4 3 2 1 0
RCCTR ‘ - ‘ - ‘ - ‘ - ‘ - ‘ RCZ2EN ‘ RCIEN ‘ RCOEN ‘ (Atreset:- - - - - 000)

RCOEN ROM correction control at 1st address

0 Disable

1 Enable

RC1EN ROM correction control at 2nd address

0 Disable

1 Enable

RC2EN ROM correction control at 3rd address

0 Disable

1 Enable

Figure 2-7-2 ROM Correction Control Regiser (RCCTR : x'03FOE', R/W)
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This register set the head address, which instructions to be corrected are stored to. Once the instruction
execution address reaches to the set value to this register, program counter branches indirectly to the
set address to the RC vector table (RCnV(L), RCnV(H)). When the ROM correction should be valid, set
the RCnEN flag of the ROM correction control register (RCCTR) after setting the address to this register.

HMROM Correction Address 0 Setting Register (RCOAP)

7 6 5 4 3 2 1 0

RCOAPL |RCOAPL7|RCOAPL6|RCOAPL5|RCOAPL4|RCOAPL3|RCOAPL2|RCOAPL1|{RCOAPLO| (Atreset: X X X X X X X X)

Figure 2-7-3 ROM Correction Address 0 Setting Register (lower 8 bits)
(RCOAPL : x'03FC7', R/W)

7 6 5 4 3 2 1 0

RCOAPM [RCOAPM7|RCOAPMBRCOAPM5RCOAPM4RCOAPM3RCOAPM2RCOAPM1RCOAPMO| (Atreset: X X X X X X X X))

Figure 2-7-4 ROM Correction Address 0 Setting Register (middle 8 bits)
(RCOAPM : x'03FC8', R/W)

7 6 5 4 3 2 1 0

RCOAPH - - - - - - RCOAPHI1|RCOAPHO| (Atreset:------ XX)

Figure 2-7-5 ROM Correction Address 0 Setting Register (upper 2 bits)
(RCOAPH : x'03FC9', R/W)

HROM Correction Address 1 Setting Register (RC1AP)

7 6 5 4 3 2 1 0

RC1APL |RC1APL7|RCIAPL6|RC1APL5|RC1APL4|RC1APL3|RCIAPL2(RCIAPL1|RC1APLO| (Atreset: X X X X X X X X)

Figure 2-7-6  ROM Correction Address 1 Setting Register (lower 8 bits)
(RC1APL : X'03FCA', R/IW)

7 6 5 4 3 2 1 0

RC1APM | RC1APM7 | RC1APMG | RCIAPMS | RC1APM4 | RC1APM3 | RCIAPM2 | RC1IAPM1| RCIAPMO | (Atreset: X X X X X X X X))

Figure 2-7-7 ROM Correction Address 1 Setting Register (middle 8 bits)
(RC1APM : x'03FCB', R/W)

7 6 5 4 3 2 1 0

RC1APH - - - - - - RC1APH1|RC1APHO| (Atreset:------ XX)

Figure 2-7-8 ROM Correction Address 1 Setting Register (upper 2 bits)
(RC1APH : x'03FCC', R/W)
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BROM Correction Address 2 Setting Register (RC2AP)

7 6 5 4 3 2 1 0

RC2APL |RC2APL7|RC2APL6|RC2APL5|RC2APL4{RC2APL3|RC2APL2|RC2APL1{RC2APLO| (At reset : X X X X X X X X)

Figure 2-7-9 ROM Correction Address 2 Setting Register (lower 8 bits)
(RC2APL : X'03FCD', R/W)

7 6 5 4 3 2 1 0

RC2APM |RC2APM7|RC2APMB[RC2APM5RC2APM4RC2APM3RC2APM2[RC2APM1RC2APMO| (At reset: X X X X X X X X))

Figure 2-7-10 ROM Correction Address 2 Setting Register (middle 8 bits)
(RC2APM : x'03FCE', R/W)

7 6 5 4 3 2 1 0

RC2APH | - - - - - - |RC2APH1|RC2APHO| (At reset : - - - - - - X X)

Figure 2-7-11 ROM Correction Address 2 Setting Register (upper 2 bits)
(RC2APH : x'03FCF', R/W)

‘ Do not set the same address to more than two RCnAP (H/M/L) register. If there are several
registers set the same address, the order of priority is as follows :
RCOAP > RC1AP > RC2AP

Here is the correspondence of the ROM correction address setting register, a ROM correction control
flag of ROM correction control register and the RC rector table.

Table 2-7-1 Correspondence

ROM Correction address setting register ROM correction RC-vector table
Register Address control flag Vector Address
RCOAPL X3FCT' RCOV(L) x0010'
RCOAPM X3FC8' RCOEN

RCOV(H) X0012'
RCOAPH X3FC9'
RC1APL X3FCA RC1V(L) x0014'
RC1APM X3FCB' RC1EN

RC1V(H) X0011'
RC1APH X3FCC'
RC2APL X3FCD' RC2V(L) x0013'
RC2APM X3FCE' RC2EN

RC2V(H) X0015'
RC2APH X3FCF'
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2-7-4

ROM Correction Setup Example

H|nitial Routine with ROM Correction
The following routine should be set to correct the program. Also store the ROM correction setup and the
correct program to the external EEPROM, in advance.

Here is the steps for ROM correction execution.

Initial Setup

¢

Determine whether to use
ROM Correction

yes
Step 1

Develop the correct program of
the external EEPROM to RAM ared

Step 2 i

Set the ROM correction
address setting register
and the RC vector table

Step 3

Enable the ROM correction operation

Figure 2-7-12

r

Main Program

Initial Routine for ROM Correction

Chapter 2 CPU Basics
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HEROM Correction Setup Example

The setup procedure with ROM correction to correct 2 parts of the program is shown below.

For the step to execute the ROM correction, refer to figure 2-7-12. Initial Routine for ROM correction on
the previous page.

(STEP 1) Develop the correct program of the external EEPROM to RAM area.

External EEPROM

Address Data
0000 03 Program management version.
0001 19
0002 09 Set value to the ROM correction address 0 setting register
0003 01 (RCOAP)
0004 B4 The head address of the development first correct program
0005 06
0006 FD
Internal RAM 0007 08 Set value to the ROM correction address 1 setting register
0008 01 (RC1AP)
Address Data 8882 Fég The head address of the development second correct program

06B4 OA 000B 0A

06B5 00 000C 00

06B6 85 000D 85

06B7 93 000E 93 The first correct program instruction code

06B8 Cc2 000F C2

06B9 91 develop 0010 91

06BA  FO | |l«—— 0011 Ao

06BB FF 0012 FF For half-byte instruction adjustment

06BC 0A 0013 0A (no need to the real ROM)

06BD 14 0014 14

06BE 85 0015 85 The second correct program instruction code

06BF 93 0016 93

06CO 02 0017 02

06C1 90 0018 90

06C2 Op 0019 Op

(STEP 2) Set the ROM correction address setting register and the RC vector table.

[Setup for the first correction] The first program to be corrected (internal ROM)
Set the head address of the program to be The head addresztshzf StZSVC:I’LrJf?fi?COAP)
. . Add
corrected at first to the ROM correction address 0 105;?[365/ I;’;‘éZAO ome 0.1 10016
setting register (RCOAP). 10919+ |A005 mov 50, dO
. 1091B 58 mov do, (a0)
RCOAPL =x'19 1091C 8940 bra 10920
RCOAPM = x'09' 1091EY B4 b do,do
RCOAPH = x'01"' The address for recover
Set the internal RAM address x'06B4' that stored the The first correct program (internal RAM)
first correct program to the RC vector table address The head address of the correction program
(RCOV(L), RCOV(H). Address | Data (the set value of RCOV)
' ' 006B4 r ' A000 mov 0, d0
RCOV(L) = xB4 006B6 58 mov do, (a0)
RCOV(H) = x'06' 006B7  392C190 bra 1091C

The addres for recover
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[Setup for the second correction]

The second program to be corrected (internal ROM)
Set the head address of the program to be

. The head address of the correction
corrected at second to the ROM correction address 1 Address | Data (the set value of RC1AP)
setting register (RC1AP). 108FC | 85 sub di, d1
i 108FDr |A011 mov 11, do
RC1APL =x'FD 108FF 58 mov do, (a0)
RC1APM = x'08' 10900 EC1 addw 1, a0
109013Y A081 mov _Msyscom_edge, 0
RC1APH =x'01 The address for recover

Set the internal RAM address x'06BC' that stored the
second correct program to the RC vector table address ~ The second correct program (internal RAM)

The head address of the correction program
(RClV(L), RC].V(H)- / (the set value of RC1V)
| . Address Data
RC1V(L) = x'BC 006BC' |A041 mov 14, do
RC1V(H) = x'06' 006BE 58 mov do, (a0)
006BF 3920090 jmp 10900
The address for recover

(STEP 3)  Set the bit 0 (RCOEN) and the bit 1 (RC1EN) of the ROM correction control register
(RCCTR) to "1".

After the main program is started, the instruction fetched address and the set address
to the ROM correction address setting register (RCnAP) are always compared, then
once they are matched program counter indirectly branches to the address in RAM
area, that are stored to the RC vector table (RCnV).

The correction program in RAM area is executed.

Program counter recovers to the program in ROM area.

ROM Correction I-37



Chapter 2 CPU Basics

2-8 Reset

2-8-1 Reset operation

The CPU contents are reset and registers are initialized when the NRST pin is pulled to low.

Hinitiating a Reset
There are two methods to initiate a reset.
(1) Drive the NRST pin low.
NRST pin should be held "low" for more than OSC 4 clock cycles (200 ns at 20 MHz).

NRST pin

~—— 4 clock cycles
(200 ns at 20 MHz)

Figure 2-8-1 Minimum Reset Pulse Width

(2)  Setting the P20UT7 flag of the P20OUT register to "0" outputs low level at P27 (NRST) pin. And
transferring to reset by program (software reset) can be executed. If the internal LSl is reset
and register is initiated, the P20UT7 flag becomes "1" and reset is released.

[ € Chapter 4. 4-4-2 Registers ]

On MN101C77 series, the starting mode is NORMAL mode that high oscillation is the base
clock.

‘ When NRST pin is connected to low power voltage detection circuit that gives pulse for
. enough low level time at sudeen unconnected. And reset can be generated even if NRST pin
is held "low" for less than OSC 4 clock cycles, take notice of noise.

Il -38 Reset



Chapter 2 CPU Basics

ESequence at Reset

(1) When reset pin comes to high level from low level, the innternal 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 are initiated.

(3) After oscillation stabilization wait time, internal reset is released and program is started
from the address written at address X '4000' at interrupt rector table.

VDD
NRST
|
0SC21X0 @Iﬂ]ﬂm
1
|
1
. —
internal RST Oscillation stapilization
wait time

Figure 2-8-2 Reset Released Sequence

Reset -39



Chapter 2 CPU Basics

2-8-2 Oscillation Stabilization Wait time

Oscillation stabilization wait time is the period from the stop of oscillation circuit to the stablization for
oscillation. 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 con-
trol register (DLYCTR) is set to select the oscillation stabilization wait time. At releasing from reset,
oscillation stabilization wait time is fixed.

The timer that counts oscillation stabilization wait time is also used as a watchdog timer. That is used as
a runaway detective timer at anytime except at releasing from reset and at recovering from STOP mode.
Watchdog timer is initiated at reset and at STOP mode and starts counting from the initialize value
(x'0000") when system clock (fs) is as clock source. After oscillation stabilization wait time, it continues
counting as a watchdog timer. [ €~ Chapter 9 Watchdog timer ]

EBlock Diagram of Oscillation Stabilization Wait Time (watchdog timer)

e =Dy
STOP
writeWDCTR
v A /
HALT R R R i
fs :C[>—> 1/2 to 1/214 | 1/2%5 to 1/22° — internal reset release
S
(sysclk) Y
fs/214 —]
fg/212 ——>>|
fs/210 —
fs/28 —={MUX
fs/26 ——»|
fs/24 —»|
DLYCTR . fo/22
“Bivs0. ) !
_DLYS1 |
_DLYS2_ )
_BUZSO_|
_Buzsl |
_BUZS2_| fslzzg —
BUZOE | 7 e o MUX | WDIRQ
WDCTR fs/216 — |
_WDEN_] 0 ?
woTso [
_WpTS1. |/
_WDTCO _|
_WDTC1 |
_WDTC2 |
””””” 7

Figure 2-8-3 Block Diagram of Osillation Stabilization Wait Time (watchdog timer)
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BOscillation Stabilization Wait Time Control Register

7 6 5 4 3 2 1 0

DLYCTR |BUZOEBUZS2|BUZS1|BUZSO|DLYS2|DLYS1|DLYSO| - (Atreset:0000000-)

Oscillation stabilization wait
period selection

DLYS2|DLYS1|DLYSO

0 0 fs/214
0 1 fs/212
0 fs/210
1
1 fs/28
0 fs/26
0
1 1 | fs/24
1 0 fs/22
1 Reserved

Note : After reset is released, the oscillation stabilization
wait period is fixed at fs/214.

Buzzer output
frequency selection
fosc/214

fosc/213

fosc/212

fosc/211

fosc/210

fosc/2°

fx/24

fx/23

BUZS2|BUZS1|BUZSO0

P IO, |O|FR|O |k |O

BUZOE P06 output selection

0 P06 port data output
1 P06 buzzer output

Figure 2-8-4 Oscillation Stabilization Wait Time Control Register (DLYCTR : x'03F4D’, R/W)

EControl the Oscillation Stabilization Wait Time
At recovering from STOP mode, the bit 3-2 (DLYS1, DLYSO) 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 is also used for controlling of buzzer functions.

[ € Chapter 10 Buzzer]

At releasing from reset, the oscillation stabilization wait time is fixed to "2 x system clock". System clock
is determined by the CPU mode control register (CPUM).
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2-9  Register Protection

2-9-1 Overview

This LSI features a function to protect important register data. When this function is enabled, data is
rewritten only when write is done for several times to a register and other write is disabled. Registers with

this function are as follows.

CPU mode control register (CPUM: x'03F00")
Memory control register (MEMCTR: x'03F01")

2-9-2  Setting of the Register Protection Function

Set the LOCKEN flag of the key control register (KEYCNT) to "1" to enable the register protection func-

tion.

7 6 5 4 3 2 1 0

KEYCNT - - - - - - - |LOCKEN (Atreset: ------- 0)

LOCKEN

Register protect function selection

Disable

Enable

Figure 2-9-1 Key Control Register (KEYCNT: x'03F2B', R/W)

2-9-3 Rewrite Procedure

Write 03 to the CPUM register:

LOOP MOV  x™** (CPUM)
MOV  x'03', (CPUM)
CBNE x'03', (CPUM), LOOP

** indicates Don't care

-Interrupts may change the procedure of the program and disable sequence writes. Make

sure that write is done properly or disable interrupts during write.

‘Write to a register is executed even when several writes, which include access to RAM

area (x'00000' to x'02FFF) are done.
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Chapter 3  Interrupts

3-1 Overview

This LSI speeds up interrupt response with circuitry that automatically loads the branch address to the
corresponding interrupt service routine from an interrupt vector table : reset, non-maskable interrupts
(NMI), 16 maskable peripheral interrupts, and 5 external interrupts.

For interrupts other than reset, the interrupt processing sequence consists of interrupt request, interrupt
acceptance, 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 inter-
rupts handler ends by restoring, using the POP instruction and other means, the contents of any regis-
ters used during processing and then executing 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 an interrupt control register, which controls the interrupts. Interrupt control register
consists of the interrupt level field (LV1-0), 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 accep-
tance. This flag is managed by hardware, but can be rewritten by software.

Interrupt enable flag (IE) is the flag that enables interrupts in the group. There is no interrupt enable flag
in non-maskable interrupt (NMI). Once this interrupt request flag is set, it is accepted without any condi-
tions. Interrupt enable flag is set in maskable interrupt. Interrupt enable flag (IE) of each 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 are three hierarchical interrupt levels. If multiple interrupts have the same
priority, the one with the lowest vector number takes priority. Maskable interrupts are accepted when its
level is higher than the interrupt mask level (IM1-0) of PSW. Non-maskable interrupts are always ac-
cepted, regardless of the interrupt mask level.
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3-1-1 Functions
Table 3-1-1 Interrupt Functions
Interrupt type Reset (interrupt) Non-maskable interrupt Maskable interrupt
Vector number 0 1 21028
Table address X04000' xX04004' X04008' to X04070'

Starting address

Address specified by vector address

Interrupt level

Level0to 2
(setbysoftware)

Interrupt factor

External RST pin input

Errors detection,
Plinterrupt

External pin input
Internal peripheral
function

Generated operation

Directinput to CPU core

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

Inputinterrupt request

level setin interrupt level flag
(oL Vn) of maskable
interrupt control register
(xXICR) to CPU core.

Accept operation

Always accepts

Always accepts

Acceptance only by the
interrupt control of the register
(0xICR) and the interrupt
mask level in PSW.

Machine cycles until
acceptance

12

12

12

PSW 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 (oxLVn) are set to the
interrupt mask level (masking
all interrupt requests with the
same or the lower priority.)

Overview

Interrupts
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3-1-2

-4

Interrupts

Block Diagram

PSW
o [ T ]

1] DEC

xxxLV : Interrupt Level '
xxxIE : Interrupt Enable |
xxXIR : Interrupt Request;

Overview

Figure 3-1

-1

Interrupt Block Diagram

Level
deter- ) >— Interrupt
mined
CPU core
JY J'
e i______Yectorl
IRQNM1 ' 7 '
' \A—‘ '
1 1
1
IRQLVL : 7 6 5 4 3 12 {1 |0 :
20 : L—11 1]
1
: NMICR T 1 ‘
1 1
' PI :
1 1
' i | wpoc
1 1
1 1
[y gy g U g g g g g 1
Vector 2
: C :
1 1
1 1
' 7 6 5 4 3 210 !
: IRQOICR [wvi-0| __— ootefou] !
' y 1 | Peripheral
' 1| function
: : 110
P S S, XxxLV : Interrupt Level
. G: 0 xxxIE : Interrupt Enable |
\_(7 ' ] xxxIR : Interrupt Request |
e : (14 DoeC :
1 1
e i (2 i
:___;'_"_”_"_"_"_”_"_”_"_"_”_"I_"_”_"_" _______________________ i
1
1
! Vector N
[T TTTTTTTTT T EEmEE A m I E T ]
1 1
! |
- 4
- — 1
' :
1 1
1 1
1 1
! :
:
1
' Vector 28
C |
1
7 5 4 3 2 |1 [0
1
wICR ’»«_vm ‘/’mE}M '
i | Peripheral
1 | function
110
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3-1-3  Operation

m Interrupt Processing Sequence

For interrupts other than reset, the interrupt processing sequence consists of interrupt request, interrupt
acceptance, and hardware processing. The program counter (PC) and processor status word (PSW)
and handy addressing data (HA) are saved onto the stack, and execution branches to the address
specified by the corresponding interrupt vector.

An interrupt handler ends by restoring the contents of any registers used during processing and then
executing the return from interrupt (RTI) instruction to return to the point at which execution was inter-
rupted.

Interrupt service routine

Main program ] Interrupt
] request (xxxIR)
Hardware processing flag cleared
Save up PC, PSW, etc. at head

Interrupt "

Max. 12 machine cycles

11 machine cycles

Restart Restore PSW, PC up, etc.

RTI

Figure 3-1-2 Interrupt Processing Sequence (maskable interrupts)
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Interrupts

m Interrupt Sources and Vector Addresses

Here is the list of interrupt vector address and interrupt group.

Table 3-1-2 Interrupt Vector Address and Interrupt Group
Vector Vector Interrupt group Control Register
Number Address (Interrupt source) (address)

0 X04000' Reset - - -

1 X04004' Non-maskable interrupt NMI NMICR X03FE1'

2 x04008' External interrupt 0 IRQO IRQOICR X03FE2'

3 X0400C' External interrupt 1 IRQ1 IRQLICR X03FE3'

4 X04010' External interrupt 2 IRQ2 IRQ2ICR X03FE4'

5 x04014' External interrupt 3 IRQ3 IRQ3ICR X03FE5'

6 xX04018' External interrupt 4 IRQ4 IRQ4ICR X03FE6'

7 X0401C' [Reserved - - -

8 X04020' Reserved - - -

9 xX04024' Timer O interrupt TMOIRQ TMOICR X03FE9'
10 X04028' Timer 1 interrupt TM1IRQ TM1ICR X03FEA
11 x0402C' Reserved - - -

12 X04030' Reserved - - -

13 X04034' Timer 4 interrupt TMAIRQ TMAICR X03FED'

14 X04038' Timer 5 interrupt TM5IRQ TM5ICR X03FEE'

15 X0403C' |Timer 6 interrupt TMBIRQ TMBICR X03FEF

16 X04040' Time base interrupt TBIRQ TBICR X03FFO'

17 x04044' Timer 7 interrupt TM7IRQ TM7ICR X03FF1'

18 X04048' Timer 7 compare2-match T70C2IRQ T70C2ICR X03FF2'

19 X0404C' Serial interface 4 interrupt SC4IRQ SCA4ICR X03FF3'

20 X04050' Serial interface 0 reception interrupt SCORIRQ SCORICR X03FF4'

21 X04054' Serial interface 0 transmission interrupt SCOTIRQ SCOTICR X03FF5'

22 X04058' Serial interface 1 reception interrupt SC1RIRQ SC1RICR X03FF6'

23 X0405C' Serial interface 1 transmission interrupt SCI1TIRQ SCI1TICR X03FF7'

24 X04060' Reserved - - -

25 X04064' Serial interface 3 interrupt SC3IRQ SC3ICR X03FF9'

26 X04068' A/D converter interrupt ADIRQ ADICR X03FFA'

27 X0406C' [Reserved - - -

28 X04070' ATC1 interrupt ATC1IRQ ATC1ICR X03FFC'

29 X04074' Reserved - - -

30 X04078' Reserved - - -
For unused interrupts and reserved interrupts, set the address on which the RTI instruction
is described to the corresponded address.

-6 Overview




m Interrupt Level and Priority

Chapter 3

Interrupts

This LSI allocated vector numbers and interrupt control registers (except reset interrupt) to each inter-
rupt. 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 a vector 3 set to level 1 and a vector
4 set to level 2 request interrupts simultaneously, vector 3 interrupt will be accepted.

| Vector 1 (Non-maskable interrupt) |

Level 0 | Vectors 2, 5, 6 |
Interrupt level
' Level 1 | Vector 3 |
setting range
Level 2 | Vectors 4, 8 |
y

Priority

Interrupt vector No.

1

2
3
4
5
6
7

Vector 1
Vector 2
Vector 5
Vector 6
Vector 3
Vector 4
Vector 8

Figure 3-1-3 Interrupt Priority Outline

Overview
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m Determination of Interrupt Acceptance

The following is the procedure from interrupt request input to acceptance.

(1) The interrupt request flag (xxxIR) in the corresponding external interrupt control
register(IRQnICR) or internal interrupt control register (xxxICR) is set to '1".

(2) Aninterrupt request is input to the CPU, If the interrupt enable flag (xxxIE) in the same register
is'1".

(3) The interrupt level (IL) is set for each interrupt. The interrupt level (IL) is input to the CPU.

(4)  The interrupt request is accepted, if IL has higher priority than IM and MIE is '1
[ € Chapter 2. 2-1-7 Processor Status Word ]

(5) After the interrupt is accepted, the hardware resets the interrupt request flag (xxxIR) in the
interrupt control register (xxxICR) to '0'.

Current interrupt mask level (IM)

PSW | --- IMIE[{IM1|IMO| VF | NF | CF | ZF

o

Level judgement. Accepted if IL<IM

N

7 0
XXXICR  |xxxL VoL Vo) XXXIE| xxxIR

Generated interrupt level (IL)

Figure 3-1-4 Determination of Interrupt Acceptance

The corresponding interrupt enable flag (xxxIE) is not cleared to "0", even if the interrupt is
H accepted.

When the setting is as xxxLV=1, XXXLV0=1, the interrupt of that vector is disabled, regard-
less of the value of xxxIE, xxxIR.
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MIE="0" and interrupts are disabled when:

MIE in the PSW is reset to '0' by a program
Reset is detected

MIE="1" and interrupts are enabled when:

MIE in the PSW is set to '1' by a program

The interrupt mask level (IM=IM1 - IMO) in the processor status word (PSW) changes when:

The program alters it directly,

A reset initializes it to 0 (00b),

The hardware accepts and thus switches to the interrupt level (IL) for a maskable interrupt, or
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 maskable interrupt enable (MIE) flag in the processor status word (PSW) is not
- cleared to "0".

Non-maskable interrupts have priority over maskable ones.

Overview I11-9
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Interrupts

m Interrupt Acceptance Operation
When accepting an interrupt, this LS|l hardware saves the handy address register, the return address
from the program counter, and the processor status word (PSW) to the stack and branches to the
interrupt handler using the starting address in the vector table.
The following is the hardware processing sequence after by interrupt acceptance.

1.

The stack pointer (SP) is updated.

(SP-6 - SP)
The contents of the handy address register (HA) are saved to
Upper half of HA - (SP+5)
Lower half of HA - (SP+4)
The contents of the program counter (PC), the return
address, are saved to the stack.

PC bits 18, 17,and 0 - (SP+3) New SP———» PSW

(after interrupt

PC bits 16-9 - (SP+2) acceptance)

PC bits 8-1 - (SP+1)
The contents of the PSW are saved to the stack.
PSW - (SP)
The interrupt level (xxxLVn) for the interrupt is copied to

the interrupt mask (IMn) in the PSW. Oid sp >
(before interrupt
Interrupt level (xxxLVn) - IMn acceptance)

The hardware branches to the address in the vector
table.

m Interrupt Return Operation
An interrupt handler ends by restoring, using the POP instruction and other means, the contents of any
registers used during processing and then executing the return from interrupt (RTI) instruction to return
to the point at which execution was interrupted.

The following is the processing sequence after the RTI instruction.

1.
2.

The contents of the PSW are restored from the stack. (SP)

the stack.

T~

PC8-1

PC16-9

PCO: Reserved iPC1817

HA7-0

HA15-8

/\/

Lower

T

Address

'

Higher

Figure 3-1-5 Stack Operation
during interrupt acceptance

The contents of the program counter (PC), the return address, are restored from the stack.

(SP+1 to SP+3)

The contents of the handy address register (HA) are restored from the stack. (SP+4, SP+5)

The stack pointer is updated. (SP+6 - SP)
Execution branches to the address in the program counter.

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

G Registers such as data register, or address register are not saved, so that PUSH instruction
[ |

should be used to save data register or address register onto the stack, if neccessary.

‘ The address bp6 to bp2, when program counter (PC) are saved to the stack, are reserved.
- Do not change by program.
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m Maskable Interrupt
Figure 3-1-6 shows the processing flow when a second interrupt with a lower priority level (xxxLV1-
xxXLV0="10") arrives during the processing of one with a higher priority level (xxxLV1-xxxLV0="'00").

IMO,1='00")

| Set MIE |

| IM1,0="11" |

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

(M1,0=00) |Interrupt acceptance cycle|

<Interrupt service routine: 1>

*1
X |nterrupt 2 generated
(xxxLV1,0="10")

* RTI  —=— m1,0="11)

(M10=10) | nterrupt acceptance cycle]

Qnterrupt service routine: 2>

RTI —=— (IM1,0='11)

Interrupt generated —z» | Not accepted because IM=IL
(xxxLV1,0="11")

\/

Parentheses () indicate 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

When an MN101C77 series device accepts an interrupt, it automatically disables acceptance of subse-
quent interrupts with the same or lower priority level. When the hardware accepts an interrupt, it copies the
interrupt level (xxxLVn) for the interrupt to the interrupt mask (IM) in the PSW. As a result, subsequent
interrupts with the same or lower priority levels 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. To disable interrupt nesting
- Reset the MIE bit in the PSW to "0."
- Raise the 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 of the interrupt mask (IM) in the PSW.

Multiplex interrupts are only enabled for interrupts with levels higher than the PSW interrupt
mask level (IM).

It is possible to forcibly rewrite IM to accept an interrupt with a priority lower than the interrupt
being processed, but be careful of stack overflow.

Do not operate the maskable interrupt control register (xxxICR) when multiple interrupts are
enabled. If operation is necessary, first clear the PSW MIE flag to disable interrupts.

aRR

I1-12  overview



Chapter 3 Interrupts

Figure 3-1-7 shows the processing flow for multiple interrupts (interrupt 1: xxxLV1-xxxLV0="10', and
interrupt 2: xxxLV1-xxxLV0="00").

( Main program )

| IM1,0="11" |

Interrupt 1 generated —2— Accepted because xxxLV1,0<IM
(xxxLV1,0="10"

(IM1,0='10') — |Interrupt acceptance cycle|

( Interrupt service routine: 1 )

* Interrupt 2 generated —z%| Accepted because xxxLV1,0<IM
(xxxLV1,0='00")

( IM1,0=‘00') —>||nterrupt acceptance cycle|

( Interrupt service routine: 2 )

Restart interrupt processing program 1
R == (m10=10')

RTI —— ( IM1,0="11' )

Parentheses () indicate hardware processing

Figure 3-1-7 Processing Sequence with Multiple Interrupts Enabled

Overview 1-13



Chapter 3  Interrupts

3-1-4  Interrupt Flag Setup

m Interrupt request flag (IR) setup by the software

The interrupt 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
PSW maskable interrupts. This is necessary,
bp6 : MIE = 0 especially when the interrupt control register is
changed.
(2) Select the interrupt factor. (2) Select the interrupt factor such as interrupt
edge selection, or timer interrupt cycle change.
(3) Enable the interrupt request ﬂag to (3) Set the IRWE ﬂag of MEMCTR to enable the
be rewritten. interrupt request flag to be rewritten. This is
MEMCTR (x'3F01’) necessary only when the interrupt request flag
bp2 : IRWE = 1 is changed by the software.
(4) Rewrite the interrupt request flag. (4) Rewrite the interrupt request flag (xxxIR) of the
xxxICR interrupt control register (xxxICR).
bp0 : xxxIR
be rewritten. flag can not be rewritten by the software.
MEMCTR (x'3F01')
bp2 : IRWE =0
(6) Set the interrupt level. (6) Set the interrupt level by the xxxLV1-0 flag of
xxxICR the interrupt control register (xxxICR).
bp7-6 : xxXLV1-0 Set the IM1-0 flag of PSW when the interrupt
PSW acceptance level of CPU should be changed.
bp5-4 : IM1-0
(7) Enable the interrupt. (7) Setthe xxxIE flag of the interrupt control
xxxICR register (xxxICR) to enable the interrupt.
bpl : xxxIE =1
(8) Enable all maskable interrupts. (8) Setthe MIE flag of PSW to enable maskable
PSW interrupts.
bp6 : MIE=1
11-14  overview
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Chapter 3 Interrupts

Control Registers

3-2-1 Registers List
Table 3-2-1 Interrupt Control Registers

Register Address R/W Functions Page
NMICR X03FE1' R/W [Non-maskable interrupt control register I-16
IRQOICR X03FE2' R/W [External interrupt O control register in-17
IRQ1ICR X03FE3' R/W |External interrupt 1 control register I-18
IRQ2ICR X03FE4' R/W [External interrupt 2 control register I-19
IRQ3ICR X03FE5' R/W |External interrupt 3 control register I-20
IRQ4ICR X03FE6' R/W [External interrupt 4 control register In-21
TMOICR X03FE9' R/W [Timer O interrupt control register (Timer O interrupt) I -23
TM1ICR X03FEA R/W [Timer 1 interrupt control register (Timer 1 interrupt) I -24
TM4ICR X03FED' R/W [Timer 4 interrupt control register (Timer 4 interrupt) I -27
TM5ICR X03FEE' R/W |Timer 5 interrupt control register (Timer 5 interrupt) I -28
TMBICR X03FEF' R/W [Timer 6 interrupt control register (Timer 6 interrupt) I-29
TBICR X03FFO0' R/W |Time base interrupt control register (Time base period) - 30
TM7ICR X03FF1' R/W [Timer 7 interrupt control register (Timer 7 interrupt) I-31
T70C2ICR X03FF2' R/W [Timer 7 compare register2-match interrupt control register I -32
SCORICR X03FF4' R/W [Serial interface 0 interrupt control register (Serial interface O reception) Il- 33
SCOTICR X03FF5' R/W |Serial interface 0 interrupt control register (Serial interface 0 transmission) I-34
SC1RICR X03FF6' R/W [Serial interface 1 interrupt control register (Serial interface 1 reception) - 35
SCI1TICR X03FF7' R/\W |Serial interface 1 interrupt control register (Serial interface 1 transmission) Il - 36
SC3ICR X03FF9' R/W [Serial interface 3 interrupt control register (Serial interface 3 interrupt) - 38
SC4ICR X03FF3' R/\W |Serial interface 4 interrupt control register (Serial interface 4 interrupt) I -39
ADICR X03FFA R/W [A/D conversion interrupt control register (A/D converter interrupt) Il- 40
ATC1ICR X03FFC' R/W |ATC1 interrupt control register(ATC interrupt) In-41

Writing to the interrupt control register should be done after that all maskable interrupts are

set to be disabled by the MIE flag of the PSW register.

If the interrupt level flag (xxxLVn) is set to "level 3", its vector is disabled, regardless of

interrupt enable flag and interrupt request flag.

Control Registers
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Chapter 3 Interrupts

3-2-2 Interrupt Control Registers

The interrupt control registers include the maskable interrupt control registers (xxxICR) and the non-
maskable interrupt control register (NMICR).

m Non-Maskable Interrupt Control Register (NMICR address: x'03FE1")

The non-maskable interrupt control register (NMICR) stores 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 to the address stored at location x'04004" in the
interrupt vector table. The watchdog timer overflow interrupt request flag (WDIR) is set to "1" when the
watchdog timer overflows. The program interrupt request flag (PIR) is set to "1" when the undefined

instruction is executed.

7 6 5 4

Reserved Always set to "0".

WDIR Watchdog interrupt request flag
0 No interrupt request
1 Interrupt request generated
PIR Program interrupt request flag

No interrupt request

Interrupt request generated

Figure 3-2-1 Non-Maskable Interrupt Control Register

(NMICR:x'03FEL’, R/W)

On this LSI, when undefined instruction is decoded, the program interrupt request flag (PIR)
is set to "1", and the non-maskable interrupt is generated.

If the PIR flag setup is confirmed by the non-maskable interrupt service routine, the reset via
the software is recommended, When software reset, the reset pin (p27) outputs "0".

can clear it to "0".

G Once the WDIR flag becomes "1" after non-maskable interrupt happens, only the program
[ ]

I11-16  Control Registers




Chapter 3 Interrupts

m External Interrupt O Control Register (IRQOICR)
The external interrupt O control register (IRQOICR) controls interrupt level of the external interrupt O,

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

7 6 5 4 3 2 1 0
IRQO | IRQO _ ; ; A : I
IRQOICR Vi | Lvh [REDGO IRQOIEIRQOIR (Atreset: 000 00)
External interrupt
IRQOIR request flag
0 No interrupt request
1 Interrupt request generated
External interrupt
IRQOIE enable flag
0 Disable interrupt
1 Enable interrupt
External interrupt active
REDGO edge flag
Falling edge
1 Rising edge
IRQO | IRQO Interrupt level flag
LV1 LVO for external interrupt
The CPU has interrupt levels from O to 3.
These flags set the interrupt level for interrupt
request.

Figure 3-2-2 External Interrupt 0 Control Register (IRQOICR : x'03FE2", R/W)
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m External Interrupt 1 Control Register (IRQ1ICR)

The external interrupt 1 control register (IRQ1ICR) controls interrupt level of external interrupt 1, active
edge, interrupt enable and interrupt request. Interrupt control register should be operated when the
maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
IRQ1 | IRQ1 _ _ _ . .
IRQ1ICR VT | LV |REDG1 IRQ1IE [IRQ1IR (Atreset:000 00)

IRQ1IR External interrupt request flag
0 No interrupt request
1 Interrupt request generated

IRQ1IE External interrupt enable flag

0 Disable interrupt

1 Enable interrupt

REDG1 External interrupt active edge flag

Falling edge
Rising edge

IRQ1 | IRQ1 | Interrupt level flag
LvV1 LvOo | for external interrupt

The CpU has interrupt levels from 0 to 3. These
flag set the interrupt level for interrupt requests.

Figure 3-2-3 External Interrupt 1 Control Register (IRQ1ICR : x'03FE3’, R/W)
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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, active
edge, interrupt enable and interrupt request. Interrupt control register should be operated when the
maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
IRQ2 | IRQ2 _ : ; . .
IRQ2ICR Wi | Lvo REDG2 IRQ2IEIRQ2IR (Atreset: 000 00)

IRQ2IR External interrupt request flag

0 No interrupt request

1 Interrupt request generated

IRQ2IE External interrupt enable flag

0 Disable interrupt
1 Enable interrupt

REDG2 Extemnal interrupt active edge flag

0 Falling edge

1 Rising edge

IRQ2 | IRQ2
LV1 | LVO

The CPU has interrupt levels from 0 to 3. These
flags set the interrupt level for interrupt requests.

Interrupt level flag for external interrupt

Figure 3-2-4 External Interrupt 2 Control Register (IRQ2ICR : x'03FE4’, R/W)
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m External Interrupt 3 Control Register (IRQ3ICR)

The external interrupt 3 control register (IRQ3ICR) controls interrupt level of external interrupt 3, active
edge, interrupt enable flag and interrupt request. Interrupt control register should be operated when the
maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
IRQ3 | IRQ3 ) i i : L
IRQ3ICR | [\ | [\o [REDGS3 IRQ3IEJIRQ3IR (Atreset:000---00)

IRQ3IR External interrupt request flag

0 No interrupt request
1 Interrupt request generated

IRQ3IE External interrupt enable flag

0 Disable interrupt
1 Enable interrupt

REDG3 Extemal interrupt active edge flag

Falling edge
1 Rising edge

IRQ3 | IRQ3
V1 | LVO

The CPU has interrupt levels from 0 to 3. These
flags set the interrupt level for interrupt requests

Interrupt level flag for external interrupt

Figure 3-2-5 External Interrupt 3 Control Register (IRQ3ICR : x'03FE5’, R/W)
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m External Interrupt 4 Control Register (IRQ4ICR)
The external interrupt 4 control register (IRQ4ICR) controls interrupt level of external interrupt 4, active
edge, interrupt enable flag and interrupt request. Interrupt control register should be operated when the
maskable interrupt enable flag (MIE) of PSW is "0".

IRQ4ICR

7 6 5 1 0
IRQ4 | IRQ4
| Ve REDG4 IRQ4IE[IRQ4IR

Chapter 3 Interrupts

(Atreset:000---00)

IRQ4IR External interrupt request flag

0 No interrupt request

1 Interrupt request generated

IRQ4IE External interrupt enable flag

0 Disable interrupt

1 Enable interrupt

REDG4 Extemal interrupt active edge flag

0 Falling edge

1 Rising edge

IRQ4 | IRQ4

LV1 LVO Interrupt level flag for external interrupt

The CPU has interrupt levels from 0 to 3. These
flags set the interrupt level for interrupt requests.

Figure 3-2-6  External Interrupt 4 Control Register (IRQ4ICR : x'03FE6', R/W)
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m Timer O Interrupt Control Register (TMOICR)

The timer 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 inter-
rupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
TMO | TMO : e
TMOICR Lvi | Lvo - - - - TMOIE|TMOIR (Atreset: 00 00)

TMOIR Interrupt request flag

No interrupt request
1 Interrupt request generated

TMOIE Interrupt enable flag

Disable interrupt

1 Enable interrupt

TMO | TMO
Lv1 LVO

The CPU has interrupt levels from O to 3.
These flags set the interrupt level for
interrupt requests.

Interrupt level flag

Figure 3-2-8 Timer O Interrupt Control Register (TMOICR : x'03FE9’", R/W)
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m Timer 1 Interrupt Control Register (TM1ICR)
The timer 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 inter-
rupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
™1 | T™M1 : S
TM1ICR Lvi | Lvo - - - - TM1IE|TM1IR (Atreset: 00 00)

TM1IR Interrupt request flag

No interrupt request
1 Interrupt request generated

TM1IE Interrupt enable flag

Disable interrupt

1 Enable interrupt

™1 | TM1
Lv1 LVO

Interrupt level flag

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-9 Timer 1 Interrupt Control Register (TM1ICR : xX'03FEA', R/W)
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m Timer 4 Interrupt Control Register (TM4ICR)

The timer 4 interrupt control register (TM4ICR) controls interrupt level of timer 4 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".

7 6 5 4 3 2 1 0
T™M4 | TM4 :00----
TMA4ICR i | Lvo - - - - | TM4IE|TM4IR (Atreset: 00 00)

TM4IR Interrupt request flag

No interrupt request

1 Interrupt request generated

TMA4IE Interrupt enable flag

Disable interrupt
1 Enable interrupt

™4 | TM4
Lv1 LVO

The CPU has interrupt levels from O to 3.
These flags set the interrupt level for
interrupt requests.

Interrupt level flag

Figure 3-2-12 Timer 4 Interrupt Control Register (TM4ICR : x'03FED’, R/W)
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m Timer 5 Interrupt Control Register (TM5ICR)
The timer 5 interrupt control register (TM5ICR) controls interrupt level of timer 5 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".

7 5 5 4 3 2 1 0
TM5 | TM5 : S
TM5ICR Lvi | Lvo - - - - TMSIE| TM5IR (Atreset: 00 00)

TM5IR Interrupt request flag

No interrupt request
1 Interrupt request generated

TM5IE Interrupt enable flag

Disable interrupt
1 Enable interrupt

TM5 | TM5
LV1 LVO

Interrupt level flag

The CPU has interrupt levels from O to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-13 Timer 5 Interrupt Control Register (TM5ICR : xX'03FEE’, R/W)
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m Timer 6 Interrupt Control Register (TM6ICR)

The timer 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 inter-
rupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
T™M6 | TM6 “00----
TM6ICR Vi | Lvo - - - - |TM6IE|TM6IR (Atreset:00 00)

TM6IR Interrupt request flag

No interrupt request
1 Interrupt request generated

TM6IE Interrupt enable flag

Disable interrupt

1 Enable interrupt

T™M6 | TM6
LV1 LVO

Interrupt level flag

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-14 Timer 6 Interrupt Control Register (TM6ICR : x'03FEF', R/W)
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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 inter-

rupt enable flag (MIE) of PSW is "0".

TBICR

7 6 1 0
B B
1 | Lvo TBIE | TBIR

Chapter 3 Interrupts

(Atreset:00----00)

TBIR

Interrupt request flag

No interrupt request

Interrupt request generated

TBIE

Interrupt enable flag

Disable interrupt

Enable interrupt

B
Lv1

B
LVO

Interrupt level flag

The CPU has interrupt levels from 0 to 3.

These flags set the interrupt level for
interrupt requests.

Figure 3-2-15 Time Base Interrupt Control Register (TBICR : x'03FF0', R/W)
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ETimer 7 Interrupt Control Register (TM7ICR)

The timer 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 inter-
rupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
T™M7 | TM7 . .
TM7ICR Lvi | Lvo - - - - TM7IE| TM7IR (Atreset: 00 00)

TM7IR Interrupt request flag

No interrupt request
1 Interrupt request generated

TM7IE Interrupt enable flag

Disable interrupt
1 Enable interrupt

™7 | T™M7
Lv1 LVO

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Interrupt level flag

Figure 3-2-16 Timer 7 Interrupt Control Register (TM7ICR : x'03FF1', R/W)
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m Timer 7 Compare Register 2-match Interrupt Control Register (TOC2ICR)

The timer 7 compare register 2-match interrupt control register (TOC2ICR) 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 maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0

T70C2
IE

T70C2
IR

T70C2ICR

T70C2 | T70C2
LV LVO

(Atreset:00----00)

T70C2IR Interrupt request flag

No interrupt request

Interrupt request generated

T70C2IE Interrupt enable flag

Disable interrupt

Enable interrupt

T70C2 | T70C2
Lv1 LVO

Interrupt level flag

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-17 Timer 7 Compare Register 2-match Interrupt Control Register
(TMOC2ICR : x'03FF2', R/W)
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m Serial Interface 0 Reception Interrupt Control Register (SCORICR)

The serial Interface 0 reception interrupt control register (SCORICR) controls interrupt level of serial
Interface 0 reception interrupt, interrupt enable flag and interrupt request. Interrupt control register
should be operated when the maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
SCOR |SCOR . oo
SCORICR V1 | Vo - - - - |SCORIE|SCORIR (atreset: 00 00)

SCORIR Serial interface O reception
interrupt request flag

No interrupt request flag

Interrupt request generated

Serial interface 0 reception
interrupt enable flag

SCORIE

Disable interrupt

Enable interrupt

SCOR | SCOR | Serial interface O reception
Lv1 LVO | interrupt level flag

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-18 Serial Interface 0 Reception Interrupt Control register
(SCORICR:x'03FF4',R/W)
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m Serial Interface 0 Transmission Interrupt Control Register (SCOTICR)

The serial Interface 0 transmission interrupt control register (SCOTICR) controls interrupt level of serial
linterface 0 transmission interrupt, interrupt enable flag and interrupt request. Interrupt control register
should be operated when the maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
SCOT | SCOT . o
SCOTICR V1 | Lvo - - - - |SCOTIE|SCOTIR (Atreset: 00 00)
Serial interface 0 transmission
SCOTIR interrupt request flag
No interrupt request
1 Interrupt request generated
Serial interface 0 transmission
SCOTIE interrupt enable flag
Disable interrupt
1 Enable interrupt
SCOT | SCOT | Serial interface 0 transmission
Lv1 LVO |interrupt level flag

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-19 Serial Interface 0 Transmission Interrupt Control Register
(SCOTICR : xX'03FF5'", R/W)
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m Serial Interface 1 Reception Interrupt Control Register (SC1ICR)

The serial Interface 1 reception interrupt control register (SC1ICR) controls interrupt level of serial
Interface 1 reception interrupt, interrupt enable flag and interrupt request. Interrupt control register
should be operated when the maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
SC1R |SCI1R .
- - - - t t:00----00
SC1RICR V1 | LvO SC1RIE[SCIRIR (atrese )
SCIRIR _Serial interface 1 reception
interrupt request flag
No interrupt request flag
1 Interrupt request generated
SCIRIE _Serlal interface 1 reception
interrupt enable flag
Disable interrupt
1 Enable interrupt
SC1R | SC1R | Serial interface 1 reception
Lv1 LVO | interrupt level flag

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-20 Serial Interface 1 Reception Interrupt Control Register (SC1ICR : x'03FF6', R/W)
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Chapter 3 Interrupts

m Serial Interface 1 Transmission Interrupt Control Register (SC1TICR)

The serial Interface 1 transmission interrupt control register (SC1TICR) controls interrupt level of serial
linterface 1 transmission interrupt, interrupt enable flag and interrupt request. Interrupt control register
should be operated when the maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
SCI1T | SCAT ) ) ) R A . -
SCITICR i | vo SCITIE|SCITIR (Atreset: 00 00)
Serial interface 1 transmission
SCITIR interrupt request flag
0 No interrupt request
1 Interrupt request generated
Serial interface 1 transmission
SCITIE interrupt enable flag
Disable interrupt
1 Enable interrupt
SCA1T | SCAT | Serial interface 1 transmission
Lv1 LVO |interrupt level flag

The CPU has interrupt levels from O to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-21 Serial Interface 1 Transmission Interrupt Control Register
(SCITICR : X'03FF7', R/W)
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m Serial Interface 3 Interrupt Control Register (SC3ICR)
The serial interface 3 interrupt control register (SC3ICR) controls interrupt level of serial interface 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".

7 6 5 4 3 2 1 0
SC3 | SC3 : R
SC3ICR Lvi | Lvo - - - - SC3IE[SC3IR (Atreset: 00 00)

SC3IR Interrupt request flag

No interrupt request

1 Interrupt request generated

SC3IE Interrupt enable flag

Disable interrupt

1 Enable interrupt

SC3 | SC3
Lv1 LVO

The CPU has interrupt levels from 0O to 3.
These flags set the interrupt level for
interrupt requests.

Interrupt level flag

Figure 3-2-23 Serial Interface 3 Interrupt Control Register (SC3ICR : x'03FF9', R/W)
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m Serial Interface 4 Interrupt Control Register (SC4ICR)
The serial interface 4 interrupt control register (SC4ICR) controls interrupt level of serial interface 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".

7 6 1 0
SC4 | SC4
SC4ICR vi | Lvo SC4IE|SC4IR

Chapter 3 Interrupts

(Atreset:00----00)

SC4IR Interrupt request flag
No interrupt request
1 Interrupt request generated
SC4IE Interrupt enable flag
0 Disable interrupt
1 Enable interrupt
SC4 SC4 Interrupt level fla
Lvi | LvO P 9

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-24  Serial Interface 4 Interrupt Control Register (SC4ICR : x'03FF3', R/W)
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m A/D Converter Interrupt Control Register (ADICR)
The A/D converter interrupt control register (ADICR) controls interrupt level of A/D converter interrupt,
interrupt enable flag and interrupt request. Interrupt control register should be operated when the
maskable interrupt enable flag (MIE) of PSW is "0".

7 6 5 4 3 2 1 0
AD AD : S
ADICR vi | Lvo - - - - ADIE | ADIR (Atreset: 00 00)

ADIR Interrupt request flag

No interrupt request
1 Interrupt request generated

ADIE Interrupt enable flag

Disable interrupt
1 Enable interrupt

AD AD
LvV1 LVO

The CPU has interrupt levels from O to 3.
These flags set the interrupt level for
interrupt requests.

Interrupt level flag

Figure 3-2-25 A/D Converter Interrupt Control Register (ADICR : x'03FFA', R/W)
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mATC 1 Interrupt Control Register (ATC1ICR)

The ATC 1 interrupt control register (ATC1ICR) controls interrupt level of ATC 1 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".

7 6 5 4 3 2 1 0
ATC1 | ATC1 .
R - - - Atreset:00----00
ATC1ICR LV1 LVO ATCLIE|ATC1IR ( )

ATC1IR Interrupt request flag

No interrupt request
Interrupt request generated

ATCLIE Interrupt enable flag

Disable interrupt
Enable interrupt

ATC1 | ATC1
LV1 LVvO

The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Interrupt level flag

Figure 3-2-26 ATCL1 Interrupt Control Register (ATCLICR : x'03FFC', R/W)
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3-3  External Interrupts

There are 5 external interrupts in this LSI. The circuit (external interrupt interface) for the external interrupt input
signal, is built-in between the external interrupt input pin and the interrupt controller block. This external inter-
rupt 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 O to 4 can be used.

Table 3-3-1 External Interrupt Functions

External External External External External
interrupt O interrupt 1 interrupt 2 interrupt 3 interrupt 4
(IRQO) (IRQ1) (IRQ2) (IRQ3) (IRQ4)
External interrupt P20 P21 P22 P23 P24,
input pin P60-P67
Programmable active
edge interrupt v v v/ v (P24)
Both edges interrupt v/ v/ v/ v/ 4
Keyinputinterrupt - - - -
yinp P (P60-P67)
Noise filter built-in v/ VA V4 v/ V4
AC zero cross
detection v
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3-3-2  Block Diagram

m External Interrupt O Interface, External Interrupt 1 Interface, Block Diagram

PSCMD o Standby mode signal
| Pscen NFCTRO
- NFOEN
{ NFOSCKO
NFOSCK1

o

NF1EN
NF1SCKO
NF1SCK1

P21IM

~
‘ —_——

3-bit presceJer

IRQOICR
10

fosc/2?7 —s| S | S| S | foscl2_ IRQOIR
(Prescaler 12 | 12 | 172 fosc/2 | m IRQOIE

output signal) fosci2® | U
X _
fosc J -
REDGO
A ' IRQOLVO
P20/IRQO [X} > Noise fiter 0 i|/M IRQOLV1 |,
nve on

Edge detection

v IRQ1ICR
IRQ1IR
IRQLIE

— IRQO interrupt request/
16-bit timer

xc=Z

-

Standby mode signal

xc<g

REDG1
IRQ1LVO
IRQILV1 7

-

y
P21/IRQ1U/ACZX .| Noise filter 1

xcZ

IRQO interrupt request/
16-bit timer

m
&
@
&
T
=8
S
xXCZ

AC zero cross detection | -
circuit |

EDGDT
EDGSELO
EDGSEL1
EDGSEL2
EDGSEL3
EDGSEL4

Reserved

Figure 3-3-1 External Interrupt O Interface and External Interrupt 1 Interface Block Diagram
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m External Interrupt 2 Interface, External Interrupt 3 Interface, Block Diagram

IRQ2ICR EDGDT
IRQ2IR EDGSELO
IRQ2IE EDGSEL1
- EDGSEL2
EDGSEL3
- EDGSEL4
REDG2 Reserved
IRQ2LVO _
IRQ2LV1 |, - 7
1
P22/IRQ2
XI—Noise filter2 >\ ‘
i Upr—»
) ’ mgrré%n > X M IRQ2 interrupt request/
u >
16-bit t
X itumer
—» Edge detectonf[——————»
IRQ3ICR
IRQ3IR
IRQ3IE
REDG3
IRQ3LVO
IRQ3LV1 |4
1
P23/IRQ3 ——
X Noise filter3 > M Y
i Ur—»
? > m\)/lgrré%n X M IRQ3 interrupt request/
U 16-bit timer
X
L | Edge detection f——»

Figure 3-3-2 External Interrupt 2 Interface and External Interrupt 3 Interface, Block Diagram
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m External Interrupt 4 Interface Block Diagram

IRQ4ICR 0 EDGDT
IRQ4IR EDGSELO
IRQ4IE EDGSEL1

- EDGSEL2
EDGSEL3

EDGSEL4
Reserved

REDG4
IRQ4LVO
IRQ4LV1

P24/IRQ4 Noise filter 4 |

Polarity

nve on
Edge detection
PN Lo —{
P61/KEY1
P62/KEY2 ﬂ ) M
P63/KEY3 U IRQ4 Interrupt
X request
P65/KEY5 1
P67/KEY7
P6IMD
PEKYEN1
PEKYEN2

P6KYEN3
PEKYEN4

\
i<
Q

IRQ4SEL

Figure 3-3-3 External Interrupt 4 Interface Block Diagram

External Interrupts ~ 111-41



Chapter 3  Interrupts

3-3-3  Control Registers

The external interrupt input signal, which operated in each external interrupt O to 4 interface generate
interrupt requests.

External interrupt O to 4 interface are controlled by the external interrupt control register (IRQnICR) and the
both edges interrupt control register (EDGDT). And external interrupt interface 0 to 1 are controlled by the
noise filter control register (NFCTRO), external interrupt interface 2 to 4 are controlled by the noise filter
control register (NFCTR1), and external interrupt interface 4 is controlled the port 6 key interrupt control
register (P6IMD).

Table 3-3-2 shows the list of registers, control external interrupt O to 4.

Table 3-3-2 External Interrupt Control Register

External Interrupt Register Address R/W Function Page
IRQOICR X03FE2' R/W External interrupt O control register n-17

External interrupt O EDGDT X03F8F' RW Both edges interrupt control register II1-49
NFCTRO X03F8E' R/W Noise filter control register 0 n-47

IRQ1ICR X03FE3' R/W External interrupt 1 control register -18

External interrupt 1 EDGDT XO3F8F R/W Both edges interrupt control register I -49
NFCTRO X03F8E' R/W Noise filter control register 0 n-47

IRQ2ICR X03FE4' R/W External interrupt 2 control register I-19

External interrupt 2 EDGDT X03F8F R/W Both edges interrupt control register II-49
NFCTR1 X03F8D' R/W Noise filter control register 1 Il1-48

IRQ3ICR X03FE5' R/W External interrupt 3 control register 1l1-20

External interrupt 3 EDGDT X03F8F R/W Both edges interrupt control register 1-49
NFCTR1 X03F8D' R/W Noise filter control register 1 1I1-48

IRQ4ICR X03FE6' RW External interrupt 4 control register n-21

External interrupt 4 EDGDT X03F8F R/W Both edges interrupt control register 1-49
P6IMD X03F3E' R/W Port 6 key interrupt control register 1I1-50

NFCTR1 X03F8D' R/W Noise filter control register 1 1I1-48

R/W : Readable / Writable.
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m Noise Filter Control Register 0 (NFCTRO)
The noise filter control register (NFCTRO) sets the noise remove function for IRQO and IRQ1 and also
selects the sampling cycle of noise remove function. And this register also set the AC zero cross detec-

tion function for IRQL1.

7 6

5

2

1

NFCTRO P21IM | NFISCKL

NF1SCKO

NF1EN

NFOSCK1

NFOSCKO

NFOEN

Chapter 3 Interrupts

(Atreset:0000-000)

NFOEN IRQO/ noise filter setup

Noise filter OFF

1 Noise filter ON

NFOSCK1 | NFOSCKO | IRQO/ noise filter sampling period

fosc
fosc/2®

fosc/2®
fosc/2®

=[O [~k |O

NF1EN IRQ1/ noise filter setup

Noise filter OFF

1 Noise filter ON

NF1SCK1 | NF1SCKO | IRQ1/ noise filter sampling period

fosc
fosc/2®

fosc/2®
fosc/2"

| O [k |O

P21IM ACZ input enable flag

Disable ACZ input

1 Enable ACZ input

Figure 3-3-4 Noise Filter Control Register 0 (NFCTRO : x'03F8E’, R/W)
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m Noise Filter Control Register 1 (NFCTR1)

The noise filter control register (NFCTR1) sets the noise remove function for IRQ2 to IRQA4.

1

0

NFCTR1 . . - - - INF4EN

NF3EN

NF2EN

(Atreset: ----- 000)

NF2EN IRQ2/ noise filter setup
0 Noise filter OFF
1 Noise filter ON

NF3EN IRQ3/noise filter setup
0 Noise filter OFF
1 Noise filter ON

NF4EN IRQ4/noise filter setup
0 Noise filter OFF
1 Noise filter ON

* Sampling cycle is fosc only.

Figure 3-3-5 Noise Filter Control Register 1 (NFCTR1 : x'03F8D", R/W)
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m Both Edges Interrupt Control Register (EDGDT)

The both edges interrupt control register (EDGDT) selects interrupt edges of IRQO to IRQ4. Interrupts are
generated at both edges, or at single edge. The external interrupt control register (IRQOICR to IRQ4ICR)
specifies whether interrupts are generated.

7 6 5 4 3 2 1 0
EDGDT - - |Resenved |EDGSEL4|EDGSEL3| EDGSEL2 EDGSELL|EDGSELO (Atreset --000000)
IRQO Both edges interrupt
EDGSELO selection
Programmable active edge
1 Both edges interrupt
IRQ1 Both edges interrupt
EDGSELL selection
Programmable active edge
1 Both edges interrupt
IRQ2 Both edges interrupt
EDGSEL2 selection
Programmable active edge
1 Both edges interrupt
IRQ3 Both edges interrupt
EDGSEL3 selection
Programmable active edge
1 Both edges interrupt
IRQ4 Both edges interrupt
EDGSEL4 selection
Programmable active edge
1 Both edges interrupt
Reserved Set always to "0"

Figure 3-3-6 Both Edges Interrupt Control Register (EDGDT : x'03F8F', R/W)
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m Port 6 Key Interrupt Control Register (P6IMD)
The port 6 key interrupt control register (P6IMD) selects if key interrupt is approved, and if external interrupt
IRQ4 is approved. Also, this register selects, by 2 bits, which pin on port 6 approved key interrupt.

7

3

2

1

0

P6IMD  |IRQ4SEL

PGKYEN4PGKYEN3

PGKYENZPEKYENL

(Atreset:0---0000)
PEKYEN1 P61, P60 key interrupt
selection

0 disable
1 enable
PEKYEN2 P63, I?62 key interrupt
selection
0 disable
1 enable
PEKYEN3 P65, F_>64 key interrupt
selection
0 disable
1 enable
PEKYEN4 P67, EGG key interrupt
selection
0 disable
1 enable
IRQ4SEL IRQ4 interrupt source selection
0 external interrupt IRQ4
1 P6 key interrupt

Figure 3-3-7 Port 6 Key Interrupt Control Register (P6IMD : x'03F3E’, R/W)
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3-3-4  Programmable Active Edge Interrupt

m Programmable Active Edge Interrupts (External interrupts O to 4)
Through register settings, external interrupts 0 to 5 can generate interrupt at the selected edge either
rising or falling edge.

m Programmable Active Edge Interrupt Setup Example (External interrupt O to 4)
External interrupt 4 (IRQ4) is generated at the rising edge of the input signal from P24.
The table below provides a setup example for IRQ4.

Setup Procedure Description
(1) Specify the interrupt active edge. (1) Setthe REDG4 flag of the external interrupt 4
IRQ4ICR (x'3FE6") control register (IRQ4ICR) to "1" to specify the
bp5 :REDG4 =1 rising edge as the active edge for interrupts.
(2) Setthe interrupt level. (2) Setthe interrupt priority level in the IRQ4LV1-0
IRQ4ICR (x'3FE6") flag of the IRQ4ICR register.
bp7-6 1 IRQ4LV1-0=10

If the interrupt request flag has been already
set, clear it.
[€~ Chapter 3. 3-1-4 Interrupt flag setup ]

(3) Enable the interrupt. (3) Setthe IRQ4IE flag of the IRQ4ICR register to
IRQ4ICR (x'3FE®") "1" to enable the interrupt.
bpl IRQ4IE =1

External interrupt 4 is generated at the rising edge of the input signal from P24.

‘ The Interrupt request flag can be set to "1" at switching the interrupt edge, so specify the
- interrupt active edge before the interrupt permission.

©
E’ The external interrupt pin is recommended to be pull-up in advance.

© When the programmable active edge interrupt is specified for external interrupt 0 to 4 (IRQO
to IRQ4), set the EDGSELn flag of the both edge interrupt control register (EDGDT) to "0".
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3-3-5 Both Edges Interrupt

m Both Edges Interrupt (External interrupts 0 to 4)

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 by both edges interrupt.

m Both Edges Interrupt Setup Example (External interrupts O to 4)
External interrupt 2 (IRQ2) is generated at the both edges of the input signal from P22 pin.
An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Select the both edges interrupt.
EDGDT (x'3F8F")
bp2 :EDGSEL2 =1

(2) Set the interrupt level.
IRQ2ICR (x'3FE4")
bp7-6 :IRQ2LV1-0 =10

(3) Enable the interrupt.
IRQ2ICR (x'3FE4")
bpl :IRQ2IE =1

@)

)

®3)

Set the EDGSEL? flag of the both edges
interrupt control register (EDGDT) to "1" to
select the both edges interrupt.

Set the interrupt level by the IRQ2LV1-0 flag of
the IRQ2ICR register.

The interrupt request flag of the IRQ2ICR
register may be set, so make sure to clear the
interrupt request flag (IRQ2IR).

[f—= Chapter 3 3-1-4 Interrupt flag setup ]

Set the IRQ2IE flag of the IRQ2ICR register
to "1" to enable the interrupt.

At the both edge of the input signal from P22 pin, an external interrupt 2 is generated .

When the both edge interrupt is selected, the interrupt request generates at the both edge,
regardless of the REDGn flag of the external interrupt control register (IRQnICR).

(1

the interrupt enable.

The interrupt request flag may be set to "1" at switching the interrupt edge. So, clear the
interrupt request flag before the interrupt enable. Also, select the both edge interrupt before

The external interrupt pin 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 LSI can set port 6 pin (P60 to P67) by 2 bits to key input pin. Key input interrupt can generate an
interrupt at the falling edge, if at least 1 key input pin outputs low level.

Key input pin should be pull-up in advance.

When key input interrupt is used, set the IRQ4SEL flag of the port6 key interrupt control
register (P6IMD) to "1".

When key input interrupt is used, set the REDG4 flag of the external interrupt 4 control
register (IRQ4ICR) to "0" (falling edge).

-Sil-<il-<
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m Key Input Interrupt Setup Example (External interrupt 4)
After P60 to P63 of port 6 are set to key input pins and key is input (low level), the external interrupt 4 (IRQ4)
is generated. An example setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Set the key input pin to input. (1) Setthe P6DIR3-0 flag of the port 6 direction
P6DIR (x'3F36") control register (P6DIR) to "0000" to set P60 to
bp3-0 :P6DIR3-0 =0000 P63 pins to input pins.
(2) Set the pull-up resistance. (2) Setthe P6PLU 3-0 flag of the port 6 pull-up
P6PLU (x'3F46") resistance control register (P6PLU) to"1111"
bp3-0 . P6PLU3-0=1111 to add the pull-up resistance to P60 to
P63 pins.
(3) Select the key input interrupt. (3) Setthe IRQ4SEL flag of the port 6 key interrupt
P6IMD (x'3F3E") control register (P6IMD) to "1" to select the
bp7 IRQ4SEL =1 external interrupt 4 source to the port 6 key
interrupt.
(4) Select the key input pin. (4) Setthe P6KYEN 2-1 flag of the port 6 key
P6IMD (x'3F3E") interrupt control register (P6IMD) to "11" to
bp1-0 : PBKYEN2-1=11 set P60 to P63 pins to key input pins.
(5) Setthe interrupt level. (5) Setthe interrupt level by the IRQ4LV1-0 flag
IRQ4ICR (x'3FE®6") of the IRQ4ICR register.
bp7-6 1 IRQ4LV1-0=10
If the interrupt request flag has been already
set, clear the it.
[ = Chapter 3 3-1-4. Interrupt flag setup ]
(6) Enable the interrupt. (6) Setthe IRQ4IE flag of the IRQ4ICR register
IRQ4ICR (x'3FE6") to "1" to enable the interrupt.
bpl IRQ4IE =1

Note : The above (3) and (4) are set at the same time.

If there is at least one input signal, from the P60 to P63 pins, shows low level, the external interrupt
4 is generated at the falling edge.

The setup of the key input should be done before the interrupt is enabled.
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3-3-7 Noise Filter

m Noise Filter (External interrupts 0 tol)
Noise filter reduce noise by sampling the input waveform from the external interrupt pins (IRQO, IRQ1).
Its sampling cycle can be selected from 4 types (fosc, fosc/28, fosc/2°, fosc/21).

m Noise Remove Selection (External interrupts 2 to 4)
Noise filter reduce noise by sampling the input waveform from the external interrupt pins (IRQ2 to IRQ4). Its

sampling cycle is fosc.

m Noise Remove Selection (External interrupts 0 to 4)
Noise remove function can be selected by setting the NFnEN flag of the noise filter control register

(NFCTR) to "1".

Table 3-3-3 Noise Remove Function

Chapter 3 Interrupts

NFnEN

0

1

IRQO input (P20)

IRQO Noise filter OFF

IRQO Noise filter ON

IRQ1 input (P21)

IRQ1 Noise filter OFF

IRQ1 Noise filter ON

IRQ2 input (P22)

IRQ2 Noise filter OFF

IRQ2 Noise filter ON

IRQ3 input (P23)

IRQ3 Noise filter OFF

IRQ3 Noise filter ON

IRQ4 input (P24)

IRQ4 Noise filter OFF

IRQ4 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 1- 0 flag of the NFCTR register.

Table 3-3-4 Sampling Cycle / Time of Noise Remove Function

High-Speed oscillation

NFnCKS1 | NFnckso | Sampling
cycle fosc=20 MHz fosc=8 MHz
0 fosc 20 MHz 50 ns 8 MHz 125ns
° 1 fosc/2® | 78.13kHz | 12.80ps | 31.25kHz 32 us
L 0 fosc/2® | 39.06 kHz | 25.60ps | 15.62 kHz 64 ps
1 fosc/2’® | 19.53kHz | 51.20ps | 7.81kHz 128 ps
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m Noise Remove Function Operation (External interrupts 0 to 4)

After sampling the input signal to the external interrupt pins ( IRQO to IRQ4) by the set sampling time, if the
same level comes continuously three times, that level is sent to the inside of LSI. If the same level does not
come continuously three times, the previous level is sent. It means that only the signal with the width of
more than " Sampling time X 3 sampling clock " can pass through the noise filter, and other much narrower
signals are removed, because those are regarded as noise.

= L
IRQn pin nput signal J

Waveform after
filtering noise

Figure 3-3-8 Noise Remove Function Operation

Noise filter can not be used at STOP mode, HALT mode and SLOW mode.
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m Noise Filter Setup Example (External interrupt 0 and 1)

Noise remove function is added to the input signal from P20 pin to generate the external interrupt 0
(IRQO) at the rising edge. The sampling clock is set to fosc, and the operation state is fosc = 20 MHz.
An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

@)

)

®3)

(4)

(5)

Specify the interrupt active edge.

IRQOICR (x'3FE2)
bp5 'REDGO =1

Select the sampling clock.
NFCTRO (x'3F8E")
bp2-1 : NFOSCK1-0 =00

Set the noise filter operation.
NFCTRO (x'3F8E")
bpO :NFOEN =1

Set the interrupt level.
IRQOICR (x'3FE2")
bp7-6 : IRQOLV1-0=10

Enable the interrupt.
IRQOICR (x'3FE2")

bpl - IRQOIE 1

@)

)

®3)

(4)

(®)

Set the REDGO flag of the external interrupt O
control register (IRQOICR) to "1" to specify the
interrupt active edge to the rising edge.

Select the sampling clock to fosc by the
NFOSCK 1-0 flag of the noise filter control
register (NFCTRO).

Set the NFOEN flag of the NFCTRO register to
"1" to add the noise filter operation.

Set the interrupt level by the IRQOLV 1- 0 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 ]

Set the IRQOIE flag of the IRQOICR register to
"1" to enable the interrupt.

Note : The above (2) and (3) are set at the same time.

The input signal from the P20 pin generates the external interrupt O at the rising edge of the signal,

after passing through the noise filter.

G The setup of the noise filter should be done 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 LSI has AC zero-cross detector circuit. The P21 / ACZ pin is the input pin 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 1)

AC zero-cross detector sets the IRQ1 pin to the high level when the input signal (P21/ACZ pin) is at
intermediate range. At the other level, IRQ1 pin is set to the low level. AC zero-cross can be detected by
setting the P21IM flag of the noise filter control register (NFCTR) to "1".

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

Ideal
IRQ1

Actual i : i
Q1 H H

Figure 3-3-9 AC Line Waveform and IRQ1 Generation Timing

Actual IRQ1 interrupt request is generated several times at crossing the 1/2 Vbbp of AC line wave-
form. So, the filtering operation by the program is needed.

The interrupt request is generated at the rising edge of the AC zero-cross detector signal.
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m AC Zero-Cross Detector Setup Example (External interrupt 1)
AC zero-cross detector generates the external interrupt 1 (IRQ1) by using P21/ACZ pin.
An example setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Selectthe AC zero-cross detector (1) Setthe P21IM flag of the noise filter control
signal. register (NFCTRO) to "1" to select the AC
NFCTRO (x'3F8E") zero-cross detector signal as the external
bp7 : P21IM =1 interrupt 1 generation factor.
(2) Setthe interrupt level. (2) Setthe interrupt level by the IRQ1LV 1-0
IRQ1ICR (Xx'3FE3") flag of the 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) Setthe IRQLIE flag of the IRQ1ICR register to
IRQLICR (x'3FE3") "1" to enable the interrupt.
bpl 1 IRQ1IE =1

When the input signal level from P21/ACZ pin crosses 1/2 VDD, the external interrupt 1 is generated.
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Chapter 4 1/0O Ports

4-1 Overview

4-1-1  1/O Port Diagram

A total of 54 pins on this LSI, including those shared with special function pins, are allocated for the 8 1/0
ports of ports 0 to 2, ports 5 to 8 and port A. Each I/O port is assigned to its corresponding special function
register area in memory. I/O ports are operated in byte or bit units in the same way as RAM.

<—»{ P00,SBO1A TXD1A KEY0,SD00,P60 [¢——
<—»{ P01,SBI1A,RXD1A,SDA4B KEY1,SDO1,P61 [&—>
<—»{ P02,SBT1A,SCL4B KEY2,SD02,P62 [¢—>
Port0 <——»{ P03,SBO0A, TXDOA KEY3,SD03,P63 [¢—— Port6
<——»{ P04,SBIOA,RXDOA KEY4,SD04,P64 [¢—>
<—»{ P05,SBTOA KEY5,SD05,P65 [¢—
<—»{ P06,BUZZER KEY6,SD06,P66 [¢—
KEY7,SDO7,P67 ¢—>
<—» P10,RMOUTA, TCOOA
<——» P11,RMOUTB,TCIO0B TXDOB,SBOOB,P70 {[¢——»
Portl <«—» P12, TCO4A RXDOB,SBIOB,P71 ¢——»
<«—» P13 TCIO4B SBTOB,P72 [¢—>»
<«—» P14,TCIO7 TXD1B,SBO1B,P73 +—»
RXD1B,SBI1B,P74 [¢—> Port7
SBT1B,P75 [¢—>
<«—>|P20,IRQO0 TCIO1,P76 ¢—>
<«—>»|P22,IRQ2
Port2 +«—>|P23,IRQ3
<«——»{P24,IRQ4 LEDO,P80 [¢——»>
LED1,P81 l¢—»>
P27 NRST LED2,P82 l¢—»>
' LED3,P83 l¢——»>
LED4,P84 ¢——» Port8
LED5,P85 [«——»>
<«—» P50,SBI3 LED6,P86 {[«——»
<«—— P51,SB0O3,SDA3 LED7,P87 le——»
Port5 <«—— P52,SBT3,SCL3
<——» P53,SDA4A
DAO,ANO,PAQ [¢———
‘ » P54,SCL4A DALANLPAL [—
AN2,PA2 ¢—
AN3,PA3 [¢—— PortA
AN4,PA4 ¢——
AN5,PA5 ¢——
ANG,PAG [¢&——

Figure 4-1-1 1/O Port Functions
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4-1-2 I/O Port Status at Reset

Table 4-1-1 1/O Port Status at Reset (Single chip mode)

Port Name /O mode Pull-up / Pull-down resistor I/O port, special functions
Port0 Input mode No pull-up resistor 1/O port
Port 1 Input mode No pull-up resistor 1/O port

P27 : Pull-up resistor
Port 2 Input mode 1/0 port

Others : No pull-up resistor

Port5 Input mode No pull-up resistor I/O port
Port 6 Input mode No pull-up resistor I/O port
Port 7 Input mode No pull-up / pull-down resistor I/O port
Port 8 Input mode No pull-up resistor I/O port
Port A Input mode No pull-up / pull-down resistor I/O port
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4-1-3  Control Registers

Ports 0 to 2, ports 5 to 8 and port A are controlled by the data output register (PnOUT), the data input
register (PnIN), the 1/O direction control register (PnDIR), the pull-up resistor control register (PnPLU) and
the pull-up / pull-down resistor control resister (PNPLUD) and registers (P1OMD, PITCNT, PAIMD, FLOAT)
that control special function pin.

Table 4-1-3 shows the registers to control ports 0 to 2, Ports 5to 8 and Port A ;

Table 4-1-2  1/O Port Control Registers List (1/2)

Register Address R/W Function Page

POOUT X03F10' R/W  |Port 0 output register V-7

Port0 POIN X03F20' R Port 0 input register IV-7
PODIR X03F30' R/W  |Port 0 direction control register V-7

POPLU X03F40' R/W  |Port 0 pull-up resistor control register V-7

P1OUT X03F11' R/W  |Port 1 output register IV-13

P1IN X03F21' R Port 1 input register IV-13

Port 1 P1DIR X03F31' R/W  |Port 1 direction control register IV-13
P1PLU X03F41' R/W  |Port 1 pull-up resistor control register IV-13

P1OMD X03F2F R/W  |Port 1 output mode register IV-14

P1TCNT X03F7E' R/W  |Port 1 output control register IV-14

P20UT X03F12' R/W  |Port 2 output register IV-17

Port 2 P2IN X03F22' R Port 2 input register IV-17
P2DIR X03F32' R/W  |Port 2 direction control register IV-17

P2PLU X03F42' R/W  |Port 2 pull-up resistor control register IV-17

P50UT X03F15' R/W  |Port5 output register IV-21

Port5 P5IN X03F25' R Port 5 input register IV-21
P5DIR X03F35' R/W  |Port5 direction control register IV-21

P5PLU X03F45' R/W  |Port5 pull-up resistor control register IV-21

P6OUT X03F16' R/W  |Port 6 output register IvV-27

P6IN X03F26' R Port 6 input register IV-27

Port6  |P6DIR X03F36' R/W  [Port 6 direction control register IV-27
P6PLU X03F46' R/W  |Port 6 pull-up resistor control register IV-27

P6SYO X03F1E' R/MW  |Port 6 synchronous output control register IV-28
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Table 4-1-3 1/O Port Control Registers List (2/2)

Register Address RW Function Page

P70UT X03F17' R/W  |Port 7 output register IV-31

Port 7 P7IN X03F27' R Port 7 input register IV-31
P7DIR X03F37' R/W  |Port 7 direction control register IV-31

P7PLUD X03F47' R/W  |Port 7 pull-up / pull-down resistor control register IV-31

P8OUT X03F18' R/W  |Port 8 output register IV-38

P8IN X03F28' R Port 8 input register IV-38

Port 8 PSDIR X03F38' RMW  |Port 8 direction control register IV-38
P8PLU X03F48' R/W  |Port 8 pull-up resistor control register IV-38

P8LED X03F1D' R/W  |Port 8 LED control register V-39

PAOUT X03F1A R/W  |Port Aoutput register IV-42

PAIN X03F2A' R Port Ainput register IV-42

Port A PADIR X03F3A RMW  |Port Adirection control register IV-42
PAPLUD X03F4A R/W  |Port Apull-up / pull-down resistor control register IV-42

PAIMD X03F3C' R/W  |Port Ainput control register IV-43

Pin Control |FLOAT  [x03F2E' R  |Pull-up /Pull-down resistor selection, IV-28, 32, 43
pin control register

Overview V-5
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4-2 Port O

4-2-1  Description

EGeneral Port Setup

Each bit of the port O control I/O direction register (PODIR) can be set individually to set each pin as input
or output. The control flag of the port O direction control register (PODIR) should be set to "1" for output
mode, and "0" for input mode.

To read input data of pin, set the control flag of the port 0 direction control register (PODIR) to "0" and
read the value of the port O input register (POIN).

To output data to pin, set the control flag of the port O direction control register (PODIR) to "1" and write
the value of the port 0 output register (POOUT).

Each bit can be set individually whether pull-up resistor is added or not, by the port 0 pull-up resistor control
register (POPLU). Set the control flag of the port O pull-up resistor control register (POPLU) to 1" to add pull-
up resistor.

ESpecial Function Pin Setup

P00 to P02 are used as I/O pin for serial interface 0, as well. POO is output pin of the serial interface 1
transmission data. The SC1SBOS flag of the serial interface 1 mode register 1 (SC1MD1) is set to "1" for
serial data output. P01 is the input pin of the serial interface 1 reception data. P02 is I/O pin of the serial
interface 1 clock. The SC1SBTS flag of serial interface 1 mode register 1 (SC1MD1) is set to "1" for serial
clock output.

P03 to P05 are used as I/O pin for serial interface 0, as well. P03 is output pin of the serial interface 0
transmission data. The SCOSBOS flag of the serial interface 0 mode register 1 (SCOMD1) is set to "1" for
serial data output. P04 is the serial interface O reception data input pin. PO5 is I/O pin of the serial interface
0 clock. The SCOSBTS flag of serial interface 0 mode register 1 (SCOMD1) is set to "1" for serial clock
output pin.

P01 to P02 are used as I/O pin for serial interface 4, as well. PO1 is data I/O pin of the serial interface 4. The
SELI2C flag of the serial interface 4 address register 1 (SC4AD1) is set to "1" for serial data output pin. P02
is the serial interface 4 clock I/O pin. The SELI2C flag of serial interface 4 address register 1 (SC4AD1) is
set to "1" for serial clock 1/O.

P06 is used as buzzer output pin, as well. When the bp7 of the oscillation stabilization control register
(DLYCTR) is "1", buzzer output is enabled.

V-6 Port 0
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4-2-2  Registers

7 6 5 4 3 2 1 0

POOUT - POOUT6 | POOUTS | POOUT4 |POOUT3 |POOUT2 |POOUTL |POOUTO | (Atreset:- 0000000)
‘ POOUT Output data
0 L(Vss level)
1 H(VDD level)

Port 0 output register (POOUT : x'03F10', R/W)

7 6 5 4 3 2 1 0

POIN - POING | POIN5 | POIN4 | POIN3 | POIN2 | POIN1 | POINO | (Atreset: - X X X X X X X))

POIN Input data

Pin is low(Vss level).

1 Pin is high(Vop level).
Port 0 input register (POIN : x'03F20', R)
7 6 5 4 3 2 1 0
PODIR ‘ - ‘ PODIR6 ‘ PODIRS ‘ PODIR4 ‘ PODIR3 ‘ PODIR2 ‘ PODIR1 ‘ PODIRO ‘ (Atreset:- 0000000)
‘ PODIR 1/0 mode selection
Input mode
1 Output mode

Port O direction control register (PODIR : xX'03F30', R/W)

7 6 5 4 3 2 1 0

POPLU - | POPLUS | POPLUS | POPLUA | POPLU3 | POPLUZ [ POPLUL [POPLUO | ( Atreset:- 0000000)

POPLU Pull-up resistor selection

No pull-up resistor
1 Pull-up resistor

Port O pull-up resistor control register (POPLU : x'03F40', R/W)

Figure 4-2-1 Port 0 Registers
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4-2-3 Block Diagram

ML Reset
r | POPLUO
Pull-up resistor control D Q| {>0
Write —{L {7— Read
Reset
- r | PODIRO |
1/0 direction control D Q| *
Write — L {7— Read
o)
g Re‘set
g R ] POOUTO 0_|M
Port output data ® D Qf
. {Z 1|V
Write —L Read
— X
A

POINO

) e !
Port input data W\‘ <
Read
Serial interface 1 transmission data output/
UART transmission data output
SC1MD1 register
SC1SBOS flag
Figure 4-2-2 Block diagram (P00)
M\ Reset
—
rR | SC40DCO00
Nch open-drain control PQ
Write —{L Read
Reset
_ =] POPLU1 ~
Pull-up resistor control Q| | >
Write —L %— Read
9 Reset
— & R | PODIR1 |
1/0 direction control 53 D Q ‘ ——
s Write —|L {% Read
R t
ese M
R | POOUT1 0
Port output data D Q = U
Write —]L Y%— Read 1 XJ
1
_ 1 POIN1 P
Port input data j\l <
Read
N

Serial interface 4 transmission data output

Serial interface 1 reception data input
/UART 1 reception data input
Serial interface 4 reception data input

SC4AD1 register
SELI2C flag

Figure 4-2-3 Block diagram (P01)

V-8 Port 0



Nch open-drain control

Pull-up resistor control

1/0 direction control

o

2

P

o

c

Port output data @
Port input data

Serial interface 1 clock input

Reset

Chapter 4

1/0 Ports

r | SC40DCO1
D Q
Write 7"7 # Read ?7
r | POPLU2 ‘
D Q {>c ‘
Write 7"7 %— Read
Reset
R | PODIR2 ‘
D Q| ‘
Write —L ] iTZ— Read
Re‘set
[R] POOUT2 M
D Q
. YT} u
Write —L Read
— X
A
__POIN2 A
~J
Read

Serial interface 4 clock input

Serial interface 1 clock output

Serial interface 4 clock output

SC1MD1 register

SC1SBTS flag—————————————)
SCA4ADL1 register %

SELI2C flag

Nch open-drain control

Pull-up resistor control

1/0 direction control

Port output data

Port input data

Serial interface 0 transmission data output
UART transmission data output

SCOMD1 register

SCOSBOS flag

snq ereq

Figure 4-2-4 Block diagram (P02)

Reset
r | SCOODCO
D Q
Write —L ] %— Read i?
Reset
r | POPLU3
D Q {>O } —
Write 7"7 %— Read
Reset
R | PODIR3 ‘
D Q |
Write 7; %— Read
Reset
R | POOUT3 M
D Q
U
Write —]L Read
X
A
1 POIN3 P
~J
Read

Figure 4-2-5 Block diagram (P03)

Port O

V-9
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N e
) r | POPLU4
Pull-up resistor control D Q Dc
Write — L f /— Read
. R | PODIR4 ‘
1/0 direction control D Q
Write — L f /— Read
o
g POOUT4 M 4{
Port output data o Q
U
X
A
. 1 POIN4 P
Port input data \N <
Read
,\/
Serial interface 0 reception data input
UART reception data input
Figure 4-2-6 Block Diagram (P04)
v
Reset
r | SCOODC1
Nch open-drain control D Q
Write —L # Read v
Reset
r | POPLUS
Pull-up resistor control Q| {>O
Write —L %— Read
Reset
r | PODIRS \
1/0 direction control D Q
Write — L ﬁ— Read
o
2 Re‘set
g R ] POOUTS5 0_|M 4{
Port output data @ D Q|
. {% 1 u
Write —L Read
X
A
POIN5
Port input data <] <}
Read
—~

% P05

Serial interface 0 clock input

Serial interface O clock output

SCOMDL1 register

SCOSBTS flag

IV-10  Porto

Figure 4-2-7 Block Diagram (P05)
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RS Reger
) R | POPLU6 ‘
Pull-up resistor control D Q DO ‘ |
Write 7"7 {7— Read
- R | PODIRG
1/0 direction control D Q °
Write —(L Read
— P06
g = % -
5 R | POOUT6 0 | M
Port output data e D Q P .
Write —{L {7— Read _l> u
B X
A
POIN6
i b e
Port input data j\l <{
Read
~NJ

Buzzer output

DLYCTR register bp7

Figure 4-2-8 Block Diagram (P06)
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4-3 Port 1

4-3-1  Description

EGeneral Port Setup

Each bit of the port 1 control I/O direction register (P1DIR) can be set individually to set pins as input or
output. The control flag of the port 1 direction control register (P1DIR) should be set to "1" for output
mode, and "0" for input mode.

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).

To output data to 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 (P1OUT).

Each bit can be set individually whether pull-up resistor is added or not, by the port 1 pull-up resistor control
register (P1PLU). Set the control flag of the port 1 pull-up resistor control register (P1PLU) to "1" to add pull-
up resistor.

ESpecial Function Pin Setup

P10, P12 and P14 have real time output control function. P10, P12, and P14 can be used as I/O ports and
also switched to 3 types of pin output; "High", "Low", and "Hi-z". P10 is controlled with bp1, bp0, P12 is
controlled with bp3, bp2 and P14 is controlled with bp5, bp4 of the port 1 output control register (PLTCNT).
When these flags are set to "00", these pins are used as I/O ports. When the pins are set to "01", "High"
is output, to "10", "Low" is output and to "11", "High-z" is output.

Also, P10 to P14 are used as timer I/O pin, as well. P10 is used as remote control carrier output pin, as
well. The port 1 output mode register (PLOMD) can select P10 to P14 output mode by each bit. When port
1 output mode register (P1OMD) is "1", special function data is output, and when it is "0", they are used as

general port.

For more information, refer to 4-12 Real Time Output Control Function [p.IV-45].

IV-12  Port1
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P1OUT

P1IN

P1DIR

P1PLU

Registers

6 5 4

3

2

1

0

P10UT4

P10UT3

P10UT2

P10UT1

P10UTO

Chapter 4 1/0O Ports

Port 1 output register (P1OUT : x'03F11', R/W)

3

2

1

P1IN4

P1IN3

P1IN2

P1IN1

P1INO

Port 1 input register (P1IN : x'03F21', R)

6 5 4

3

2

1

0

P1DIR4

P1DIR3

P1DIR2

P1DIR1

P1DIRO

Port 1 direction control register (P1DIR : x'03F31', R/W)

6 5 4

3

2

1

0

P1PLU4

P1PLU3

P1PLU2

P1PLUL

P1PLUO

(Atreset:- - - 00000)
P1OUT Output data
0 Low (Vss level)
1 High (Vop level)
(Atreset:- - - XXX XX)
P1IN Input data
0 Pin is low(Vss level).
1 Pin is high(VDD level).
(Atreset: - - - 00000)
P1DIR 1/0O mode selection
Input mode
1 Output mode

(Atreset: - - -00000)

P1PLU

Pull-up resistor selection

No pull-up resistor

1

Pull-up resistor

Port 1 pull-up resistor control register (P1PLU : x'03F41', R/W)

Figure 4-3-1 Port 1 Registers (1/3)
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7 6

5

4

3

2

1

0

P1OMD — |P1OMD6

P1OMD5

P10MD4

P10MD3

P10OMD2

P10OMD1

P10MDO

(Atreset:-0000000)

IV-14  Port1

P10OMDO P10 output mode selection
0 I/O port
Timer 0 output / Remote control output
P10OMD1 P11 output mode selection
1/0 port
Timer 0 output / Remote control output
P1OMD2 P12 output mode selection
0 1/0 port
1 Timer 4 output
P10OMD3 P13 output mode selection
0 I/O port
1 Timer 4 output
P1OMD4 P14 output mode selection
0 1/O port
Timer 7 output
P10OMD5 P76 output mode selection
0 I/O port
1 Timer 1 output
P1OMD6 P77 output mode selection
0 1/0 port
1 Timer 5 output

Port 1 output mode register (PLOMD: X'03F2F', R/W)

Figure 4-3-2 Port 1 Registers (2/3)
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7 6 5 4 3 2 1 0

P1TCNT — — |PICNT5|P1CNT4 P1CNT3|P1CNT2 [P1CNT1 P1CNTO (At reset: --000000 )

P1CNTIP1CNT(Q P10 Output Control

0 1/0 port
0 1 High output
0 Low output
L 1 Hi-z output

1CNT3P1CNT2 P12 Output Control

0 1/0 port
0 1 High output
1 0 Low output
1 Hi-z output

1CNT5P1CNT4{ P14 Output Control

0 0 1/0 port
1 High output
1 0 Low output
1 Hi-z output

P10 Output Control register ( PLTCNT : X'03F7E', R/W)

Figure 4-3-3 Port 1 Registers (3/3)
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4-3-3 Block Diagram

External interrupt O Edge event
(IRQO) Hold function

R
. o %

) R | P1PLUO,2,4
Pull-up resistor control D Q
CK

Write —CK | f /— Read {>C } E

Reset
.

CcC Z |-

o R | P1DIRO,2,4
1/0 direction control Q

D
Write —{CK f /— Read

X

g s
X C Z |-

-

<[ P10, P12, P14

P10OUTO0,2,4

Port output data

D Q

snqg ereg

Reset
.

P10OMDO,2,4

R
Output mode control D Q|
Write —CK f /— Read

Reset
2

P1TCNTO-5 2

R
D Q
Write —CK f /— Read

. P1INO,2,4

Output control

Port input data

JAN

w\l
’\/ Read

Timer input

Timer output

Figure 4-3-4 Block Diagram (P10, P12, P14)

’\/ Reset %[
R
Pull-up resistor control D Q P1PLUL3 {>0 } b
Write —CK Read
- R | P1DIR1,3 |
1/0 direction control D Q| ‘
Write —{(CK Read
—{ > P11, P13
o N
2 P10OUT1,3 0 M
Port output data = D Q >
e
@ Write —{CK Read 1. U
— X
Reset
r | P1LOMD1,3
Output mode control D Q
Write —CK Read
P1IN1,3
; d ' !
Port input data W\‘ ~J
’\/ Read
Timer input
Timer output

Figure 4-3-5 Block Diagram (P11, P13)
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4-4 Port 2

4-4-1  Description

EGeneral Port Setup

Each bit of the port 2 control I/O direction register (P2DIR) can be set individually to set pins as input or
output. The control flag of the port 2 direction control register (P2DIR) should be set to "1" for output
mode, and "0" for input mode.

To read input data of pin, set the control flag of the port 2 direction control register (P2DIR) to "0" and
read the value of the port 2 input register (P2IN).

To output data to pin, set the control flag of the port 2 direction control register (P2DIR) to "1" and write
the value of the port 2 output register (P20UT).

P27 is reset pin. When the software is reset, write the bp7 of the port 2 output register (P20UT) to "0".
Except P27, each bit can be set individually whether pull-up resistor is added or not, byt the port 2 pull-up
resistor control register (P2PLU). When the control flag of the port 2 pull-up resistor control register

(P2PLU) is set to "1", pull-up resistor is added. P27 is always added pull-up resistor.

ESpecial Function Pin Setup
P20 to P24 are used as external interrupt pins, as well.

P21 is used as an input pin for external interrupt and AC zero-cross. To read data of AC zero-cross, set the
bp7 of the noise filter control register (NFCTRO) to "1" and read the value of the port 2 input register (P2IN).

pPort2 IV-17
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4-4-2  Registers

7 6 5 4 2 2 1 0
P20UT  |P20UT7| — — | P20UT4| P20UT3| P20UT2|P20UT1|P20UTO| (Atreset:1- - 00000 )

P20UT Output data

Low (Vss level)

1 High (VoD level)
Port 2 output register(P20UT : x'02F12', R/W)
7 6 5 4 2 2 1 0
P2IN P2IN7 — — P2IN4 | P2IN2 | P2IN2 | P2IN1 | P2INO (Atreset:1- - XXX XX)
P2IN Input data
0 Pin is Low (Vss level).
1 Pin is High (VDb level).
Port 2 input register(P2IN : x'02F22', R)
7 6 5 4 3 2 1 0
P2DIR — — — P2DIR4 | P2DIR2 | P2DIR2 | P2DIR1 | P2DIR0O | (Atreset:- - - 00000)
| P2DIR I/0 mode selection
Input mode
1 Output mode

Port 2 direction control register (P2DIR : x'02F32', R/W)

7 6 5 4 2 2 1 0

P2PLU - - — | P2PLU4 | P2PLU2 | P2PLU2 [P2PLUL |P2PLUO | (Atreset:- - - 00000)

P2PLU Pull-up resistor selection

No pull-up resistor

1 Pull-up resistor

Port 2 pull-up resistor control register(P2PLU : x'02F42', R/W)

Figure 4-4-1 Port 2 Registers
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4-4-3

Pull-up resistor control

1/0 direction control

Port outut data

Port input data

External interrupt

Pull-up resistor control

1/0 direction control

Port output data

Port input data

NFCTR register bp7
AC zero-cross input

External intrerrupt

snq eleq

Block Diagram

Chapter 4 1/0 Ports

% P20,P22-P24

Reset
R | P2PLUO,2-4
D Q > |
Write 7"7 {7— Read
Reset
R | P2DIRO,2-4 ‘
D Q ‘ >
Write 7"7 {7— Read
Reset
-
R | P20UTO,2-4
D Q
Write 7"7 Y%— Read 17

P2INO,2-4

< ’ A

~ <

Read Schmitt trigger input

snq ereq

Figure 4-4-2 Block Diagram (P20, P22 to P24)

Reset

L
R | P2PLU1

D Q
Write — L {7— Read

Reset

R | P2DIR1
Q

D
Write —{L {% Read

Reset

R 5 P20UT1

Write —{L Read

d
:

AC zero-cross 1
detection circuit

A

X CcZ

<

Schmitt trigger input

Figure 4-4-3 Block Diagram (P21)
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M\ 7;7_{4

Reset
P20UT7

Port output data

e

Write
Read

snqg ereq

Reset

»—E P27

Port input data P2IN7 o< o@

Schmitt trigger input

\J

Rese Noise filter

Figure 4-4-4 Block Diagram (P27)
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4-5 Port 5

4-5-1 Description

HGeneral Port Setup

Each bit of the port 5 control I/O direction register (P5DIR) can be set individually to set pins as input or
output. The control flag of the port 5 direction control register (P5DIR) is set to "1" for output mode, and
"0" for input mode.

To read input data of pin, set the control flag of the port 5 direction control register (P5DIR) to "0" and
read the value of the port 5 input register (P5IN).

To output data to pin, set the control flag of the port 5 direction control register (P5DIR) to "1" and write
the value of the port 5 output register (P50UT).

Each pin can be set individually whether 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.

ESpecial Function Pin Setup

P50 to P52 are used as I/O pin for the serial interface 3, as well. P51 is output pin of the serial interface 3
transmission data. When the SC3SBOS flag of the serial interface 3 mode register 1 (SC3MD1) is "1", P51
is serial data output pin. P50 is the input pin of the serial interface 3 reception data. P52 is 1/O pin of the
serial interface 3 clock. When the SC3SBTS flag of serial interface 3 mode register 1 (SC3MD1) is "1", P52
is serial clock output pin.

IP53 to P54 are used as I/O pin for the serial interface 4, as well. P53 is data I/O pin of the serial interface
4. When the SELI2C flag of the serial interface 4 address register 1 (SC4AD1) is "1", P53 is serial interface
4 1/0 pin. P54 is the serial interface 4 clock I/O pin. When the SELI2C flag of serial interface 4 address
register 1 (SC4AD1) is "1", P54 is serial clock 1/O pin.

port5 IV-21
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4-5-2  Registers

7 6 5 4 3 2 1 0

P50UT - - — |P50UT4|P50UT3 [P50UT2 [P50UTL |P50OUTO | (Atreset:- - - 00000)

P50UT Output data

Low (Vss level)

1 High (VDD level)
Port 5 output register (P50UT : x'03F15', R/W)
7 6 5 4 3 2 1 0
P5IN — - — | P5IN4 | P5IN3 | P5IN2 | P5IN1 [ P5INO | (Atreset:- - - XXX XX)
P5IN Input data
0 Pin is Low (Vss level).
1 Pin is High (VDD level).
Port 5 input register (P5IN : xX'03F25', R)
7 6 5 4 3 2 1 0
P5DIR — — | P5DIR4 | PSDIR3 | PSDIR2 | PSDIRL |PSDIRO | (Atreset:- - - 00000)
P5DIR 1/0 mode selection
0 Input mode
1 Output mode
Port 5 direction control register (P5DIR : x'03F35', R/W)
7 6 5 4 3 2 1 0
P5PLU — — | P5PLU4 | PSPLU3 | P5PLU2 |P5PLUL [PSPLUO | (Atreset:- - - 00000)
P5PLU Pull-up resistor selection

No pull-up resistor

1 Pull-up resistor

Port 5 pull-up resistor control register (P5PLU : x'03F45', R/W)

Figure 4-5-1 Port 5 Registers
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4-5-3  Block Diagram

N Reget
r | PSPLUO |
Pull-up resistor control D Q {>c ‘ >

Write — L Read

#Q PSDIRO \

1/0 direction control D ‘
Write — L Read
(] v [ pso

[R] P50UTO

Port output data D Q|
Write —{L E /— Read

snq ereq

AN

Port input data

Serial interface 3 reception data input

Figure 4-5-2 Block Diagram (P50)

Reset
) r | SC30DCO
Nch open-drain control D Q ‘
Write —{L f A Read v
Reset
R | P5SPLUL |
Pull-up resistor control D Q {>(> ‘ —
Write — L f /— Read
Reset
R | PSDIR1 ] ‘
1/0 direction control D Q ‘
Write —L Read
|y e
% Re‘set
= R | P5OUT1 0 M
Port output data @ D Q|
) 1 ]
Write — L Read
X
|
. 4 P5INL P
Port input data j\l <
Read
Serial interface 3 transmission output
SC3MDL1 register

SC3SBOS flag

Figure 4-5-3 Block Diagram (P51)

Port5 1V-23



Chapter 4 1/0O Ports

Reset
L

r | SC30DC1

Nch open-drain control

Pull-up resistor control

Write — Read

%Lﬁ

Reset

1/0 direction control

snq eleq

Port output data

P5PLU2
b Q [>o
Write 7; E /— Read
Reset
R | PSDIR2 ‘
D Q ‘
Write 7"7 Read
Reset
R ] P5SOUT2

Write — Read

‘.—U
o

_ P5IN2

Port input data

Serial interface 3 clock input

o
o
mi

Serial interface 3 clock output

SC3MD1 register

SC3SBTS flag

Nch open-drain control

Pull-up resistor control

1/0 direction control

Port output data

Port input data

Serial interface 4 reception data input

Serial interface 4 transmission data output

SC4AD1 register
SELI2C flag

IV-24  ports

snq erea

Figure 4-5-4 Block Diagram (P52)

Reset

R | SC40DC10

/N

Write — Read

Reset

P5PLU3

o

Y

ﬂ P53

Figure 4-5-5 Block Diagram (P53)

D Q| {>"
Write —L | f /— Read
R | P5DIR3 |
D Q ‘
Write —L | f /— Read
Reset
P50UT3 M
DRQ
Write —L Read
- X
A
| P5IN3 P
~
Read
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MU Reset

& SC40DC11

Nch open-drain control D Q
Write —{L f A Read v
Reset
' 7] P5PLU4 ‘
Pull-up resistor control D Q {>0 ‘
Reset
o r | P5DIR4 |
1/0 direction control D Q |
: {3 s
% Reset
z ("] P5OUT4 0o_| M
Port output data o D Q
J— Sl
Write —L Read
X
A
P5IN4
Port input data <] <}
Read
Serial interface 4 clock input
Serial interface 4 clock output
SC4AD1 register

SELI2C flag

Figure 4-5-6 Block Diagram (P54)
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4-6 Port 6

4-6-1 Description

EGeneral port Setup

Each bit of the port 6 control I/O direction register (P6DIR) can be set individually to set pins as input or
output. The control flag of the port 6 direction control register (P6DIR) is set to "1" for output mode, and
"0" for input mode.

To read input data of pin, set the control flag of the port 6 direction control register (P6DIR) to "0" and
read the value of the port 6 input register (P6IN).

To output data to pin, set the control flag of the port 6 direction control register (P6DIR) to "1" and write
the value of the port 6 output register (P60OUT).

Each bit can be set individually whether pull-up resistor is added or not, by the port 6 pull-up resistor control
register (P6PLU). Set the control flag of the port 6 pull-up resistor control register (P6PLU) to "1" to add pull-
up resistor.

W Special Function Pin Setup

P60 to P67 are used as input pin for the key interrupt, as well. Each bit can be set individually as
synchronous output by the port 6 synchronous output control register (P6SYO). The port 6 synchronous
output control register (P6SYO) is set to "1" for synchronous output, and "0" for general port. The pin
control register (FLOAT) can select the event that generates synchronous output. When the bp1, bp0 of
the pin control register (FLOAT) is "00", the external interrupt 2 (IRQ2) is selected, "01" for the timer 7
interrupt, "10" for the timer2 interrupt, and "11" for the timer 1 interrupt.

IV-26 Port6



Chapter 4 1/0 Ports
4-6-2 Registers
7 6 5 4 3 2 1 0
P60OUT P60UT7 | P60UT6 | P6OUTS | P60UT4 | P6OUT3 |P60UT2 |P60OUTL [P60OUTO | ( Atreset:00000000)
‘ P6OUT Output data
Low (Vss level)
1 High (VDD level)
Port 6 output register (P60OUT : x'03F16', R/W)
7 6 5 4 3 2 1 0
P6IN P6IN7 | P6IN6 [ P6INS | P6IN4 | P6IN3 | P6IN2 | P6IN1 | PGINO (Atreset: X X X X X X X X)
‘ P6IN Input data
0 Pin is Low (Vss level).
1 Pin is High (VDD level).
Port 6 intput register (P6IN : xX'03F26', R)
7 6 5 4 3 2 1 0
P6DIR P6DIR7 | P6DIR6 | P6DIRS | P6DIR4 | P6DIR3 | P6DIR2 | P6DIR1 | P6DIRO | ( Atreset:00000000)
P6DIR 1/0 mode selection
0 Input mode
1 Output mode
Port 6 direction control register (P6DIR : x'03F36', R/W)
7 6 5 4 3 2 1 0
P6PLU  |PGPLU7 | PEPLUG | PGPLUS | PEPLU4 | P6PLU3 | PBPLU2 [P6PLUL |P6PLUO | ( Atreset:00000000)
P6PLU Pull-up resistor selection
No pull-up resistor
1 Pull-up resistor
Port 6 pull-up resistor control register (P6PLU : x'03F46', R/W)
Figure 4-6-1 Port 6 Registers (1/2)
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Chapter 4 1/0O Ports

7 6 5 4 3 2 1 0

P6SYO  |P6SYO7 [P6SYO6|PESYO5|P6SYO4 |P6SYO3 [PESYO2 |P6SYOL|PESYO0 (AtReset:00000000)

1/0 port,
Synchronous output pin selection

P6SYO

I/O port selection
1 Synchronous output selection

Port 6 Synchronous Output Control Register (P6SYO:X'03F1E', R/W)

7 6 5 4 3 2 1 0

FLOAT — PARDWN| — [P7TRDWN| — —  BYOEVSISYOEVSO (AtReset:-0-0--00)

P6 Synchronous output
event selection

SYOEVS1|SYOEVS0

External interrupt IRQ2
Timer 7 interrupt
Timer 5 interrupt
Timer 1 interrupt

= |O | |O

P7 pull-up/pull-down

P7RDWN resistor selection

Pull-up resistor
1 Pull-down resistor

PA pull-up/pull-down

PARDWN . .
resistor selection

Pull-up resistor

1 Pull-down resistor

Pull-up/pull-down resistor selection, pin control register (FLOAT: X'03F2E', R/W)

Figure 4-6-2 Port 6 Registers (2/2)
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4-6-3 Block Diagram

M Reset
R | PEBPLUO-7 |
Pull-up resistor control D Q {>o ‘
Write — L f /— Read
Reset
— R | P6DIRO-7
1/0 direction control D Q| » o
Write —{L Read
Q —{ <] P60-P67
g Reset Reset 0 » M
2 o
Portoutput data | & R | P6OUTOD-7 R 1 |V
® D Q D Q X
Write — L Read - s L
— \ A
Set
P6INO-7
Port input data <] @l
Read Schmitt input
Syncronous output event
Reset
R | P6SYOO0-7
Syncronous output control D Q
Write L Read

Figure 4-6-3 Block Diagram (P60 to P67)
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4-7 Port 7

4-7-1  Description

EGeneral Port Setup

Each bit of the port 7 control I/O direction register (P7DIR) can be set individually to set pins as input or
output. The control flag of the port 5 direction control register (P7DIR) is set to "1" for output mode, and
"0" for input mode.

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).

To output data to pin, set the control flag of the port 7 direction control register (P7DIR) to "1" and write
the value of the port 7 output register (P7OUT).

Each pin can be set individually whether 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 or pull-down resistor. The pull-up / pull-down resistor selec-
tion register (FLOAT) select if pull-up resistor or pull-down resistor is added. The bp4 of the pull-up / pull-
down resistor control register (FLOAT) is set to "1" for pull-down resistor, set to "0" for pull-up resistor.

ESpecial Function Pin Setup

P70 to P72 are used as I/O pin for the serial interface 0, as well. P70 is output pin of the serial interface 1
transmission data. The SCOSBOS flag of the serial interface 0 mode register 1 (SCOMD1) is set to "1" for
serial data output. P71 is the input pin of the serial interface O reception data. P72 is I/O pin of the serial
interface O clock. The SC3SBTS flag of serial interface 0 mode register 1 (SCOMD1) is set to "1"for serial
clock output

P73 to P75 are used as I/O pin for the serial interface 1, as well. P73 is output pin of the serial interface 1
transmission data. The SC1SBOS flag of the serial interface 1 mode register 1 (SC1MD1) is set to "1" for
serial data output. P74 is the input pin of the serial interface 1 reception data. P75 is I/O pin of the serial
interface 1 clock. The SC1SBTS flag of serial interface 1 mode register 1 (S10MD1) is set to "1"for serial
clock output

P76 to P77 are used as timer 1/O pin, as well. Each bit can be set individually as output mode by the port

1 output mode register (P1OMD). The port 1 output mode register (PLOMD) is set to "1" for timer output,
and "0" for general port.
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4-7-2  Registers

7 6 5 4 3 2 1 0

P70OUT P70UT7 [P7OUT6 | P7TOUT5 | P70UT4 | P7OUT3 |P7OUT2 |P7TOUTL |P70UTO| (Atreset:00000000)

‘ P70UT Output data

Low (Vss level)

1 High (VoD level)
Port 7 output register (P70UT : x'03F17', R/W)
7 6 5 4 3 2 1 0
P7IN P7IN7 | P7ING | P7INS | P7IN4 | P7IN3 | P7IN2 | P7INL | P7INO | (Atreset: X X X X X X X X)
‘ P7IN Input data

Pin is Low (Vss level).
1 Pin is High (VoD level).

Port 7 input register (P7IN : xX'03F27', R)

7 6 5 4 3 2 1 0

P7DIR P7DIR7 | P7DIR6 | P7DIR5 | P7DIR4 | P7DIR3 | P7DIR2 | P7DIR1 | P7DIR0 | (Atreset:00000000)

P7DIR 1/0 mode selection
Input mode
1 Output mode

Port 7 direction control register (P7DIR : x'03F37', R/W)

7 6 5 4 3 2 1 0

P7PLUD |P7PLUD7|P7PLUDG|P7PLUDS5(P7PLUD4(P7PLUD3|P7PLUD2|P7PLUD1|P7PLUDO| (Atreset:00000000)

Pull-up (or Pull-down)
P7PLUD resistor selection
No pull-up (or pull-down) resistor
1 Pull-up (or Pull-down) resistor

Port 7 pull-up / pull-down resistor control register (P7PLUD : x'03F47', R/W)

Figure 4-7-1 Port 7 Registers (1/2)
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7 6 5 4 3 2 1 0

FLOAT — [PARDWN| — |PTRDWN| — —  |SYOEVSLSYOEVSO| (Atreset:-0- 0--00)
P7 Synchronous output
SYOEVSLISYOEVSO| o /ant selection
0 0 External interrupt IRQ2
0 1 Timer 7 interrupt
1 0 Timer 5 interrupt
1 1 Timer 1 interrupt
P7 pull-up / pull-down
P7RDWN resistor selection
0 Pull-up resistor
1 Pull-down resistor
PA pull-up / pull-down
PARDWN resistor selection
Pull-up resistor
1 Pull-down resistor

Pull-up / Pull-down resistor selection, Pin control register (FLOAT : xX'03F2E', R/W)

Figure 4-7-2 Port 7 Registers (2/2)
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4-7-3  Block Diagram

. r | SCOODC2
Nch open-drain control D Q |
we—_| %
Reset
o
R | P7PLUDO
Pull-up/down resistor control D Q) ‘ )c ‘
Write —{L Read
Reset
R | FLOAT (bp4
Pull-up/down resistor selection D Q ( P ) {>0
Write —{L f /— Read
Reset
o
g R | P7DIRO D_{
1/0 direction control % D Q) :)
o
& Write — L f /— Read

+

2
y
x c =z

Port output data

X pro
R t
i P70UTO 0 \—D—{ i

Write —|L Read 1

e =

>
>

1 P7INO

Port input data

Read

Serial interface 0 transmission data output
UART transmission data output

SCOMD1 register
SCOSBOS flag

Figure 4-7-3 Block Diagram (P70)

m R
RQ P7PLUD1

Pull-up/down resistor control D Doi‘

Write —L Read

Rese

.
R | FLOAT(bp4)

Pull-up/down resistor selection D Q)

Y

Write —L Read

1/0 direction control

P7DIR1 4Do_{

Write —L Read

X P71
R‘e:f P70UT1 ‘ LD—{ %7

Write —|L Read

snq ereg
[$]
Lo}

Port output data

L;

e =

Port input data

Serial interface 0 reception data output
UART reception data output

Figure 4-7-4 Block Diagram (P71)
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Reset
M\ k] SCOODC3

Write — /— Read < ;

Reset

o

Nch open-drain control

FL‘Z

R | P7TPLUD2
Pull-up/down resistor control D Q|
Write — L f /— Read
Reset
R | FLOAT(bp4
Pull-up/down resistor selection D ( p ) {>

Write —| Read

L;

Reset

R | P7DIR2

1/0 direction control

Write —| Read

snq ereq
[~ oA
o

Reset

xP70UT2 0

Port output data

Write —| Read 1

[~ oA
\
=|><CZ

_ P7INO

Port input data

Read

Serial interface 0 clock input

Serial interface 0 clock output

SCOMD1 register
SCOSBOS flag

Figure 4-7-5 Block Diagram (P72)

R t
R | P7TPLUD3

Pull-up/down resistor control

Write — Read

- O
Le)

Reset

o

FLOAT(bp4)

\V4

Pull-up/down resistor selection D

Write —| Read

L;

Reset

R | P7DIR3

1/0 direction control

Write —| Read

snq ereq
- O }»
o

Reset

P70UT3 0

o

s
\
>|><CZ

Port output data

Write —| Read 1

_ P7IN3

Port input data

Read

Serial interface 1 transmission data output
UART transmission data output

SC1MD1 register
SC1SBOS flag

Figure 4-7-6 Block Diagram (P72 )
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Pull-up/down resistor control

Pull-up/down resistor selection

1/0 direction control

Port output data

Port input data

Serial interface 1 reception data output
UART reception data output

Figure 4-7-7 Block Diagram (P74 )
r\J Reset
R | P7TPLUDS
Pull-up/down resistor control D Q —DO—{
Write —L | f /— Read ]
Reset
FLOAT (bp4
Pull-up/down resistor selection DRQ ( P ) {>
Write —L | f /— Read
Reset
o 9 = | P7DIR5 4[}_{
1/0 direction control 5 D Q
g Write —L | f /— Read
Reset
L prouTs v O i
Port output data D Q
Write —|L Read U
X
= | ]
Port input data <1 P7INS
~ Y
Read

Serial interface 1 clock input

Reset
R | P7TPLUD4
D Q|
Write —L | E /— Read
Reset
R | FLOAT(bp4) P

Write —

t;

Reset

Read

R | P7DIR4

1

Write —

snq eleq
s
fel

Read

Chapter 4 1/0 Ports

S

R t
S:f P70UT4 ‘ LD—{ %ﬁ
Write —{L Read
>
| P7IN4

Serial interface 1 clock output

SC1MD1 register

SC1SBOS flag

Figure 4-7-8 Block Diagram (P75)

Xprs

Port 7
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/-\/ Reset
R | P7PLUDG,7

Pull-up/down resistor control

Write — Read

t%

Reset

R | FLOAT(bp4)

Pull-up/down resistor selection D

Write — Read

Lj%

Reset

R | P7DIRG,7

1/0 direction control

Write —L Read

snqg ereq
" o=
e}

Reset

R | P7TOUT6,7

Port output data

Write —| Read

L‘gk

Reset

r | PLOMDG,7

L X C Z

Output mode control

Write — L Read

P7ING6,7
Port input data il

—

P I =

Timer input

Timer output

Figure 4-7-9 Block Diagram (P76, P77)
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4-8Port 8

4-8-1  Description

HGeneral Port Setup

Each bit of the port 8 control I/O direction register (P8DIR) can be set individually to set each pin as input
or output. The control flag of the port 8 direction control register (P8DIR) is set to "1" for output mode, and
"0" for input mode.

To read input data of pin, set the control flag of the port 8 direction control register (P8DIR) to "0" and
read the value of the port 8 input register (P8IN).

To output data to pin, set the control flag of the port 8 direction control register (P8DIR) to "1" and write
the value of the port 8 output register (P8OUT).

Each pin can be set individually whether pull-up resistor is added or not, by the port 8 pull-up resistor control
register (P8PLU). Set the control flag of the port 8 pull-up resistor control register (P8PLU) to "1" to add

pull-up resistor.

m Special Function Pin Setup
P80 to P87 are used as LED driving pins, as well.

portg IV-37



Chapter 4 1/0O Ports

4-8-2  Registers

7 6 5 4 3 2 1 0

P8OUT P8OUT7 | PBOUT6 | PSOUT5 | P8OUT4 | P8OUT3 | PBOUT2 |PSOUTL [P8OUTO | (Atreset:00000000)

|

P8OUT Output data

Low (Vss level)

1 High (VoD level)
Port 8 output register (P80OUT : x'03F18', R/W)
7 6 5 4 3 2 1 0
P8IN P8IN7 | P8ING | PBIN5 | P8IN4 | P8IN3 | PBIN2 | PBINI | P8INO | (Atreset: X X X X X X X X)
‘ P8IN Input data

Pin is Low (Vss level).

1 Pin is High (Vop level).

Port 8 input register (P8IN : x'03F28', R)

7 6 5 4 3 2 1 0

P8DIR P8DIR7 | P8DIR6 | P8DIRS | P8DIR4 [ P8DIR3 | P8DIR2 | P8DIR1 | P8DIRO | (Atreset:00000000)

P8DIR 1/0 mode selection
Input mode
1 Output mode

Port 8 direction control register (P8DIR : x'03F38', R/W)

7 6 5 4 3 2 1 0

P8PLU P8PLU7 | P8PLU6 | PBPLUS | PSPLU4 | P8PLU3 | PBPLU2 | P8PLUL |P8PLUO | (Atreset:00000000)

P8PLU Pull-up resistor selection
0 No pull-up resistor
1 Pull-up resistor

Port 8 pull-up resistor control register (P8PLU : x'03F48', R/W)

Figure 4-8-1 Port 8 Registers (1/2)

IV-38 Ports



P8LED

7

6

5

4

3

2

1

0

P8LED7

P8LED6

P8LEDS

P8LED4

P8LED3

P8LED2

P8LED1

P8LEDO

Chapter 4 1/0 Ports

(Atreset:00000000)

PBLED Transistor selection
Normal output
1 LED output

Port 8 LED Control register (PS8LED : x'03F1D', R/W)

Figure 4-8-2 Port 8 Registers (2/2)
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4-8-3 Block Diagram

Pull-up resistor control

1/0 direction control

Port output data

Function switching output buffer

Port input data

IV-40 Ports

snq ereq

Reset
L

o

P8PLUO-7

Write —{L

DQ

el
@
%3
@

t

R | PSDIRO-7

Read

Write —L

el
@
%23
@

t

R | PBOUTO-7

Read

Write —|

=

Rese

R

o)
©
—
m
O
S
~

Read

DQ
Write <u

| P8INO-7

Read

~

Rea

d

Figure 4-8-3 Block Diagram (P80 to P87)
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4-9 Port A

4-9-1 Description

BGeneral Port Setup

Each bit of the port A control I/O direction register (PADIR) can be set individually to set each pin as input
or output. The control flag of the port A direction control register (PADIR) should be set to "1" for output
mode, and "0" for input mode.

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 O input register (POIN).

To output data to pin, set the control flag of the port A direction control register (PODIR) to "!I" and write the
value of the port 0 output register (POOUT).

Each bit can be set individually whether 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 or pull-down resistor. The pull-up / pull-down resistor selec-
tion register (FLOAT) select if pull-up resistor or pull-down resistor is added. The bp6 of the pull-up / pull-
down resistor control register (FLOAT) is set to "1" for pull-down resistor, set to "0" for pull-up resistor.

ESpecial Function Pin Setup

PAO to PAG are used as input pins for analog. Each bit can be set individually as an input by the port A
input mode register (PAIMD). When they are used as analog input pins, set the port A input mode
register (PAIMD) to "1". Then, the value of the port A input register (PAIN) is read out "0".

By setting the control flag of the PAIMD register to "1", the through current is not occurred
‘ when input voltage is at intermediate level.

PAO to PAl is used as DA output pin, as well. By the setting of DA control register (DACTR), PAO to PA1
can be used as DAO, DA1 output pin during DA converting. As for the rest, PAO to PA1 can be used as
general port. During DA converting, the port A input register (PAIN) indicates "1".

‘ To prevent the through current, add the pull-up resistor when PAO to PA1 are used as output
- pin for DA and analog output is not used.
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Chapter 4 1/0O Ports
4-9-2  Registers
7 6 5 4 3 2 1 0
(Atreset:-0000000 )
PAOUT —  |PAOUTHPAOUTSPAOUT4PAOUT3PAOUT2[PAOUT1PAOUTO
’ PAOUT Output data
0 Low (Vss level)
1 High (\VVdd level)
Port A output register (PAOUT: X'03F1A", R/W)
7 6 5 4 3 2 1 0
PAIN — | PAING | PAIN5 | PAIN4 | PAIN3 | PAIN2 | PAINL | PAINO (Atreset: XXX XXX XX )
’ PAIN Input data
0 Pin is low (Vss level)
1 Pin is high (vdd level)
Port A intput register (PAIN: X'03F2A", R)
7 6 5 4 3 2 1 0
PADIR —  |PADIR6|PADIRS|PADIR4|PADIR3|PADIR2|PADIR1|PADIR0| ~ (Atreset:-0000000 )
PADIR I/0O mode selection
Input mode
1 Output mode
Port A direction control register (PADIR: X'03F3A", R/W)
7 6 5 4 3 2 1 0
PAPLUD | — PAPLUDBPAPLUD5|PAPLUD4PAPLUD3PAPLUDZPAPLUDLPAPLUDO (Atreset:-0000000 )
Pull-up (or pull-down)
PAPLUD resistor selection
0 No pull-up (or pull-down) resistor
1 Pull-up (or Pull-down) resistor
Port A pull-up/pull-down resistor control register (PAPLUD: X'03F4A', R/W)
Figure 4-9-1 Port A Registers (1/2)
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PAIMD

FLOAT

6 5 4 3 2 1 0

Chapter 4

PAIMD6| PAIMD5|PAIMD4|PAIMD3|PAIMD2 |PAIMD1 |PAIMDO (Atreset:-0000000)

1/0 Ports

PAIMD

1/0 port /
special function pin selection

1/0 port

Special function pin

Port A Input control register (PAIMD: X'03F3C', R/W)

6 5 4 3 2 1 0

PARDWN — P7RDWN — —  SYOEVSBYOEVS( (Atreset:-0-00-00)
P6 synchronous output
SYOEVS15YOEVS(Q event selecion
B 0 External interrupt IRQ2
1 Timer 7 interrupt
1 0 Timer 5 interrupt
1 Timer 1 interrupt
P7 pull-up/pull-down
P7RDWN resistor selection
0 Pull-up resistor
1 Pull-down resistor
PA pull-up/pull-down
PARDWN resistor selection
0 Pull-up resistor
1 Pull-down resistor

Pull-up/pull-down resistor selection, Pin control register (FLOAT: X'03F2E', R/W)

Figure 4-9-2 Port A Registers (2/2)
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4-9-3

Block Diagram

[

I3

fE

X Pao-PAL

I3

r\/ Reset
R | PAPLUDO-1
Pull-up/down resistor control D Q|
Write —L | f /— Read
Reset
o
) ) R | FLOAT(bp6)
Pull-up/down resistor selection D Q L~
Write —L | f /— Read
Reset
g R | PADIRO-1
1/0 direction control 5 D
o
& Write —L | Read
Reset
% PAOUTO-1
Port output data D Q|
Write —|L Read
Reset
’7‘;_‘ PAIMDO-1
D Q
Write <1L_‘ f /- Read
v | PAINO-1
Port input data
,\/ \[\]
Read
Analog input %
Read
DA output %
Figure 4-9-3 Block Diagram (PAO to PA1)
S R
R | PAPLUD2-6
Pull-up/down resistor control D Q|
Write —L | f /— Read
Reset
o
_ R | FLOAT(bp6)
Pull-up/down resistor selection D Q 1~
Write —L i /— Read
Reset
g R | PADIR2-6
1/0 direction control 51 D Q
g Write —L Read
e
r | PAOUT2-6
Port output data D Q
Write —|L Read
Reset
r | PAIMD2-6
D Q
Write <1L_‘ Read
v | PAIN2-6
Port input data
N
Read
Analog input
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Figure 4-9-4 Block Diagram (PA2 to PAG)
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Chapter 4 1/0 Ports

4-10 Real Time Output Control (Port 1)

P10, P12 and P14 has a real time output function that can switch pin's output at the falling edge of the
external interrupt 0 pin (P20/IRQO).

Real time control can change timer output signal (PWM output, timer pulse output, remote control carrier
output), without setting on the program, in synchronization with external event. Output levels to be
switched at event generation are 3 ; "0", "1" and "high impedance (Hi-z)".

4-10-1 Registers
Table 4-10-1 shows the real time output control register of port 1.

Table 4-10-1 Real Time Output Control Registers

Register Address R/W Function Page

P10OUT X03F11' R/W Port 1 output register IV-13

P1OMD X03F2F' R/W  |Port 1 output mode register IV-14

Port 1 P1DIR X03F31' R/W  |Port 1 direction control register IvV-13
P1PLU X03F41' R/W  |Port 1 pull-up control register IV-13

P1TCNT X03F7E' R/W  |Port 1 output control register vV-14

Real Time Output Control (Port 1) 1V -45
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4-10-2 Operation

EReal Time Output Pin Setup

The real time output pin is set by the port 1 output control register(PL1TCNT). The selectable pins are
P10, P12 and P14. Those can be specified by each pin. Select the output mode by the port 1 direction
control register (P1DIR).

There are 3 output levels ; "0", "1" and "High impedance(Hi-z)". Those are switched at the falling edge of
the external interrupt 0 pin (P20/IRQ0). At high impedance, port becomes input mode.

The real time control changes the timer output signal (PWM output, timer pulse output, remote control
carrier output) in synchronization with the external event, but it is also valid on normal port output.
When the I/O port (disable the real time control) is selected by the port 1 output control register
(P1TCNT), the output level is not changed even if the switching event is generated. When it is used as
general port, set this mode.

BReal Time Output Control Operation

After the port 1 output control register (PLTCNT) is set, the function selected by the port 1 output mode
register (PLOMD) is output from the pin until the falling edge at the external interrupt 0 pin (P20/IRQO0) is
generated.

Once the falling edge of the external interrupt O is generated, the pin's output is switched to the set level.
The event of the falling edge is stored to the edge event save function shown at the figure 4-3-4. Block
diagram (P10, P12, P14), and the set level of the port 1 output control register (PLTCNT) is output until
the event data is cleared.

HRelease Real Time Output (Clear the edge event save function)

Writing data to the port 1 output register (PLOUT) after event is generated, makes the event data of the
edge event save function cleared. And all pins' output data become the former data before event is
generated. If the event is generated again, all pins' output level of the port 1 output control register
(P1TCNT).

Set the pin's output to "I/O port (disable the real time control)" by setting the port 1 output control register
(P1TCNT) to stop the real time control.

The active edge of IRQO is only falling edge, regardless of its setting at the external interrupt
0 control register (IRQOICR).

G Write to the port 1 output register (P1LOUT) to clear the event data of the edge event save
[ |

function, before the real time output control function is used.

IV-46  Real TimeOutput Control (Port 1)
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ETiming

P1n output (n=0, 2, 4) : Timer output
P1TCNT set level :"0" (Low) output

Timer output
External interrupt O
(IRQO) ;

PITCNT set value="0"

P1n output
(n=0,2,4)

}

Writing to PLOUT register

Figure 4-10-1 Real Time Output Control Timing

Real Time Output Contral (Port1) 1V -47
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4-11 Synchronous output (Port 6)

Port 6 has the synchronous output function that outputs the any set data to pins, in synchronization with
the generation of the specified event. Synchronous event is selected from the external interrupt 2 (P22/

IRQ2), timer 1 interrupt, timer 5 interrupt or timer 7 interrupt signal.

4-11-1 Block Diagram

0
P60OUTO-7 |—> M

Port output data D Q D O 1> U
Write —CK \ / —CK X
/' Read LD 4
Synchronous
output value
11 store register
Timer 1 interrupt ———— | [
_— 10 | M
Timer 5 interrupt ——— P
o1_|UY
Timer 7 interrupt ———pp Synchronous output
00 X event
External interrupt 2 —————9»
Pin control register *
FLOAT bp1,bp0
Reset
g{ P6SYOO-7
Synchronous output control D Q *
Write —CK
Read

Figure 4-11-1 Synchronous Output Control Block Diagram

IV-48  synchronous Output (Port 7)
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Chapter 4 1/0 Ports

Table 4-11-1 shows the synchronous output control registers of port 6.

Table 4-11-1 Synchronous Output Control Registers

Register Address R/W Function Page

FLOAT X03F2E' R/W Pin control register 1 IvV-41

P6SYO X03F1F R/W Synchronous output control register IV-42

Port 6 P6DIR X03F36' R/W Port 6 direction control register IV-40

P6PLU X03F46' R/W Port 6 Pull-up/pull-down control register IV-40

P6OUT X03F16' R/W Port 6 output register IV-40
Synchronous Output (Port 7) 1V -49



Chapter 4 1/0O Ports

4-11-3 Operation

ESynchronous Output Setup

The synchronous output control register (P6SYO) selects the synchronous output pin of the port 6, in each
bit.

The synchronous output event is selected by the pin control register (FLOAT).

Table 4-11-2 Synchronous Output Event

Page

Synchronous output port Port 6 IV-26
External interrupt 2 I-19,49

(IRQ2) VI-33

Output event Timer 1 VI-33

Timer 5 VI-33

Timer7 Vil - 31

When the external interrupt 2 (IRQ2) is selected, the interrupt edge should be specified. The interrupt
edge can be specified by the external interrupt 2 control register (IRQ2ICR) or the both edges interrupt
control register (EDGDT). The synchronous output recognizes the generation of the specified edge as
an event.

ESynchronous Output Operation

When the synchronous output control register (P6SYO) is set to disable the synchronous output (I/O port),
the port 6 is functioned as a general port. When the port 6 is set to disable the synchronous output, the
same value to the port 6 output register (P60UT) is always loaded to the synchronous output value stored
register. (Figure 4-11-1. Block Diagram)

After the output mode is selected by the port 6 direction control register (P6DIR), if the synchronous output
is enabled by the synchronous output control register (P6SYO), the value of the synchronous output value
stored register is output from pins. If the synchronous output event that is set by the pin control register
(FLOAT) is never generated, the synchronous output value stored register holds the same value when the
synchronous output event is enabled.

Store the value that should be output from pin after the synchronous output event is generated, to the
port 6 output register (P60UT). Once the synchronous output event that is set by the pin control register
(FLOAT) is generated, the data of the synchronous output value stored register is switched to the data of
the port 6 output register (P60UT), and the output value from pin is changed.

Before the synchronous output is enabled by the synchronous output control register
(P6SYO0), set the initial value of the synchronous output to the port 7 output register (P60OUT),

in advance.

IV-50  synchronous Output (Port 7)
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EPort 6 Synchronous Output (External interrupt 2 IRQ2))

The synchronous output timing when the synchronous output event is set at the falling edge of the
external interrupt 2, is shown below. The latched data on port 6 is output in synchronization with the falling
edge of the IRQ2.

Port 6 output

latched data X >< Y X z X X X Y
External interrupt

(IRQ2)

Port 6 output X X Y X z X Y

Figure 4-11-2 Synchronous Output Timing by Event Generation (IRQ2)

HPort 6 Synchronous Output (Timers 1,5 and 7)

The timer interrupt flag TMnIRQ is generated when binary counter and compare register are matched.
The latched data on port 6 is output from the port 6 in synchronization with the rising edge of the TMnIRQ.
About the setting of each timer operation, refer to chapter 6. 8-Bit timers, and chapter 7. 16-Bit timers.

Timer
count clock L . R

Timer compare
register

Binary counter ><N-1X N X oo>< 01>———-< N-1) N X oo>< 01}———{ N-1 ' 00 01 }---4 N-1
Port 6 output X X by 7 | X Y
latched data : : :

Interrupt request
flag

Port 6 output X X Y X z X Y

N

Figure 4-11-3 Synchronous Output Timing by Event Generation (Timers 1, 5 and 7)

Synchronous Output (Port 7)1V -51
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4-11-4 Setup Example

A setup example of the port 6 synchronous output by the external interrupt 2 (IRQ2) is shown as follows. As
it is operated, the initial output data of port 6 is "55", the synchronous output data is "AA", and the rising
edge of the IRQ2 is selected at the synchronous event.

An example setup procedure, with description of each step is shown below.

Setup Procedure Description
(1) Select the synchronous output (1) Setthe SYOEVS1-0 flag of the FLOAT register
event. to "00" to set the synchronous output event to
FLOAT (x'3F2E") the IRQ2.
bp1-0 :SYOEVS1-0 =00
(2) Specify the interrupt edge. (2) Setthe REDG2 flag of the IRQ2ICR register to
IRQ2ICR(x'3FE4") "1" to set the active edge of the IRQ2 at the
bp5 :REDG2 =1 rising edge. Set the EDGSEL?2 flag of the
EDGDT(x'3F8F") EDGDT register "0" to select the
bp2 : EDGSEL2 =0 programmable active edge interrupt.
(3) Set the initial output data. (3) Setthe initial output data "55" to the P6OUT
P60OUT(x'3F16") register. Port 6 outputs "55".
bp7-0 : P60OUT7-0 = x'55'
(4) Set the synchronous output pin. (4) Set port 6 to synchronous output pin by setting
P6SYO(x'3F1E") the P6SYO7-0 flag of the P6SYO register to
bp7-0 : P6SYO7-0 = x'FF' "FF". Select the output mode by setting the
PEDIR(x'3F36") P6DIR7-0 flag of the PEDIR register to "FF".
bp7-0 : P6DIR7-0 = X'FF'
(5) Setthe synchronous output data. (5) Setthe synchronous output data "AA" to the
P6OUT(x'3F16") P60OUT register.
bp7-0 : P6OUT7-0 = X'AA'
(6) Eventis generated. (6) Port 6 outputs "AA" at the rising edge of
Rising edge is generated at P22. IRQ2.

IV-52  synchronous Output (Port 7)
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5-1 Overview

This LSI has 2 prescalers that can be used by its peripheral functions at the same time. Each of them
count with fosc or fs as a base clock. Its hardware is constructed as follows ;

Prescaler 0 (fosc count) 7 bit prescaler
Prescaler 1 (fs count) 3 bit prescaler

Prescaler 0 outputs fosc/2, fosc/4, fosc/16, fosc/32, fosc/64, fosc/128 as cycle clock. Prescaler 1 outputs
fs/2, fs/4, fs/8 as cycle clock. Prescaler is used when cycle clock based fosc and fs is used on the
following peripheral functions ;

External interrupt O interface (with noise filter)

External interrupt 1 interface (with noise filter)

Timer O (8-Bit timer counter)

Timer 1 (8-Bit timer counter)

Timer 4 (8-Bit timer counter)

Timer 5 (8-Bit timer counter)

Serial interface 0 (Clock synchronous / Duplex UART)
Serial interface 1 (Clock synchronous / Half-duplex UART)
Serial interface 3 (Clock synchronous / Single master 11C)

About fosc, fs, refer to chapter 2. 2-5 Clock Switching [p.11-32].

V-2 Overview
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5-1-1 Peripheral Functions

Table 5-1-1 shows several kinds of clock source that can be selected by each peripheral functions from

prescaler output.

Table 5-1-1 Peripheral Functions Used with Prescaler Output

Peripheral functions

Clock source - - -
External External Serial Serial Serial

selection Timer 0 Timer 1 Timer 4 Timer 5

interrupt 0 | interrupt1 interface O | interface 1 | interface 3

fosc/2

foscl4

fosc/16

RN

fosc/32

foscl64 - -
fosc/128 -\/ -\/
fs/2 - -
fs/a
fs/8

EENANERANANANN
NSRRI
N RN
N R R

R

<IN R

Timer 4

IR R

output

Timer5

~
~

output

Overview V-3
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5-1-2 Block Diagram
PSCMD
‘ I PSCEN
7hit Prescaler S 3bit Prescaler S -
fosc—qck PSCO fs—Jck PSC1 _
CKOMD B
TmoBAs | bP° 3
TMOPSCQ *
TMOPSC1| .
_ 2 _ M
B 4 - U 4>| Timer 0
- CK1MD X
- TmiBAS 2P0 3 —
- bp7 TM1PSCO|
TM1PSC1 i
- 2 _ M
- 4 = U 4>| Timer 1
B X
CK4MD E
TM4BAS| PPO bp7 3
TM4PSCQ }
TM4PSCIl i
- 2, oM
- NNNEN 4 - U 4>| Timer 4
- CK5MD X
- TM5BAS | PPO 3 —
- bp7 TM5PSCQ
TM5PSC1 i
- 2 M
. 4 u 4>| Timer 5
- X
SCOCKS -
scopscd P° bp7 3
SCOPSCI]
SCOPSC2 i
: 4 A
N = U 4>| Serial interface 0
- SC1CKS b0 Timer5 Out ‘l
- lpp7  [SCiPscdy? 3
Sci1pPsclil
SC1PSC2 i
g . 2 M
- U 4>| Serial interface 1
- Timer4 Out = X
SC3CKS bpo
bp7 SC3PSCQ 3
SC3PSCl }
SC3PSC2
- 2 M
- 4 u Serial interface 3
N Timer5 Out X
z bp7
Q «©
SIS Swosr o N
BOG 0000 RERZAT)
VDO VOV N
2288208
Figure 5-1-1 Prescaler Block Diagram
V-4 Overview
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Chapter 5
5-2  Control Register
5-2-1  Registers List
Table 5-2-1 shows registers to control prescaler.
Table 5-2-1 Prescaler Control Registers
Register Address R/W Function Page
PSCMD X03F6F R/W |Prescaler control register V-6
CKOMD X03F56' R/W |Timer O prescaler selection register V-7
CK1MD X03F57' R/W |Timer 1 prescaler selection register V-7
CK4MD X03F66' R/W |Timer 4 prescaler selection register V-8
CK5MD X03F67' R/W |Timer 5 prescaler selection register V-8
SCOCKS X03F97' R/W |Serial interface O transfer clock selection register V-9
SC1CKS X03F9F R/W |Serial interfacel transfer clock selection register V-9
SC3CKS X03FAF R/W |Serial interface 3 transfer clock selection register V-10

R/W : Readable/Writable

Control Registers

V-5
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5-2-2  Control Registers

Registers that select prescaler outputs cycle clock and prescaler operation control, consists of the
prescaler control register (PSCMD), the timer prescaler selection register (CKnMD) and the serial trans-
fer clock selection register (SCnCKS).

The prescaler control register controls if counting of prescaler is permitted or not.

BPrescaler Control Register (PSCMD)

PSCMD - | - - | =1 =1 — | — |pscen (Atreset:------- 0)

PSCEN Prescaler 0, 1 count control

Disable the count

1 Enable the count

Figure 5-2-1 Prescaler Control Register (PSCMD : x'03F6F', R/W)

V-6 Control Registers
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The timer prescaler selection register selects the count clock that used in 8-bit timer.

ETimer 0 Prescaler Selection Register (CKOMD)

7 6 5 4 3 2 1 0

CKOMD — — — — — | TMOPSC1 | TMOPSCO | TMOBAS (Atreset:----- XXX)

TMOPSC1|TMOPSCO| TMOBAS |Clock source selection

fosc/4
fosc/16
fosc/32
fosc/64
fs/2
fs/4

Rrlo|lr|o|lr|lo

Figure 5-2-2 Timer 0 Prescaler Selection Register (CKOMD : x'03F56', R/W)

HTimer 1 prescaler selection register (CK1MD)

7 6 5 4 3 2 1 0

CK1MD — _ — — —  |TMIPSC1| TMIPSCO| TM1BAS (Atreset:----- XXX)

TM1PSC1|TM1PSCO| TM1BAS |Clock source selection

fosc/4
fosc/16
fosc/64
fosc/128
fs/2

fs/8

H
Rrlo|lr|o|lr|lo

Figure 5-2-3 Timer 1 Prescaler Selection Register (CK1MD : x'03F57', R/W)

Control Registers V-7
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ETimer 4 Prescaler Selection Register (CK4MD)

7 6 5 4 3 2

1

0

CK4MD — — — — TM4PSCL

TM4PSCO

TM4BAS

(Atreset:----- XXX)
TM4PSC1|TM4PSCO| TM4BAS |Clock source selection

0 fosc/4

0
1 0 fosc/16

1 0 fosc/32
1 fosc/64
0 fs/2

- 1
1 fs/4

Figure 5-2-4 Timer 4 Prescaler Selection Register (CK4MD : x'03F66', R/W)

ETimer 5 Prescaler Selection Register (CK5MD)

7 6 5 4 3 2

1

0

CK5MD — — — — TM5PSCL

TM5PSCO

TM5BAS

(Atreset:----- XXX)
TM5PSC1| TM5PSCO| TM5BAS |Clock source selection

0 0 fosc/4
1 0 fosc/16

1 0 fosc/32
1 fosc/65
0 fs/2

- 1
1 fsl4

Figure 5-2-5 Timer 5 Prescaler Selection Register (CK5MD : x'03F67', R/W)

V-8 Control Registers
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The serial interface transfer clock selection register (SCnCKS) selects the transfer clock used for serial
data transfer.

HWSerial Interface 0 Transfer Clock Selection Register (SCOCKS)

7 6 5 4 3 2 1 (0]
SCOCKS ’ — ‘ — I — ‘ — Reserved scopscz‘ SCOPSClISCOPSCO‘ (Atreset:----0XXX)
SCOPSC2| SCOPSC1|SCOPSCO| Clock source selection
(o] fosc/2
0 0 1 fosc/4
1 0 fosc/16
1 fosc/64
0 fs/2
o]
1 1 fs/4
1 X Timer 5 output
{ Reserved Set always to "0"

Figure 5-2-6 Serial Interface 0 Transfer Clock Selection Register (SCOCKS : x'03F97', R/W)

HWSerial Interface 1 Transfer Clock Selection Register (SC1CKS)

7 6 5 4 3 2 1 (]
SC1CKS ’ — ‘ — ‘ — ‘ — Reserved SClPSCZI SClPSCl‘SClPSCO‘ (Atreset:----0XXX )
SC1PSC2 | SC1PSC1| SC1PSCO | Clock source selection
[0} fosc/2
o 0 1 fosc/4
N 0 fosc/16
1 fosc/64
0 fs/2
[0}
1 1 fs/4
1 X Timer 4 output
{ Reserved Set always to "0"

Figure 5-2-7 Serial Interface 1 Transfer Clock Selection Register (SC1CKS : x'03F9F', R/W)

Control Registers V-9



Chapter 5 Prescaler

B Serial Interface 3 Transfer Clock Selection Register (SC3CKS)

7 6 5 4 3 2 1 (o]
SC3CKS ’ — ‘ — ‘ — ‘ — Reserved SC3PSC2| SCSPSCl‘SCSPSCO‘ (Atreset:----0XXX )
SC3PSC2 | SC3PSC1| SC3PSCO | Clock source selection
0 fosc/2
o o 1 fosc/4
N 0 fosc/16
1 fosc/32
0 fs/2
0
1 1 fs/4
1 X Timer 5 output
{ Reserved Set always to "0"

Figure 5-2-8 Serial Interface 3 Transfer Clock Selection Register (SC3CKS : x'03FAF', R/W)

V-10  Control Registers
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5-3  Operation

5-3-1  Operation

HPrescaler Operation (Prescaler 0 to 1)
Prescaler 0 is a 7-bit and prescaler 1 is a 3-bit free-running counter that divides the base clock. This
prescaler can be started or stopped by the PSCEN flag of the prescaler control register (PSCMD).

ECount Timing of Prescaler Operation (Prescaler 0 and 1)
Prescaler 0 counts up at the falling edge of fosc.
Prescaler 1 counts up at the falling edge of fs.

EPeripheral Functions with Prescaler Output Cycle Clock
Table 5-3-1 shows the prescaler output clock source that the peripheral functions can be used, and the
registers that control the clock source selection.

Table 5-3-1 Peripheral Functions Used with Prescaler Output Cycle Clock

Peripheral functions Control register

External interrupt O Noise filter sampling clock -

External interrupt 1 Noise filter sampling clock -

Timer 0 Count clock CKOMD
Timer 1 Count clock CK1MD
Timer 4 Count clock CK4MD
Timer5 Count clock CK5MD
Serial 0 Transfer clock SCOCKS
Serial 1 Transfer clock SC1CKS
Serial 3 Transfer clock SC3CKS

G When the prescaler output clock source is used, counting of prescaler should be enabled
H before starting the peripheral functions.

Operation V-11
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5-3-2  Setup Example

BPrescaler Setup Example (Timer O count clock)
Select the clock of fosc/16 that is output from the prescaler 0, to the count clock of the timer 0.
An example setup procedure , with a description of each step is shown below.

Setup Procedure Description
(1) Select the prescaler output. (1) Select the prescaler output to fosc/16 by the
CKOMD (x'3F56") TMOPSC1-0, TMOBAS flag of the timer O
bp2-1 : TMOPSC1-0 =01 prescaler selection register (CKOMD).
bp0 :TMOBAS =0
(2) Enable the prescaler output. (2) Enable the prescaler counting by setting the
PSCMD (x'3F6F") PSCEN flag of the prescaler control register
bp0 : PSCEN =1 (PSCMD) to "1".

Enable the prescaler counting by the PSCEN flag of the prescaler control register (PSCMD). The
prescaler counting is started after it is enabled.

Start the timer operation after the prescaler is set. Also, the selection of the prescaler output should
be set by the timer mode register.

V-12  Operation
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6-1

This LSI contains two general purpose 8-bit timers (Timers 0 and 1) and two 8-bit timers (Timers 4 and 5)
that can be also used as baud rate timer. The general purpose 8-bit timers can be used as 16-bit timers with

Overview

cascade connection.

In a cascade connecion, timers 0, 4 and 5 form the "timer 0", or the lower 8 bits of 16-bit counter, and timers

1 form the "timer 1", or the upper 8 bits. Timers 4 and 5 cannot be cascaded.

Fosc or fs can be selected as the clock source for each timer by using the prescaler. Also, remote control

output circuit is built in.

6-1-1

Functions

Table 6-1-1 shows functions of each timer.

VI-2

Table 6-1-1 Timer Functions

Timer 0 Timer 1 Timer 4 Timer 5
(8 bit) (8 bit) (8 bit) (8 bit)
Interrupt source TMOIRQ TM1IRQ TM4IRQ TM5IRQ
Timer operation 4 4 4 4
Event count -\/ -\/ -\/ -\/
Timer pulse output -\/ -\/ -\/ -\/
PWM output v - v v
Synchronous output - 1/ - -
Serial transfer clock output - - -\/ -\/
Pulse width measurement -\/ - -\/ -\/
Cascade connection - -
Premote control carrier output 1/ - 1/
Clock source fosc fosc fosc fosc
foscl4 foscl4 foscl4 foscl4
fosc/16 fosc/16 fosc/16 fosc/16
fosc/32 fosc/64 fosc/32 fosc/32
fosc/64 fosc/128 fosc/64 fosc/64
fs/2 fs/2 fs/2 fs/2
fs/4 fs/8 fs/4 fs/4
fx fx fx fx
TMOIO input | TM1IO input | TM4IO input | TM5IO input

fs: System clock [

fosc: Machine clock (High speed oscillation)
fx: Machine clock (Low speed oscillation)
Chapter 2 2.5 Clock Switching]

-When timer 4 and 5 are used as a transfer clock for serial interface 1 function, itis not used
as a general timer.

Overview
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Block Diagram

1-2
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Figure 6-1-1 Timers 0 and 1 Block Diagram
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ETimer 4 and 5 Block Diagram
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BRemote Control Carrier Output Block Diagram
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Figure 6-1-3 Remote Control Carrier Output Block Diagram
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6-2  Control Registers

Timers 0, 1, 4 and 5 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 timers 0, 1 4 and 5, they should be
controlled by the prescaler control register (PSCMD) and the prescaler selection register (CKnMD). Re-
mote control carrier output is controlled by the remote control carrier output control register (RMCTR).

6-2-1 Registers

Table 6-2-1 shows registers that control timers 0, 1, 4, 5 and remote control carrier output

Table 6-2-1 8-bit Timer Control Registers

Register Address RW Function Page

TMOBC X03F50' R | Timer O binary counter VI-9

TMO0OC X03F52' R/W | Timer O compare register VI-8

TMOMD X03F54' R/W | Timer O mode register VI-10

Timer 0 CKOMD X03F56' R/\W | Timer O prescaler selection register V-7
PSCMD X03F6F' R/W |Prescaler control register V-6

TMOICR X03FEY' R\ | Timer O interrupt control register lI-22

P10OMD X03F2F' R/W |Port 1 output mode register vV-14

P1DIR X03F31' R/W |Port 1 direction control register IV-13

TM1BC X03F51' R | Timer 1 binary counter VI-9

TM10C X03F53' R/\W | Timer 1 compare register VI-8

TM1IMD X03F55' R/W |Timer 1 mode register VI-11

CK1MD X03F57' R/W |Timer 1 prescaler selection register V-7

fimerd PSCMD X03F6F' R/W |Prescaler control register V-6
TM1ICR X03FEA’ R/\W | Timer 1 interrupt control register l-23

P10OMD X03F2F' R/W |Port 1 output mode register vV-14
P7DIR X03F37"' R/W |Port 7 direction control register IV-31

VI-6 Control Registers
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Register Address R/W Function Page

TM4BC X03F60' R | Timer 4 binary counter VI-9

T™M40C X03F62' R/\W | Timer 4 compare register VI-8

TM4MD X03F64' R/W | Timer 4 mode register VI-12

Timer 4 CK4MD X03F66' R/W | Timer 4 prescaler selection register V-8
PSCMD X03F6F' R/W |Prescaler control register V-6

TM4ICR X03FED' | R/W |Timer 4 interrupt control register -24

P10OMD X03F2F' R/W |Port 3 output mode register IvV-14

P1DIR X03F31' R/W |Port 1 direction control register IvV-13

TM5BC X03F60' R | Timer 4 binary counter VI-9

TM50C X03F62' R/\W | Timer 4 compare register VI-8

TM5MD X03F64' R/\W | Timer 4 mode register VI-13

Timer 5 CK5MD X03F66' R/W | Timer 4 prescaler selection register V-8
PSCMD X03F6F' R/W |Prescaler control register V-6

TM5ICR X03FED' | R/W |Timer 4 interrupt control register -25

P10OMD X03F2F' R/W |Port 1 output mode register IvV-14

P7DIR X03F37 R/W |Port 7 direction control register IV-31

Rempte control RMCTR X03F6E' R/W |Remote control carrier output control register VI-14

carrier output

R/W : Readable / Writable

R : Readable only
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6-2-2 Programmable Timer Registers

Each of timers 0, 1, 4 and 5 has 8-bit programmable timer registers. Programmable 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.

ETimer 0 Compare Register (TMOOC)
7 6 5 4 3 2 1 0

TMOOC TM0OC7 | TMOOC6 | TMOOC5| TMOOC4 | TMOOC3 | TMOOC2 [ TMOOC1|{TMOOCO|  (Atreset: X X X X X X X X))

Figure 6-2-1 Timer 0 Compare Register (TMOOC : x'03F52', R/W)

ETimer 1 Compare Register (TM10C)
7 6 5 4 3 2 1 0

TM10C TM10C7|TM10C6|TM10C5 [ TM10C4|TM10C3 | TM10C2 | TM10C1|TM1OCO|  (Atreset: X X X X X X X X))

Figure 6-2-2 Timer 1 Compare Register (TM10C : x'03F53', R/W)

ETimer 4 Compare Register (TM40C)

7 6 5 4 3 2 1 0
TM40C TM40CT7 | TM40C6 | TMAOC5| TM4OC4 | TM40C3 | TM4OC2 [ TMAOCL|TM4OCO|  (Atreset : X X X X X X X X))

Figure 6-2-3 Timer 4 Compare Register (TM40C : x'03F62', R/W)

ETimer 5 Compare Register (TM50C)

7 6 5 4 3 2 1 0

TM50C TM50C7|TM50C6| TM50C5| TM50C5| TM50C3 | TM50C2 | TM50C1 | TM50CO (Atreset: X X X X X X X X))

Figure 6-2-4 Timer 5 Compare Register (TM50C : x'03F63', R/W)
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Binary counter is 8-bit up counter. If any data is written to compare register during counting is stopped,
binary counter is cleared to x'00'.

ETimer 0 Binary Counter (TMOBC)
7 6 5 4 3 2 1 0

TMOBC TMOBC7 | TMOBCG6 | TMOBCS | TMOBC4 | TMOBC3 | TMOBC2 | TMOBC1 | TMOBCO (Atreset: X X X X X X X X)

Figure 6-2-5 Timer 0 Binary Counter (TMOBC : x'03F50', R)

ETimer 1 Binary Counter (TM1BC)
7 6 5 4 3 2 1 0
TM1BC  |TMIBC7|TM1BC6|TM1BC5 | TM1BC4|TMIBC3|TM1BC2| TM1BCL|TMIBCO| (Atreset: X X X X X X X X)

Figure 6-2-6 Timer 1 Binary Counter (TM1BC : x'03F51', R)

ETimer 4 Binary Counter (TM4BC)
7 6 5 4 3 2 1 0
TM4BC  |TM4BC7 | TM4BC6| TM4BC4 | TM4BC4 | TMABC3| TM4BC2 | TM4BC1| TMABCO| (At reset: X X X X X X X X)

Figure 6-2-7 Timer 4 Binary Counter (TM4BC : x'03F60’, R)

ETimer 5 Binary Counter (TM5BC)
7 6 5 4 3 2 1 0
TM5BC  |TM5BC7 | TM5BC6| TMSBCS | TMSBCS | TMSBC3| TMSBC2 | TMSBC1| TMSBCO| (At reset : X X X X X X X X)

Figure 6-2-8 Timer 5 Binary Counter (TM5BC : x'03F61', R)
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6-2-3

Timer Mode Registers

Timer mode register is readable/writable register that controls timers 0, 1, 4 and 5.

ETimer 0 Mode Register (TMOMD)

TMOMD

VI-10

5

4

2

1

0

TMOMOD

TMOPWM

TMOEN

TMOCK2

TMOCK1

TMOCKO

(Atreset:

--000000)

TMOCK2 | TMOCK1

TMOCKO | Clock source

fosc

tmOpSC (prescaler output)

fx

Synchronous fx

TMOIO input

RO |k |O|[Fkr|O

Synchronous TMOIO input

TMOEN

Timer 0 count control

Disable the count

Enable the count

TMOPWM

Timer 0 operation mode

Normal timer operation

PWM operation

TMOMOD

Pulse width
measurement control

Normal timer operation

Measure the pulse width of P22/IRQ2

Figure 6-2-9 Timer 0 Mode Register (TMOMD : x'03F54', R/W)
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ETimer 1 Mode Register (TM1MD)

7 6 5 4 3 2 1 0

TM1MD - - - |TMICAS| TMIEN |TM1CK2 | TM1CK1|TM1CKO (Atreset: ---00000)

TMICK2 | TMICKL | TM1CKO | Clock source

fosc
tm1psc (Prescaler output)
fx

Synchronous fx
TM1IO input
Synchronous TMLIO input

RO |R|O|R|O

TM1EN Timer 1 count control

Disable the count
1 Enable the count

TM1CAS Timer 1 operation mode

Normal timer operation

1 Cascade connection

Figure 6-2-10 Timer 1 Mode Register (TM1MD : x'03F55', R/W)
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ETimer 4 Mode Register (TM4MD)

7 6 5 4 3 2 1 0
TM4MD - - |TM4MOD | TMAPWM | TMAEN | TMACK2 | TMACKL | TMACKO (Atreset: --000000)
TMA4CK2 | TMACK1 | TM4CKO | Clock source
0 0 fosc
1 tm4psc(Prescaler output)
0 fx
0
1 1 Synchronous fx
1 0 TMA4IO input
1 Synchronous TM4IO input
TM4EN Timer 4 count control
0 Disable the count
1 Enable the count

TM4PWM Timer 4 operation mode

0 Normal timer operation
1 PWM operation
TMAMOD Pulse width

measurement control

Normal timer operation

1 Measure the pulse width of P24/IRQ4!

Figure 6-2-11 Timer 4 Mode Register (TM4MD : x'03F64", R/W)
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ETimer 5 Mode Register (TM5MD)

7 6 5 4 3 2 1 0
TM5MD - - |T™SMOD | TMSPWM| TMSEN | TM5CK2 | TMSCKL | TMSCKO (Atreset: --000000)
TM5CK2 | TM5CK1 | TM5CKO | Clock source
0 0 fosc
1 tmS5psc(Prescaler output)
0 fx
0
1 1 Synchronous fx
1 0 TMS5IO input
1 Synchronous TM5IO input
TM5EN Timer 5 count control
Disable the count
1 Enable the count

TM5PWM Timer 5 operation mode

0 Normal timer operation
1 PWM operation
TM5MOD Pulse width

measurement control

Normal timer operation
1 Measure the pulse width of P52/IRQ5

Figure 6-2-12 Timer 5 Mode Register (TM5MD : x'03F65', R/W)
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ERemote Control Carrier Output Control Register (RMCTR)

7 6 5 4 3 2 1 0
RMCTR - - - | TMORM | RMOEN | - |RMDTYO|RMBTMS (Atreset: ---00-00)
Remote control carrier base
RMBTMS timer selection
Timer 0 output selection
1 Timer 5 output selection
Remote control carrier output
RMDTYO duty selection
1/2 duty
1 1/3 duty
RMOEN Enable remote control carrier output|
Output low level
1 Output remote control carrier
TMORM P10/P11 spe_ual function
output selection
TMOIO
1 RMOUT

Figure 6-2-13 Remote Control Carrier Output Control Register (RMCTR : x'03F6E’, R/W)
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6-3 8-bit Timer Count

6-3-1  Operation
The timer operation can constantly generate interrupts.

HW8-bit Timer Operation (Timers 0, 1, 4 and 5)

The generation cycle of timer interrupts is 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 x'00".

Table 6-3-1 shows clock source that can be selected.

Table 6-3-1 Clock Source (Timers 0, 1, 4 and 5) at Timer Operation

Clock source 1 count time Tlme_r 0 Tlme_r 1 T'mef 4 T|me|_r N
(8 Bit) (8 Bit) (8 Bit) (8 Bit)
fosc 50 ns v v v v
fosc/a 200 ns v v v v
fosc/16 800 ns v v v v
fosc/32 1.6 ps v - v vV
fosc/64 3.2 us v v v v
fosc/128 6.4 us - v - -
fs/2 200 ns v v v v
fs/4 400 ns v - v v
fs/8 800 ns - v - -
fx 30.5 us v v v vV
Notes : as fosc = 20 MHz fx = 32.768 kHz fs = fosc/2 =10 MHz

8-bit Timer Count VI -15
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ECount Timing of Timer Operation (Timers 0, 1, 4 and 5)
Binary counter counts up with selected clock source as a count clock.
The basic operation of the whole function of 8-bit timer is as follows ;

TMnEN
flag

Compare M X PN R X s M
register : : : : H H H H
(D)

counter
(A (B) ©) (E)

Interrupt
request flag

Figure 6-3-1 Count Timing of Timer Operation (Timers 0, 1, 4 and 5)

(A) If the value is written to the compare register during the TMnEN flag is "0", the binary counter
is cleared to x'00', at the writing cycle.

(B) If the TMnEN flag is "1", the binary counter is started to count.
The counter starts to count up at the falling edge of the count clock.

(© 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 x'00' and the counting is
restarted.

(D) Even if the compare register is rewritten during the TMnEN flag is "1", the binary counter is
not changed.

(E) If the TMnEN flag is "0", the binary counter is stopped.

©
E’ is set and the binary counter is cleared, at the next count clock. So set the compare register as:

When the binary counter reaches the value in the compare register, the interrupt request flag

Compare register setting = (count till the interrupt request - 1)

EO] If the compare register is set the smaller than the binary counter during the count operation,

the binary counter counts up to the overflow, at first.

If the interrupt is enabled, the timer interrupt request flag should be cleared before timer
operation is started.

The timer n interrupt request generation (at TMnOC = x'00') has the same waveform at
TMnOC = x'01".

VI1-16
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Setup Example

Chapter 6  8-bit Timers

ETimer Operation Setup Example (Timers 0, 1, 4 and 5)

Timer function can be set by using timer O that generates the constant interrupt. By selecting fs/4 (at fosc
= 20 MHz) as a clock source, interrupt is generated every 250 clock cycles (100 us).

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

@)

)

®3)

(4)

(5)

(6)

Stop the counter.
TMOMD (x'3F54")
bp3 :TMOEN =0

Select the normal timer operation.
TMOMD (x'3F54")
bp4 :TMOPWM =0
bp5 :TMOMOD =0

Select the count clock source.
TMOMD (x'3F54")
bp2-0 :TMOCK2-0 =001

Select the prescaler output and
enable the counting.
CKOMD (x'3F56")

bp2-1 :TMOPSC1-0 =01

bpO :TMOBAS =1
PSCMD (x'3F6F")

bpO :PSCEN =1

Set the cycle of the interrupt
generation.
TMOOC (x'3F52") = x'F9'

Set the interrupt level.
TMOICR (X'3FE9')
bp7-6 :TMOLV1-0 =10

1)

(2)

3)

(4)

(5)

(6)

Set the TMOEN flag of the timer 0 mode
register (TMOMD) to "0" to stop the counting of
timer O.

Set the TMOPWM flag and TMOMOD flag of
the TMOMD register to "0" to select the normal
timer operation.

Select the prescaler output to the clock source
by the TMOCK2-0 flag of the TMOMD register.

Select fs/4 to the prescaler output by the
TMOPSC1-0, TMOBAS flag of the timer O
prescaler selection register (CKOMD).

Also, set the PSCEN flag of the prescaler
control register (PSCMD) to "1" to enable the
counting of the prescaler.

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 (xX'F9").

At that time, the timer 0 binary counter
(TMOBC) is initialized to x'00'.

Set the interrupt level by the TMOLV1-0 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 setting ]
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Setup Procedure Description
(7) Enable the interrupt. (7) Set the TMOIE flag of the TMOICR register to
TMOICR (X'3FE9’) "1" to enable the interrupt.
bp1 :-TMOIE =1
(8) Start the timer operation. (8) Setthe TMOEN flag of the TMOMD register to
TMOMD (x'3F54') "1" to start the timer O.
bp3 TMOEN =1

The TMOBC starts to count up from 'x00'. When the TMOBC reaches the setting value of the TMOOC
register, the timer 0O interrupt request flag is set at the next count clock, then the value of the TMOBC
becomes x'00' 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.

=

If fx is selected as the count clock source, when the binary counter is read at operation,
uncertain value on counting up may be read. To prevent this, select the synchronous fx as

=

the count clock source.
In this case the timer n counter counts up in synchronization with system clock, therefore the

correct value is always read.
But, if the synchronous fx is selected as the count clock source, CPU mode cannot return

from STOP/HALT mode.

VI-18  8-bit Timer Count
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6-4-1

Operation

8-bit Event Count

Chapter 6  8-bit Timers

Event count operation has 2 types ; TMnIO input and synchronous TMnlO input can be selected as the

count clock.

W8-bit Event Count Operation
Event count 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 6-4-1 Event Count Input Clock

Timer O Timer 2 Timer 4 Timer 5
TMOIO input | TM1IO input | TM4IO input | TMS5IO input
Event Input (P11) (P76) (P13) (P77)
Synchronous | Synchronous | Synchronous | Synchronous
TMOIO input | TM1IO input | TMAIO input | TM5IO input

ECount Timing of TMnIO Input (Timers 0, 1, 4 and 5)
When TMnIO input is selected, TMnlO input signal is directly input to the count clock of the timer n. The
binary counter counts up at the falling edge of the TMnIO input signal.

TMnEN

flag

Compare y X s Y s o
register : : : : : :
count X ® X o ---@ N *
counter

Interrupt

request flag

Figure 6-4-1 Count Timing of TMnlO Input (Timers 0, 1, 4 and 5)

When the TMnlIO input is selected for count clock source and the value of the timer n binary
counter is read during operation, incorrect value at count up may be read out. To prevent
this, use the event count by synchronous TMnIO input, as the following page.
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ECount Timing of Synchronous TMnIO Input (Timers 0, 1, 4 and 5)

If the synchronous TMnIO input is selected, the synchronizing circuit output signal is input to the timer n
count clock. The synchronizing circuit output signal is changed at the falling edge of the system clock
after TMnlO input signal is changed.

| ] LJ L

NN Ny N ™S N

~ \
System
clock (fs)
Synchronizing : : : : :
circuit output J
(Count clock) Y Y B EED

TMnEN
flag

Compare 1\ 5 N 5 5 ]
reglster E E H E E H
Binary X 00 X 01 X 02 > -- ( N-1 X N X 00 !
counter :

Interrupt
request flag

Figure 6-4-2 Count Timing of Synchronous TMnIO Input (Timers 0, 1, 4 and 5)

When the synchronous TMnlO input is selected as the count clock source, the timer n
counter counts up in synchronization with system clock, therefore the correct value is always
read.

But, if the synchronous TMnlO is selected as the count clock source, CPU mode cannot
return from STOP/HALT mode.

VI-20  8-bit Event Count
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6-4-2  Setup Example

EEvent Count Setup Example (Timers 0, 1, 4 and 5)

If the falling edge of the TMOIO input pin signal is detected 5 times with using timer O, an interrupt is
generated.

An example setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Stop the counter. (1) Setthe TMOEN flag of the timer 0 mode
TMOMD (x'3F54") register (TMOMD) to "0" to stop timer O
bp3 ‘“TMOEN =0 counting.

(2) Set the special function pin to input. (2) Setthe P1DIRL1 flag of the port 1 direction
P1DIR (x'3F31") control register (P1DIR) to "0" to set P11 pin to
bpO :P1DIR1 0 input mode.

If it needs, pull up resistor should be added.
[ € Chapter 4. I/O Ports ]

(3) Select the normal timer operation. (3) Setthe TMOPWM flag and TMOMOD flag of
TMOMD (x'3F54") the TMOMD register to "0" to select the normal
bp4 :TMOPWM =0 timer operation.
bp5 :TMOMOD =0
(4) Select the count clock source. (4) Select the clock source to TMOIO input by the
TMOMD (x'3F54") TMOCK2-0 flag of the TMOMD register.

bp2-0  :TMOCK2-0 =110

(5) Setthe interrupt generation cycle. (5) Setthe timer 0 compare register (TMOOC) the
TMOOC (x'3F52") =x'04' interrupt generation cycle. Counting is 5, so

the setting value should be 4.

At that time, the timer 0 binary counter

(TMOBC) is initialized to x'00'.

(6) Set the interrupt level. (6) Set the interrupt level by the TMOLV1-0 flag
TMOICR (x'3FE9") of the timer O interrupt control register
bp7-6 :-TMOLV1-0 =10 (TMOICR).

If the interrupt request flag may be already set,
cancel all existing interrupt requests.
[ €~ Chapter 3 3-1-4. Interrupt Flag Setup ]
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Setup Procedure Description
(7) Enable the interrupt. (7) Setthe TMOIE flag of the TMOICR register to
TMOICR (x'3FE9’) "1" to enable the interrupt.
bpl “TMOIE =1
(8) Start the event counting. (8) Setthe TMOEN flag of the TMOMD register to 1
TMOMD (x'3F54') to start timer 0.
bp3 :TMOEN =1

Every time TMOBC detects the falling edge of TMOIO input , TMOBC counts up from 'x00'. When
TMOBC reaches the setting value of theTMOOC register, the timer O interrupt request flag is set at
the next count clock, then the value of TMOBC becomes x'00' and counting up is restarted.
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6-5  8-bit Timer Pulse Output

6-5-1  Operation
The TMnIO pin can output a pulse signal with any cycle.

HOperation of Timer Pulse Output (Timers 0, 1, 4 and 5)
The timers can output 2 x cycle signal, compared to the setting value in compare register (TMnOC).
Output pins are as follows ;

Table 6-5-1 Timer Pulse Output Pins

Timer O Timer 1 Timer 4 Timer 5
Pulse output bin TMOIO output | TM1IO output | TM4IO output | TM5IO output
put p (P10, P11) (P76) (P12, P13) (P77)

ECount Timing of Timer Pulse Output (Timers 0, 1, 4 and 5)

TMnEN
flag

Compare
register

e ) e B DO 00 0 O 00 E
counter

Interrupt

request flag

TMnIO L
output

Figure 6-5-1 Count Timing of Timer Pulse Output (Timers 0, 1, 4 and 5)

i

The TMnIO pin outputs 2 X cycle, compared to the value in the compare register. If the binary
counter reaches the compare register, and the binary counter is cleared to x'00', TMnlO output is
inverted. The inversion of the timer output is changed at the rising edge of the count clock. This is
happened to form waveform inside to correct the output cycle.
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6-5-2  Setup Example

ETimer Pulse Output Setup Example (Timers 0, 1, 4 and 5)
TMOIO (P10) pin outputs 50 kHz pulse by using timer 0. For this, select fosc as clock source, and set a 1/
2 cycle (100 kHz) for the timer 0 compare register (at fosc=20 MHz).

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter.
TMOMD (x'3F54")
bp3 -TMOEN =0

(2) Set the special function pin to the
output mode.
P10OMD (x'3F2F')

bpo :PIOMDO =1
P1DIR (X'3F31)
bpo PIDIRO =1

TMOMD (X'3F54')
bp4 :TMOPWM =0
bp5 :-TMOMOD =0

(4) Select the count clock source.
TMOMD (x'3F54')
bp2-0 :TMOCK2-0 =000

(5) Set the timer pulse output cycle.

TMOOC (x'3F52") =X'C7'
(6) Start the timer operation.
TMOMD (x'3F54")
bp3 :TMOEN =1

(3) Select the normal timer operation.

1)

)

®3)

4)

©)

(6)

Set the TMOEN flag of the timer 0 mode
register (TMOMD) to "0" to stop timer O
counting.

Set the PLOMDO flag of the port 1 output mode
register (P1OMD) to "1" to set P10 the special
function pin.

Set the P1DIRO flag of the port 1 direction
control register (P1DIR) to "1" to set output
mode.

If it needs, pull-up resister should be added.

[ € Chapter 4. 1/0O Ports ]

Set the TMOPWM flag and TMOMOD flag of
the TMOMD register to "0" to select the normal
timer operation.

Select fosc for the clock source by the
TMOCK2-0 flag of the TMOMD register.

Set the timer O compare register (TMOOC) to
the 1/2 of the timer pulse output cycle.

The setting value should be 200-1=199(x'C7"),
because 100 kHz is divided by 20 MHz.

At that time, the timer 0 binary counter
(TMOBC) is initialized to x'00'.

Set the TMOEN flag of the TMOMD register to
"1" to start timer 0.
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TMOBC counts up from x'00". If TMOBC reaches the setting value of the TMOOC register, then
TMOBC is cleared to x'00', TMOIO output signal is inverted and TMOBC restarts to count up from

x'00'.

&
N

At TMnOC = x'00', timer pulse output has the same waveform to at x'01'.

If any data is written to compare register binary counter is stopped, timer output is reset to
n

Set the compare register value as follows.

The timer pulse output cycle

The compare register value = -
P 9 The count clock cycle x 2
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6-6  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.

6-6-1  Operation

BOperation of 8-bit PWM Output (Timers 0, 4 and 5)

The PWM waveform with any duty cycle is generated by setting the duty cycle of PWM "H" period to the
compare register (TMnOC). The cycle is the period from the full count to the overflow of the 8-bit timer.
Table 6-6-1 shows PWM output pins ;

Table 6-6-1 Output Pins of PWM Output

Timer O Timer 4 Timer 5
. TMOIO output pin | TM4IO output pin | TM5IO output pin
PWM output pin (P10, P11) (P12, P13) (P52)

ECount Timing of PWM Output (at normal) (Timers 0, 4 and 5)

TMnEN
flag

Compare
register

coune ﬂ ---- o Eﬂ ---- il
counter

PWM source J
wave form
(A) (B) (o)

TMnIO output
(PWM output) L

Set time in the compare register

PWM basic components ( overflow time of binary counter)

Figure 6-6-1 Count Timing of PWM Output (at Normal)

PWM source waveform,
(A) is "H" while counting up from x'00' 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.
(C) is"H" again, if the binary counter overflow.
The PWM outputs the PWM source waveform with 1 count clock delay. This is
happened, because the waveform is created inside to correct the output cycle.
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ECount Timing of PWM Output (when the compare register is x'00") (Timers 0, 4 and 5)
Here is the count timing when the compare register is set to x'00' ;

Count clock
TMnEN o B T o
flag ; H H H H H H H H H H H

Compare
register

courts ﬂ o “ ---- o M il
counter
H—

TMnIO output
(PWM output) L

Figure 6-6-2 Count Timing of PWM Output (when compare register is x'00")

When TMnEN flag is stopped ("0") PWM output is "H".

ECount Timing of PWM Output (when the compare register is x'FF') (Timers 0, 4 and 5)
Here is the count timing when the compare register is set to x'FF';

TMnEN
flag

Compare P P i EF
register

Bmary m ---- o Eﬂ ---- N
counter

TMnIO output l
(PWM output)

Figure 6-6-3 Count Timing of PWM Output (when compare register is x'FF")
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6-6-2  Setup Example

EPWM Output Setup Example (Timers 0, 4 and 5)

The 1/4 duty cycle PWM output waveform is output from the TMOIO output pin at 128 Hz by using timer
0 (at fx=32.768 kHz). 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 example setup procedure, with a description of each step is shown below.

TMOIO output ‘

Figure 6-6-4 Output Waveform of TMOIO Output Pin

128 Hz

Setup Procedure Description
(1) Stop the counter. (1) Setthe TMOEN flag of the timer 0 mode
TMOMD (x'3F54") register (TMOMD) to "0" to stop the timer O
bp3 :-TMOEN =0 counting.
(2) Set the special function pin to (2) Setthe P1OMDO flag of the port 1 output mode
the output mode. register (P1OMD) to "1" to set P10 pin to the
P1OMD (x'3F2F") special function pin.
bp0 :PIOMDO =1 Set the P1DIRO flag of the port 1 direction
P1DIR (x'3F31") control register (P1DIR) to "1" for the output
bp0O :P1DIRO =1 mode.
If it needs, pull up resistor should be added.
[ € Chapter 4. 1/O Ports ]
(3) Select the PWM operation. (3) Setthe TMOPWM flag of the TMOMD register
TMOMD (x'3F54') to "1", the TMOMOD flag to "0" to select the
bp4 :TMOPWM =1 PWM operation.
bp5 :TMOMOD =0
(4) Select the count clock source. (4) Select "fx" for the clock source by the
TMOMD (x'3F54") TMOCK2-0 flag of the TMOMD register.
bp2-0 :TMOCK2-0 =010

VI1-28
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Setup Procedure Description
(5) Set the period of PWM "H" output. (5) Setthe "H" period of PWM output to the timer
TMOOC (x'3F52') = x'40' 0 compare register (TMOOC).

The setting value is set to 256 / 4 = 64 (x'40"),
because it should be the 1/4 duty of the full
count (256).

At that time, the timer 0 binary counter
(TMOBC) is initialized to x'00'.

(6) Start the timer operation. (6) Setthe TMOEN flag of the TMOMD register to
TMOMD (x'3F54'") "1" to operate timer 0.
bp3 :TMOEN =1

TMOBC counts up from x'00'. PWM source waveform outputs "H" till TMOBC reaches the setting
value of the TMOOC register, and outputs "L" after that. Then, TMOBC continues counting up, and
PWM source waveform outputs "H" again, once overflow happens, and TMOBC restarts counting up
from x'00". TMOIO pin outputs the PWM source waveform with 1 count clock delay.

The initial setting of PWM output is changed from "L" output to "H" output at the selection of
PWM operation by the TMNnPWM flag of the TMnMD register.
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6-7  8-bit Timer Synchronous Output

6-7-1  Operation

When the binary counter of the timer reaches the set value of the compare register, the latched data is
output from port 6 at the next count clock.

ESynchronous Output Operation by 8-bit timer (Timer 1, Timer 5)

The port 6 latched data is output from the output pin at the interrupt request generation by the match of the
binary counter and the compare register.

Only port 6 can perform synchronous output operation, and individual pins can be set. 8-bit timers that have
synchronous output operation are timer 1 and timer 5.

Table 6-7-1 Synchronous Output Port (Timer 1, Timer 5)

Timer 1 Timer 5

Synchronous
output port Port 6 Port 6

ECount Timing of Synchronous Output (Timer 1, Timer 5)

TMnEN
flag

Compare
register 1

Port 6 output >< : : : : : : : : : : :
latch data X\ Py EXE A :X;x X: : Py

Blnary m o m ---- o N-l
counter '<

Interrupt
request flag

Port 6 X X v X 7 X v
synchronous

output data

Figure 6-7-1 Count Timing of Synchronous Output (Timer 1, Timer5)

The port 6 latched data is output from the output pin in synchronization with the interrupt request
generation by the match of binary counter and compare register.
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Setup Example

Chapter 6  8-bit Timers

ESynchronous Output Setup Example (Timer 1, Timer 5)

Setup example that latch data of port 6 is output constantly (100 ps) by using timer 1 from the synchronous
output pin is shown below. The clock source of timer 1 is selected fs/8 (at fosc=8 MHz).

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

1)

(2)

3)

(4)

®)

(6)

Start the counter.
TM1MD (x'3F55")
bp3 "TM1EN =0

Select the synchronous output
event.
FLOAT (x'3F2E’)
bp1-0 :SYOEVS1-0=11

Set the synchronous output pin.
P6SYO (x'3F1E) =x'FF'
P6DIR (x'3F36") = XFF'

Select the normal timer operation.

TM1MD (X'3F55)
bp4 -TMICAS =0

Select the count clock source.
TM1MD (x'3F55")
bp2-0 :TM1CK2-0 =001

Select the prescaler output and
enable counting.

CK1MD(X'3F57)
bp2-1  :TM1PSC1-0=01
bpO TM1BAS =1
PSCMD (X'3F6F)
bpO PSCEN =1

@)

Set the TM1EN flag of the timer 1 mode

register (TM1MD) to "0" to stop the timer 1
counting.

(2) Setthe SYOEVS1-0 flag of the pin control

3)

(4)

®)

(6)

register (FLOAT) to "11" to set the
synchronous output event to timer 1 interrupt.

Set the port 6 synchronous output control
register (P6SYO) to x'FF' to set the
synchronous output pin.

(P67 to P60 are synchronous output pin.)
Set the port 6 direction control register
(P6DIR) to X'FF' to set port 6 to output mode.

If it needs, pull up resistor should be added.
[ € Chapter 4. 1/0 Ports ]

Set the TM1CAS flag of the TM1MD register
to "0" to select the normal timer operation.

Select the prescaler output for clock source by
TM1CK2-0 flag of the TM1MD register.

Select fs/8 for the prescaler output by
TM1BAS flag, TM1PSC1-0 of the timer 1
prescaler selection register (CK1MD).

Also, set the PSCEN flag of the prescaler
control register (PSCMD) to "1" to enable the
prescaler counting.
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Setup Procedure Description
(7) Set the synchronous output event (7) Set the synchronous output generation cycle
generation cycle. to the timer 1 compare register (TM1OC).
TM10OC(x'3F53) =Xx'63' The setting value is set to 100-1=99(x'63"),

because 1 MHz is divided by 10 kHz.
At that time, the timer 1 binary counter
(TM1BC) is initialized to x'00".

(8) Start the timer operation. (8) Setthe TM1EN flag of the TM1MD register to
TM1MD(x'3F55') "1" to start timer 1.
bp3 :TM1EN =1

TM1BC counts up from x'00'. If any data is written to the port 6 output register (P60UT), the data of
port 6 is output from the synchronous output pin in every time an interrupt request is generated by
the match of TM1BC and the set value of the TM1OC register.
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6-8  Serial Interface Transfer Clock Output

6-8-1  Operation
Serial interface transfer clock can be created by using the timer output signal.

WSerial InterfaceTransfer Clock Operation by 8-bit Timer (Timers 4 and 5)
Timer 4 output can be used as a transfer clock source for serial interface 1. Timer 5 output can be used as
a transfer clock source for serial interface 0.

Table 6-8-1 Timer for Serial Interface Transfer Clock

Serial transfer clock Timer 4 Timer 5
Serial interface 0 - v
Serial interface 1 v -
Serial interface 3 - v

HTiming of Serial Interface Transfer Clock (Timers 4 and 5)

TMnEN
flag

Compare H H H H H H
R H H H H H N
register

e G Ch e (0 60 £ £ o (0 B 0 e B N C
counter

Interrupt

request flag

Timer output L

Serial transfer
clock

Figure 6-8-1 Timing of Serial Interface Transfer Clock (Timers 4 and 5)

The timer output is synchronized to the serial transfer clock by the timer count clock, and its fre-
quency is 1/2 of the set frequency by the compare register.

Other count timings are same to the timing of timer operation. For the baud rate calculation and the
serial interface setup, refer to chapter 11. Serial Interface 0 and 1.
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6-8-2  Setup Example

EMSerial Interface Transfer Clock Setup Example (Timer 4)
How to create a transfer clock for half duplex UART (Serial interface 1) using with timer 4 is shown below.
The baud rate is selected to be 300 bps, the source clock of timer 4 is selected to be fs/4 (at fosc=8

MHz).

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter.
TM4MD (x'3F64")
bp3 TM4AEN =0

(2) Select the normal timer operation.
TM4MD (x'3F64')
bp4 TM4PWM =0
bp5 :-TMAMOD =0

(3) Select the count clock source.
TM4AMD (x'3F64")
bp2-0 :-TM4CK2-0 =001

(4) Select the prescaler output and
enable counting.
CK4MD (x'3F66")

bp2-1  :TM4PSC1-0 = 01

bpo ‘TM4BAS =1
PSCMD (x'3F6F)

bpo PSCEN =1

(5) Setthe baud rate.

TM40C (x'3F62") = X'CF'
(6) Start the timer operation
TM4MD (x'3F64")
bp3 :TM4EN =1

1)

)

®3)

(4)

®)

(6)

Set the TM4EN flag of the timer 4 mode
register (TM4MD) to "0" to stop timer 4
counting.

Set the TM4APWM flag and TM4MOD flag of
the TM4MD register to "0" to select the normal
timer operation.

Select the clock source to prescaler output by
the TM4CK2-0 flag of the TM4MD register.

Select the prescaler output to fs/4 by the
TM4PSC1-0, TM4BAS flag of the timer 4
prescaler selection register (CK4MD).

Also, set the PSCEN flag of the prescaler
control register (PSCMD) to "1" to enable the
prescaler counting.

Set the timer 4 compare register (TM40C) to
the value that baud rate comes to 300 bps.

[ € Chapter 12. Table 12-3-19 ]
At that time, the timer 4 binary counter
(TM4BC) is initialized to x'00'.

Set the TM4EN flag of the TM4MD register to
"1" to start timer 4.
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TM4BC counts up from x'00". Timer 4 output is the clock of the serial interface 1 at transmission and
reception.

For the compare register setup value and the serial operation setup, refer to chapter 11. Serial
Interface 0,1.

Serial Transfer Clock Output ~ V1-35



Chapter 6 8-bit Timers

6-9  Simple Pulse Width Measurement

6-9-1  Operation

Timer measures the "L" duration of the pulse signal input from the external interrupt pin.

ESimple Pulse Width Measurement Operation by 8-bit Timer (Timers 0, 4 and 5)

During the input signal of the external interrupt pin (simple pulse width) is "L", the binary counter of the
timer counts up. Pulse width "L" period can be measured by reading the count of timer. 8-bit timers that
have the simple pulse width measurement function are timers 0, 4 and 5.

Table 6-9-1 Simple Pulse Width Measurement Able Pins (Timers 0, 4 and 5)

Timer O Timer 4 Timer 5

Simple pulse width External interrupt 2 | External interrupt 4 | External interrupt 5
measurement enable pin (P22/IRQ2) (P24/IRQ4) (P23/IRQ3)

ECount Timing of Simple Pulse Width Measurement (Timer O, Timer 4, Timer 5)

e | LILVLTLT :; Zif ]; M}D

External
interrupt
IRQ(n/2+2)

TMnEN
flag

Compare
regster

counter

Figure 6-9-1 Count Timing at Measurement of Simple Pulse Width
(Timer O, Timer 4, Timer 5))

FF!

During the input signal of the external interrupt pin for simple pulse width measurement is "L" at
TMnEN flag operation ("1"), timer counts up.
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Setup Example
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WSet up Example of Simple Pulse Width Measurement by 8-bit Timer (Timers 0, 4 and 5)

The pulse width of 'L" period of the external interrupt 2 (IRQ2) input signal is measured by timer 0. The
clock source of timer 0 is selected to fosc.
An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1)

(@)

3)

(4)

(5)

(6)

Stop the counter.
TMOMD (x'3F54")
bp3 -TMOEN =0

Set the pulse width measurement

operation.
TMOMD (x'3F54")
bp4 :TMOPWM =0
bp5 :TMOMOD =1

Select the count clock source.
TMOMD (x'3F54")
bp2-0 : TMOCK2-0 = 000

Set the compare register.

TMOOC (X'3F52") =X'FF'

Set the interrupt level
IRQ2ICR (x'3FE4")
bp7-6  :IRQ2LV1-0 =10

Set the interrupt valid edge.
IRQ2ICR (x'3FE4")
bp5 :REDG2 =1

1)

(2)

3)

(4)

(5)

(6)

Set the TMOEN flag of the timer 0 mode
register (TMOMD) to stop timer O counting.

Set the TMOPWM flag of the TMOMD register
to "0" and TMOMOD flag to "1" to enable the
timer operation during "L" period to be
measured.

Set the clock source to fosc by the TMOCK2-0
flag of the TMOMD register.

Set the timer 0 compare register (TMOOC) to
the bigger value than ("L"period of measured
pulse width / the cycle of fosc).

At that time, the timer 0 binary counter
(TMOBC) is initialized to x'00'.

Set the interrupt level by the IRQ2LV1-0 flag
of the external interrupt 2 control register
(IRQ2ICR).

If interrupt request flag is already set, clear all
interrupt request flags.

[ > Chapter 3. 3-1-4 Interrupt Flag Setup ]

Set the REDG2 flag of the IRQ2ICR register to
"1" to specify the interrupt valid edge to the
rising edge.
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Setup Procedure

Description

(7) Enable the interrupt.
IRQ2ICR (x'3FE4’)
bpl IRQ2IE

(8) Enable the timer operation.
TMOMD (x'3F54")
bp3 :TMOEN

1

1

@)

®)

Set the IRQ2IE flag of the IRQ2ICR register to
"1" to enable the interrupt.

Set the TMOEN flag of the TMOMD register to
"1" to enable timer O operation.

TMOBC starts to count up with negative edge of the external interrupt 2 (IRQ2) input as a trigger.
Timer O continues to count up during "L" period of IRQZ2 input, then stop the counting with positive
edge of IRQ2 input as a trigger. At the same time, reading the value of TMOBC by interrupt handling

can detects "L" period.
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6-10-1 Operation

Cascading timers 0 and 1 form a 16-bit timer.

W38-bit Timer Cascade Connection Operation (Timer O + Timer 1)
Timer 0 and timer 1 are combined to be a 16-bit timer. Cascading timer is operated at clock source of timer

0 which is lower 8 bits.

Table 6-10-1 Timer Functions at Cascade Connection

Timer O + Timer 1

(16 Bit)
Interrupt source TM1IRQ
Timer operation v
Event count v
(TMOIO input)
Vv

Timer pulse output

(TM1IO output)

PWM output -
Synchronous output v
Serial Interface transfer )
clock output
Pulse width measurement v
Remote control carrier )
output
fosc
fosc/4
fosc/16
fosc/32
Clock source fosc/64
fs/2
fs/4
fx
TMOIO input

fosc : Machine clock (High speed oscillation )
fx : Machine clock (Low speed oscillation )

fs : System clock

[ €~ Chapter2 2-5 Clock Switching ]
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At cascade connection, the binary counter and the compare register are operated as a 16 bit regis-
ter. At operation, set the TMnEN flag of the upper and lower 8-bit timers to "1" to be operated.
Also, the clock source is the one which is selected in the lower 8-bit timer.

Other setup and count timing is the same to the 8-bit timer at independently operation.

When timer 0 and timer 1 are used in cascade connection, timer 1 interrupt request flag is
used. Timer pulse output of timer 0 is "L" fixed output.
An interrupt request of timer 0 is not generated, and the timer 0 interrupt should be disabled.

=

At the cascade connection, if the binary counter should be cleared by rewriting the compare
register, the TMnEN flags of the lower and upper 8 bits timers mode registers should be set
to "0" to stop the counting, then rewrite the compare register.

=
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6-10-2 Setup Example

ECascade Connection Timer Setup Example (Timer O + Timer 1)

Setting example of timer function that an interrupt is constantly generated by cascade connection of
timer 0 and timer 1, as a 16-bit timer is shown. An interrupt is generated in every 2500 cycles (1 ms) by
selecting source clock to fs/4 (fosc=20 MHz at operation).

An example setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Stop the counter. (1) Setthe TMOEN flag of the timer 0 mode
TMOMD (x'3F54") register (TMOMD) to "0", the TM1EN flag of the
bp3 :TMOEN =0 timer 1 mode register to "0" to stop timer 0 and
TM1MD (x'3F55") timer 1 counting.
bp3 :TM1EN =0
(2) Select the normal operation lower (2) Set both of the TMOPWM flag and TMOMOD
timer. flag of the TMOMD register to "0" to select the
TMOMD (x'3F54") normal operation of timer O.
bp4 :TMOPWM =0
bp5 :TMOMOD =0
(3) Set the cascade connection. (3) Setthe TM1CAS flag of the TM1MD register to
TM1MD (x'3F55") "1" to connect timer 1 and timer O in cascade
bp4 ‘TM1CAS =1 connection.
(4) Select the count clock source. (4) Setthe clock source to prescaler output by
TMOMD (x'3F54") the TMOCK2-0 flag of the TMOMD register.
bp2-0 :TMOCK2-0 =001
(5) Select the prescaler output and (5) Set the prescaler output to fs/4 by the
enable counting. TMOPSC1-0, TMOBAS flag of the timer O
CKOMD (x'3F56") prescaler selection register (CKOMD).
bp2-1 :TMOPSC1-0=01 Also, set the PSCEN flag of the prescaler
bp0 :TMOBAS =1 control register (PSCMD) to "1" to enable the
PSCMD (x'3F6F") prescaler counting.
bpO :PSCEN =1
(6) Set the interrupt generation cycle (6) Setthe timer 1 compare register + timer 0
TMnOC(x'3F53', x'3F52")=x'09C3' compare register (TM10OC + TMO0OC) to the
interrupt generation cycle (x'09C3' : 2500
cycles - 1).
At that time, timer 1 binary counter + timer 0
binary counter (TM1BC + TMOBC) are
initialized to x'0000'".
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Setup Procedure

Description

(7) Disable the lower timer interrupt.

TMOICR (X'3FE9)
bp1l :TMOIE =0

(8) Set the level of the upper timer
interrupt.
TM1ICR (X'3FEA")
bp7-6 :TM1LV1-0 =10

(9) Enable the upper timer interrupt.

TM1ICR (X3FEA)
bp1 TMLIE =1

(10) Start the upper timer operation.
TM1MD (x'3F55")
bp3 TM1IEN =1

(11) Start the lower timer operation.
TMOMD (x'3F54')
bp3 TMOEN =1

(7) Setthe TMOIE flag of the timer O interrupt
control register (TMOICR) to "0" to disable the
interrupt.

(8) Set the interrupt level by the TM1LV1-0 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 ]

(9) Setthe TML1IE flag of the TM1ICR register to
"1" to enable the interrupt.

(10) Setthe TM1EN flag of the TM1MD register to
"1" to start timer 1.

(11) Setthe TMOEN flag of the TMOMD register to
"1" to start timer 0.

TM1BC + TMOBC counts up from x'0000' as a 16-bit timer. When TM1BC + TMOBC reaches the set
value of TM10C + TMOOC register, the timer 1 interrupt request flag is set to "1" at the next count
clock, and the value of TM1BC + TMOBC becomes x'0000' and counting up is restarted.

)
E’ Use a 16-bit access instruction to set the (TM10C + TMOOC) register.

©
" Start the upper timer operation before the lower timer operation.
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6-11 Remote Control Carrier Output

6-11-1 Operation
Carrier pulse for remote control can be generated.

HOperation of Remote Control Carrier Output (Timer O, Timer 5)
Remote control carrier pulse is based on output signal of timer 0 or timer 5. Duty cycle is selected from 1/
2,1/3. RMOUT (P10/P11) outputs remote control carrier output signal.

Base period set by timer
—>

s | LU UL UL

RMOUT
(1/2 duty)

RMOUT
(1/3 duty)

Figure 6-11-1 Duty Cycle of Remote Control Carrier Output Signal

ECount Timing of Remote Control Carrier Output (Timer O, Timer 5)

Base
timer output

Output ON
RMOEN

Output OFF
RMOUT
(1/3 duty)

()

Figure 6-11-2 Count Timing of Remote Control Carrier Output Function (Timer O, Timer 5)

(A) Even if the RMOEN flag is off when the carrier output is high, the carrier waveform is held
by the synchronizing circuit.

© Before the RMOEN flag is switched to on, set the PLOMDO flag or PLOMD1 flag of the PLOMD
register to "1". After it is switched to off, set it to "0".

© When the RMOEN flag is changed, do not change the base cycle and its duty at the same
time. If they are changed at the same time, the carrier wave form is not output properly.
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6-11-2 Setup Example

ERemote Control Carrier Output Setup Example (Timer O, Timer 5)

Here is the setting example that the RMOUT pin outputs the 1/3 duty carrier pulse signal with "H" period
of 36.7 kHz, by using timer 0. The source clock of timer 0 is set to fosc (at 8 MHz).

An example setup procedure, with a description of each step is shown below.

Base period
set by timer 0

RMOUT output
(1/3 duty)

Base period set
by timer 0 (36.7 kHz)
e

JUtuuUUgL

Figure 6-11-3 Output Wave Form of RMOUT Output Pin

Setup Procedure Description
(1) Disable the remote control carrier (1) Setthe RMOEN flag of the remote control
output. carrier output control register (RMCTR) to "0"
RMCTR (x'3F6E') to disable the remote control carrier output.
bp3 :RMOEN =0
(2) Select the base cycle setting timer. (2) Setthe RMBTMS flag of the RMCTR register
RMCTR (x'3F6E') to "0" to set the timer as a base cycle setting
bp0 :RMBTMS =0 timer.
(3) Select the carrier output duty. (3) Setthe RMDTYO flag of the RMCTR register to
RMCTR (x'3F6E') "1" to select 1/3 duty.
bpl :RMDTYO =1
(4) Stop the counter. (4) Setthe TMOEN flag of the timer 0 mode
TMOMD (x'3F54") register (TMOMD) to stop the timer O counting.
bp3 :TMOEN =0
(5) Set the remote control carrier output of | (5) Setthe PLOMDO flag of the port 1 output mode
the special function pin. register (P10OMD) to "1" to set P10 pin as a
P1OMD (x'3F2F') special function pin.
bp0 :P1IOMDO =1 Set the P1DIRO flag of the port 1 direction
P1DIR (x'3F31") control register (P1DIR) to "1" for output mode.
bp0 :P1IDIRO =1 Set the TMORM flag of the RMCTR register to
RMCTR (x'3F6E') "1" to select the remote control carrier output.
bp4 -TMORM =1
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Setup Procedure

Description

(6) Select the normal timer operation.
TMOMD (x'3F54")
bp4 : TMOPWM =0
bp5 : TMOMOD =0

(7) Select the count clock source.
TMOMD (x'3F54")
bp2-0 : TMOCK2-0 = 000

(8) Set the base cycle of remote control
carrier.

TMOOC (x'3F52") =x'6C'
(9) Start the timer operation.
TMOMD (x'3F54")
bp3 :TMOEN =1

(10) Enable the remote control carrier

output.
RMCTR (x'3F6E)
bp3 “RMOEN =1

(6)

(7)

(8)

(9)

(10)

Set both of the TMOMOD flag and TMOPWM
flag of the TMOMD register to "0" to select
normal timer operation.

Select fosc to clock source by the
TMOCK2-0 flag of the TMOMD register.

Set the base cycle of remote control carrier by
writing X'6C' to the timer O compare register
(TMOOC). The set value should be (8 MHz/
73.4 kHz) - 1 = 108(x'6C")

8 MHz is divided to be 73.4 kHz, 2 times
36.7 kHz.

Set the TMOEN flag of the TMOMD register to

"1" to stop the timer O counting.

Set the RMOEN flag of the RMCTR register to
"1" to enable the remote control carrier output.

TMOBC counts up from x'00". Timer 0 outputs the base cycle pulse set in TMOOC. Then, the 1/3 duty
remote control carrier pulse signal is output. If the RMOEN flag of the RMCTR register is set to "0",
the remote control carrier pulse signal output is stopped.

Remote Control Carrier Output
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7-1 Overview

This LSI contains a general-purpose 16-bit timer (Timer 7). lts compare register is double buffer type.
Timer 7 (high function 16-bit timer) has 2 sets of compare registers with double buffering. Also, as an
independent interrupt it has a timer 7 interrupt and a timer 7 compare register 2 match interrupt.

7-1-1 Functions

Table 7-1-1 shows the functions of timer 7.

Table 7-1-1 16-bit Timer Functions

Timer 7
(High precision 16-bittimer)

Interrupt source TM7IRQ

T70C2IRQ
Timer operation 1/
Event count

Timer pulse output
PWM output (duty is changeable)

_\/
_\/
_\/
High precision PWM output (duty 1/
_\/
_\/

and cycle are changeable)

Synchronous output

Capture function

Pulse width measurement 1/
fosc

fosc/2
fosc/4
fosc/16
fs
Clock source fs/2
fs/4
fs/16
TM710 input
TM710 input/2
TM710 input/4
TM710 input/16

fosc : Machine clock (High speed oscillation )

fs : System clock [ g—= Chapter2 2-5 Clock Switching ]
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Block Diagram
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Chapter 7 16-bit Timer

7-2  Control Registers

Timer 7 contains the binary counter (TM7BC), the compare register 1 (TM70C1), and its double buffer
preset register (TM7PR1), the compare register 2 (TM70C2) and its double buffer preset register 2
(TM7PR2), the capture register (TM7IC). The mode register 1 (TM7MD1) and the mode register 2
(TM7MD2) controls timer 7.

7-2-1 Registers

Table 7-2-1 shows the registers that control timer 7.

Table 7-2-1 16-bit Timer Control Registers

Register Address R/W Function Page
TM7BCL X03F70' R Timer 7 binary counter (lower 8 bits) VI -7
TM7BCH X03F71' R Timer 7 binary counter (upper 8 bits) VII-7
TM70OC1L X03F72' R Timer 7 compare register 1 (lower 8 bits) VIl -5
TM70C1H  |X03F73' R Timer 7 compare register 1 (upper 8 bits) Vil -5
TM7PR1L X03F74' R/W |Timer 7 presetregister 1 (lower 8 bits) VIl -6
TM7PR1H X03F75' R/W |Timer 7 presetregister 1 (upper 8 bits) VIl -6
TM7ICL X03F76' R Timer 7 capture regsiter (lower 8 bits) VI -7
TM7ICH X03F77' R Timer 7 capture register (upper 8 bits) VI -7

Timer 7 TM7MD1 X03F78' R/W |Timer 7 mode register 1 VIl -8
TM7MD2 X03F79' R/W |Timer 7 mode register 2 VI -9
TM70C2L X03F7A R Timer 7 compare register 2 (lower 8 bits) VIl -5
TM70OC2H [X03F7B' R Timer 7 compare register 2 (upper 8 bits) ViI-5
TM7PR2L X03F7C' R/W |Timer 7 presetregister 2 (lower 8 bits) VIl -6
TM7PR2H X03F7D' R/W |Timer 7 presetregister 2 (upper 8 bits) VIl -6
TM7ICR X03FF1' R/W |Timer 7 interrupt control register I-31
T70C2ICR [X03FF2' R/W |Timer 7 compare register 2 match interrupt contro| Il - 32
P10OMD X03F2F' R/W |Port 1 output mode register IV-14
P1DIR X03F31" R/W |Port 1 direction control register IV-13

R/W : Readable/Writable
R : Readable only

VII -4  Control Registers
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7-2-2  Programmable Timer Registers

Timer 7 has a 16-bit programmable timer register. It contains a compare register, a preset register, a
binary counter and a capture register. Each register has 2 sets of 8-bit register. Operate by 16-bit ac-
cess.

Compare register is a 16-bit register stores the value that compared to binary counter. The compared
value that written to the preset register in advance is loaded.

ETimer 7 Compare Register 1 (TM70C1)

7 6 5 4 3 2 1 0

TM70OC1L |TM70CIL7 | TM7OCIL6 | TM7OCILS5 | TM7OCLL4 | TM7OCIL3 | TM7OCIL2 | TM7OCILI | TM7OCILO (Atreset: X XX XXX X X)

Figure 7-2-1 Timer 7 Compare Register 1 Lower 8 bits (TM70C1L : x'03F72', R)

7 6 5 4 3 2 1 0

TM70OC1H  |TM70CIH7 | TM70CIH6 | TM7OCIHS5 | TM7OCIH4 | TM7OCIH3 | TM7OCIH2 | TM7OCIH1 | TM7OCIHO (Atreset : X X X X X X X X)

Figure 7-2-2 Timer 7 Compare Register 1 Upper 8 bits (TM70C1H : x'03F73', R)

ETimer 7 Compare Register 2 (TM70C2)

7 6 5 4 3 2 1 0

TM70OC2L | TM70C2L7 | TM70C2L6 | TM70C2L5 | TM7OC2L4 | TM70C2L3 | TM70C2L2 | TM7OC2L1 | TM7OC2L0 (Atreset: X X X X X X X X)

Figure 7-2-3 Timer 7 Compare Register 2 Lower 8 bits (TM70C2L : x'03F7A', R)

7 6 5 4 3 2 1 0

TM70OC2H | TM70C2H7 | TM7OC2HE | TM7OC2HS | TM70C2H4 | TM7OC2H3 | TM7OC2H2 | TM70C2H1 | TM7OC2HO (Atreset : X X XXX XXX )

Figure 7-2-4 Timer 7 Compare Register 2 Upper 8 bits (TM70C2H : x'03F7B’, R)

Control Registers ~ VII - 5
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The timer 7 preset register 1 and 2 are buffer registers of the timer 7 compare register 1 and 2. If the set
value is written to the timer 7 preset register 1 and 2 when the counting is stopped, the same set value is
loaded to the timer 7 compare register 1 and 2. If the set value is written to the timer 7 preset register 1
and 2 when the counting is operated, the set value of the timer 7 preset register 1 and 2 is loaded to the
timer 7 compare register 1 and 2 at the timing that the timer 7 binary counter is cleared.

ETimer 7 Preset Register 1 (TM7PR1)

7 6 5 4 3 2 1 0

TM7PR1L | TM7PRIL7 | TM7PRIL6 | TM7PRILS | TM7PRILA | TM7PRIL3 | TM7PRIL2 | TM7PRILL | TM7PRILO (Atreset: X XX XXX X X)

Figure 7-2-5 Timer 7 Preset Register 1 Lower 8 bits (TM7PR1L : x'03F74', R/W)

7 6 5 4 3 2 1 0

TM7PR1H | TM7PRIH7 | TM7PRIH6 | TM7PRIHS | TM7PRIH4 | TM7PRIH3 | TM7PRIH2 | TM7PRIHL | TM7PRIHO (Atreset : X XX XX X X X)

Figure 7-2-6 Timer 7 Preset Register 1 Upper 8 bits (TM7PR1H : x'03F75', R/W)

WTimer 7 Preset Register 2 (TM7PR2)

7 6 5 4 3 2 1 0

TM7PR2L | TM7PR2LT | TM7PR2L6 | TM7PR2LS | TM7PR2L4 | TM7PR2L3 | TM7PR2L2 | TM7PR2L1 | TM7PR2LO (Atreset : X X XXX XXX )

Figure 7-2-7 Timer 7 Preset Register 2 Lower 8 bits (TM7PR2L : x'03F7C', R/W)

7 6 5 4 3 2 1 0

TM7PR2H  |TM7PR2H7 | TM7PR2H6 |TM7PR2H5 [TM7PR2H4 | TM7PR2H3 | TM7PR2H2| TM7PR2HL1| TM7PR2H0 (Atreset : X X XXX XXX )

Figure 7-2-8 Timer 7 Preset Register 2 Upper 8 bits (TM7PR2H : x'03F7D’, R/W)

timing to preset register with instruction, correct value may not be loaded to the compare
register. Therefore, write to preset register should be done while timer is stopped or within
timer interrupt processing.

And use MOVW instruction for write to preset register.

‘ When data load timing from 16-bit timer preset register to compare register matches to write
[ |

VII -6  Control Registers
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Binary counter is a 16-bit up counter. If any data is written to a preset register when the counting is
stopped, the binary counter is cleared to x'0000'.

ETimer 7 Binary Counter (TM7BC)

7 6 5 4 3 2 1 0

TM7BCL | TM7BCL7 | TM7BCL6 | TM7BCLS | TM7BCLA | TM7BCL3 | TM7BCL2 | TM7BCL1 | TM7BCLO (Atreset: X XX XXX X X)

Figure 7-2-9 Timer 7 Binary Counter Lower 8 bits (TM7BCL : x'03F70', R)

7 6 5 4 3 2 1 0

TM7BCH | TM7BCH7 [ TM7BCH6 | TM7BCHS | TM7BCH4 | TM7BCH3 | TM7BCH2 | TM7BCH1| TM7BCHO (Atreset: X X X X X X X X)

Figure 7-2-10 Timer 7 Binary Counter Upper 8 bits (TM7BCH : x'03F71', R)

Input capture register is a register that holds the value loaded from a binary counter by capture trigger.
Capture trigger is generated by an input signal from an external interrupt pin, and when an arbitrary value
is written to an input capture register (Directly writing to the register by program is disable.).

ETimer 7 Input Capture Register (TM7IC)

7 6 5 4 3 2 1 0

TM7ICL TM7ICL7 | TM7ICL6 | TM7ICLS | TM7ICL4 | TM7ICL3 | TM7ICL2 | TM7ICLL | TM7ICLO (Atreset: X X X XXX X X)

Figure 7-2-11 Timer 7 Input Capture Register Lower 8 bits (TM7ICL : x'03F76', R)

7 6 5 4 3 2 1 0

TM7ICH TM7ICH7 | TM7ICH6 | TM7ICHS | TM7ICH4 | TM7ICH3 | TM7ICH2 | TM7ICHL | TM7ICHO (Atreset: X X X X X X X X)

Figure 7-2-12 Timer 7 Input Capture Register Upper 8 bits (TM7ICH : x'03F77', R)

Control Registers ~ VII - 7
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7-2-3

Timer Mode Registers

This is a readable / writable register that controls timer 7.

ETimer 7 Mode Register 1 (TM7MD1)

TM7MD1

VII -8

7

6

3

2

1

0

RESERVED

RESERVED

TM7CL

TM7EN

TM7PSL

TM7PSO

TM7CK1

TM7CKO

(Atreset:00100000)

TM7CK1 | TM7CKO

Clock source selection

0 fosc
0
1 fs
1 0 TM7IO input
1 Synchronous TM710 input

TM7PS1 | TM7PSO

Count clock selection

0 0 1/1 of clock
1 1/2 of clock
1 0 1/4 of clock
1 1/16 of clock
TM7EN Timer 7 count control
0 Disable the count
1 Enable the count
TM7CL Timer output reset control
0 Operate timer output
1 Disable timer output (reset)
RESERVED Set aways"0".

Figure 7-2-13 Timer 7 Mode Register 1 (TM7MD1 : x'03F78', R/W)

Control Registers




ETimer 7 Mode Register 2 (TM7MD2)

TM7MD2

7

6

5

4

3

2

1

0

T7ICEDG | TTPWMSL

TM7BCR

TM7PWM

TMTIRSL

THICEN

T7CT1

T7ICTO

Chapter 7 16-bit Timer

(Atreset: 00000000)

T7ICTL | T7ICTO | Capture trigger selection

IRQO (External interrupt 0)
IRQ1 (External interrupt 1)

IRQ2 (External interrupt 2)
IRQ3 (External interrupt 3)

=[O [~k |O

T7ICEN Input capture operation
enable flag

Disable capture operation

1 Enable capture operation

Timer 7 interrupt

TM7IRS1 source selection

Counter clear

1 Match of BC and OC1

Timer output

TM7PWM waveform selection

Timer output

1 PWM output

Timer 7 counter clear

TM7BCR source selection

Full count OVF

1 Match of BC and OC1

T7PWMSL PWM mode selection

Set duty by OC1

1 Set duty by OC2

T7ICEDG Capture trigger edge selection

Both edges selection

1 Specified edge selection

Figure 7-2-14 Timer 7 Mode Register 2 (TM7MD2 : x'03F79', R/W)

Control Registers VI - 9
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7-3 16-bit Timer Count

7-3-1 Operation
The timer operation can constantly generate interrupts.

W 16-bit Timer Operation (Timer 7)

The generation cycle of an timer interrupt is set by the clock source selection and the set value of the
compare register 1 (TM70CH1), in advance. When the binary counter (TM7BC) reaches the set value of
the compare register 1, the timer 7 interrupt request is generated at the next count clock. There are 2
sources ; the TM70C1 compare match or the full count over flow, to be selected to clear the binary
counter. After the binary counter is cleared to x'0000, the counting up is restarted from x'0000'.

Table 7-3-1 16-bit Timer Interrupt Source and Binary Counter Clear Source (Timer 7)

TM7MD2 register )
Interrupt source Binary counter clear source
TM7IRS1 flag | TM7BCR flag
1 1 TM70OC1 compare match TM70C1 compare match
0 1 TM70C1 compare match TM70C1 compare match
1 0 TM70OC1 compare match full count over flow
0 0 full count over flow full count over flow

Timer 7 can generate another set of an independent interrupt (Timer 7 compare register 2 match inter-
rupt) by the set value of the timer 7 compare register (TM70C2). At that timer, the binary counter is
cleared as the above setup.

The compare register is double buffer type. So, when the value of the preset register is changed during
the counting, the changed value is stored to the compare register as the binary counter is cleared. This
function can change its value of the compare register constantly, without disturbing the cycle during timer
operation (Reload function).

unit data even if it is a 16-bit MOVW instruction. As a result, it will read the data incorrectly if

G When the CPU reads the 16-bit binary counter (TM7BC), the read data is treated as 8-bits
- a carry from the lower 8 bits to the upper 8 bits occurs during counting.

Toread the correct value of the 16-bit counting (TM7BC), use the writing program function to
the input capture register (TM7IC). By writing to the TM7IC, the counting data of TM7BC can
be stored to TM7IC to read out the correct counting data during operation.

[ € Chapter 7-9-1. Operation (p.VII-34) ]
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Table 7-3-2 shows the clock source that can be selected.

Table 7-3-2 Clock Source at Timer Operation(Timer 7)

Clock source 1 counttime
fosc 50 ns
fosc/2 100 ns
fosc/4 200 ns
fosc/16 800 ns
fs 100 ns
fs/2 200 ns
fs/4 400 ns
fs/16 1.6 ps
Notes : as fosc =20 MHz fx=32.768 kHz fs
=fosc/l2 =10 MHz

BCount Timing of Timer Operation (Timer 7)
The binary counter counts up with the selected clock source as the count clock.
The basic operation of the whole function of 16-bit timer is as follows ;

Count
clock

TM7EN
flag

Preset
register

Compare
register

Binary
counter

Interrupt
request flag

(A)

(B)

G

)

A)

' ' ' ' (D) '
T = e 0 0 0
()] (8) (E)

Figure 7-3-1 Count Timing of Timer Operation (Timer 7)

When any data is written to the preset register as the TM7EN flag is stopped ("0"), the same
value is loaded at the writing cycle and the binary counter is cleared to x'0000'".

If the TM7EN flag is "1", the binary counter starts counting. The counting is happened at the

falling edge of the count clock.

16-bit Timer Count ~ VII - 11
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(C)

(D)

Even if the preset register is rewritten as the TM7EN flag is "1", the binary counter is not
changed.

flag is set at the next count clock, and the binary counter is cleared to x'0000' to restart
counting up.

(E) Ifthe TM7EN 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 and the binary counter is cleared, at the next count clock. So, set the compare register as;
(the set value of the compare register) = (count till the interrupt request - 1)

When the timer 7 compare register 2 match interrupt is generated and the TM70C1 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 1.

If the interrupt is enabled, the timer interrupt request flag should be cleared before timer
operation is started.

At TM70C=x'0000', x'0001', the timer n interrupt request generation has the same wave-
form.

VII-12  16-bit

Timer Count

If the binary counter reaches the value of the 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
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7-3-2  Setup Example

ETimer Operation Setup Example (Timer 7)
Timer 7 generates an interrupt constantly for timer function. Fosc/2 (fosc=20 MHz) is selected as a clock

source to generate an interrupt every 1000 cycles (100 us).
An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1)

()

(4)

(®)

(6)

Stop the counter.
TM7MD1 (x'3F78')
bp4 :TM7EN =0

Select the timer clear source.
TM7MD2 (x'3F79'")
bp5 :TM7BCR =1

Select the count clock source.
TM7MD1 (x'3F78")
bp1-0 : TM7CK1-0 = 00
bp3-2 : TM7PS1-0 = 01

Set the interrupt generation cycle.
TM7PR1 (x'3F75', xX'3F74')=x'03E7

Set the interrupt level.
TM7ICR (x'3FF1')
bp7-6 : TM7LV1-0 =10

Enable the interrupt.
TM7ICR (x'3FF1")
bp1 : TM7IE =1

(1

)

®)

(4)

®)

(6)

Set the TM7EN flag of the timer 7 mode
register 1 (TM7MD1) to "0" to stop timer 7
counting.

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.

Select fosc as a clock source by the TM7CK1-
0 flag of the TM7MD1 register. Also select 1/2
fosc as a count clock source by TM7PS1-0
flag.

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(x'03E7").
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
x'0000'".

Set the interrupt level by the TM7LV1-0 flag of
the timer 7 interrupt control register (TM7ICR).
If the interrupt request flag may be already set,
clear the request flag.

[ €~ Chapter 3 3-1-4. Interrupt Flag Setup ]

Set the TM7IE flag of the TM7ICR register to
"1" to enable the interrupt.

16-bit Timer Count ~ VII - 13
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Setup Procedure Description
(7) Start the timer operation. (7) Setthe TM7EN flag of the TM7MD1 register to
TM7MD1 (x'3F78') "1" to start timer 7.
bp4 :TM7EN =1

TM7BC counts up from x'0000'. When TM7BC reaches the set value of the TM70OC1 register, the

timer 7 interrupt request flag is set to "1" at the next count clock and the TM7BC becomes x'0000'
and counts up, again.

When the TM7EN flag of the TM7MD register is changed at the same time to other bits, the
binary counter may count up by the switching operation.

Write to preset register should be done while timer is stopped or within timer interrupt pro-
‘ cessing.
[ |

And use MOVW instruction for write to preset register.

VII - 14 16-bit Timer Count
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7-4 16-bit Event Count

7-4-1 Operation

Event count operation has 2 types ; TM7I0O input and synchronous TM710 input can be selected as the
count clock. Each type can select 1/1, 1/2, 1/4 or 1/6 as a count clock source.

W16-bit Event Count Operation (Timer 7)

Event count means that the binary counter (TM7BC) counts the input signal from external to the TM710
pin. If the value of the binary counter reaches the setting value of the compare register (TM70C), inter-
rupts can be generated at the next count clock.

Table 7-4-1 Event Count Input Clock

Timer7
TM710 input As an actual count clock, a
(P14) signal divided 1, 2, 4, or 16 is
Eventinput selected.
Synchronous
TM710 input

ECount Timing of TM7I1O Input (Timer 7)

When TM710 input is selected, TM71O input signal is directly input to the count clock of the timer 7. The
binary counter counts up at the falling edge of the TM710 input signal or at the falling edge of the TM710
input signal that passed the divider.

TM7EN
flag

Compare X : : :
. H H \'H
register 1

Binary X 0000 X 0001 0002 N 0000} 0001
counter

Interrupt
request flag

Figure 7-4-1 Count Timing TM7IO Input (Timer 7)

If the binary counter is read out at operation, incorrect data at counting up may be read. To prevent
this, use the event count by the synchronous TM710O input as the following page.

16-bit Event Count VII - 15
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BCount Timing of Synchronous TM710 Input (Timer 7)

If the synchronous TM710 input is selected, the synchronizing circuit output signal is input to the count
clock. The synchronizing circuit output signal is changed at the falling edge of the system clock after the
TM7IO input signal is changed. 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 divide-by circuit.

] N L L

NN N\ N ™S ~N N

N Y
System
clock (fs)
Synchronizing circuit I I
output (countclock) |y |y |y

TM7EN
flag

Compare M x : : N ; : :
register 1 : : : : : :
Binary X 0000 X 0001 X 0002 > --- ( N-1 X N X 0000
counter :

Interrupt
request flag

Figure 7-4-2 Count Timing of Synchronous TM710 Input (Timer 7)

When the synchronous TM710 input is selected as the count clok source, the timer 7 counter

counts up in synchronization with the system clock. Therefore, the correct value is always
read. But, if the synchronous TM7I0O is selected as the count clock source, CPU mode can-
not return from STOP/HALT mode.

VII - 16 16-bit Event Count
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Setup Example

EEvent Count Setup Example (Timer 7)
If the falling edge of the TM710 input pin signal is detected 5 times with using timer 7, an interrupt is
generated. An example setup procedure, with a description of each step is shown below.

Chapter 7 16-bit Timer

Setup Procedure

Description

(1

)

@)

(4)

®)

Stop the counter.
TM7MD1 (x'3F78')
bp4 :TM7EN =0

Set the special function pin to input
mode.
P1DIR (x'3F31")
bp4 :P1DIR4 =0

Select the condition for timer clear.
TM7MD2 (x'3F79'")
bp5 :TM7BCR =1

Select the count clock source.
TM7MD1 (x'3F78')
bp1-0 : TM7CK1-0=10
bp3-2 : TM7PS1-0 = 00

Set the interrupt generation cycle.
TM7PR1 (X'3F75', xX'3F74")=x'0004'

(4)

(®)

Set the TM7EN flag of the timer 7 mode register
1 (TM7MD1) to "0" to stop timer 7 counting.

Set the P1DIR4 flag of the port 1 direction
control register (P1DIR) to "0" to set P14 pin to
input mode.

If it needs, pull-up resistor should be added.

[ €~ Chapter 4 1/0O Ports ]

Set the TM7BCR flag of the timer 7 mode
register 2 (TM7MD2) to "1" to select the
compare match as a clear source of binary
counter.

Select the TM710 input as a clock source by the
TM7CK1-0 flag of the TM7MD1 register. Also,

select 1/1(no division) as a count clock source

by the TM7PS1-0 flag.

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
x'0000'".

16-bit Event Count VII - 17
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Setup Procedure Description
(6) Set the interrupt level. (6) Set the interrupt level by the TM7LV1-0 flag of
TM7ICR (x'3FF1'") the timer 7 interrupt control register (TM7ICR).
bp7-6 :-TM7LV1-0 =10 If any interrupt request flag may be already set,

clear those request flags.
[ € Chapter 3 3-1-4. Interrupt Flag Setup ]

(7) Enable the interrupt. (7) Setthe TM7IE flag of the TM7ICR register to
TM7ICR (x'3FF1'") "1" to enable interrupt.
bp1 : TM7IE =1
(8) Start the event count. (8) Setthe TM7EN flag of the TM7MD 1 register to
TM7MD1 (x'3F78') "1" to start timer 7.
bp4 :TM7EN =1

Every time TM7BC detects the falling edge of the TM710 input, TM7BC counts up from x'0000".
When the TM7BC reaches the setting value of the TM70C1 register, the timer 7 interrupt request
flag is set at the next count clock, then the value of TM7BC becomes x'0000' and counting up is
restarted.

VII - 18 16-bit Event Count
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7-5 16-bit Timer Pulse Output

7-5-1 Operation
TM710 pin can output a pulse signal with an arbitrary frequency.

W 16-bit Timer Pulse Output Operation (Timer 7)

The timers can output 2 x cycle signal, compared to the setting value to the compare register 1
(TM70C1) or 1/2 the frequency of the 16-bit full count.

Output pin are as follows.

Table 7-5-1 Timer Pulse Output Pin

Timer7
TM710 output
(P14)

Pulse output pin

Table 7-5-2 shows the timer interrupt generation sources and the flags that control the timer pulse output
cycle.

Table 7-5-2 16-bit Timer Interrupt Generation Source and Timer Pulse Output Cycle (Timer 7)

TM7MD2 register )
Interrupt source Timer pulse output cycle
TM7IRS1 flag | TM7BCR flag
1 1 TM70OC1 compare match | setvalue of TM7OC1 x2
0 1 TM70C1 compare match | setvalue of TM7OC1 x2
1 0 TM70OC1 compare match | full count of TM7BC x 2
0 0 full count over flow full count of TM7BC x 2

16-bit Timer Pulse Output  VII - 19
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BCount Timing of Timer Pulse Output (Timer 7)

TM7EN
flag

Compare
register 1

cE S o e ) o e e €
counter

Interrupt

request flag

TM710 output L

Figure 7-5-1 Count Timing of Timer Pulse Output (Timer 7)

The TM710 pin outputs 2 x cycle, compared to the value in the compare register 1. If the binary
counter reaches the compare register, and the binary counter is cleared to x'0000' or the full count
overflow, the TM710 output (timer output) is inverted. The inversion of the timer output is changed at
the rising edge of the count clock. This is happened to form the waveform inside to correct the output
cycle.

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 TM7CL flag of the

TM7MD1 register to "0".
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7-5-2  Setup Example

ETimer Pulse Output Setup Example (Timer 7)
TM7IO pin outputs 50 kHz pulse by using timer 7. For this, select fosc as clock source, and set a 1/2

cycle (100 kHz) for the timer 7 compare register (at fosc=20 MHz).
An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter.
TM7MD1 (x'3F78'")
bp4 :TM7EN =0

(2) Set the special function pin to output

mode.
P10OMD (x'3F2F')
bp4 :P1OMD4 =1
P1DIR (x'3F31")
bp4 :P1DIR4 =1

(3) Set the timer pulse output.
TM7MD2 (x'3F79'")
bp4 : TM7PWM =0

(4) Select the condition for timer clear.
TM7MD2 (x'3F79'")
bp5 : TM7BCR =1

(5) Select the count clock source.
TM7MD1 (x'3F78'")
bp1-0 : TM7CK1-0 = 00
bp3-2 : TM7PS1-0 = 00

(1

)

@)

(4)

®)

Set the TM7EN flag of the timer 7 mode
register 1 (TM7MD1) to "0" to stop timer 7
counting.

Set the P1OMDA4 flag of the port 1 output mode
register (P1OMD) to "1" to set P14 pin as the

special function pin. Set the P1DIR4 flag of the
port 1 direction control register (P1DIR) to "1"

to set output mode.

If it needs, pull-up resistor should be added.

[ € Chapter4 /O Ports ]

Set the TM7PWM flag of the timer 7 mode
register 2 (TM7MD2) to "0" to select the timer
pulse output.

Set the TM7BCR flag of the TM7MD2 register
to "1" to select the compare match as a clear
source of a binary counter .

Select fosc as an clock source by the
TM7CK1-0 flag of the TM7MD1 register.
Also, select 1/1 frequency as an count clock
source by the TM7PS1-0 flag.
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Setup Procedure

Description

(6) Set the timer pulse output cycle.
TM7PR1 (X'3F75', X'3F74")=x'00C7"

(7) Release the reset of the timer pulse

output.
TM7MD1 (x'3F78')
bp5 :TM7CL =0

(8) Start the timer operation.
TM7MD1 (x'3F78')
bp4 : TM7EN =1

(6) Set the 1/2 frequency of the timer pulse output
cycle to the timer 7 preset register 1
(TM7PR1). To be 100 kHz by a divided

20 MHz, set as follows ;

200 -1 =199 (X'C7")
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
x'0000'".

(7) Setthe TN7CL flag of the TM7MD 1 register to

"0" to enable the timer pulse output.

(8) Setthe TM7EN flag of the TM7MD1 register to
"1" to start timer 7.

TM7BC counts up from x'0000'. If TM7BC reaches the set value of the TM70C1 register and
TM7BC is cleared to x'0000', the signal of the TM710 output is inverted and TM7BC counts up from

x'0000', again.

©
E] At TM70C1 = x'0000' and x'0001', the timer pulse output has the same waveform.

TM7MD2 register is set to "1".

Either binary counter stops or operates, the timer output is "L", when the TM7CL flag of the

‘o’
@ Set the compare register value as follows.
The compare register value = The timer pulse output cycle 1

The count clock cycle x 2

Write to preset register should be done while timer is stopped or within timer interrupt pro-
‘ cessing.
[ |

And use MOVW instruction for write to preset register.
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7-6  16-bit Standard PWM Output

(Only duty can be changed consecutively)

The TM710 pin outputs the standard PWM output, which is determined by the over flow timing of the
binary counter, and the match timing of the timer binary counter and the compare register.

7-6-1 Operation

W 16-bit Standard PWM Output (Timer 7)

PWM waveform with an arbitrary duty is generated by setting a duty of PWM "H" period to the compare
register 1 (TM70C1). Its cycle is the time of the 16-bit timer full count over flow.

Table 7-6-1 shows the PWM output pin.

Table 7-6-1 PWM Output Pin

Timer7
TM710 output pin
(P14)

PWM output pin

B Count Timing of Standard PWM Output (at Normal)(Timer 7)

TM7EN
flag

Compare
register 1

Blnary OOOO 0001 ---- o FFFF 0000 0001 ---- N+l
counter

PWM source J
waveform
(A (B8) ©

i

TM7IO output
(PWM output) L

Setup time for compare register 1

PWM basic component (overflow time of the binary counter)
Figure 7-6-1 Count Timing of Standard PWM Output (at Normal)

PWM source waveform,
(A) shows "H" till the binary counter reaches the compare register from x'0000'".
(B) shows "L" after the compare match, then the binary counter counts up till the over flow.
(C) shows "H", again if the binary counter becomes overflow.
The PWM output form pins is 1 count clock delay of PWM source waveform. This is happened to
correct the output cycle.
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BCount Timing of Standard PWM Output (when Compare Register 1 is x'0000')(Timer 7)
Here is the count timing at setting x'0000' to the compare register 1.

Count
clock
TM7EN : : : : : : : : : : : :
flag : : : : : : : : : :

Compare
regsiter 1

Blnary 0000 0001 ---- ---- FFFF OOOO o ﬂ N+l
counter
H —

TM710 output
(PWM output) L

$0000

Figure 7-6-2 Count Timing of Standard PWM Output (when Compare Register 1 is x'0000")

PWM output shows "H ", when TM7EN flag is stopped (at "0").

ECount Timing of Standard PWM Output (when Compare Register 1 is xX'FFFF")(Timer 7)
Here is the count timing at setting xX'FFFF' to the compare register 1.

TM7EN
flag

Compare
register 1

Bmary % o M TR @ o ﬂ il
counter

TM7IO output L
(PWM output)

{FFFF!

Figure 7-6-3 Count Timing of Standard PWM Output (when Compare Register 1 is x'FFFF')

When the standard PWM output is operated, set the TM7BCR flag of the TM7MD2 register to
"0" to select the full count over flow as a binary counter clear source and a PWM output setup
("H" output) source.

= =

By setting the T7TPWMSL flag of the TM7MD2 register, the TM70C1 compare match or the
TM70C2 compare match can be selected as a PWM output reset ("L" output) source.
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7-6-2  Setup Example

EStandard PWM Output Setup Example (Timer 7)

The TM710 output pin outputs the 1/4 duty PWM output waveform at 305.18 Hz with timer 7. The high
frequency oscillation (fosc) is set to be operated at 20 MHz. One cycle of the PWM output waveform is
decided by the overflow of a binary counter. "H" period of the PWM output waveform is decided by the
set value of a compare register 1.

An example setup procedure, with a description of each step is shown below.

TM710 output ‘ |

305.18 Hz

Figure 7-6-4 Output Waveform of TM710 Output Pin

Setup Procedure Description
(1) Stop the counter. (1) Set the TM7EN flag of the timer 7 mode
TM7MD1 (x'3F78') register 1 (TM7MD1) to "0" to stop timer 7
bp4 :TM7EN =0 counting.

(2) Set the special function pin to output (2) Setthe P10OMD4 flag of the port 1 output mode

mode. register (P1OMD) to "1" to set the P14 pin as a
P10OMD (x'3F2F") special function pin. Set the P1DIR4 flag of the
bp4 :P1OMD4 =1 port 1 direction control register (P1DIR) to "1"
P1DIR (x'3F31") to set output mode. Add pull-up resistor, if it
bp4 :P1DIR4 =1 necessary.

[ €~ Chapter4 1/O Ports ]

(3) Setthe PWM output. (3) Setthe TM7PWM flag of the timer 7 mode
TM7MD2 (x'3F79'") register 2 (TM7MD2) to "1" to select the PWM
bp4 : TM7PWM =1 output.
(4) Set the standard PWM output (4) Setthe TM7BCR flag of the TM7MD2 register
operation. to "0" to select the full count over flow as a
TM7MD2 (x'3F79") binary counter clear source.
bp5 : TM7BCR =0

16-bit Standard PWM Output  VII - 25



Chapter 7 16-bit Timer

Setup Procedure Description
(5) Select the count clock source. (5) Select fosc at clock source by the TM7CK1-0
TM7MD1 (xX'3F78") flag of the TM7MD1 register. Also, select 1/1
bp1-0 - TM7CK1-0 = 00 frequency (no division) at count clock source
bp3-2 - TM7PS1-0 = 00 by the TM7PS1-0 flag.
(6) Set"H" period of the PWM output. (6) Set"H" period of the PWM output to the timer 7
TM7PR1 (x'3F75', xX'3F74')=x'4000' preset register 1 (TM7PR1). To be a 1/4 duty

of the full count (65536), set as follows ;
65536 / 4 = 16384 (x'4000'")

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

x'0000'.
(7) Start the timer operation. (7) Setthe TM7EN flag of the TM7MD1 register to
TM7MD1 (x'3F78") "1" to start timer 7.

bp4 :TM7EN =1

TM7BC counts up from x'0000'. The PWM source waveform outputs "H" until TM7BC reaches the
set value of the TM70OCH1 register, then, after the match it outputs "L". After that, TM7BC continues
to count up, once overflow happens, the PWM source waveform outputs "H" again, and TM7BC
counts up from x'0000', again. TM710 pin outputs one count clock delay of the PWM source wave-
form.

In the initial state of the PWM output, it is changed to "H" output from "L" output as the PWM
operation is selected by the TM7PWM flag of the TM7MD2 register.

cessing.

G Write to preset register should be done while timer is stopped or within timer interrupt pro-
- And use MOVW instruction for write to preset register.
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7-7  16-bit High Precision PWM Output
(Cycle/Duty can be changed consecutively)
The TM7IO pin outputs high precision PWM output, which is determined by the match timing of the timer

binary counter and the compare register 1 and the match timing of the binary counter and the compare
register 2.

7-71 Operation

W 16-bit High Precision PWM Output Operation (Timer 7)

The PWM waveform with any cycle/duty is generated by setting the cycle of PWM 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 high precision PWM output operation function can be used is timer 7.

ECount Timing of High Precision PWM Output (at Normal) (Timer 7)

TM7EN
flag

Compare
register 1

Compare
register 2

Blnary 0000 o ---- 0000 o m“ M+1
counter

PWM source J
waveform

M

) (B) ©

TM7IO output
(PWM output) L

Set time in the compare register 2

PWM basic component (Set time in the compare register 1)

Figure 7-7-1 Count Timing of High Precision PWM Output (at Normal)

PWM source waveform,
(A) is "H" until the binary counter reaches the compare register from x'0000'".
(B) is "L" after the TM70OC2 compare match, then the binary counter counts up till the
binary counter reaches the TM70C1 compare register to be cleared.
(C) is "H", again if the binary counter is cleared.
The PWM output from pin is 1 count clock delay of PWM source waveform. This is happened to form
inside to correct the output cycle.
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ECount Timing of High Precision PWM Output (When compare register 2 is x'0000'l) (Timer 7)
Here is the count timing as the compare register 2 is set to x'0000' ;

Count

clock

TM7EN
flag

Compare N
register 1

Compare 0000
register 2

Binary ) (O L 0000) 0001} == === ==========- =
counter

TM710 output H
(PWM output)

Figure 7-7-2 Count Timing of High Precision PWM Output
(When compare register 2 is x'0000°)
When the TM7EN flag is stopped (at "0"), the PWM output signal is "H".

ECount Timing of High Precision PWM Output (at compare register 2 = compare register 1) (Timer 7)
Here is the count timing as the compare register 2 is set the same value to the compare register 1 ;

Count
clock

TM7EN
flag

Compare
register 1

Compare
register 2

Binary T07016) (0110 SRR 0000) 0001 = = === === === === = = =
counter

TM7I1O output l
(PWM output)

Figure 7-7-3 Count Timing of High Precision PWM Output
(at compare register 2=compare register 1)

For the high precision PWM output, set the TMBCR flag of the TM7MD2 register to "1" to

select the TM70C1 compare match as a clear source of the binary counter and as a setup
("H" output) source of the PWM output. Also, set the T7TPWMSL flag to "1" to select the
TM70C2 compare match as a reset ("L" output) source of the PWM output.
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7-7-2  Setup Example

mHigh Precision PWM Output Setup Example (Timer 7)

The TM710 output pin outputs the 1/4 duty PWM output waveform at 400 Hz with timer 7. Select fosc/2
(at fosc = 20 MHz) as a clock source. One cycle of the PWM output waveform is decided by the set value
of a compare register 1. "H" period of the PWM output waveform is decided by the set value of a

compare register 2.

An example setup procedure, with a description of each step is shown below.

TM710 output ‘

-

400 Hz

Figure 7-7-4 Output Waveform of TM710 Output Pin

Setup Procedure

Description

(1) Stop the counter.
TM7MD1 (x'3F78'")
bp4 :TM7EN =0

(2) Set the special function pin to output

mode.
P10OMD (x'3F2F'")
bp4 :P1OMD4 =1
P4DIR (x'3F31")
bp4 :P1DIR4 =1

(3) Setthe PWM output.
TM7MD2 (x'3F79'")
bp4 : TM7PWM =1

(4) Set the high precision PWM output

operation.
TM7MD2 (x'3F79")
bp5 : TM7BCR =1
bp6 : TTPWMSL = 1

(1

)

@)

(4)

[ € Chapter 4

Set the TM7EN flag of the timer 7 mode
register 1 (TM7MD1) to "0" to stop timer 7
counting.

Set the P1OMDA4 flag of the port 1 output mode
register (P1OMD) to "1" to set the P14 pin as a
special function pin. Set the P1DIR4 flag of the
port 1 direction control register (P1DIR) to "1"
for output mode.

Add pull-up resistor, if it necessary.

I/0 Ports ]

Set the TM7PWM flag of the timer 7 mode
register 2 (TM7MD2) to "1" to select the PWM
output.

Set the TM7BCR flag of the TM7MD2 register
to "1" to select the TM70C1 compare match
as a clear source of binary counter.

Also, set the TTPWMSL flag to "1" to select the
TM70C2 compare match as a duty decision
source of the PWM output.
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Setup Procedure

Description

(5) Select the count clock source.
TM7MD1 (x'3F78')
bp1-0 : TM7CK1-0 = 00
bp3-2 : TM7PS1-0 = 01

(6) Setthe PWM output cycle.
TM7PR1 (X'3F75' x'3F74') = x'61a7"

(7) Set the "H" period of the PWM
output.
TM7PR2 (x'3F7D',x'3F7C")=x'186a'

(8) Start the timer operation.
TM7MD1 (x'3F78')
bp4 : TM7EN =1

®)

(6)

(7)

(8)

Select fosc as clock source by the TM7CK1-0
flag of the TM7MD1 register. Also, select 1/2
dividing as count clock source by the TM7PS1-
0 flag.

Set the PWM output cycle to the timer 7 preset
register 1 (TM7PR1). To be 400 Hz by divided
10 MHz, set as follows :

25000 - 1 = 24999 (x'61a7")
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
x'0000'.

Set the "H" period of the PWM output to the

timer 7 preset register 2 (TM7PR2). To be a

1/4 duty of 25000 dividing, set as follows ;
25000/ 4 = 6250 (x'186a")

At that time, the same value is loaded to the

timer 7 compare register 2 (TM70C2).

Set the TM7EN flag of the TM7MD1 register to
"1" to start timer 7.

TM7BC counts up from x'0000'. 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 matches the TM70C1 register to be cleared, the PWM source waveform
outputs "H" again and TM7BC counts up from x'0000' again. TM710 pin outputs one count clock

delay of the PWM source waveform.

‘.3
™~

In the initial state of the PWM output, it is changed from "L" output to "H" output as the PWM
output is selected by the TM7PWM flag of the TM7MD register.

Set as the set value of TM70C2 < the set value of TM70CH1. If it is set as the set value of
TM70C2 > the set value of TM70C1, the PWM output is a "H" fixed output.

Write to preset register should be done while timer is stopped or within timer interrupt pro-
‘ cessing.
[ |

And use MOVW instruction for write to preset register.
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7-8  16-bit Timer Synchronous Output

7-8-1  Operation

When the binary counter of the timer reaches the set value of the compare register, the latched data is
output from port 6 at the next count clock.

ESynchronous Output Operation by 16-bit Timer (Timer 7)

The port 6 latched data is output from the output pin at the interrupt request generation by the match of the
binary counter (TM70OC1) or by the full count overflow.

Only port 6 can perform synchronous output operation, and individual pins can be set.

ECount Timing of Synchronous Output (Timer 7)

TM7EN
flag

Compare
register 1

Port 6 output x : : : : : : : : : : : :

latched data X H H Y H X H H z H H X H X H H H Y H

Blnary 0000 ---- OOOO ---- OOOO T N_l
counter <

Interrupt
request flag

Port 6 X X v X 7 X v
synchronous

output data

Figure 7-8-1 Count Timing of Synchronous Output (Timer 7)

The port 6 latched data is output from the output pin in synchronization with the interrupt request
generation by the match of a binary counter and a compare register 1.
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16-bit Timer

7-8-2  Setup Example

ESynchronous Output Setup Example (Timer 7)

Setup example that latched data of port 6 is output constantly (100 ps) by using timer 7 from the synchro-
nous output pin is shown below. The clock source of timer 7 is selected fs/4 (at fosc=8 MHz).
An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Stop the counter.
TM7MD1 (x'3F78')
bp4 :TM7EN =0

(2) Select the synchronous output

event.
FLOAT (x'3F2E")
bp1-0 : SYOEVS1-0 =01

(3) Set the synchronous output pin.
P6SYO (x'3F1E") = xX'FF'
P6DIR (x'3F36'") = x'FF'

(4) Select the condition of timer clear.
TM7MD2 (x'3F79')
bp5 : TM7BCR =1

(5) Select the count clock source.
TM7MD1 (x'3F78')
bp1-0 : TM7CK1-0 = 01
bp3-2 : TM7PS1-0 =10

(6) Set the synchronous output event
generation cycle.
TM7PR1 (x'3F75' x'3F74')=x'0063'

(1

)

@)

(4)

®)

(6)

Set the TM7EN flag of the timer 7 mode
register 1 (TM7MD1) to "0" to stop timer 7
counting.

Set the SYOEVS1-0 flag of the pin control
register (FLOAT) to "01" to set the
synchronous output event to the timer 7
interrupt.

Set the port 6 synchronous output control
register (P6SYO) to x'FF' to set the
synchronous output pin.
(P67 to P60 : Synchronous output pin)
Set the port 6 direction control register
(P6DIR) to x'FF' to set port 6 to output pin.
If it needs, pull-up resistor should be added.
[ € Chapter4 1/O Ports ]

Set the TM7BCR flag of the TM7MD2 register
to "1" to select the compare match as a clear
source of the binary counter.

Select fs as a clock source by the TM7CK1-0
flag of the TM7MD 1 register.

Also, select a 1/4 dividing as a clock source by
the TM7PS1-0 flag.

Set the synchronous output event generation
cycle to the timer 7 preset register 1
(TM7PR1). To be 10 kHz by dividing 1 MHz,
set as follows ;

100 - 1 =99 (x'0063")
At that time, the same value is loaded to the
timer 7 compare register 1 (TM70C1), and
TM7BC is initialized to x'0000'".
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Setup Procedure Description
(7) Start the timer operation. (7) Setthe TM7EN flag of the TM7MD1 register to
TM7MD1 (x'3F78") "1" to start timer 7.
bp4 :TM7EN =1

TM7BC counts up from x'0000'. If any data is written to the port 6 output register (P60UT), TM7BC
reaches the set value of TM70C1 register and the synchronous output pin outputs data of port 7 in
every time an interrupt request is generated.

G Write to preset register should be done while timer is stopped or within timer interrupt pro-
cessing.

And use MOVW instruction for write to preset register.
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7-9  16-bit Timer Capture

7-9-1 Operation

The value of a binary counter is stored to register at the timing of the external interrupt input signal, or the
timing of writing operation with an arbitrary value to the capture register.

ECapture Operation with External Interrupt Signal as a Trigger (Timer 7)
Capture trigger of input capture function is generated at the external interrupt signal that passed through
the external interrupt interface block. The capture trigger is selected by the timer 7 mode register 2
(TM7MD2) and the external interrupt control register (IRQOICR, IRQ1ICR, IRQ2ICR, IRQ3ICR).

Here are the capture trigger to be selected and the interrupt flag setup.

Table 7-9-1

Capture Trigger

Capture trigger source

Timer 7 mode register 2

External interruptn
control register

Both edges interrupt
control register (EDGDT)

Interrupt starting edge of

(IRQnICR) external interruptn
T71CT1-0 T7ICEDG REDGN (bp5) EDGSEL3 | EDGSEL2
IRQO falling edge 00(IRQO) 1 0 IRQO falling edge
IRQO rising edge 00(IRQO) 1 1 IRQO rising edge
0 IRQO falling edge
IRQO both edge 00(IRQO) 0
1 IRQO rising edge
IRQ1 falling edge 01(IRQ1) 1 0 IRQ1 falling edge
IRQ1 rising edge 01(IRQ1) 1 1 IRQ1 rising edge
0 IRQ1 falli d
IRQ1 both edge 01(IRQ1) 0 Q1 falling edge
1 IRQ1 rising edge
IRQ2 falling edge 10(IRQ2) 1 0 0 IRQ2 falling edge
IRQ2 rising edge 10(IRQ2) 1 1 0 IRQ2 rising edge
0 0 IRQ2 falling edge
IRQ2 both edge(*) 10(IRQ2) 0
1 0 IRQ2 rising edge
IRQ3 falling edge 11(IRQ3) 1 0 0 IRQ3 falling edge
IRQ3 rising edge 11(IRQ3) 1 1 0 IRQ3 rising edge
0 0 IRQ3 falli d
IRQ3 both edge(*) 11(IRQ3) 0 Q3 falling edge
1 0 IRQ3 rising edge

edges interrupt. But, that function cannot be used when the input capture should be gener-

G The external interrupt 2 (IRQ2) and the external interrupt 3 (IRQ3) has the function of both
ated at both edges. [table 7-9-1(*)]

When capture trigger is activated at both edges of an external interrupt, the high precision pulse width
measurement that measures the width of "H" period and "L" period of input signal constantly, is possible
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with the automatic data transfer function (ATC1). In the transfer mode 5 of ATC1, set the address of the
input capture register TM7ICL to the memory pointer 1. The "H" period and "L" period of the input signal
can be measured by transferring the value of the input capture register (TM7ICL, TM7ICH) to memory in
every generation of a capture trigger.
An interrupt request and a capture trigger are generated at switching the valid edge of an external
interrupt by program, when the setup is as follows ;
(1)  at switching the valid edge from the falling to the rising, when the interrupt pin is "H" level.
(2) at switching the valid edge from the rising to the falling, when the interrupt pin is "L" level.
This is not happened, if the interrupt edge is switched after the generation of an valid edge interrupt set
in advance. But when the both edges interrupt function is used, this may be happened. Be sure to

consider the noise influence for operation of the interrupt flag on program.
[ €5 Chapter 3 3-3-4. Programmable active Edge Interrupt ]

ECapture Count Timing at a Both Edges of External Interrupt Signal is selected as a Trigger (Timer 7)

TM7EN
flag

Compare
register

Binary 0000§ 0001} - - -{0111f0112) 0113) 0114} - - - -{ 5555} 5556 5557 EXE
counter

External

interrupt m

trigger

Capture X 0000 X 0111 X 0114 X 5555 X 5558
register

Figure 7-9-1 Capture Count Timing at an External Interrupt Signal is selected as a Trigger
(Timer 7)
A capture trigger is generated at the both edges of the external interrupt m input signal. At the same
timing, the value of a binary counter is stored to the input capture register. That value is decided by the
value of a binary counter at the falling edge of a capture trigger. When the specified edge is selected as
a capture trigger generation source, a capture trigger is generated at the interrupt generation specified
edge, only. The other count timing is same to the count timing of the timer operation.

N

When the binary counter is used as a free counter that counts x'0000' to x'FFFF’, set the
compare register 1 to X'FFFF', or set the TM7BCR flag of the TM7MD2 register to "0".

Even if a capture trigger is generated before the value of the input capture register is read
out, the value of the input capture register can be rewritten.

<jip-o
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In the initial state after releasing the reset, the generation of trigger by the external interrupt
signal is disabled. Set the T7ICEN flag of the TM7MD2 register to "1" to enable the trigger

generation.

W Capture Operation that the writing to program is selected as a Trigger (Timer 7)
A capture trigger can be generated by writing an arbitrary value to the input capture register (TM7IC),
and at the same timing, the value of the binary counter can be stored to the input capture register.

TMnEN
flag

Compare : : : : : :
register

Binary 0000) 0001} - - - {0111)0112) 0113) 0114} - - - {5555) 5556 } 5557) 5558 EXE
counter

System

clock

Capture trigger

(Synchronous to

writing signal)

Capture X 0000 X 0114 X 5558

register

Figure 7-9-2 Capture Count Timing
with a Writing Signal to Program as a Trigger (Timer 7)

A 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. At this timing, the value of the binary counter is
stored to the input capture register. That value is decided by the value of the binary counter at the
falling edge of the capture trigger. The other timing is same to the timer operation.

The writing to the input capture register to generate a capture trigger should be done with a 8-
bit access instruction to the TM7ICL register or the TM7ICH register.
At this time, data is not actually written to the TM7IC register.

=

On hardware, there is no flag to disable the capture operation with the writing operation to the
software as a trigger. Capture operation is enabled, regardless of the T7ICEN flag of the
TM7MD2 register.

=
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79-2  Setup Example

ECapture Function Setup Example (Timer 7)

Pulse width measurement is enabled by storing the value of the binary counter to the capture register at
the interrupt generation edge of the external interrupt O input signal with timer 7. The interrupt generation
edge is specified to be the rising edge.

An example setup procedure, with a description of each step is shown below.

interrupt interrupt

External interrupt O
IRQ 0 input

Pulse width to be measured

Figure 7-9-3 Pulse Width Measurement of External Interrupt 0

Setup Procedure Description
(1) Stop the counter. (1) Setthe TM7EN flag of the timer 7 mode
TM7MD1 (x'3F78') register 1 (TM7MD1) to "0" to stop timer 7
bp4 :TM7EN =0 counting.
(2) Select the condition for timer clear. (2) Setthe TM7BCR flag of the timer 7 mode
TM7MD2 (x'3F79'") register 2 (TM7MD2) to "1" to select the
bp5 : TM7BCR =1 compare match as a clear source of binary
counter.
(3) Select the count clock source. (3) Select fosc as clock source by the TM7CK1-0
TM7MD1 (x'3F78") flag of the TM7MD1 register. And select 1/1
bp1-0 : TM7CK1-0 = 00 (no dividing) of fosc as count clock source by
bp3-2 : TM7PS1-0 = 00 the TM7PS1-0 flag.

(4) Select the capture trigger generation (4) Select the external interrupt 0 (IRQO) input as
interrupt source. a generation source of capture trigger by the
TM7MD2 (x'3F79'") T71CT1-0 flag of the TM7MD?2 register.
bp1-0 : T71ICT1-0 =00

(5) Select the interrupt generation valid (5) Setthe REDGO flag of the external interrupt O

edge. control register (IRQOICR) to "1" to select the
IRQOICR (x'3FEZ2") rising edge as the interrupt generation valid
bp5 :REDGO =1 edge.
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Setup Procedure

Description

(6) Select the capture trigger generation

edge.
TM7MD2 (x'3F79'")
bp7 : T7ICEDG =1

(7) Set the compare register.
TM7PR1(x'3F75' x'3F74') = X FFFF'

(8) Set the interrupt level.
IRQOICR (x'3FE2")
bp7-6 : IRQOLV1-0= 10

(9) Enable the interrupt.
IRQOICR (x'3FE2")
bp1 :IRQOIE =1

(10) Enable the capture trigger

generation.
TM7MD2 (x'3F79")
bp2 :T7ICEN =1

(11) Start the timer operation.
TM7MD1 (x'3F78')
bp4 :TM7EN =1

(6)

()

(8)

9

(10)

(11

Set the T7ICEDG flag of the TM7MD2 register
to "1" to select the external interrupt valid edge
as a generation source of capture trigger.

Set the timer 7 preset register 1 (TM7PR1) to
x'FFFF'. 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 x'0000'".

Set the interrupt level by the IRQOLV1-0 flag of
the IRQOICR register. If any interrupt request
flag may be set already, clear them.

[ €5 Chapter3 3-1-4. Interrupt Flag Setup ]

Enable the interrupt by setting the IRQOIE flag
of the IRQOICR register to "1".

Enable the capture trigger generation by
setting the T7ICEN flag of the TM7MD2
register to "1".

Set the TM7EN flag of the TM7MD1 register to
"1" to start timer 7.

TM7BC counts up from x'0000'. At the timing of the rising edge of the external interrupt 0 input
signal, the value of TM7BC is stored to the TM7IC register. And at that time, the pulse width between
rising edges of the external interrupt input signal can be measured by reading the value of TM7IC
register by the interrupt service routine, and by calculating the margin of the capture values (the

values of the TM7IC register).
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8-1 Overview

This LSI has a time base timer and a 8-bit free-running timer (timer 6).
Time base timer is a 15-bit timer counter. These timers can stop the timer counting only at stand-by
mode (STOP mode).

8-1-1 Functions

Table 8-1-1 shows the clock sources and the interrupt generation cycles that timer 6 and time base timer
can select.

Table 8-1-1 Clock Source and Generation Cycle

Timer 6

Time base timer (8-Bit free-running timer)

8-Bit timer operation - v
Interrupts / source TBIRQ TM6IRQ
fosc
fx
fs
Clock source fosc fosc X 1/ (*)
fx fosc X 1/213 (%)

KX 122 (%)
KX 128 (%)

fosc X 1/27 (*)
fosc X 1/28 (*)
fosc X 1/2° (*)
fosc X 1/210 (*1)

fosc X 1/2%° (*) The interrupt generation
Interrupt generation fosc X 1/215 (*1) cycle is decided by the
cycle fx X 1/27 (*?) arbitrary value written to

fx X 1/28 *?) TM60C.
fxX 1/2° (%)
fx X 1/210 (%2
fx X 1/213 (%2
fx X 1/215 (%2

fosc : Machine clock (High speed oscillation)

fx : Machine clock (Low speed oscillation)

fs: Systemclock [g—= Chapter2 2-5. Clock Switching ]

- *1 can be used as a clock source of time base timer is selected to ‘fosc'.
- *2 can be used as a clock source of time base timer is selected to 'fx.

- Time base timer and timer 6 cannot stop timer 6 counting.

VIl -2 Overview
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Block Diagram

8-1-2

HTimer 6, Time Base Timer Block Diagram
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Figure 8-1-1 Block Diagram (Timer 6, Time Base Timer)
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8-2  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), too.

8-2-1 Control Registers

Table 8-2-1 shows the registers that control timer 6, time base timer.

Table 8-2-1 Control Registers

Register Address | RIW Function Page
TM6BC X03F68' R | Timer 6 binary counter VIl - 5
Timer 6 TM60C X03F69' | R/W | Timer 6 compare register VIl - 5
TM6MD X03F6A' | R/W | Timer 6 mode register VIl - 6
TM6BICR X03FEF' | R/W |Timer 6 interrupt control register - 28
TM6MD X03F6A" | R/W | Timer 6 mode register VIl - 6
Timer base timer TBCLR X03F6B' W | Time base timer clear control register VIl - 5
TBICR X03FF0' | R/W |Time base interrupt control register - 29

R/W : Readable / Writable
R : Readable only
W : Writable only

VIl -4 Control Registers
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8-2-2 Programmable Timer Registers

Timer 6 is a 8-bit programmable counter.
Programmable counter consists of compare register (TM60OC) and binary counter (TM6BC).

Binary counter is a 8-bit up counter. When the TM6CLRS flag of the timer 6 mode register (TM6MD) is
"0" and the interrupt cycle data is written to the compare register (TM60OC), the timer 6 binary counter
(TM6BC) is cleared to x'00".

ETimer 6 Binary Counter (TM6BC)

7 6 5 4 3 2 1 0

TM6BC TM6BC7 | TM6BC6 | TM6BCS | TM6BC4 | TM6BC3 | TM6BC2 | TM6BC1 | TM6BCO (Atreset : X X X X X X X X)

Figure 8-2-1 Timer 6 Binary Counter (TM6BC : x'03F68', R)

HTimer 6 Compare Register (TM60OC)

7 6 5 4 3 2 1 0

TM60C TM60C7|TM60C6| TM60C5| TM60C4 | TM6OC3 | TM6OC2 | TM6OC1 | TM6OCO (Atreset : X X XXX XXX )

Figure 8-2-2 Timer 6 Compare Register (TM60C : x'03F69', R/W)

Time base timer cannot stop counting but the software can reset its operation. Time base timer can be
cleared by writing an arbitrary value to the time base timer clear control register (TBCLR).

ETime Base Timer Clear Control Register (TBCLR)

TBCLR - - - - - - - - (For writing only)

Figure 8-2-3 Time Base Timer Clear Control Register (TBCLR : x'03F6B")

Control Registers VI -5
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8-2-3  Timer Mode Registers

This is a readable / writable register that controls timer 6 and time base timer.

ETimer 6 Mode Register (TM6MD)

7 6 5 4 3 2 1 0

TM6MD  |TM6CLRS | TM6IR2 | TMBIRL | TM6IRO [TMBCK3 [TMBCK2 | TMBCK 1| TMECKO (Atreset:00000000 )

TM6CKSO0 Time base timer clock source

0 fosc

1 fx

TM6CK3 | TM6CK2 | TMBCK1 | Timer 6 clock source

0 fosc
0
0 1 fs
1 0 fx
1 Synchronous x
0 0 |Time base selection clock x 1/2°
1 1| Synchronous fime base selection clock x 1/2°
1 0 |Time base selection clock x1/2*
1 | Synchronous time base selection clock x 1/2

Time base timer
interrupt cycle selection

TM6IR2 | TM6IR1 | TM6IRO

0 0 Time base selection clock x 1/2
0 1 Time base selection clock x 1/2°
1 0 Time base selection clock x 1/2°
1 Time base selection clock x 1/2*
1 ) Time base selection clock x 1/2*
Time base selection clock x 1/2°
TM6CLRS Timer 6 binary counter clear
0 Enable the initializat_ion qf
TM6BC as TM60C is written
1 Disable the initialization of

TM6BC as TM60OC is written

* TM6IRQ is disabled as TM6CLRS =0,
TM6IRQ is enabled as TM6CLRS = 1.

Figure 8-2-4 Timer 6 Mode Register (TM6MD : x'03F6A', R/W)
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8-3  8-bit Free-running Timer

8-3-1  Operation

W8-bit Free-running Timer (Timer 6)

The generation cycle of the timer interrupt is set by the clock source selection and the setting value of the
compare register (TM60C), in advance. If the binary counter (TM6BC) reaches the setting value of the
compare register, an interrupt is generated at the next count clock, then the binary counter is cleared and
counting is restarted from x'00".

Table 8-3-1 shows clock source that can be selected.

Table 8-3-1 Clock Source at Timer Operation (Timer 6)

Clock source lcount time
fosc 50 ns
fx 30.5 us
fs 100 ns
fosc X 1/2%2 204.8 ps
fosc X 1/2% 409.6 ps
fx X 1/2*? 125 ms
fx X 1/213 250 ms
Notes : as
fosc = 20(MHz)
fx = 32.768(kHz)
fs = fosc/2 = 10 MHz

G Timer 6 cannot stop its timer counting except at stanby mode (STOP mode).
[ ]

8-hit Free-running Timer VI -7
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W8-bit Free-running Timer as a 1 minute-timer, a 1 second-timer
Table 8-3-2 shows the clock source selection and the TM6OC register setup, when a 8-bit free-running
timer is used as a 1 minute-timer, a 1 second-timer.

Table 8-3-2 1 minute-timer, 1 second-timer Setup (Timer 6)

Interrupé;%ggeratlon Clock Source TM60C Register
1 min fx x 1/213 X'EF'
fx x 1/212 xXo7'
1s
fx x 1/213 X'03'
fx = 32.768(kHz)

When the 1 minute-timer (1 min.) is set on Table 8-3-2, the bpl waveform frequency (cycle) of the
TM6BC register is 1 Hz (1 s). So, that can be used for adjusting the seconds.

TM6BC
bp1l

‘1 Hz(Ls)

Figure 8-3-1 Waveform of TM6BC Register bpl (Timer 6)

VIII -8 8-bit Free-running Timer
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ECount Timing of Timer Operation (Timer 6)
Binary counter counts up with the selected clock source as a count clock.

Count clock

TM6CLRS
flag

Compare
register

Binary
counter

Interrupt
request
flag

(A)

(B)

©

(D)

B

JUUULJUUUU UL UL

: : : : : : (B : : : :
pehosEnonoE=En o
(A) (D)

© (B)

Figure 8-3-2 Count Timing of Timer Operation (Timer 6)

When any data is written to the compare register as the TM6CLRS flag is "0", the binary
counter is cleared to x'00'".

Even if any data is written to the compare register as the TM6CLRS flag is "1", the binary
counter is not changed.

When the binary counter reaches the value of the compare register as the TM6CLRS flag is
"1", aninterrupt request flag is set at the next count clock.

When an interrupt request flag is set, the binary counter is cleared to x'00' and restarts the
counting.

Even if the binary counter reaches the value of the compare register as the TM6CLRS flag is
"0", nointerrupt request flag is set.

=

When the binary counter reaches the value in the compare register, the inrerrupt 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 fx is selected as the count clock source in timer 6, when the binary counter is read at
operation, uncertain value on counting up may be read. To prevent this, select the synchro-
nous fx as the count clock source.

But if the synchronous fx is selected as the count clock source, CPU mode cannot return
from STOP/HALT mode.

=

If the compare register is set the smaller than the binary counter during the count operation,
the binary counter counts up to the overflow, at first.

8-bit Free-running Timer VIIl -9
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8-3-2

Setup Example

ETimer Operation Setup (Timer 6)

Timer 6 generates an interrupt constantly for timer function. Fs(fosc = 20 MHz) is selected as a clock

source to generate an interrupt every 250 cycles (25 ps).
An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

)

)

®3)

(4)

®)

(6)

Enable the binary counter
initialization.
TM6MD (x'3F6A")
bp7 : TM6CLRS =0

Select the clock source.
TM6MD (x'3F6A")
bp3-1 : TM6CK3-1 =001

Set the interrupt generation cycle.
TM60C (X'3F69") = x'F9'

Enable the interrupt request
generation.
TM6MD (x'3F6A")
bp7 : TMBCLRS =1

Set the interrupt level.
TM6ICR (x'3FEF")
bp7-6 : TM6LV1-0 =01

Enable the interrupt.
TM6ICR (x'3FEF")
bpl : TM6IE =1

1)

)

®3)

(4)

(5)

(6)

Set the TM6LRS flag of the timer 6 mode
register (TM6MD) to "0". At that time, the
initialization of the timer 6 binary counter
(TM6BC) is enabled.

Clock source can be selected by the TM6CK3-1
flag of the TM6MD register. Actually, fs is
selected.

Set the interrupt generation cycle to the timer
6 compare register (TM60OC). At that timer,
TM6BC is initialized to x'00'".

Set the TM6CLRS flag of the TM6MD register to
"1" to enable the interrupt request generation.

Set the interrupt level by the TM6LV1-0 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 ]

Set the TM6IE flag of the TM6ICR register to "1"
to enable the interrupt.

* the above steps (1), (2) can be set at once.

As TM60C is set, TM6BC is initialized to x'00' to count up.
When TM6BC matches TM60OC, the timer 6 interrupt request flag is set to "1" at the next count
clock and TM6BC is cleared to x'00' to restart counting.

VIII - 10
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=

If the TM6CLRS flag of the TM6MD register is set to "0", TM6BC can be initialized in every
rewriting of TM6OC register, but in that state the timer 6 interrupt is disabled. If the timer 6
interrupt should be enabled, set the TM6CLRS flag to "1" after rewriting the TM60OC register.

=

On the timer 6 clock source selection, either the time base timer output or the time base
timer synchronous output is selected, the clock setup of time base timer is needed.

8-bit Free-running Timer ~ VIII - 11
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8-4 Time Base Timer

8-4-1  Operation

ETime Base Timer (Time Base Timer)
The Interrupt is constantly generated.
Table 8-4-1 shows the interrupt generation cycle in combination with the clock source ;

Table 8-4-1 Time Base Timer Interrupt Generation Cycle

Selected clock Interrupt generation cycle
source
fosc X 1/27 6.4 us
fosc X 1/28 12.8 us
fosc X 1/2° 25.6 us
fosc
fosc X 1/2%° 51.2 us
fosc X 1/2%3 409.6 ps
fosc X 1/2%° 1.64 ms
fx X 1/27 3.9 ms
fx X 1/28 7.8 ms
fx X 1/2° 15.6 ms
fx
fx X 1/2%° 31.2ms
fx X 1/2*3 250 ms
fx X 1/2*° 1s
fosc = 20(MHz)
fx = 32.768(kHz)

VIl -12 TimeBase Timer



Chapter 8 Time Base Timer / 8-bit Free-running Timer

ECount Timing of Timer Operation (Time Base Timer)
The counter counts up with the selected clock source as a count clock.

14 13

12 11 10 9 8 7 6 5 4 3 2 1 O Mfosc

[€E—MUX
fx

<

12%°

| | | | |
! I

13 9 7
1/2 12 1/2° 12 12
Figure 8-4-1 Count Timing of Timer Operation (Time Base Timer)

When the selected interrupt cycle has passed, the interrupt request flag of the time base
interrupt control register (TBICR) is set to "1".

An interrupt may be generated at switching of the clock source. Enable interrupt after switch-
ing the clock source.

-

Time base timer cannot stop the operation.

The initialization can be done by writing an arbitrary value to the time base timer clear control
register (TBCLR).

TimeBase Timer  VIII - 13
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8-4-2

ETimer Operation Setup (Time Base Timer)
An interrupt can be generated constantly with time base timer in the selected interrupt cycle. The inter-

Setup Example

rupt generation cycle is as fosc x 1/2** (as 0.977 ms : fosc = 8.38 MHz) for generation interrupts.
An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

1)

@)

®3)

(4)

©)

Select the clock source.
TM6MD (x'3F6A")
bp0 : TMB6CKO =0

Select the interrupt generation

cycle.
TM6MD (x'3F6A")
bp6-4 : TM6IR2-0 =100

Initialize the time base timer.
TBCLR (x'3F6B") = x'00'

Set the interrupt level.
TBICR (X'3FF0")
bp7-6 : TBLV1-0 =01

Enable the interrupt.
TBICR (x'3FF0")
bpl : TBIE =1

1)

)

®3)

(4)

(5)

Select fosc as a clock source by the TM6CKO
flag of the timer 6 mode register (TM6MD).

Select the selected clock x 1/2'% as an interrupt
generation cycle by the TM6IR2-0 flag of the
TM6MD register.

Write value to the time base timer clear control
register (TBCLR) to initialize the time base
timer. That makes the time base timer initialize.

Set the interrupt level by the TBLV1-0 flag of
the time base interrupt control register
(TBICR).

If the interrupt request flag had already been
set, clear it.

[€ Chapter 3 3-1-4. Interrupt Flag Setup ]

Set the TBIE flag of the TBICR register to "1"
to enable the interrupt.

* the above steps (1), (2) can be set at once.

When the selected interrupt generation cycle has passed, the interrupt request flag of the time base
interrupt control register (TBICR) is set to "1".

VIIlI -14 TimeBase Timer
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9-1 Overview

This LSI has a watchdog timer. This timer is used to detect software processing errors. It is controlled by
the watchdog timer control register (WDCTR). And, once an overflow of watchdog timer is generated, a
watchdog interrupt (WDIRQ) is generated. If the watchdog interrupt is generated twice, consecutively, it
is regarded 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 Block Diagram

EWatchdog Timer Block Diagram

STOP Ly\
writeWDCTR
Yy A /
HALT R R R
fs j:>—> 1/2~1/214 1/215~1/220 — internal reset release
S
(sysclk) Y
fs/214 — |
fs/212 —p|
fs/210 —p
fs/28 ——=|MUX
fs/26 ——»]
DLYCTR fs/24 —»|
N 0 fs/22 —»]
-bLyso )
_DLYS1_|
_DLYSZ2_ )
_BUZSO_ |
_BUZs1 |
_BUZS2_| f5/2§§ —
BUZOE | 7 5/220 — |
fo/218 __ g | MUX ——————— WDIRQ
WDCTR fs/216 —p|
_WDEN_] 0 ?
_WDTSO_|
woTs1 ]/
_WDTCO_|
_WDTCL |
_WDTC2 |
””””” 7

Figure 9-1-1 Block Diagram (Watchdog Timer)

The watchdog timer is also used as a timer to count the oscillation stabilization wait time. This is used as
a watchdog timer except at recovering from STOP mode and at reset releasing.

The watchdog timer is initialized at reset or at STOP mode, and counts system clock (fs) as a clock
source from the initial value (x'0000"). The oscillation stabilization wait time is set by the oscillation
stabilization control register (DLYCTR). After the oscillation stabilization wait, counting is continued as a
watchdog timer. [ €~ Chapter 2 2-8. Reset ]

IX-2  Overview
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9-2  Control Registers

The watchdog timer is controlled by the watchdog timer control register (WDCTR).

E\Watchdog Timer Control Register (WDCTR)

7 6 5 4 3 2 1 0

WDCTR - - |WDTC2|WDTC1/WDTCOWDTS1|WDTSO|WDEN (Atreset:--000110)

WDEN Watchdog timer enable

Watchdog timer disable/clear
Watchdog timer enable

WDTS1|WDTSO0| Watchdog time-out period setup

216 of system clock
218 of system clock
220 of system clock
222 of system clock

R |O |k |O

WwDTC2lwbTc1lwbTco Watchdog timer is cleared at
the following cycle or more

Anytime
27 of system clock

29 of system clock

211 of system clock
213 of system clock
215 of system clock

217 of system clock
219 of system clock

FPIO|FRP|O[FP|O |k |O

Figure 9-2-1 Watchdog Timer Control Register (WDCTR : x'03F02', R/W)

Control Registers  1X - 3
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9-3  Operation

9-3-1  Operation

The watchdog timer counts system clock (fs) as a clock source. If the watchdog timer is overflowes, the
watchdog interrupt (WDIRQ) is generated as an 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.

This watchdog timer can detect such that the watchdog timer clear is repeated in short cycle. If the
watchdog timer clear is repeated in shorter cycle than the set time (the lowest value of watchdog timer
clear possible), it is regarded as an error and the watchdog interrupt (WDIRQ) is generated.

If the watchdog interrupt (WDIRQ) is generated twice consecutively, it is regarded to be an indication that
the software cannot execute in the intended sequence; thus, a system reset is initiated by the hardware.

G The watchdog timer cannot stop, once it starts operation.
[ ]

BUsage of Watchdog Timer

When the watchdog timer is used, constant clear in program is needed to prevent an overflow of the
watchdog timer. As a result of the software failure, the software cannot execute in the intended se-
gquence, thus the watchdog timer overflows and error is detected.

Programming of the watchdog timer is generally done in the last step of its programming.

BHow to Detect Incorrect Code Execution
The watchdog timer is executed to be cleared in the certain cycle on the correct code execution. On this
LSI, the watchdog timer detects errors when,

(1) the watchdog timer overflows.
(2) the watchdog timer clear happens in the shorter cycle than the watchdog timer clear
possible lowest value, set in the watchdog timer control register (WDCTR).

When the watchdog timer detects any error, the watchdog interrupt (WDIRQ) is generated as a non
maskable interrupt (NMI).

IX-4  Operation
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EHow 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.

m\Watchdog Timer Period

The watchdog timer 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 till the set period of watchdog
timer, that is regarded as an error and the watchdog interrupt (WDIRQ) of the non-maskable interrupt
(NMI) is generated.

Table 9-3-1 Watchdog Timer Period

WDTS1 WDTSO Watchdog time-out period
0 0 216 X system clock
0 1 218 X system clock
1 0 220 X system clock
1 1 222 X system clock

System clock is decided by the CPU mode control register (CPUM).
[ g Chapter 2 2-5. Clock Switching ]

The watchdog timer period is generally decided from the execution time for main routine of program.
That should be set the longer period than the value of the execution time for main routine divided by
natural number (1, 2, ,, ). And insert the instruction of the watchdog timer clear to the main routine as that
value makes the same cycle.

EThe Lowest Value for Watchdog Timer Clear
The lowest value for watchdog timer clear is decided by the bp5, 4, 3 (WDTC2, WDTC1, WDTCO) of the

watchdog timer control register (WDCTR).

Table 9-3-2 The Lowest Value for Watchdog Timer Clear

WDTC2 WDTC1 WATCO Watchdog t|rr_1er can be cleared at the
following cycle or more

no limit

27 X system clock

2° X system clock

211 X system clock

213 X system clock

215 X system clock

217 X system clock

RlrRr|lRP|pP| O|lOC|O|O
R |, |©O|O|rR | |O|O
R | O|Rr |O|R,r|O|Rr|O

218 X system clock

Operation IX -5
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mWatchdog Timer and CPU Mode
The relation between this watchdog timer and CPU mode features are as follows ;

(1) In NORMAL, IDLE, SLOW mode, the system clock is counted.

(2) The counting is continued regardless of switching at NORMAL, IDLE, SLOW mode.

(3) In HALT mode, the watchdog timer is stopped.

(4) In STOP mode, the watchdog timer is cleared automatically by hardware.

(5) In STOP mode, the watchdog interrupt cannot be generated.

(6) After releasing reset or recovering from STOP, the counting is executed for the duration of the
oscillation stabilization wait time.

Generally, in the system used STOP mode, if the STOP mode is done or not is divided on the program
execution, but, in this case, the counting value of the watchdog timer differs. So, the watchdog interrupt
should be prevented by setting the lowest value for watchdog timer clear.

IX-6  Operaton
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9-3-2  Setup Example

The watchdog timer detects errors. On the following example, the watchdog timer period is set to 28 x
system clock, the lowest value for watchdog timer clear is set to 2° x system clock.
An example setup procedure, with a description of each step is shown below.

HInitial Setup Program (Watchdog Timer Initial Setup Example)

Setup Procedure Description
(1) Setthe time-out period. (1) Setthe WDTS1-0 flag of the watchdog timer
WDCTR (x'03F02") control register (WDCTR) to "01" to select the
bp2-1: WDTS1-0 =01 time-out period to 28 x system clock.
(2) Set the lowest value for clear. (2) Setthe WDTC2-0 flag of the WDCTR register
WDCTR (x'03F02") to "010" to select the lowest value for clear to
bp5-3 : WDTC2-0 = 010 2° x system clock.
(3) Start the watchdog timer operation. (3) Setthe WDEN flag of the WDCTR register to
WDCTR (x'03F02") start the watchdog timer operation.
bp0 : WDEN =1

setting. If the watchdog control register (WDCTR) is changed after starting the operation, the

G The command of setting the WDEN flag to "1" should be done on the last step of the initial
watchdog interrupt may be generated depending on the setting of the lowest value for clear.

EMain Routine Program (Watchdog Timer Constant Clear Setup Example)

Setup Procedure Description

(1) Set the constant watchdog timer clear.| (1) Clear the watchdog timer by the cycle from 2°

Writing to WDCTR (x'03F02") x system clock up to 28 x system clock.
(cf.) BSET (WDCTR) WDEN
(bpO : WDEN =1) The watchdog timer clear should be inserted in

the 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.

Operation X -7
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Hinterrupt Service Routine Setup

Setup Procedure

Description

(1) Setthe watchdog interrupt service
routine.
NMICR (x'03FE1")
TBNZ (NMICR) WDIR, WDPRO

1)

If the watchdog timer overflows, the non
maskable interrupt is generated.

Confirm that the WDIR flag of the non
maskable interrupt control register (NMICR) is
"1" on the interrupt service routine, and
manage the suitable execution.

(1

The operation, just before the WDOG interrupt may be executed wrongly. Therefore, if the
WDOG interrupt is generated, initialize the system.

IX-8
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10-1 Overview

This LSI has a buzzer. It can output the square wave, having a frequency 1/2° to 1/2%* of the high speed
oscillation clock, or by 1/2% to 1/2* of the low speed oscillation clock.

10-1-1 Block Diagram

WBuzzer Block Diagram

fosc —»
MUX > 1/2t0 1/214
X —» (R)
A A fosc/24
fosc/2®®
12
fosc/2'2 —_|:>_> BUZZER
fosc/2't
fosc/21°  |MUX
9
DLYCTR fosc/2
- 10 x4
ool e
DLYS0 | LESN
DLYS1
_________ A
_BUZSO [\
_BUZS1 |
__B_U_Z_$2__J
BUZOE |—

Figure 10-1-1 Block Diagram (Buzzer)

X-2 Overview
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10-2 Control Register

HOscillation Stabilization Wait Timer Control Register

7 6 5 4 3 2 1 0

DLYCTR |BUZOEBUZS2|BUZS1BUZSODLYS2|DLYS1|DLYSO| - (Atreset: 0000000-)

Oscillation stabilization
wait period selection

DLYS2|DLYS1|DLYSO

0 0 fs/214
1 fs/212
0
1 0 fs/210
1 fs/28
0 6
o e
1 S
1 0 fs/22
1 Reserved

Note : After reset is released, the oscillation stabilization
wait period is fixed at 2" fs.

Buzzer output frequency
selection

fosc/214
fosc/213
fosc/212
fosc/211
fosc/210
fosc/29

fx/24
fx/23

BUZS2|BUZS1|BUZS0

RIO|RP|O|F,|O|Fk|O

BUZOE P06 output selection

Port data output
1 Buzzer output

Figure 10-2-1 Oscillation Stabilization Wait Time Control Register
(DLYCTR : x'03F4D', R/W)

Control Register X-3
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10-3 Operation

10-3-1 Operation

MBuzzer

Buzzer outputs the square wave, having a frequency 1/2° to 1/2** of the high speed oscillation clock
(fosc), or by 1/23 to 1/2* of the low speed oscillation clock (fx). The BUZS 2, 1, 0 flag of the oscillation
stabilization wait control register (DLYCTR) set the frequency of buzzer output. The BUZOE flag of the
oscillation stabilization wait control register (DLYCTR) sets buzzer output ON / OFF.

EBuzzer Output Frequency

The frequency of buzzer output is decided by the frequency of the high oscillation clock (fosc) or the low
oscillation clock (fx) and the bit 6, 5, 4 (BUZS2, BUZS1, BUZSO0) of the oscillation stabilization wait
control register (DLYCTR).

Table 10-3-1 Buzzer Output Frequency

fosc fx BUZS2 BUZS1 BUZSO Buzzer output frequency

20 MHz - 0 0 0 1.22 kHz
20 MHz - 0 0 1 2.44 kHz
20 MHz - 0 1 0 4.88 kHz
8.38 MHz - 0 1 0 2.05 kHz
8.38 MHz - 0 1 1 4.09 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

X-4 Operation
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2 Setup Example

Chapter 10 Buzzer

Buzzer outputs the square wave of 2 kHz from P06 pin. It is used 8.38 MHz as the high oscillation clock

(fosc).

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1)

(2)

3)

(4)

Set the buzzer frequency.
DLYCTR (x'3F4D")
bp6-4 : BUZS2-0 = 010

Set P06 pin.
POOUT (x'3F10
bp6 : POOUT6 =0
PODIR (x'3F30"
bp6 : PODIR6 =1

Buzzer output ON.
DLYCTR (x'3F4D")
bp7 :BUZOE =1

Buzzer output OFF.
DLYCTR (x'3F4D")
bp7 :BUZOE =0

@)

)

®)

(4)

Set the BUZS2-0 flag of the oscillation
stabilization wait control register (DLYCTR) to
"010" to select fosc/2'? to the buzzer
frequency.

When the high oscillation clock fosc is 8.38
MHz, the buzzer output frequency is 2.05 kHz.

Set the output data POOUT®6 of P06 pin to "0",
and set the direction control PODIR6 of P06 pin
to "1" to select output mode.

P06 pin outputs low level.

Set the BUZOE flag of the oscillation
stabilization wait control register (DLYCTR) to
"1" to output the square wave of the buzzer
output frequency set by P06 pin.

Set the BUZOE flag of the oscillation
stabilization wait control register (DLYCTR) to
"0" to clear, and P06 pin outputs low level.

Operation X-5
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11-1 Overview

This LSI contains a serial interface 0 and 1 that can be used for both communication types of clock
synchronous and UART (duplex). Also, the pins are changable to A (port 0) or B (port 7).

Table 11-1-1 Serial Interface 0, 1 used pins

A (Port A)

B (Port 7)

Serial Interface 0

P03/SBOOA/TXDOA
P04/SBIOA/RXDOA
PO5/SBTOA

P70/SBOOB/TXDOB
P71/SBIOB/RXD0OB
P72/SBTOB

Serial Interface 1

POO/SBO1ATXD1A
PO1/SBI1IARXD1A
PO2/SBT1A

P73/SBO1B/TXD1B
P74/SBI1B/RXD1B
P75/SBT1B

(1

On this text, if there are not much differences between port A and port B on the operation, port
A and B are ommitted.

XI-2

Overview




11-1-1 Functions

Table 11-1-1 shows functions of serial interface 0, 1.

Table 11-1-1 Serial Interface 0, 1 Functions

Chapter 11 Serid Interface 0, 1

Serial interface 0

Serial interface 1

Communication style

clock synchronous

UART (duplex)

clock synchronous

UART (duplex)

SCOTIRQ (on transmission

SCI1TIRQ (on transmission

Interrupt SCOTIRQ completion) SCI1TIRQ completion)
SCORIRQ (on reception SC1RIRQ (on reception
completion) completion)

Used pins SBOO0,SBI0,SBTO TXDO,RXDO SBO1,SBI1,SBT1 TXD1,RXD1

3 channels type

_\/

_\/

2 channels type

1/

(SBOO, SBTO)

_\/

v/ (sBOL,SBTL)

_\/

1 channel type

v/ (Mmoo

v/ 3o

Specification of transfer bit
count/Frame selection

1 to 8 bits

7 bits + 1stop
7 bits + 2stops
8 bits + 1stop
8 hits + 2stops

1 to 8 bits

7 bits + 1stop
7 bits + 2stops
8 bits + 1stop
8 hits + 2stops

Selection of parity bit

_\/

_\/

0 parity 0 parity

Parity bit control - 1 parity : 1 parity
odd parity odd parity
even parity even parity

Selection of start condition

only "enable start condition™

only "'enable start condition™

Specification of the first
transfer bit

is available

is available

Specification of input edge /
output edge

Continuous operation

_\/

.‘/

Continuous operation (with
ATC1)

.‘/

.‘/

Internal clock 1/8 dividing

NSRRI

only 1/8 dividing is available

AUANIENAN AN AN

only 1/8 dividing is available

Clock source

fosc/2
fosc/4
fosc/16
fosc/64
fs/2
fs/4
Timer 5 output
External clock

fosc/2
fosc/a
fosc/16
fosc/64
fs/2
fsl/4
Timer 5 output

fosc/2
fosc/a
fosc/16
fosc/64
fs/2
fsl/4
Timer 4 output
External clock

fosc/2
fosc/4
fosc/16
fosc/64
fs/2
fs/4
Timer 4 output

Maximum transfer rate

2.5 MHz

300 kbps
(standard 300 bps
to 38.4 kbps)
(timer 5 output)

2.5 MHz

300 kbps
(standard 300 bps
to 38.4 kbps)
(timer 4 output)

osc : Machine clock (High speed oscillation)

fs : System clock [ f_7~ Chapter2 2-5. Clock Switching ]

Overview
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11-1-2 Block Diagram
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B Serial Interface 1 Block Diagram
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11-2 Control Registers

11-2-1 Registers

Table 11-2-1 shows registers to control serial interface 0, 1.

Table 11-2-1  Serial Interface 0, 1 Control Registers

Register Address R/W Function Page
SCOMDO X03F92' R/W Serial interface 0 mode register 0 Xl -8
SCOMD1 X03F93' R/W Serial interface 0 mode register 1 Xl -9
SCOMD2 X03F94' R/W Serial interface 0 mode register 2 Xl -10
SCOMD3 X03F95' R Serial interface 0 mode register 3 Xl-11
RXBUFO X03F90' R Serial interface 0 reception data buffer Xl-7
TXBUFO X03F91' R/W Serial interface 0 transmission data buffer Xl-7
SCO0ODC X03F96' R/W Serial interface 0 port control register Xl -12

Serial interface 0 SCOCKS X03F97" R/W Serial interface 0 transfer clock selection register Xl -13
PSCMD X03F6F' R/W Prescaler control register V-6
PODIR X03F30' R/W Port 0 direction control register V-7
POPLU X03F40' R/W Port 0 pull-up/down control register V-7
P7DIR X03F37' R/W Port 7 direction control register IV-31
P7PLUD X03F47' R/W Port 7 pull-up/down control register IV-31
SCORICR X03FF4' R/W Serial interface 0 UART reception interrupt control register Il - 30
SCOTICR X03FF5' R/W Serial interface 1 interrupt control register - 31
SC1MDO X03F9A R/W Serial interface 1 mode register 0 Xl - 15
SC1MD1 X03F9B' R/W Serial interface 1mode register 1 Xl -16
SC1MD2 X03F9C' R/W Serial interface 1 mode register 2 Xl-17
SC1MD3 X03F9D' R Serial interface 1 mode register 3 XI-18
RXBUF1 X03F98' R Serial interface 1 reception data buffer Xl -14
TXBUF1 X03F99' R/W Serial interface 1 transmission data buffer Xl -14
SC10DC X03F9E' R/W Serial interface 1 port control register Xl -19

Serial interface 1 SC1CKS X03F9F' RMW  |Serial interface 1 transfer clock selection register Xl - 20
PSCMD X03F6F' R/W Prescaler control register V-6
PODIR X03F30' R/W Port 0 direction control register V-7
POPLU X03F40' R/W Port 0 pull-up control register V-7
P7DIR X03F37' R/W Port 7 direction control register IV-31
P7PLUD X03F47' R/W Port 7 pull-up/down control register IV-31
SC1RICR X03FF6' RW Serial interface 1 UART reception interrupt control register Il -32
SCI1TICR X03FF7' R/W Serial interface 1 interrupt control register Il - 33

R/W : Readable / Writable
R : Readable only

Xl -6 Control Registers
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11-2-2 Serial Interface 0 Data Buffer Registers

Serial Interface 0 has each 8-bit data buffer register for transmission, and for reception.

ESerial Interface 0 Reception Data Buffer (RXBUFO)
7 6 5 4 3 2 1 0

RXBUFO RXBUF07|RXBUF06| RXBUF05|RXBUF04 |RXBUF03 |RXBUF02 |RXBUFOL|RXBUF00| (At reset : X X X X X X X X)

Figure 11-2-1  Serial Interface 0 Reception Data Buffer (RXBUFO : x'03F90’, R)

HESerial Interface 0 Transmissin Data Buffer (TXBUFQ)

7 6 5 4 3 2 1 0

TXBUFO TXBUFO7| TXBUFO6| TXBUFO5| TXBUFO4 TXBUF03 [TXBUF02 [TXBUFOL | TXBUFOO| (At reset : X X X X X X X X )

Figure 11-2-2 Serial Interface 0 Transmission Data Buffer (TXBUFO : x'03F91', R/W)

Control Registers ~ XI-7



Chapter 11  Seria Interface 0, 1

11-2-3 Serial Interface 0 Mode Registers

ESerial Interface 0 Mode Register 0 (SCOMDO)

7

6

5

4

3

2

1

0

SCOMDO  [SCOCE1

SCOREN

SCOTRN

SCODIR

SCOSTE

SCOLNG2

SCOLNG1

SCOLNGO

(Atreset:00000111)

Synchronous serial
SCOLNG2|SCOLNG1|SCOLNGO transfer bit count
0 1bit
0 1 2bit
0
0 3bit
1 -
1 4bit
0 5bit
0 -
1 1 6bit
0 7bit
1 -
1 8bit
Synchronous serial transfer
SCOSTE start condition
Disable start condition
1 Enable start condition
SCODIR First bit to be transferred
MSB first
1 LSB first
SCOTRN Tran;mlssmn data
polarity change
0 Positive
1 Negative
SCOREN Rece.ptlon data
polarity change
Positive
1 Negative
SCOCEL Transmission datal Receptlon data
output edge input edge
falling rising
1 rising falling

Figure 11-2-3 Serial Interface 0 Mode Register 0 (SCOMDO : x'03F92', R/W)
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HESerial Interface 0 Mode Register 1 (SCOMD1)

7 6 5 4 3 2 1 0
SCOMD1 | SCOIOM | SCOSBTS | SCOSBIS | SCOSBOS| SCOCKM | SCOMST | - | SCOCMD (Atreset:000000-0)
Synchronous serial /
SCOCMD Duplex UART selection
Synchronous serial
Duplex UART
SCOMST Clock mastgr /
slave selection
0 Clock slave
Clock master
SCOCKM 1/8 dIYIdIng of transfer clock
selection
Do not divide by 8
1 Divide by 8
SCOSBOS SBOO'(TXDO) pin function
selection
0 Port
1 Serial data output
SCOSBIS Serial input control
0 "1" input
1 Serial input

SCOSBTS SBTO pin function selection

Port
1 Transfer clock 1/0

SCoIoOM Serial data /O selection

Data input from SBIO(RXDO)
1 Data input from SBOO(TXDO)

Figure 11-2-4 Serial Interface 0 Mode Register 1 (SCOMD1 : x'03F93', R/W)

Control Registers ~ XI-9
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EmSerial Interface 0 Mode Register 2 (SCOMD2)
SCOBRKEF flag is only for reading.

7 6 5 4 3 2 1 0

(Atreset:00000-00)

SCOMD2Z | SCOFML | SCOFMO | SCOPML | SCOPMO | SCONPE - | SCOBRKF | SCOBRKE

SCOBRKE |Break status transmit control

Data transmission
Break transmission

SCOBRKF  |Break status receive monitor
*)
0 Data tramsmission
1 Break transmission

(*) Only read access is available.

SCONPE Parity enable

Enable parity bit
1 Disable parity bit

Added bit specification
Transmission | Reception

SCOPML | SCOPMO

0 0 |Add"0" Check for "0"
1 |Add"1" Check for "1"
0 | Addodd parity | Checkforodd parity
1

1 | Addeven parity |Checkforeven parity

SCOFM1 | SCOFMO | Frame mode specification

0 0 7 data bits + 1 stop bit
1 7 data bits + 2 stop bits

1 0 8 data bits + 1 stop bit
1 8 data bits + 2 stop bits

Figure 11-2-5 Serial Interface 0 Mode Register 2 (SCOMD?2 : x'03F94', R/W)
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ESerial Interface 0 Mode Register 3 (SCOMD3)
All flags are only for reading.

SCOMD3

7

6

5

4

3

2

1

0

SCOTBSY

SCORBSY

SCOTEMP

SCOREMP

SCOFEF

SCOPEK

SCOORE

SCOERE

Chapter 11 Serid Interface 0, 1

(Atreset:00000000)

SCOERE Error monitor flag
0 No error
1 Error
SCOORE Overrun error detection
0 No error
1 Error
SCOPEK Parity error detection
0 No error
1 Error
SCOFEF Framing error detection
No error
1 Error
SCOREMP Receive buffer empty flag
0 Empty
1 Full
SCOTEMP Transfer buffer empty flag
Empty
1 Full

SCORBSY Serial bus status
0 Other use
1 Serial reception in progress

SCOTBSY Serial bus status

Other use

1 Serial transmission in progress

Figure 11-2-6 Serial Interface 0 Mode Register 3 (SCOMD3 : x'03F95', R)
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ESerial Interface 0 Port Control Register (SCOODC)

7 6 5 4 3 2 1 0

SCOODC |SCOSEL | Reseved| - - |scoobc3|scoobc2|scooDCi{ScooDco (Atreset: 00--0000)

SCOODCO0 PO3Nch open-drain control

Push-pull

1 Nch open-drain

SCOODC1 PO5Nch open-drain control

Push-pull

1 Nch open-drain

SC0ODC2 P70Nch open-drain control

Push-pull

1 Nch open-drain

SC0ODC3 P72Nch open-drain control

Push-pull
1 Nch open-drain
i Reserved Set always to "0"

SCOSEL Serial 0 I/O pin switch

Port 0 1/0

1 Port 7 1/0

Figure 11-2-7 Serial Interface 0 Port Control Register (SCOODC : x'03F96', R/W)
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ESerial Interface 0 Transfer Clock Selection Register (SCOCKS)

7 6 5 4 3 2 1 0

SCOCKS - - - - - |SCOPSC2|SCOPSC1|SCOPSCO (Atreset:- - - - - XX X)

SCOPSC2 | SCOPSC1|SCOPSCO | Clock selection
0 0 fosc/2
0 1 fosc/4
1 0 fosc/16
1 fosc/64
0 fs/2
1 0 1 fsl4
1 X Timer 5 output

Figure 11-2-8 Serial Interface 0 Tranfer Clock Selection Register (SCOCKS : x'03F97', R/W)
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11-2-4 Serial Interface 1 Data Buffer Registers

Serial Interface 1 has each 8-bit data buffer register for transmission, and for reception.

HESerial Interface 1 Reception Data Buffer (RXBUF1)
7 6 5 4 3 2 1 0

RXBUF1 RXBUF17|RXBUF16|RXBUF15(RXBUF14|RXBUF13|RXBUF12|RXBUF11|RXBUF10| (At reset: X X X X X X X X)

Figure 11-2-9 Serial Interface 1 Reception Data Buffer (RXBUF1 : x'03F98', R)

W Serial Interface 1 Transmissin Data Buffer (TXBUF1)

7 6 5 4 3 2 1 0

TXBUFL | TXBUFL7|TXBUF16| TXBUFL5|TXBUF14|TXBUFL3 |TXBUF12 TXBUFLL|TXBUFLO| (At reset : X X X X X X X X )

Figure 11-2-10 Serial Interface 1 Transmission Data Buffer (TXBUFL1 : x'03F99', R/W)
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11-2-5 Serial Interface 1 Mode Registers

MSerial Interfacel Mode Register 0 (SC1MDO)

SC1MDO

7

6

5

4

3

2

1

0

SCICE1

SCIREN

SCITRN

SCIDIR

SCISTE

SCILNG2

SCILNG1

SCILNGO

Chapter 11 Serid Interface 0, 1

(Atreset:00000111)

Synchronous serial
SCILNG2|SCILNG1|SCILNGO| 1= o <o bit count
0 1bit
0 1 2bit
0 .
0 3bit
1
1 4bit
0 5bit
0 -
0 7bit
1 -
1 8bit
SCISTE Synchronous serial transfer
start condition
0 Disable start condition
1 Enable start condition
SC1DIR First bit to be transferred
0 MSB first
1 LSB first
SC1TRN Tran§m|SS|on data
polarity change
0 Positive
1 Negative
SC1REN Rece_ptlon data
polarity change
0 Positive
1 Negative
SCI1CE1L Transmission data Receptlon data
output edge input edge
0 falling rising
1 rising falling

Figure 11-2-11 Serial Interface 1 Mode Register 0 (SC1MDO : x'03F9A', R/W)
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W Serial Interface 1 Mode Register 1 (SC1MD1)

7 6

5

4

3 2

0

SCi1MD1

SC1I0M [SC1SBTS

SC1SBIS|SC1SBOS

SC1CKM|SCIMST

SC1CMD

(Atreset:000000-0)

Synchronous serial /

SC1CMD Duplex UART selection
Synchronous serial
Duplex UART
SCIMST Clock mastgr/
slave selection
Clock slave
Clock master
SC1CKM 1/8 dlyldlng of transfer clock
selection
0 Do not divide by 8
Divide by 8
SC1SBOS SBOO_(TXDO) pin function
selection
0 Port
1 Serial data output
SC1SBIS Serial input control
0 "1" input
1 Serial input
SC1SBTS SBTO pin function selection
0 Port
1 Transfer clock 1/0
SC1I0M Serial data I/0 selection
0 Data input from SBI1(RXD1)
1 Data input from SBO1(TXD1)

Figure 11-2-12 Serial Interface 1 Mode Register 1 (SC1MD1 : x'03F9B', R/W)
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HESerial Interface 1 Mode Register 2 (SC1MD2)

SC1BRKF flag is only for reading.

SC1MD2

7

6

5 4

3

1

0

SC1FM1| SCIFMO

SC1PM1| SC1PMO| SCINPE

SCIRKF [SC1BRKE|

Chapter 11 Serid Interface 0, 1

(Atreset:00000-00)

SC1BRKE |Break status transmit control
0 Data transmission
Break transmission
SCI1BRKF  |Break status receive monitor
*
0 Data tramsmission
1 Break transmission

(*) Only read access is available.

SCINPE Parity enable
0 Enable parity bit
Disable parity bit
Added bit specification
SCIPM1 | SCIPMO — -
Transmission | Reception
0 0 |Add"o" Check for "0"
1 |Add"1" Check for "1"
0 | Addodd parity | Checkforodd parity
1
1 | Addeven parity |Checkforeven parity
SCIFM1 | SCIFM0 | Frame mode specification
0 0 7 data bits + 1 stop bit
1 7 data bits + 2 stop bits
1 0 8 data bits + 1 stop bit
1 8 data bits + 2 stop bits

Figure 11-2-13 Serial Interface 1 Mode Register 2 (SC1MD2 : x'03F9C', R/W)
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HSerial Interface 1 Mode Register 3 (SC1MD3)
All flags are only for reading.

SC1MD3

XI-18

7

6

5

4

3

2

1

0

SCITBSY]|

SCIRBSY

SCITEMP|

SCIREMP

SCIFEF

SCIPEK

SC10RE

SC1ERE

(Atreset:00000000)

SC1ERE Error monitor flag
No error
1 Error
SC10RE Overrun error detection
No error
1 Error
SC1PEK Parity error detection
No error
1 Error
SC1FEF Framing error detection
No error
1 Error
SC1REMP Receive buffer empty flag
Empty
1 Full

SC1TEMP Transfer buffer empty flag

Empty

1 Full

SC1RBSY Serial bus status

Other use

1 Serial reception in progress

SC1TBSY Serial bus status

Other use

1 Serial transmission in progress

Figure 11-2-14 Serial Interface 1 Mode Register 3 (SC1MD3 : x'03F9D’, R)
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HSerial Interface 1 Port Control Register (SC10DC)

SC10DC

7

6

3

2

1

0

SCI1SEL

Reseved

SC10DC3

SC10DC2

SC10DC1

SC10DCOo

Chapter 11 Serid Interface 0, 1

(Atreset: 00--0000)

SC10DCO0 P00 N ch open-drain control
0 Push-pull
1 N ch open-drain
SC10DC1 P02 N ch open-drain control
0 Push-pull
1 N ch open-drain
SC10DC2 P73 N ch open-drain control
0 Push-pull
1 N ch open-drain
SC10DC3 P75 N ch open-drain control
0 Push-pull
1 N ch open-drain
Reserved Set always to "0"
SCI1SEL Serial 1 1/0 pin switch
0 Port 0 I/10
1 Port 7 1/0

Figure 11-2-15 Serial Interface 1 Port Control Register (SC10DC : x'03F9E', R/W)

When port 7 is used as a pin for serial interface 1 and port O is used as the general port, POO

or P02 should be used as input port.

Control Registers X -19
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HESerial Interfacel Transfer Clock Selection Register (SC1CKS)

7 6 5 4 3 2 1 0

SC1CKS - - - - - |SCIPSC2[SC1PSC1|SC1PSCO (Atreset:- - - - - XX X)

SC1PSC2| SC1PSC1|SCIPSCO | Clock selection
0 0 fosc/2
0 1 fosc/4
1 0 fosc/16
1 fosc/64
0 fs/2
1 0 1 fs/4
1 X Timer 4 output

Figure 11-2-16 Serial Interface 1 Tranfer Clock Selection Register (SC1CKS : x'03F9F', R/W)
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11-3 Operation

Serial Interface 0, 1 can be used for both clock synchronous and duplex UART.

11-3-1 Clock Synchronous Serial Interface

BActivation Factor for Communication

Table 11-3-1 shows activation factors for communication. At master, the transfer clock is generated by
setting data to the transmission data buffer TXBUFn, or by receiving a start condition. Except during
communication, the input signal from SBTO pin is masked to prevent errors by noise or so. This mask
can be released automatically by setting a data to TXBUFn(access to the TXBUFn register), or by
inputting a start condition to the data input pin. Therefore, at slave, set data to TXBUFn, or input an
external clock after a start condition is input.

Table 11-3-1 Synchronous Serial Interface Activation Factor

Activation factor

Transmission Reception
o Setdummy data
at master Settransmission data
Input start condition
Input clock
Input clock after transmission after dummydata is set
atslave datai

atals set Input clock

after start condition is input

ETransfer Bit Setup
The transfer bit count is selected from 1 bit to 8 bits. Set them by the SCnLNG 2 to 0 flag of the SCnMDO
register (at reset : 111). The SCnLNG 2 to O flag holds the former set value until it is set again.

Except during communication, SBT pin is masked to prevent errors by noise. At slave com-
M munication, set data to TXBUFn or input a clock to SBT pin after a start condition is input.
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EStart Condition Setup

The SCnSTE flag of the SCnMDO register sets if a start condition is enabled or not. If a start condition is
enabled, and received at communication, a bit counter is cleared to restart the communication. The start
condition, if the SCnCEL1 flag of the SCnMDO register is set to "0", is regarded when a data line (SBI pin
(with 3 channels) or SBO pin (with 2 channels) is changed from "H" to "L" as a clock line (SBT pin) is "H".
Also, the start condition, if the SCnCE1 flag of the SCnMDO register is set to "1", is regarded when a
data line (SBI pin (with 3 channels) or SBO pin (with 2 channels) is changed from "H" to "L" as a clock line
(SBT pin) is "L". Both the SChSBOS flag and the SCnSBIS flag of the SCnMD1 register should be set to
"0", before the start condition setup is changed

HFirst Transfer Bit Setup
The SCnDIR flag of the SCnMDO register can set the first transfer bit. MSB first or LSB first can be
selected.

ETransmission Data Buffer

The transmission data buffer, TXBUFn is the sub buffer that stores data to load the internal shift register.
Data to be transfered should be set to the transmission data buffer, TXBUFn to load to the internal shift
register automatically. The first data loading to the internal shift register is done at the same timing of the
data setting to TXBUFnN.

HReceived Data Buffer

The received data buffer RXBUFn is the sub buffer that pushed the received data in the internal shift
register. After the communication complete interrupt SCnlRQ is generated, data stored in the internal
shift register is stored to the received data buffer RXBUFn automatically. RXBUFn can store data up to
1 byte. RXBUFn is rewritten in every communication complete, so read out data of RXBUFn till the next
receive complete. The received data buffer empty flag SChREMP is set to "1" at the same time
SCnTIRQ is generated. SCNREMP is cleared to "0" after RXBUFn is read.

If a start condition is input to restart during communication, the transmission data is not valid.
If the transmission should be operated again, set the transmission data to TXBUFn, again.

‘ Start condition should be switched after both the SCnSBOS and the SCnSBIS flags of the
- SCnMD1 register are set to "0". If they are not set to "0", the switching is not valid.

RXBUFn is rewritten in every communication complete. At continuous communication, data
of RXBUFnN should be read out till the next reception complete.
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ETranfer Bit Count and First Transfer Bit

When the transfer bit is 1 bit to 7 bits, the data storing method to the transmission data buffer TXBUFn
is different, depending on the first transfer bit selection. At MSB first, use the upper bits of TXBUFn for
storing. When there are 6 bits to be transfered, as shown on figure 11-3-1, if data "A" to "F" are stored to
bp2 to bp7 of TXBUFnN, the transmission is operated from "F" to "A". At LSB first, use the lower bits of
TXBUFn for storing. When there are 6 bits to be transfered, as shown on figure 11-3-2, if data "A" to "F"
are stored to bp0 to bp5 of TXBUFN, the transmission is operated from "A" to "F".

TXBUFN F E D C B A

Figure 11-3-1 Transfer Bit Count and First Transfer Bit (starting with MSB)

TXBUFN F E D C B A

Figure 11-3-2 Transfer Bit Count and First Transfer Bit (starting with LSB)

HReceive Bit Count and First Transfer Bit

When the transfer bit count is 1 bit to 7 bits, the data storing method to the received data buffer RXBUFn
is different depending on the first transfer bit selection. At MSB first, data are stored to the lower bits of
RXBUFn. When there are 6 bits to be transfered, as shown on figure 11-3-3, if data "F" to "A" are stored
to bpO to bp5 of RXBUFN. At LSB first, data are stored to the upper bits of RXBUFn. When there are 6
bits to be transfered, as shown on figure 11-3-4, if data "A" to "F" are stored to bp2 to bp7 of RXBUFn.

RXBUFN F E D C B A

Figure 11-3-3 Receive Bit Count and Transfer First Bit (starting with MSB bit)

RXBUFN F E D C B A

Figure 11-3-4 Receive Bit Count and Transfer First Bit (starting with LSB bit)

Operation  XI-23



Chapter 11  Seria Interface 0, 1

B Continuous Communication

This serial has a function for continuous communication. If data is set to the transmission data buffer
TXBUFnN during communication, the transmission buffer empty flag SCnTEMP is automatically set to
communicate continuously. Data setup to TXBUFn should be done till the communication complete
interrupt SCnTIRQ is generated after the former data is set. At master communication, there is a sus-
pension of communication for 3 transfer clocks till the next transmission clock is output after the SCnIRQ
generation.

Also, the built-in automatic data transfer fuction ATC can activate. Data can be transfered continuously
up to 255 bytes by ATC activation. In this case, there is a suspension of communication for up to 18
machine cycles + 2.5 transfer clocks. Refer to the transfer mode 8 to 9 in chapter 15, automatic transfer
controller for ATC activation.

Hinput Edge / Output Edge Setup

The SCnCEZ1 to 0 flag of the SCnMDO register set an output edge of the transmission data, an input edge
of the received data. As the SCnCEL1 flag = "0", the transmission data is output at the falling edge, and as
"1", output at the rising edge. As SCnCE1="0", the received data is received at the inversion edge to the
output edge of transmission data, and as "1", stored at the same edge.

Table 11-3-2 Transmission Data Output Edge and Received Data Input Edge

SCnCE1 Transmission data output edge | Received data input edge

0 r A

ETransmission/reception data polarity switching
Polarity of transmission/reception data can be switched by register setup. When SCnREN flag of the
SCnMDO register is set to "1", inverted input signal from data input pin is input to the reception shift
register. When SCnTRN flag of the SCnMDO register is set to "1", inverted signal set in the transfer
buffer TXBUFn is output to the data output pin.
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HClock Setup

The SCnCKS register selects a clock source from the special prescaler and timer 4 output. The special
prescaler starts its operation after the PSCMD (x'03F6F") register selects "prescaler operation”. The
SCnMST flag of the SCnMD1 register can select the internal clock (clock master), or the external clock
(clock slave). Even if the external clock is selected, set the internal clock that has the same clock cycle
or below to the external clock, by the SCnCKS register. That is happened, because the interrupt flag
SCnTIRQ is generated by the internal clock. Here is the internal clock source that can be set by the
SCnCKS register. Also, the SCnCKM flag of the SCnMD1 register can divide the internal clock by 8.

Table 11-3-3 Synchronous Serial Interface Internal Clock Source

Serial interface 0 Serial interface 1
fosc/2 fosc/2
fosc/a fosc/4

fosc/16 fosc/16
Internal clock fosc/64 fosc/64
fsi2 fs/2
fs/a fs/a
Timer 5 output Timer 4 output

EData Input Pin Setup

3 channels type (clock pin (SBT pin), data output pin (SBO pin), data input pin (SBI pin)) or 2 channels
type (clock pin (SBT pin), data I/O pin (SBO pin)) can be selected as the communication. SBI pin can be
used for only serial data input. SBO pin can be used for serial data input or output. The SCnIOM flag of
the SCnMDL1 register can select if the serial data is input from SBI pin or SBO pin. When "data input from
SBO pin" is selected to set the 2 channels type, the PnDIRO flag of the PnDIR register controls direction
of SBO pin to switch transmission / reception. At that time, SBI pin is free to be used as a general port.

‘ The transfer speed should be up to 2.5 MHz. If the transfer clock is over 2.5 MHz, the
- transmission data may not be sent correctly.

At reception, if SCnlIOM of the SCOMDL1 register is set to "1" and "serial data input from SBO"
is selected, SBI pin is used as a general port.
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BReceived Buffer Empty Flag

When the reception is completed (the last data reception edge of the clock is input), data is stored to
RXBUFnN from the internal shift register, automatically. If data is stored to the shift register RXBUFn, the
received buffer empty flag SCnREMP of the SCnMD3 register is set to "1". That indicates that the
received data is going to be read. SChREMP is cleared to "0" by reading out the data of RXBUFn.

ETransmission Buffer Empty Flag

If any data is set to TXBUFn again, during communication (after setting data to TXBUFn before generat-
ing the communication complete interrupt SCnIRQ), the transmission buffer empty flag SCnTEMP of the
SCnMDa3 register is set to "1". That indicates that the next transmission data is going to load. Data is
loaded to the inside shift register from TXBUFn by generation of SCnTIRQ, and the next transfer is
started as SCNnTEMP is cleared to "0".

EOverrun Error and Error Monitor Flag

If, after reception complete, the next data has been already received before reading out the data of the
received data buffer RXBUFn, overrun error is generated and the SCnORE flag of the SCnMD3 register
is set to "1". And at the same time, the error monitor flag SCnERE is set to indicate that something wrong
on reception. The SCnORE flag holds the status unless the data of RXBUFn is read out. SCnERE is
cleared as SCnORE flag is cleared. These error flags are nothing to do with communication operation.

BReception BUSY Flag

When any data is set to TXBUFn or when the SCnSBIS flag of the SCnMD1 register is "1" as start
condition is input, the SCnRBSY flag of the SCnMD3 register is set to "1". And, on the generation of the
communication complete interrupt SCnTIRQ, the flag is cleared to "0". And, during continuous commu-
nication, the SCnRBSY falg is always set. If the transmission buffer empty flag SCNhTEMP is cleared to
"0" as the communication complete interrupt SCnTIRQ is generated, SCnRBSY s cleared to "0". If the
SCnSBIS flag is set to "0" during communication, the SCnRBSY flag is cleared to "0".

ETransmission BUSY Flag

When any data is set to TXBUFn or when the SCnSBOS flag of the SCnMD1 register is "1" as start
condition is input, the SCnTBSY flag of the SCnMD3 register is set to "1". And, on the generation of the
communication complete interrupt SCnTIRQ, the flag is cleared to "0". And, during continuous commu-
nication, the SCnTBSY flag is always set. If the transmission buffer empty flag SCnTEMP is cleared to
"0" as the communication complete interrupt SCnTIRQ is generated, SCnTBSY is cleared to "0". If the
SCnSBOS flag is set to "0" during communication, the SCnTBSY flag is cleared to "0".
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BEmergency Reset

It is possible to shut down communication. For a forced reset, the SCnSBOS flag and the SChSBIOS
flag of the SCnMDL1 register should be set to "0" (SBO pin : port, input data : "1" input). At forced reset,
the status registers (the SCnBRKF flag of the SCnMD2 register, all flags of the SCnMD3 register) are
initialized as they are set at reset, but the control register holds the setting value.

HLast Bit of Transfer 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. After data output holding period of the last bit, "H" is output.

Table 11-3-4 Last Bit Data Length of Transfer Data

The last bit data holding period at The last data input period at
transmission reception
At master 1 bit data length

[1 bitdata length of external clock x 1/2] +| 1 bitdatalength (Minimum)

Atslave [internal clocl frequency x (1/2 to 3/2)]

EOther Control Flag Setup
Table 11-3-5 shows flags that are not used at clock synchronous communication. So, they are not

needed to set or monitor.
Table 11-3-5 Other Control Flag

Register Flag Detail
SCnBRKF Brake status reception monitor
SCnNPE Parity is enabled
SCnMD2
SCnPM1to 0 Added bit specification
SCnFM1to O Frame mode specification
SCnPEK Parity error detection
SCnMD3
SCnFEF Frame error detection
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ETrasnmission Timing

(at master)

‘Tmax=T

-
(at master) (atslave)
Tmax=25T T ) ) ) ) ) ) Tmax=2T .

Clock
(SBT pin)

e AR N 68 6N 68 65 68 6
e OB

SCnTBSY 3 3 3 3 3 3 3 § P

(Write data to TXBUFn) : : : : : : Do
Interrupt : : : : : : H
(SCNTIRQ)

Figure 11-3-5 Transmission Timing (falling edge, start condition is enabled)

(at master)
Tmax=T
-——

(at master) (at slave)
Tmax=1.5T T ) ) ‘Tmax=2T

- — . . i i i -

Clock
(SBT pin)

s O0000000]
- T OOEROE

A . . .
(Write data to TXBUFn) : : : : : ! :
Interrupt ‘ ! ! ! ! ! ! ! ‘ ! H

(SCNTIRQ)

Figure 11-3-6 Transmission Timing (falling edge, start condition is disabled)
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(at master)
Tmax=T

(at master) tat slave)
Tmax=25T T ) ) ) ) Tmax=2T
Clock
(SBT pin)

?s“;z“;%ﬂ / X X X X X X X /
X X X X X X X X

(Write data to TXBUFn) : : } : : Co
Interrupt : 3 : : : : : ! ‘ H
(SCNTIRQ)

Figure 11-3-7 Transmission Timing (rising edge, start condition is enabled)

(at master)
‘Tmax=T

(at master) f(at slave)
Tmax=1.5T T | ) ) } } } Tmax=2T
Clock
(SBT pin)

s (0000000
Transfer bit counter X X X X X X X X
SCnTBSY J _

A ‘
(Write data to TXBUFn) : : : : ! ! Lo
Interrupt H
(SCNTIRQ)

Figure 11-3-8 Transmission Timing (rising edge, start condition is disabled)
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BReception Timing

(at master)
Tmax=25T T

-

Clock
(SBT pin)

= 10000000
OO0
- _

A
(Write data to TXBUFn) : : : : : : : : H

Interrupt
(SCnTIRQ)

Figure 11-3-9 Reception Timing (rising edge, start condition is enabled)

(at master)
Tmax=1.5T = T

e

Clock
(SBT pin)

= 0000000
=~
oo [

(Write data to TXBUFn) : : : : : : : :
Interrupt . . . . . . . . . H

(SCNTIRQ)

Figure 11-3-10 Reception Timing (rising edge, start condition is disabled)
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(at master)
Tmax=25T T

Clock
(SBT pin)

= 1 0000000
=~ OOE0E0E0
o B

A .
(Write data to TXBUFn) 3 3 3 3 3 3 3 3
Interrupt . . . . . . . . . H

(SCNTIRQ)

Figure 11-3-11 Reception Timing (falling edge, start condition is enabled)

(at master)
Tmax=15T T
-————

Clock
(SBT pin)

== 0000000
EaE 0000000k
o | B

Iy . .
(Write data to TXBUFn) : : : : : : : :
Interrupt . . . . . . . . . H

(SCNTIRQ)

Figure 11-3-12 Reception Timing (falling edge, start condition is disabled)
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ETransmission / Reception Timing

When transmission and reception are operated at the same time, set the SCnhCE1 flag of the SChnMDO
register to "0" or "1". Data is received at the opposite edge of the transmission clock, so that the recep-
tion clock should be the opposite edge of the transmission clock from the other side.

SBT pin

Data is received at the rising edge of clock.

RN

Data is output at the falling edge of clock.

<o A

Figure 11-3-13 Transmission / Reception Timing
(Reception : rising edge, Transmission : falling edge)

SBI pin

SBT pin

Data is received at the falling edge of clock.

RN

Data is output at the rising edge of clock.

=or UL

Figure 11-3-14 Transmission / Reception Timing
(Reception : falling edge, Transmission : rising edge)

SBI pin
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11-3-2  Serial interface 0 Synchronous Serial Interface Pin Setup

WSerial Interface 0 Pins Setup (3 channels, at transmission)
Table 11-3-6 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin,
SBTO pin) at transmission.

Table 11-3-6 Setup for Synchronous Serial Interface 0 Pin (3 channels, at transmission)

Data output pin Data input pin Clock I/O pin
Setup item SBOOA pin/ SBIOA pin/ SBTOA pin/SBTOB pin
SBOOB pin SBIOB pin Internal clock | External clock
Port Pin P03/P70 P04/P71 P0O5/P72

Selectused pin (A, B)

SCOODC (SCOSEL)
SBI/SBO pin Setup SBI0/SBO0 independent )

SCOMD1 (SCOIOM)

Port Pin Setup

Function Serial data output "1"input Serial clock /O | Serial clock /O
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull / Push-pull / Push-pull /
Stle Nch open-drain ) Nch open-drain Nch open-drain
SCOODC(SCOODCO) SCOODC (SC00DC1)/SCO00ODC (SC00DC3)
SCOODC(SC00DC?2)
Output mode Output mode | Input mode
10 PODIR (PODIR3) - PODIR (PODIR5)
P7DIR (P7DIR0) P7DIR (P7DIR2)
Add/Not Add Add/Not Add [ Add/Not Add
Pull-up (Pull-down) setup POPLU (POPLU3) - POPLU (POPLUS5)
P7PLUD(P7PLUDO) P7PLUD (P7PLUD2)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (X03F2E')
[ €5 Chapter4, 4.7.2 Register ]

HESerial Interface 0 Pins Setup (3 channels, at reception)
Table 11-3-7 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin,
SBTO pin) at reception.

Table 11-3-7 Setup for Synchronous Serial Interface 0 Pin (3 channels, at reception)

Data input pin Clock I/O pin
Setup item SBO1Apin/ SBI1Apin/ SBT1Apin/SBT1B pin
SBO1B pin SBI1B pin Internal clock | External clock
Port Pin PO0/P73 P01/P74 P02/P75

Selectused pin (A, B)

SC10DC (SC1SEL)
SBI/SBO pin Setup SBIO/SBOO connection }

SCOMD1 (SCOIOM)

Port Pin Setup

Function Port Serial data input Serial clock /O | Serial clock IO
SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull / Push-pull /
Stle } } Nch open-drain Nch open-drain
SC10DC (SC10DC1)/SC10DC (SC10DC3)
Input mode Output mode | Input mode
110 - PODIR (PODIR1) PODIR (PODIR2)
P7DIR (P7DIR4) P7DIR (P7DIR5)
Add/Not Add | Add/Not Add
Pull-up (Pull-down) setup - - POPLU (POPLU2)
P7PLUD (P7PLUDS5)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (xO3F2E")
[@>— Chapter4, 4.7.2 Register ]
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B Serial Interface 0 Pins Setup (3 channels, at transmission / reception)

Table 11-3-8 shows the setup for synchronous serial interface pin with 3 lines (SBOO pin, SBIO pin, SBTO

pin) at transmission / reception.

Table 11-3-8 Setup for Synchronous Serial Interface 0 Pin
(3 channels, at transmission / reception)

Data input pin Clock I/O pin
Setup item SBOOA pin/ SBIOA pin/ SBTOA pin/SBTOB pin
SBOOB pin SBIOB pin Internal clock | External clock
Port Pin P03/P70 P04/P71 PO5/P72

Port Pin Setup

Selectused pin (A B)

SCOODC (SC1SEL)

SBI/SBO pin Setup

SBI0/SBOO independent

SCOMD1 (SCOIOM)

Serial data output Serial data input

Serial clock I/O

[ Serial clock I/O

P7DIR (P7DIR0)

P7DIR (P7DIR1)

Function SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull/ Push-pull / Push-pull /
St Nch open-drain } Nch open-drain Nch open-drain
SCO0DC (SCOODC) SCOODC (SCOODC1)
SCO0ODC (SC00DC3)
Output mode Input mode Output mode | Input mode
1o PODIR (PODIR3) PODIR (PODIR4) PODIR (PODIR5)

P7DIR (P7DIR2)

Pull-up (Pull-down) setup

Add/Not Add

POPLU (POPLU3)
P7PLUD (P7PLUDO)

Add/Not Add [ Add/Not Add

POPLU (POPLUB)
P7PLUD (P7PLUD2)

[
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WSerial Interface 0 Pins Setup (2 channels, at transmission)
Table 11-3-9 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO pin)
at transmission. SBIO pin can be used as a general port.
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Table 11-3-9 Setup for Synchronous Serial Interface 0 Pin (2 channels, at transmission)

Setup item

Data output pin

Clock I/O pin

SBOOA pin/
SBOOB pin

SBIOA pin/

SBTOA pin/SBTOB pin

SBIOB pin

Internal clock [

External clock

Port Pin

P03/P70

PO5/P72

Port Pin Setup

Selectused pin (A, B)

SCOODC (SCOSEL)

SBI/SBO pin Setup

SBI0/SBOO0 connection

SCOMD1 (SCOIOM)

P7DIR (P7DIR0)

Function Serial data output "1" input Serial clock IO | Serial clock /1O
SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull / Push-pull / Push-pull /
Style Nch open-drain ) Nch open-drain Nch open-drain
SCO0DC(SCO0DCO) SCOODC (SCOODC1)/SCO0DC (SCOODC3)
SCOODC(SC00DC?2)
Output mode Output mode Input mode
(o] PODIR (PODIR3) - PODIR (PODIR5)

P7DIR (P7DIR7)

Pull-up (Pull-down) setup

Add/Not Add

POPLU (POPLU3)
P7PLUD(P7PLUDO)

Add/Not Add

Add/Not Add

POPLU (POPLUB)
P7PLUD (P7PLUD2)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (XO3F2E')
[ € Chapter4,4.7.2 Register ]

HESerial Interface 0 Pins Setup (2 channels, at reception)
Table 11-3-10 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO
pin) at reception. SBIO pin can be used as a general port.

Table 11-3-10 Setup for Synchronous Serial Interface 0 Pin (2 channels, at reception)
Data input pin Clock I/O pin
Setup item SBOOA pin/ SBIOA pin/ SBTOA pin/SBTOB pin
SBOOB pin SBIOB pin Internal clock | External clock
Port Pin PO3/P70 PO5/P72
Port Pin Setup Selectused pin (A B)
SCO0ODC (SCOSEL)
SBI0/SBO0 connection

SBI/SBO pin Setup

SCOMD1 (SCOIOM)

P7DIR (P7DIRO)

Function Port Serial data input Serial clock IO | Serial clock IO
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull / Push-pull /
Stle } ; Nch open-drain Nch open-drain
SCOODC (SC00ODC1)/SCOODC (SCO0ODC3)
input mode Output mode | Input mode
110 PODIR (PODIR3) - PODIR (PODIR5)

P7DIR (P7DIR7)

Pull-up (Pull-down) setup

Add/Not Add [

Add/Not Add

POPLU (POPLUS5)
P7PLUD (P7PLUD2)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (xO3F2E")
[ £ Chapter4, 4.7.2 Register ]
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11-3-3  Serial interface 1 Synchronous Serial Interface Pin Setup

WSerial Interface 1 Pins Setup (3 channels, at transmission)
Table 11-3-11 shows the setup for synchronous serial interface pin with 3 channels (SBO1 pin, SBI1 pin,
SBT1 pin) at transmission.

Table 11-3-11  Setup for Synchronous Serial Interface 1 Pin (3 channels, at transmission)

Data output pin Data input pin Clock I/O pin
Setup item SBO1Apin/ SBI1Apin/ SBT1Apin/SBT1B pin
SBO1B pin SBI1B pin Internal clock | External clock
Port Pin PO0/P73 P0O1/P74 P02/P75

Port Pin Setup Selectused pin (A, B)

SC10DC (SC1SEL)
. SBI0/SBOO0 independent
SBI/ SBO pin Setup — (SC(’))IOM) -

Function Serial data output "1" input Serial clock /O | Serial clock /1O
SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull / Push-pull / Push-pull /
Stle Nch open-drain } Nch open-drain Nch open-drain
SC10DC(SC10DC0) SC10DC (SC10DC1)/SC10DC (SC1ODC3)
SC10DC(SC10DC?2)
Output mode Output mode | Input mode
(o] PODIR (PODIRO) - PODIR (PODIR2)
P7DIR (P7DIR3) P7DIR (P7DIR5)
Add/Not Add Add/Not Add [ Add/Not Add
Pull-up (Pull-down) setup POPLU (POPLUO) - POPLU (POPLU2)
P7PLUD(P7PLUDD3) P7PLUD (P7PLUDS5)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (XO3F2E')
[ g— Chapter4, 4.7.2 Register ]

M Serial Interface 1 Pins Setup (3 channels, at reception)
Table 11-3-12 shows the setup for synchronous serial interface pin with 3 channels (SBO1 pin, SBI1 pin,
SBT1 pin) at reception.

Table 11-3-12 Setup for Synchronous Serial Interface 1 Pin (3 channels, at reception)

Data input pin Clock I/O pin
Setup item SBOOA pin/ SBIOA pin/ SBTOA pin/SBTOB pin
SBOOB pin SBIOB pin Internal clock | External clock
Port Pin P03/P70 P04/P71 PO5/P72

Port Pin Setup Selectused pin (A, B)

SCOODC (SCOSEL)
. SBI0/SBOO independent
SBI/SBO pin Setup SCONDL (SC(’))IOM) -

Function Port Serial data input Serial clock IO [ Serial clock IO
SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull / Push-pull /
Stle ) } Nch open-drain Nch open-drain
SCO0ODC (SC00DC1)/SC00DC (SCO0ODC3)
Input mode Output mode | Input mode
1o - PODIR (PODIR4) PODIR (PODIR5)
P7DIR (P7DIR1) P7DIR (P7DIR2)
Add/Not Add [ Add/Not Add
Pull-up (Pull-down) setup - - POPLU (POPLU5)
P7PLUD (P7PLUD2)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (XO3F2E')
[ € Chapter4, 4.7.2 Register ]
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Table 11-3-13 shows the setup for synchronous serial interface pin with 3 lines (SBO1 pin, SBI1 pin,
SBT1 pin) at transmission / reception.
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Table 11-3-13  Setup for Synchronous Serial Interface 1 Pin
(3 channels, at transmission / reception)

Data output pin Data input pin Clock I/O pin
Setup item SBOOA pin/ SBIOA pin/ SBTOA pin/SBTOB pin
SBOOB pin SBIOB pin Internal clock | External clock
Port Pin P03/P70 P04/P71 PO5/P72

Port Pin Setup

Selectused pin (A, B)

SCOODC (SC1SEL)

SBI/SBO pin Setup

SBI0/SBOO0 independent

SCOMD1 (SCOIOM)

Serial data output Serial data input

Serial clock I/O

[ Serial clock I/O

Function SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull/ Push-pull / Push-pull /
Style Nch open-drain ) Nch open-drain Nch open-drain
SC00DC (SCO0DC) SCOODC (SCOODC1)
SCOODC (SC00DC3)
Output mode Input mode Output mode | Input mode
(o] PODIR (PODIR3) PODIR (PODIR4) PODIR (PODIR5)
P7DIR (P7DIR0) P7DIR (P7DIR1) P7DIR (P7DIR2)
Add/Not Add Add/Not Add [ Add/Not Add

Pull-up (Pull-down) setup

POPLU (POPLU3) -
P7PLUD (P7PLUDO)

POPLU (POPLUB)

P7P

LUD (P7PLUD2)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (X03F2E')

[ € Chapter4,4.7.2 Register ]
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WSerial Interface 1 Pins Setup (2 channels, at transmission)

Table 11-3-14 shows the setup for synchronous serial interface pin with 2 channels (SBO1 pin, SBT1

pin) at transmission. SBI1 pin can be used as a general port.

Table 11-3-14 Setup for Synchronous Serial Interface 1 Pin (2 channels, at transmission)

SBI/SBO pin Setup

SCOMD1 (SCOIOM)

Data output pin Clock I/O pin
Setup item SBO1A pin/ SBI1Apin/ SBT1Apin/SBT1B pin
SBO1B pin SBI1B pin Internal clock | External clock
Port Pin PO0/P73 P02/P75
Port Pin Setup Selectused pin (A B)
SC10DC (SC1SEL)
SBI0/SBO0 connection

P7DIR (P7DIR3)

Function Serial data output "1" input Serial clock /O | Serial clock /1O
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull / Push-pull / Push-pull /
Syl Nch open-drain } Nch open-drain Nch open-drain
SC10DC(SC1ODCO) SC10DC (SC10DC1)/SC10DC (SC10DC3)
SC10DC(SC10DC?2)
Output mode Output mode Input mode
l[e] PODIR (PODIRO) - PODIR (PODIR2)

P7DIR (P7DIR5)

Pull-up (Pull-down) setup

Add/Not Add

POPLU (POPLUO)
P7PLUD(P7PLUD3)

Add/Not Add

Add/Not Add

POPLU (POPLU2)
P7PLUD (P7PLUD5)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (X03F2E’)
[ @ Chapter4, 4.7.2 Register ]

HESerial Interface 1 Pins Setup (2 channels, at reception)

Table 11-3-15 shows the setup for synchronous serial interface pin with 2 channels (SBO1 pin, SBT1

pin) at reception. SBI1 pin can be used as a general port.

Table 11-3-15 Setup for Synchronous Serial Interface 1 Pin (2 channels, at reception)
Data input pin Clock I/O pin
Setup item SBO1Apin/ SBI1Apin/ SBT1Apin/SBT1B pin
SBO1B pin SBI1B pin Internal clock | External clock
Port Pin PO0/P73 P02/P75
Port Pin Setup Selectused pin (A B)
SC10DC (SC1SEL)
SBI0/SBOO0 connection

SBI/SBO pin Setup

SCOMD1 (SCOIOM)

P7DIR (P7DIR3)

Function Port Serial data input Serial clock I/O | Serial clock I/0
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1 (SCOSBTS)
Push-pull / Push-pull /
Stle ; ; Nch open-drain Nch open-drain
SC10DC (SC10DC1)/SC10DC (SC10DC3)
input mode Output mode | Input mode
110 PODIR (PODIRO) - PODIR (PODIR2)

P7DIR (P7DIR5)

Pull-up (Pull-down) setup

Add/Not Add [

Add/Not Add

POPLU (POPLU2)
P7PLUD (P7PLUD5)

Note) Select pull-up/down resistor with P7RDOWN flag of FLOAT register (xO3F2E")
[ @ Chapter4,4.7.2 Register ]

X1-38  Operation




Chapter 11 Serid Interface 0, 1

11-3-4 Setup Example

ETransmission / Reception Setup Example
The setup example for clock synchronous serial communication with serial O is shown. Table 11-3-16
shows the conditions at transmission / reception.

Table 11-3-16 Setup Examples for Synchronous Serial Interface Transmission / Reception

Setup item setto Setup item setto
SBI/SBO pin Independent Clock source fs/2
(with 3 channels)
Transfer bit count 8 bits Used pin A (port 0)
Start condition none Clock source 1/8 dividing divided by 8

First transfer bit MSB SBT/SBO pin style Nch open-drain
Input clock edge falling edge SBT pin pull-up resistor Added
Output clock edge rising edge SBO pin pull-up resistor Added
Clock Internal clock Serial 1 communication Enable
complete interrupt
An example setup procedure, with a description of each step is shown below.
Setup Procedure Description
(1) Select the prescaler operation. (1) Setthe PSCEN flag of the PSCMD register to
PSCMD (x'3F6F") "1" to select "prescaler operation”.
bp0 : PSCEN =1
(2) Select the clock source. (2) Select the clcok source by the SCOCKS
SCOCKS (x'3F97") register.
bp2-0 : SCOPSC2-0 =100 Set bp4-0 to "0100" to select "fs/2".
(3) Select the used pin. (2) Setthe SCOSEL flag of the SCOODC register to
SCOODC(x'3F96") "0" to set I/O used pin to A (port 0).
bp7 : SCOSEL =0
(4) Control the pin type. (4) Set the SCOODC1-0 flag of the SCOODC
SCOODC(x'3F96") register to "11" to select "N-ch open drain" to
bp1-0: SCOODC1-0 =11 the SBO/SBT pin. Set the POPLUS5, 3 flag of
POPLU (x'3F40) the POPLU register to "1" to add pull-up
bp5, 3: POPLU5,3=1,1 resistor.
(5) Control the pin direction. 5 Set the PODIR5-3 flag of the port 0 pin
PODIR (x'3F30") direction control register (PODIR) to "101" to set
bp5-3 : PODIR5-3 =101 P03, P05 "output mode", and to set P04 "input
mode".
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Setup Procedure Description
(6) Select the transfer bit count. (6) Setthe SCOLNG2-0 flag of the serial 0 mode
SCOMDO(x'3F92') register (SCOMDO) to "111" to set the transfer
bit count "8 bits".
(7) Select the start condition. (7) Setthe SCOSTE flag of the SCOMDO register to
SCOMDO (x'3F92") "0" to disable start condition.
bp3: SCOSTE =0
(8) Select the first bit to be transfered. | (8) Setthe SCODIR flag of the SCOMDO register to
SCOMDO (x'3F92") "0" to set MSB as a transfer first bit.
bp4 : SCODIR =0
(9) Selectthe transfer edge. (9) Setthe SCOCEL flag of the SCOMDO register to
SCOMDO (x'3F92") "1" to set the transmission data output edge
bp7: SCOCE1=1 "rising" and the received data input edge "falling".
(10) Control the output data. (10) Setthe SCOBRKE flag of the SCOMD?2 register to
SCOMD?2 (x'3F94") "0" to select "serial data transmission".
bp0 : SCOBRKE =0
(11) Set other mode registers. (11) No need at synchronous serial communication.
SCOMD2 (x'3F94")
bp7-3
(12) Select the communication type. (12) Setthe SCOCMD flag of the SCOMD1 register to
SCOMD1 (x'3F93") "0" to select "synchronous serial".
bp0 : SCOCMD =0
(13) Select the transfer clock. (13) Setthe SCOMST flag of the SCOMDL1 register to
SCOMD1 (x'3F93") "1" to select clock master (inside clock).
bp2 : SCOMST =1 Set the SCOCKM flag to "1" to select "divide by 8"
bp3 : SCOCKM =1 for source clock.
(14) Control the pin function. (14) Setthe SCOSBOS, SCOSBIS, SCOSBTS flag of
SCOMD1 (x'3F93") the SCOMDL1 register to "1" to set SBOOA pin
bp4 : SCOSBOS =1 "serial data output”, SBIOA pin "serial data input”,
bp5 : SCOSBIS =1 and SBTOA pin "serial clock 1/0".
bp6 : SCOSBTS =1 Set the SCOIOM flag "0" to set serial data input
bp7 : SCOIOM =0 from SBIOA pin.
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Setup Procedure Description
(15) Setthe interrupt level. (15) Set the interrupt level by the SCOTLV1-0 flag of
SCOTICR(X'3FF5’) the serial O transmission interrupt control register
bp7-6: SCOTLV1-0=10 (SCOTICR). (Setlevel 2.)
(16) Enable the interrupt. (16) Setthe SCOTIE flag of the SCOTICR register to
SCOTICR(X'3FF5’) "1" to enable interrupts.
bpl:SCOTIE=1 If any interrupt request flag (SCOTIR of the

SCOTICR register) is already set, clear SCOTIR
before an interrupt is enabled.
[ € Chapter 3 3-1-4. Interrupt Flag Setup ]

(17) Start serial transmission. (17) Set the transmission data to the serial
Transmission data - TXBUFO (x'3F91") transmission data buffer TXBUFO. Then, an
Received data - input to SBIOA pin. internal clock is generated to start transmission /

reception. After the transmission is finished,
serial0 transmission interrupt SCOTIRQ is
generated.

Note : In (6) to (9), (10) to (11), (12) to (14),each settings can be set at once.

When only reception with 3 channels is operated, set SCnSBOS of the SCnMD1 register to
"0" and select a port. The SBO pin can be used as a general port.

When SBO / SBI pin are connected for communication with 2 lines, the SBO pin inputs /
outputs serial data. The port direction control register PnDIR switches 1/O. At reception, set
SCnSBIS of the SCnMD1 register to "1", always, to select "serial data input". The SBI pin can
be used as a general port.

It is possible to shut down communication. If the communication should be stopped by force,
set SCnSBOS and SCnSBIS of the SCnMDL1 register to "0".

Each flag should be set as the procedure in order. Activation for communication should be
operated after all control registers (except Table 11-2-1 : TXBUFn, RXBUFn) are set.

Transfer rate of transfer clock that set by SCnCKS register should be under 2.5 MHz.

== -
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11-3-5 UART Serial Interface

Serial 0, 1 can be used for duplex UART communication. Table 11-3-17 shows UART serial interface

functions.

Table 11-3-17 UART Serial Interface Functions

Serial Interface 0 |

Serial Interface 1

Communication style

UART(duplex)

SCOTIRQ(transmission)

SC1TIRQ(transmission)

Interrupt
SCORIRQ(reception) SC1RIRQ(reception)
Used pins TXDO(output, input) TXD1(output, input)
RXDO(input) RXD1(input)
Specnflcatnlon the first MSB / LSB
transfer bit
Selection of parity bit '\/
0 parity
Parity bit control 1 parity
odd parity
even parity

Frame selection

7 bits + 1 stop
7 bits + 2 stops
8 bits + 1 stop
8 bits + 2 stops

Continuous operation

_\/

Continuous operation
(with ATC)

_\/

Maximum transfer rate

300 kbps

(Standard 300 bps to 38.4 kbps)
(with baud rate timer)
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WActivation Factor for Communication

At transmission, if any data is written to the transmission data buffer TXBUFn, a start condition is gener-
ated to start transfer. At reception, if a start condition is received, communication is started. At reception,
if the data length of "L" for start bit is longer than 0.5 bit, that can be regarded as a start condition.

ETransmission
Data transfer is automatically started by writing data to the transmission data buffer TXBUFn. When the
transmission has completed, the serial 0 transmission interrupt SCnTIRQ is generated.

HReception
Once a start condition is received, reception is started after the transfer bit counter that counts transfer
bit is cleared. When the reception is completed, the serial n reception interrupt SCnRIRQ is generated.

EDuplex communication

Duplex communication, that the transmission and reception can be operated independently at the same
time is available. On duplex communication, the frame mode and parity bit of the used data on transmis-
sion / reception should have the same polarity.

ETransfer Bit Count Setup

The transfer bit count is automatically set after the frame mode is specified by the SCnFM1 to 0 flag of
the SCnMD?2 register. If the SCnCMD flag of the SCnMDL1 register is set to "1", and UART communica-
tion is selected, the setup by the synchronous serial data transfer bit count selection flag SCNLNG2 to 0
is no more valid.

EData Input Pin Setup

The communication mode can be selected from with 2 channels (data output pin (TXD pin), data input
pin (RXD pin)), or with 1 channel (data I/O pin TXD pin). The RXD pin can be used only for serial data
input. The TXD pin can be used for serial data input or output. The SCnlOM flag of the SCnMDL1 register
can specify which pin, RXD or TXD to input the serial data. "Data input from TXD pin" is selected to be
with 1 channel communication, transmission / reception is switched by controlling TXD pin's direction by
the PnDIRO flag of the PnDIR register. At that time, the RXD pin can be used as a general port.

HReceived Buffer Empty Flag

When the communication complete interrupt SCnRIRQ is generated, data is stored to RXBUFn from the
internal shift register, automatically. If data is stored to the shift register RXBUFn, the recieved buffer
empty flag SChREMP of the SCnMD3 register is set to "1". This indicates that the reception data is going
to be read. SCNREMP is cleared to "0" by reading data in RXBUFn.
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EReception BUSY flag

When the start condition is reagarded, the SCnRBSY flag of the SCnMD3 register is set to "1". That is
cleared to "0" by the generation of the reception complete interrupt SCnRIRQ. If, during reception, the

SCnSBIS flag is set to "0", the SCnRBSY flag is reset to "0".

ETransmission BUSY flag

When any data is set to TXBUFn, the SCnTBSY flag of the SCnMD3 register is set to "1". That is cleared
to "0" by the generation of the transmission complete interrupt SCnTIRQ. During continuous communi-
cation the SCnTBSY flag is always set. If the transmission buffer empty flag SnTEMP is set to "0" as the
transmission complete interrupt SCnTIRQ is generated, the SCnTBSY is cleared to "0". If the SChnSBOS

flag is set to "0", the SCnTBSY flag is reset to "0".

BFrame Mode and Parity Check Setup
Figure 11-3-15 shows the data format at UART communication.

1 data frame

\j

A

start
bit

parity
bit

-4———  character bits —————p~

stop
bit

Figure 11-3-15 UART Serial Interface Transmission / Reception Data Format

The transmission / reception data consists of start bit, character bit, parity bit and stop bit.
Table 11-3-18 shows its kinds to be set.

Table 11-3-18 UART Serial Interface Transmission / Reception Data

Start bit

1 bit

Character bit

7, 8 bits

Parity bit

fixed to O, fixed to 1, even, odd, none

Stop bit

1, 2 bits
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The SCnFML1 to 0 flag of the SCnMD2 register sets the frame mode. Table 11-3-19 is shown the UART
Serial Interface Frame Mode setting. If the SCnCMD flag of the SCnMD1 register is set to "1", and UART
communication is selected, the transfer bit count on the SCnLNG2 to 0 flag of the SCnMDO register is no
more valid.

Table 11-3-19 UART Serial Interface Frame Mode

SCnMD2 register

Frame mode
SCnFM1 SCnFMO

Character bit 7 bits + Stop bit 1 bit

Character bit 7 bits + Stop bit 2 bits
Character bit 8 bits + Stop bit 1 bit
Character bit 8 bits + Stop bit 2 bits

RO |O
ROl o

Parity bit is to detect wrong bits with transmission / reception data.
Table 11-3-20 shows kinds of parity bit. The SCnNPE, SCnPML1 to 0 flag of the SCnMD2 register set
parity bit.

Table 11-3-20 Parity Bit of UART Serial Interface

SCnMD2 register

Parity bit Setup
SCnNPE SCnPM1 SCnPMO
0 0 0 fixed to O Set parity bit to "0".
0 0 1 fixed to 1 Set parity bitto "1".
0 1 0 odd parity Control that the total of "1" of parity bit and character

bit should be odd.
Control that the total of "1" of parity bit and character
bit should be even.

0 1 1 even parity

1 - - none Do not add parity bit.

HBreak Status Transmission Control Setup
The SCnBRKE flag of the SCnMD2 register generates the break status. If SCnBRKE is set to "1" to
select the break transmission, all bits from start bits to stop bits transfer "0".
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EReception Error

At reception , there are 3 types of error ; overrun error, parity error and framing error. Reception error can
be determined by the SCNORE, SCnhPEK, SCnFEF flag of the SCnMD3 register. Even one of those
errors is detected, the SCnERE flag of the SCnMD3 register is set to "1". The SCnPEK, the SCnFEF
flags in recepption error flag are renewed at generation of the reception complete interrupt SCnRIRQ.
The SCnORE flag is holded the status unless data of RXBUFn is read out. The judgements of the
received error flag should be operated until the next communication is finished. The communication
operation does not have any effect on those error flags . Table 11-3-21 shows the list of reception error
source.

Table 11-3-21 Reception Error Source of UART Serial Interface

Flag Error Error source
SCnORE Overrun error Next data is received before reading the receive buffer.
atfixed to O when parity bitis "1"
atfixed to 1 when parity bitis "0"
SCnPEK Parity error . Th | of "1" of parity bi h iti
ty odd parity e total o of parity bit and character bitis
even.
. The total of "1" of parity bitand character bitis
even parity
odd.
SCnFEF Framing error Stop bitis not detected.

mJudgement of Break Status Reception

Reception at break status can be judged. If all received data from start bit to stop bit is "0", the SCnBRKF
flag of the SCnMD2 register is set and regard the break status. The SCnBRKF flag is set at generation
of the reception complete interrupt SCnRIRQ.

ESequence Communication

It is possible to transfer continuously. If data is set to the transmission data buffer TXBUFn during
communication, the transmission buffer empty flag SCnTEMP is set to continue the communication,
automatically. In this case, there is no pause on communication. Data should be set to TXBUFn after
data is loaded to the inside shift register before the communication complete interrupt SCOTIRQ is
generated.

Also, this LS| has an automatic data transfer function ATC1 that can be one of an activation factor. At
activation by ATC1, data can be transfered up to 255 bytes, continuously. In this case, there is a commu-
nication blank ; up to 18 machine cycles + 3.5 bit data length. For an activation by ATCL1, refer to chapter
15. automatic transfer controller, transfer mode 6 to 9.
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ETransmission/reception data polarity switching
In UART communication, polarity of transmission/reception data cannot be switched.
At the same time, setups of the SCnTRN, SCnREN flags of the SCnMDO register are invalid.

HClock Setup

At UART communication, the transfer clock is not needed, but the clock setup should be needed to
decide the timing of the data transmission / reception in the serial interface.

Select the timer to be used as a baud rate timer, by the SCnCKS register, and set the SCnMST flag of
the SCnMD1 register to "1" to select the internal clock (clock master).

‘ At UART communication, set the SCnMST flag of the SCnMDL1 register to "1". If that is set to
= "0", the communication is impossible.
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The following items are same to clock synchronous serial.
Reference as follows ;

EFirst Transfer Bit Setup
Refer to : XI-21

ETransmission Data Buffer
Refer to : XI-21

EmReceived Data Buffer
Refer to : XI-21

ETransfer Bit Count and First Transfer Bit
Refer to : XI-22

BmReceive Bit Count and First Transfer Bit
Refer to : XI-22

ETransmission Buffer Empty Flag
Refer to : XI-25

BMEmergency Reset
Refer to : XI-26
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ETransmission Timing

T

 Wasssussssiy

SCnTBSY
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write data to TXBUFn f f f f f f f f f f ‘
Interrupt L

(SCnTIRQ)

Figure 11-3-16 Transmission Timing (parity bit is enabled)
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write data to TXBUFn f f f f f f f f f ‘
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Figure 11-3-17 Transmission Timing (parity bit is disabled)
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EReception Timing

Tmin=0.5T T
— —

- Foooooocer

Stop -

bit

SCnRBSY
A
input start condition
Interrupt .
(SCnRIRQ)

Figure 11-3-18 Reception Timing (parity bit is enabled)
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input start condition
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Figure 11-3-19 Reception Timing (parity bit is disabled)
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ETransfer Rate

Baud rate timer (timer 2 and timer 4) can set any transfer rate.

Tables 11-3-22, 23 show the setup example of the transfer rate. For detail of the baud rate timer setup,
refer to chapter 6. 8-bit Timer.

Table 11-3-22 UART Serial Interface Transfer Rate Setup Register

Setup Register Page
Serial 0 clock source (timer output) SCOCKS Xl -13
Timer clock source selection TM5MD VI-13
Timer compare register selection TM50C Vi-8

Table 11-3-23 UART Serial Interface Transfer Rate Setup Register

Setup Register Page
Serial 1 clock source (timer output) SC1CKS Xl -20
Timer clock source selection TMAMD VI-12
Timer compare register selection TM40C Vi-8

Timer 4 compare register is set as follows ;

overflow cycle = (set value of compare register + 1) x timer clock cycle

baud rate = 1 / (overflow cycle x 2 x 8) ("8" means that clock source is divided by 8)
therefore,

set value of compare register = timer clock frequency / (baud rate x 2 x 8) - 1

For example, if baud rate should be 300 bps at timer clock source fs/4 (fosc = 8 MHz, fs = fosc/2), set
value should be as follows ;
Set value of comapre register = (8x10%/2/4)/(300x2x8)-1

=207

=X'CF

Timer clock source and the set values of timer compare register at the standard rate are shown on the
following page.

G Transfer rate should be selected under 300 kbps.
[ |
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Table 11-3-24-1 UART Serial Interface Transfer Rate (decimal)

Transfer rate (bps)
fosc Clock source 300 960 1200 2400 4800
(MHz) (timer) Set value | Calculated Value| Set value | Calculated Value | Set value | Calculated Value| Set value | Calculated Value| Set value | Calculated Value|
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
fs/4 104 297 - - 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 - - - - - -
fs/4 108 300 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
fs/4 207 300 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 - - - - - -
12.00 fosc - - - - - - - - 155 4808
fosc/4 - - 194 962 155 1202 77 2404 38 4808
fosc/16 155 300 - - 38 1202 - - - -
fosc/32 77 300 - - - - - - - -
fosc/64 38 300 - - - - - - - -
fs/2 - - 194 962 155 1202 77 2404 38 4808
fs/4 - - - - 77 1202 38 2404 - -
16.00 fosc - - - - - - - - 207 4808
fosc/4 - - - - 207 1202 103 2404 51 4808
fosc/16 207 300 64 962 51 1202 25 2404 12 4808
fosc/32 103 300 - - 25 1202 12 2404 - -
fosc/64 51 300 - - 12 1202 - - - -
fs/2 - - - - 207 1202 103 2404 51 4808
fs/4 - - 129 962 103 1202 51 2404 25 4808
16.76 | fosc - - - - - - - - - -
fosc/4 - - - - 217 1201 108 2403 54 4761
fosc/16 217 300 67 963 - - - - - -
fosc/32 108 300 33 963 - - - - - -
fosc/64 - - 16 963 - - - - - -
fs/2 - - - - 217 1201 108 2403 54 4761
fs/4 - - 135 963 108 1201 54 2381 - -
20.00 | fosc - - - - - - - - - -
fosc/4 - - - - - - 129 2404 64 4808
fosc/16 - - - - 64 1202 - - - -
fosc/32 129 300 - - - - - - - -
fosc/64 64 300 - - - - - - - -
fs/2 - - - - - - 129 2404 64 4808
fsl4 - - 162 959 129 1202 64 2404 - -
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Table 11-3-24-2 UART Serial Interface Transfer Rate (decimal)

Transfer rate (bps)

fosc Clock source 9600 19200 28800 31250 38400
(MHz) (timer) Set value | Calculated Value| Set value | Calculated Value| Set value | Calculated Value| Set value | Calculated Value| Set value | Calculated Value

4.00 fosc 25 9615 12 19231 - - 7 31250 - -
foscl4 - - - - - - 1 31250 - -
fosc/16 B B - B - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - B - B - - - - - -
fs/2 - - - - - - 1 31250 - -
fsl4 - - - - - - - - - -

4.19 fosc 26 9699 - - - - - - - -
fosc/4 - - - - - - - - R R
fosc/16 - - - - - - - - R R
fosc/32 - - - - - - - - R R
fosc/64 - - - - - - - - R R
fs/2 - - - - - - - - - R
fs/4 - - - - - - - - R R

8.00 fosc 51 9615 25 19231 - - 15 31250 12 38462

foscl4 12 9615 - - -

fosc/16 - - - - - - - - - -

fosc/32 - - - - - - - - - -

fosc/64 - - - - - - - - - -

fs/2 12 9615 - - - - 3 31250 - -
1

fs/4 - - - - - -

8.38 fosc 54 9523 26 19398 - -
fosc/4 - - - - - - - R _ _
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - _ _ _
fs/2 - - - - - - - - - -
fs/4 - - - - - - - - - -

12.00 fosc 77 9615 38 19231 25 28846 23 31250 - -
fosc/4 - - - - - - 5 31250 - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 - - - - - - - - - -
fs/2 - - - - - - 5 31250 - -
fs/4 - - - - - - 2 31250 - -

16.00 fosc 103 9615 51 19231 - - 31 31250 25 38462
fosc/4 25 9615 12 19231 - ) 7 31250 - -
fosc/16 - - - - B 3 - - - -
fosc/32 - - - - B B - - - -
fosc/64 - - - - 3 3 - - - -
fs/2 25 9615 - - 3 3
fs/4 12 9615 - - - -

16.76 fosc 108 9610 54 19045 3 ) - - - -
fosc/4 26 9699 - - - 3 - - - -
fosc/16 - - - - - B - - - -
fosc/32 - - - - - - R R R N
fosc/64 - - - - - - R R R R
fs/2 26 9699 - - - - - - - -
fs/4 - - - - - R R R R

20.00 | fosc 129 9615 64 19231 - - 39 31250 - -
fosc/4 - - - - - B 9 31250 - -
fosc/16 - - - - - B - - - -
fosc/32 - - - - B B - - - -
fosc/64 - - - - - B - - - -
fs/2 - - - - - - 9 31250 - -
fs/4 - - - - - - 4 31250 - -
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11-3-6  Serial interface 0 UART Serial Interface Pin Setup

WSerial Interface 0 Pin Setup (1, 2 channels, at transmission)
Table 11-3-25 shows the pins setup at UART serial interface O transmission. The pins setup is common
to the TXDO pin, RXDO pin, regardless of those pins are independent / connected.

Table 11-3-25 UART Serial Interface 0 Pin Setup (1, 2 channels, at transmission)

Data output pin Data input pin
Setup item TXDOA pin/ RXDOA pin/
TXDOB pin RXDOB pin
Port Pin PO3/P70 P04/P71

Select used pin (A, B)
SCOODC (SCOSEL)
TXDO/RXDO pin independent/connection
SCOMD1 (SCOIOM)
Serial data output "1"input
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)
Push-pull /

Port Pin Setup

TXD / RXD pin Setup

Function

Nch open-drain
SC0ODC (SC00ODCO0)
SCOODC (SC00DC2)

Output mode
l[e} PODIR (PODIR3)
P7DIR (P7DIR0)
Add/Not Add
Pull-up (Pull-down) setup POPLU (POPLU3)
P7PLUD(P7PLUDO)

Style

Note) Select pull-up/down resistor with PTRDOWN flag of FLOAT register (X03F2E')
[ @5 Chapter4, 4.7.2 Register ]

B Serial Interface 0 Pin Setup (2 channels, at reception)
Table 11-3-26 shows the pins setup at UART serial interface O reception with 2 channels (TXDO pin,
RXDO pin).

Table 11-3-26 UART Serial Interface 0 Pin Setup (2 channels, at reception)

Data output pin Data input pin
Setup item TXDOA pin/ RXDOA pin/
TXDOB pin RXDOB pin
Port Pin PO3/P70 P04/P71

Select used pin (A B)
SCOODC (SCOSEL)
TXDO/RXDO pin independent/connection
SCOMD1 (SCOIOM)

Port Pin Setup

TXD / RXD pin Setup

. Port Serial data input
Function
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)
Push-pull /
Syle Nch open-drain
SCOODC (SC00DCO)
SCOODC (SC00DC?2)
input mode
1o - PODIR (PODIR4)
P7DIR (P7DIR1)
Pull-up (Pull-down) setup -
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Table 11-3-27 shows the pin setup at UART serial interface 0 reception with 1 channel (TXDO pin). The

RXDO pin is not used, so can be used as a port.
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Table 11-3-27 UART Serial Interface 0 Pin Setup (1 channel, at reception)

Data output pin Data input pin
Setup item TXDOA pin/ RXDOA pin/
TXDOB pin RXDOB pin
Port Pin P03/P70 P04/P71

Port Pin Setup

Selectused pin (A B)

SC00ODC (SCOSEL)

TXD / RXD pin Setup

TXDO/RXDO pin independent/connection

SCOMD1 (SCOIOM)

Function Serial data output 1" input
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)
Style
Input mode
110

PODIR (PODIR3)
P7DIR (P7DIR1)

Pull-up (Pull-down) setup

HESerial Interface 0 Pin Setup (2 channels, at transmission / reception)
Table 11-3-28 shows the pin setup at UART serial interface 0 transmission / reception with 2 channels

(TXDO pin, RXDO).

Table 11-3-28 UART Serial Interface 0 Pin Setup (2 channels, at transmission / reception)

Data output pin Data input pin
Setup item TXDOA pin/ RXDOA pin/
TXDOB pin RXDOB pin
Port Pin P03/P70 P04/P71

Port Pin Setup

Selectused pin (A B)

SC0ODC (SCOSEL)

TXD / RXD pin Setup

TXDO/RXDO pin independent/connection

SCOMD1 (SCOIOM)

Function

Serial data output

"1"input

SCOMD1(SCOSBOS)

SCOMD1(SCOSBIS)

Style

Push-pull /
Nch open-drain

SCOODC (SC00DCO0)
SCO0ODC (SC00DC2)

l[e]

Output mode

Input mode

PODIR (PODIR3)
P7DIR (P7DIR0)

PODIR (PODIR4)
P7DIR (P7DIR1)

Pull-up (Pull-down) setup

Add/Not Add

POPLU (POPLU3)
P7PLUD(P7PLUDO)

Note) Select pull-up/down resistor with P7TRDOWN flag of FLOAT register (X03F2E')
[ @ Chaptera, 4.7.2 Register ]
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11-3-7  Serial interface 1 UART Serial Interface Pin Setup

HESerial Interface 1 Pin Setup (1, 2 channels, at transmission)
Table 11-3-29 shows the pins setup at UART serial interface 1 transmission. The pins setup is common
to the TXD1 pin, RXD1 pin, regardless of those pins are independent / connected.

Table 11-3-29 UART Serial Interface 1 Pin Setup (1, 2 channels, at transmission)

Data output pin

Data input pin

Setup item TXD1A pin/ RXD1Apin/
TXD1B pin RXD1B pin
Port Pin P0O/P73 POL/P74

Port Pin Setup

Select used pin (A B)

SC10DC (SC1SEL)

TXD / RXD pin Setup

TXDO/RXDO pin independent/connection

SCOMD1 (SCOIOM)

Function

Serial data output

"1"input

SCOMD1(SCOSBOS)

SCOMD1(SCOSBIS)

Style

Push-pull /
Nch open-drain

SC10DC (SC10DCO0)
SC10DC (SC10DC2)

l[e}

Output mode

PODIR (PODIR0)
P7DIR (P7DIR3)

Pull-up (Pull-down) setup

Add/Not Add

POPLU (POPLUO)
P7PLUD(P7PLUD3)

Note) Select pull-up/down resistor with PTRDOWN flag of FLOAT register (X03F2E')
[ " Chapter4,4.7.2 Register ]

ESerial Interface 1 Pin Setup (2 channels, at reception)
Table 11-3-30 shows the pins setup at UART serial interface 1 reception with 2 channels (TXD1 pin,
RXD1 pin).

Table 11-3-30 UART Serial Interface 1 Pin Setup (2 channels, at reception)

XI1-56  Operation

Data output pin

Data input pin

Setup item TXD1A pin/ RXD1Apin/
TXD1B pin RXD1B pin
Port Pin PO0/P73 P01/P74

Port Pin Setup

Selectused pin (A B)

SC1DC (SC1SEL)

TXD / RXD pin Setup

TXDO/RXDO pin independent/connection

SCOMD1 (SCOIOM)

Function Serial data output 1" input
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)
Style -
inputmode
110 -

PODIR (PODIR1)
P7DIR (P7DIR4)

Pull-up (Pull-down) setup




B Serial Interface 1 Pin Setup (1 channel, at reception)
Table 11-3-31 shows the pin setup at UART serial interface reception with 1 channel (TXD1 pin). The
RXD1 pin is not used, so can be used as a port.
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Table 11-3-31 UART Serial Interface 1 Pin Setup (1 channel, at reception)

Data output pin

Data input pin

Setup item TXD1Apin/ RXD1A pin/
TXD1B pin RXD1B pin
Port Pin PO0/P73 PO1/P74

Port Pin Setup

Select used pin (A, B)

SC10DC (SC1SEL)

TXD / RXD pin Setup

TXDO/RXDO pin independent/connection

SCOMD1 (SCOIOM)

P7DIR (P7DIR3)

Function Serial data output 1" input
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)
Style
Output mode
Vo PODIR (PODIRO)

Pull-up (Pull-down) setup

Note) Select pull-up/down resistor with PTRDOWN flag of FLOAT register (X03F2E')

[ @ Chapter4,4.7.2 Register |

B Serial Interface 1 Pin Setup (2 channels, at transmission / reception)
Table 11-3-32 shows the pin setup at UART serial interface 1 transmission / reception with 2 channels

(TXD1 pin, RXD1).

Table 11-3-32 UART Serial Interface 1 Pin Setup (2 channels, at transmission / reception)

Data output pin

Data input pin

Setup item TXD1Apin/ RXD1A pin/
TXD1B pin RXD1B pin
Port Pin POO/P73 PO1/P74

Port Pin Setup

Select used pin (A B)

SC1DC (SC1SEL)

TXD / RXD pin Setup

TXDO/RXDO pin independent/connection

SCOMD1 (SCOIOM)

F . Serial data output "1" input
unction

SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)

Push-pull /

Syle Nch open-drain

SC10DC (SC10DCO0)

SC10DC (SC10DC2)

Output mode input mode

e} PODIR (PODIRO0) PODIR (PODIR1)

P7DIR (P7DIR3)

P7DIR (P7DIR4)

Pull-up (Pull-down) setup

Add/Not Add

POPLU (POPLUO)
P7PLUD(P7PLUD3)
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11-3-8 Setup Example

ETransmission / Reception Setup

The setup example at UART transmission / reception with serial 0 is shown.
Table 11-3-33 shows the conditions at transmission / reception.

Table 11-3-33 UART Interface Transmision Reception Setup

Setup item setto
TXD / RXD pin independent (with 2 channels)
Frame mode specification 8 bits + 2 stop bits
Firsttransfer bit MSB
Clock source timer5
Used pin A(Port0)

TXDOA / RXODA pin type

Nch open-drain

Pull-up resistor of TXDOA pin

added

complete interrupt

Parity bitadd / check "0"add / check
Serial interface 0 transmission

. Enable.
complete interrupt
Serial interface 0 reception Enable.

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

@

)

@)

®)

Select prescaler operation.
PSCMD (x'3F6F")
bp0: PSCEN =1

Select the clock source.
SCOCKS (x'3F97")
bp2-0: SCOPSC2-0 =110

Select the used pin.
SCOODC(x'3F96")
bp7 : SCOSEL =0

bp3: POPLU3 =1

Control the pin direction.
PODIR (X'3F30")
bp4-3: PODIR4-3 =01

(1) Setthe PSCEN flag of the PSCMD register to

)

©)

®)

"1" to select prescaler operation.

Set the bp2-0 flag of the SCOCKS
register to "110" to select timer 4 output as a
clock source.

Set the SCOSEL flag of the SCOODC
register to "0" to set I/O used pin to A (port 0).

(4) Control the pin type. (4) Setthe SCOODCO flag of the SCOODC
SCOODC(x'3F96") register to "1" to select N-ch open drain for the
bp0 : SCOODCO =1 TXDOA pin. Set the POPLU3 flag of the POPLU
POPLU (x'3F40) register to "1" to add pull-up resistor.

Set the PODIR4-3 flag of the port O pin direction
control register (PODIR) to "01" to set P03 to
output mode, and P04 to input mode.
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Setup Procedure Description
(6) Select the start condition. (6) Setthe SCOSTE flag of the SCOMDO register
SCOMDO((x'3F92") to "1" to enable start condition.

bp3:SCOSTE=1

(7) Select the first bit to be transfered. (7) Setthe SCODIR flag of the SCOMDO register
SCOMDO(x'3F92") to "0" to select MSB as first transfer bit.
bp4 : SCODIR =0

(8) Control the output data. (8) Setthe SCOBRKE flag of the SCOMD2 regis-
SCOMD2 (x'3F94") ter to "0" to select serial data transmission.
bp0 : SCOBRKE =0

(9) Select the added parity bit. (9) Setthe SCOPM1-0 flag of the SCOMD2
SCOMD2 (x'3F94") register to "00" to select O parity, and set the
bp3: SCONPE =0 SCONPE flag to "0" to add parity bit.

bp5-4 : SCOPM1-0 = 00

(10) Specify the frame mode. (10) Setthe SCOFM1-0 flag of the SCOMD2
SCOMD?2 (x'3F94") register to "11" to select 8 bits + 2 stop bits at
bp7-6 : SCOFM1-0 = 11 the frame mode.
(11) Setthe SCOMDL1 register. (11) Setthe SCOCMD flag of the SCOMD1 register
Select the communication type. to "1" to select duplex UART.

SCOMD1 (x'3F93")
bp0 : SCOCMD =1
(12) Setthe SCOCKM flag of the SCOMD1 register

(12) Select the clock frequency. to "1" to select "divided by 8" at source clock.
SCOMDL1 (x'3F93") And, the SCOMST flag should be always set to
bp3 : SCOCKM =1 "1" to select colck master.

bp2 : SCOMST =1
(13) Setthe SCOSBOS, SCOSBIS flag of the

(13) Control the pin function. SCOMD1 register to "1" to set the TXDOA pin
SCOMD1 (x'3F93") to serial data output and the RXDOA pin to
bp4 : SCOSBOS =1 serial data input.

bp5 : SCOSBIS =1
bp7 : SCOIOM =0
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Setup Procedure

Description

(14) Enable the interrupt.
SCORICR(x'3FF4")
bpl:SCORIE=1

SCOTICR(X'3FF5")
bpl:SCOTIE=1

(15) Set the baud rate timer.

(16) Start serial communication.
The transmission data - TXBUFO
(x'3F91")
The received data — input to RXDOA

(14)

(15)

(16)

Set the SCORIE flag of the SCORICR register
to "1", and set the SCOTIE flag ot the
SCOTICR register to "1" to enable the interrupt
request.

If any interrupt request flag is already set, clear
them.

[ € Chapter 3. 3-1-4 Interrupt Flag Setup ]

Set the baud rate timer by the TM5MD register,
the TM50C register. Set the TM5EN flag to "1" to
start timer 4.

[ €7 Chapter 6. 6-8 Serial Transfer Clock ]

The transmission is started by setting the
transmission data to the serial transmission data
buffer (TXBUFQ). When the transmission has
finished, the serial 0 transmission interrupt
(SCOTIRQ) is generated. After the serial data is
input from the RXDOA pin and the start condition is
recognized, the received data is stored.

When the reception has finished, the received
data is stored to the serial received data buffer
RXBUFO and the serial O reception data buffer
interrupt SCORICR is generated.

Note : (6) to (7), (8) to (10), (11) to (13) can be set at once.

=

can be used as a general port.

When the TXDO / RXDO pin are connected for communication with 1 channel, the TXDO pin
inputs / outputs serial data. The port direction control register PODIR switches I/O. At recep-
tion, set SCOSBIOS of the SCOMDL1 register to "1" to select serial data input. The RXDO pin

It is possible to shut down the communication. If the communication should be stopped by
force, set SCOSBOS and SCOSBIS of the SCOMD1 register to "0".

N

Each flag should be set as its procedure in order. Activation for communication should be
operated after all control registers (except Table 11-2-1 : TXBUFO, RXBUFO) are set.

XI1-60  Operation
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12-1 Overview

This LSI contains a serial interface 3 can be used for both communication types of clock synchronous and
simple IIC (single master).

12-1-1 Functions

Table 12-1-1 shows the functions of serial interface 3.

Table 12-1-1 Serial Interface 3 Functions List

Communication type Clcok synchronous lIC (single master)
Interrupt SC3IRQ SC3IRQ
Pin SBO3, SBI3, SBT3 SDA, SCL
3 channels type Vv -

2 channels type v/ (SBO3, SBT3) v
Start condition Vv v
Transfer bit count 1 to 8 bit 1to 8 bit
First transfer bit Vv v
Input edge / Output edge Vv -
ACK bit - v
ACK bit level - V4
Continuous operation (with ATC1) Vv -
fosc/l2 fosc/2
fosc/4 fosc/4
fosc/16 fosc/16
Clock source fosc/32 fosc/32
fs/2 fs/2
fs/4 fs/4
timer 5 output timer 5 output
external clock external clock
Maximum transfer rate 2.5 MHz 400 kHz
fosc : machine clock (high speed oscillation)
fs : system clock [ ¢ Chapter 2 2-5. Clock Switching ]
At lIC communication, the transfer clock is the clock source divided by 3.

XIl-2 Overview
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12-1-2 Block Diagram

W Serial Interface 3 Block Diagram
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Figure 12-1-1 Serial Interface 3 Block Diagram
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12-2 Control Registers

12-2-1 Registers

Table 12-2-1 shows the registers to control serial interface 3.

Table 12-2-1 Serial Interface 3 Control Registers

Register Address R/W Function Page

SC3MDO X03FA8' R/W Serial interface 3 mode register 0 Xl - 6

SC3MD1 X03FA9' R/W Serial interface 3 mode register 1 X -7

SC3CTR X03FAA R/W Serial interface 3 control register Xl - 8

SC3TRB X03FAB' R/W Serial interface 3 transmit/receive shift register Xl -5

Serial SC30DC XO03FAE' R/W Serial interface 3 port control register Xi-9

interface 3 [ sC3CKS X03FAF' RMW  [Serial interface 3 transfer clock selection register Xl -9
PSCMD X03F6F' R/W Prescaler control register V-6

P5DIR X03F35' R/W Port 5 direction control register IV-22

P5PLU X03F45' R/W Port 5 pull-up control register IV-22

SC3ICR X03FF9' R/W Serial interface 3 interrupt control register - 34

R /W : Readable / Writable

X1l -4 Control Registers
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12-2-2 Data Register

Serial interface 3 has a 8-bit serial data register.

WSerial Interface 3 Transmit / Receive Shift Register (SC3TRB)

7 6 5 4 3 2 1 0

SC3TRB SC3TRB7|SC3TRB6| SC3TRB5|SC3TRB4|SC3TRB3 |SC3TRB2|SC3TRB1|SC3TRBO| (At reset: X X X X X X X X)

Figure 12-2-1 Serial Interface 3 Transmit/Receive Shift Register (SC3TRB : x'03FAB’, R/W)

Control Registers XIl-5
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12-2-3 Mode Registers

B Serial Interface 3 Mode Register 0 (SC3MDO)

(Atreset: 00-00111)

SC3LNG2| SC3LNG1 | SC3LNGO |  Transfer bit count
0 1bit
0 1 2bit
its
0 )
0 3bits
1 X
1 4bits
0 5bits
0 -
1 1 6bits
0 Thits
1 X
1 8bits
SC3STE Synchronggs serial data tranfer
start condition
0 Disable start condition
1 Enable start condition
SC3DIR First bit to be transferred
0 MSB first
1 LSB first
Transmission data | Reception data
SC3CEL output edge input edge
0 Falling Rising
1 Rising Falling
SC3BSY (at clock synchronous
(*R) communication)Serial bus status
0 Other use
1 Serial transmission in progress

* Only read access is available.

7 6 4 3 2 1 0
SC3MDO | SC3BSY | SC3CEL SC3DIR | SC3STE | SC3LNG2 | SC3LNGL | SC3LNGO

Figure 12-2-2 Serial Interface 3 Mode Register 0 (SC3MDO : x'03FA8', R/W)
XIl-6 Control Registers
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WSerial Interface 3 Mode Register 1 (SC3MD1)

7 6 5 4 3 2 1 0

SC3MD1 | SC310M | SC3SBTS | SC3SBIS | SC35BOS| - | ScamsT | - - (Atreset:0000-0--)

SC3MST Clock master/slave selection

Slave
1 Mater

SC3SBOS |Selection of SBO3 pin's function

Port
1 Serial data output

SC3SBIS Serial input control

"1" input
1 Serial data input

Selection of the SBT3

SC3SBTS

pin function
Port
1 Transfer clock input/output
SC3I0OM Serial data input selection
data input from SBI3
1 data input from SBO3 (SDA)

Figure 12-2-3 Serial Interface 3 Mode Register 1 (SC3MD1 : x'03FA9', R/W)

Control Registers XI-7
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B Serial Interface 3 Control Register (SC3CTR)

7 6

3

2

1

0

SC3CTR ICBSY | SC3STC

SC3REX

SC3CMD

SC3ACKS

SC3ACKO

(Atreset:00--0000)

SC3ACKO ACK bit level specification
0 "L" level
1 "H" level
SC3ACKS ACK bit enable
0 ACK bit is disabled
1 ACK bit is enabled
SC3CMD Clock synphronous /
1IC selection
0 Clock synchronous
1 IIC selection
(at IIC communication)
SC3REX transmission / reception
mode selection
0 Transmission
1 Reception
(at 1IC communication)
SC3STC start condition detection
0 No detection
1 Detection
ICBSY (¥) (at I_IC communication)
Serial bus status
0 Other use
1 Serial transmission in progress

* at writing "0", stop condition is generated.

Figure 12-2-4  Serial Interface 3 Control Register (SC3CTR : x'03FAA’, R/W)

XI1-8
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M Serial Interface 3 Port Control Register (SC30DC)

7 6 5 4 3 2 1 (0]

_ ‘ - ‘ - ‘ - ‘SCSODCl‘ScaoDco‘ (Atreset: -0----00)

Reserved

SC30DC ’ -

SC30DCO0 P51 N-ch open drain control

0] Push-pull
1 N-ch open-drain

SC30DC1 P52 N-ch open-drain control

0] Push-pull
1 N-ch open-drain
Reserved Set Always to "0"

Figure 12-2-5 Serial Interface 3 Port Control Register (SC30DC : x'03FAE’, R/W)

HWSerial Interface 3 Transfer Clock Selection Register (SC3CKS)

7 6 5 4 3 2 1 0
SC3CKS — — — —  [RESERVED| SC3PSC2 | SC3PSC1|SC3PSCO (Atreset: - - - - X X X X)
SC3PSC2 | SC3PSC1| SC3PSCO | Selection clock
0 fosc/2
0 0 1 fosc/4
1 0 fosc/16
1 fosc/32
0 fs/2
0
1 1 fs/4
1 X Timer 5 output
| RESERVED ‘ Set always to "0".

Figure 12-2-6  Serial Interface 3 Transfer Clock Selection Register
(SC3CKS : x'03FAF', R/W)

Control Registers XII-9
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12-3 Operation

This LSI contains a serial interface 3 that can be used for both communication types of clock synchronous
and single master IIC.

12-3-1 Clock Synchronous Serial Interface

W Activation Factor for Communication

Table 12-3-1 shows the activation factor for communication. At master communication, the transfer clock is
generated by setting data to the transmit/receive shift register SC3TRB, or by receiving start condition. The
input signal from the SBT3 pin is masked inside of serial interface to prevent errors by noise except during
communication. This mask is automatically released by setting data to SC3TRB (writing data to the
SC3TRB register), or by inputting start condition to the data input pin. Therefore, at slave, input the external
clock after setting data to SC3TRB, or by inputting start condition.

Table 12-3-1 Activation factor of Synchronous Serial Interface

Activation factor

transmission reception
. Setdummy data
at master Settransmission data —
Input start condition
Input clock
Input clock after after dummydata is set
atslave o .

transmission data is set Input clock

after start condition is input

ETransfer Bit Count Setup
The transfer bit count can be selected from 1 bit to 8 bits. Set it by the SC3LNG 2 to 0 flag of the SC3MDO
register (at reset : 111). The SC3LNG2 to O flag holds the previous set values till it is set again.

The SBT3 pin is masked inside serial to prevent errors by noise. At slave, input clock to the
SBT3 pin after start condition is input or data is set to SC3TRB.

EStart Condition Setup

Start condition can be selected if it is enabled or not. Set by the SC3STE flag of the SC3MDO register.
When start condition is enabled. the transfer bit counter is cleared as start condition is input during
communication, and after that, the communication is automatically started again. Start condition is en-
abled as data line (the SBI3 pin (with 3 channels) or the SBO3 pin (with 2 channels)) is changed from "H"
to "L", when clock line (the SBT3 pin) is "H".

XI1-10  Operation
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WFirst Transfer Bit Setup
The first bit to be transferred can be set by the SC3DIR flag of the SC3MDO register. MSB first or LSB
first can be selected.

ETransmit /Receive Data Buffer

Data register for transmission/reception is common. That is the transmit/receive shift register SC3TRB.
The transmission data should be set to SC3TRB. The transfer clock outputs data by 1 bit in shift. The
received data is stored to SC3TRB by 1 bit in shift.

ETransfer Bit Count and First Transfer Bit

At transmission, when the transfer bit count is 1 to 7 bits, data storage way to the transmit/receive shift
register SC3TRB depends on the first transfer bit selection. When MSB is the first bit to be transferred,
use the upper bits of SC3TRB for storage. In figure 12-3-1-1, if data "A" to "F" are stored to bp2 to bp7 of
SC3TRB as the transfer bit count is 6 bits, data is transferred from "F" to "A". When LSB is the first bit to
be transferred, use the lower bits of SC3TRB for storage. In figure 12-3-1-2, if data "A" to "F" are stored to
bp0 to bp5 of SC3TRB, as the transfer bit count is 6 bits, data is transferred from "A" to "F".

SC3TRB F E D C B A

Figure 12-3-1-1 Transfer Bit Count and First Transfer Bit (at MSB first)

7 6 5 4 3 2 1 0

SC3TRB F E D C B A

Figure 12-3-1-2 Transfer Bit Count and First Transfer Bit (at LSB first)

BReceive Bit Count and First Transfer Bit

At reception, when the transfer bit count is 1 to 7 bits, data storage way to the transmit/receive shift
register SC3TRB depends on the first transfer bit selection. When MSB is the first bit to be transferred,
the lower bits of SC3TRB are used for storage. In figure 12-3-1-3, as the transfer bit count is 6 bits, data "A"
to "F" are stored to bp0 to bp5 of SC3TRB, and they are transferred from "F" to "A". When LSB is the first
bit to be transferred, use the upper bits of SC3TRB for storage. In figure 12-3-1-4, data "A" to "F" are stored
to bp2 to bp7 of SC3TRB, as the transfer bit count is 6 bits, and they are transferred from "A" to "F".

7 6 5 4 3 2 1 0

SC3TRB F E D C B A

Figure 12-3-1-3 Receive Bit Count and First Transfer Bit (at MSB first)

7 6 5 4 3 2 1 0

SC3TRB F E D C B A

Figure 12-3-1-4 Receive Bit Count and First Transfer Bit (at LSB first)

Operation XI-11
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B Continuous Communication

Serial interface 3 can be started by automatic data transfer function ATC1, built-in this LSI. If ATC1 is
used for activation, data can be continuously transferred up to 255 byte. The communication blank, from
the generation of the communication complete interrupt SC3IRQ to the generation of the next transfer
clock, is up to 18 machine cycles + 2 transfer clocks. For activation by ATC1, refer to chapter 14 Auto-
matic Transfer Controller, Transfer mode 6 to 7.

If start condition is input for activation again, during communication, the transmission data be-
comes invalid. If the transmission should be operated again, set the transmission data to

SC3TRB, again.

EClock Setup

Clock source is selected from the dedicated prescaler by the SC3CKS register and timer 5 output. The
dedicated prescaler is started by selecting "prescaler operation” by the PSCMD (x'03F6F") register. The
SC3MST flag of the SC3MD1 register can select the internal clock (clock master), or the external clock
(clock slave). Even if the external clock is selected, the internal clock with same frequency to the external
clock, should be set by the SC3CKS register, because the internal clock generates the interrupt flag
SC3IRQ. Table 12-3-2 shows the internal clock source which can be set by the SC3CKS register.

Table 12-3-2 Synchronous Serial Interface Internal Clock Source

Communication type Clcok synchronous

fosc/2
fosc/4
Clock source fosc/16

(internal clock) fosc/32
fsf2
fs/4
timer 5 output

EBUSY Flag
If data is set to the transmit/receive shift register SC3TRB, or start condition is enabled, the busy flag
SC3BSY is set. That is cleared by the generation of the communication complete interrupt SC3IRQ.

HInput edge/Output edge Setup

The SC3CE1 flag of the SC3MDO register can set the output edge of the transmission data, and the input
edge of the received data. Data at transmission is output at the falling edge of clock as the SC3CEL1 flag
="0", and at the rising edge of clock as the SC3CE1 ="1". Data at reception is input at the rising edge of
clock as the SC3CE1 ="0", and at the falling edge of clock as the SC3CEL1 flag = "1".

XIl1-12  Operation
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Table 12-3-3 Input Edge/Output Edge of Transmission/Received Data

SC3CE1 |Transmission data output edge| Received data input edge

O Y A

EData Input Pin Setup

There are 2 communication modes to be selected : 3 channels type (clock pin(SBT3 pin), data output pin
(SBO3 pin), data input pin (SBI3 pin)), 2 channels type (clock pin (SBT3 pin), data I/O pin (SBO3 pin)).
The SBI3 pin can be used only for serial data input. The SBO3 pin can be used for serial data input or
output. The SC3I0OM flag of the SC3MDL1 register can specify if serial data is input from the SBI3 pin, or
the SBO3 pin. When "data input from the SBO3 pin" is selected to communicate with 2 channels, the
SBO3 pin's direction control by the P5DIR3 flag of the P5DIR register can switch the transmission / recep-
tion. At that time, the SBI3 pin is not used, so that it can be used as a general port.

HForced Reset at Communication

It is possible to shut down the communication. A forced reset is operated by setting both of the
SC3SBOS flag and the SC3SBIS flag of the SC3MD1 register to "0" (the SBO3 pin function : port, input
data : input "1"). When a forced reset is operated, the SC3BSY flag of the SC3MDO register, and the
[ICBSY flag of the SC3CTR register are cleared, but other control registers hold their set values.

HLast Bit of Transfer Data

Table 12-3-4 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, setup for the internal clock is needed to keep data holding
time at data transmission. After the last bit data output holding period, "H" is output.

Table 12-3-4 Last Bit Data Length of Transmission Data

attransmission atreception
the last bit data holding period the last bit data input period
atmaster 1 bit data length

[1 bit data length of external clock x 1/2] 1 bitdata length (minimum)
+ [internal clock cycle x (1/2 to 3/2) ]

atslave

Transfer rate should be up to 2.5 MHz. If the transfer rate is over 2.5 MHz, the
. transmission data cannot be output correctly.

Operation XII-13
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ETransmission Timing

at master at slave
Tmax=25T T ) ) ) ) ) Tmax=15T
e . . . . . - .

Clock
(SBT3 pin)

s U/
I 0 D00 000
J -

(Write data to SC3TRB) : : : : : : :
Interrupt . . . . . . . . H

(SC3IRQ)

Figure 12-3-2 Transmission Timing (Falling edge, Enable Start Condition)

at master at slave
Tmax=15T T | ) ) } } ) Tmax=1.5T

- - - . . . . . B ——

Clock
(SBT3 pin)

=5 00000000
Transfer bit counter ><o ><1 ><2 ><3><4><5><6><7
ey [ ]

A ! : : : : ! ! o
(Write data to SC3TRB) 3 3 3 3 3 3 3
Interrupt : ! ! ! ! ! ! ! H

(SC3IRQ)

Figure 12-3-3 Transmission Timing (Falling edge, Disable Start Condition)
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at master at slave
Tmax=25T T } } ) ) } Tmax=15T
_—— : : : : ! -~

Clock
(SBT3 pin)

5 1000000
s 0 D000k
J -

A 3 ! ! ! ! ! ! ! !
(Write data to SC3TRB) 3 3 3 3 3 3 3 H

Interrupt
(SC3IRQ)

Figure 12-3-4 Transmission Timing (Rising edge, Enable Start Condition)

at master at slave
Tmax=1.5T T ) ) ) ) ) Tmax=15T

- -t - . . . . . e

Clock
(SBT3 pin)

=5 00000007
I 0 D00 000
J -

A f ! ! ! ! ! ! ! D
(Write data to SC3TRB) : : : : : : :
Interrupt . . . . . . . . H

(SC3IRQ)

Figure 12-3-5 Transmission Timing (Rising edge, Disable Start Condition)
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BReception Timing

at master
Tmax=25T, T

Clock
(SBT3 pin)

== 1L OO000000
S D B B B0 0 0
e UL T

A .
(Write data to SC3TRB) 3 3 3 3 3 3 3
interrupt . . . . . . . . H
(SC3IRQ)

Figure 12-3-6 Reception Timing (Rising edge, Enable Start Condition)

at master
Tmax=15T | T

Clock
(SBT3 pin)

=x CO000000]
000000k
- L

A 3 ‘ ‘ ‘ ‘ ‘ ‘ ‘ L
(Write data to SC3TRB) : : : : : : :
Interrupt . . . . . . . . H
(SC3IRQ)

Figure 12-3-7 Reception Timing (Rising edge, Disable Start Condition)
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at master
Tmax=25T T

o

Clock
(SBT3 pin)

== 10000000
N U0 0D OO
w [ L

A i ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
(Write data to SC3TRB) : : : : : : : H

Interrupt
(SC3IRQ)

Figure 12-3-8 Reception Timing (Falling edge, Enable Start Condition)

at master
Tmax=1.5T T

Clock
(SBT3 pin)

=z CO000000)
0 0 0 0D DO
- L

A f ! ! ! ! ! ! ! L

(Write data to SC3TRB) : : : : : : : ]
Interrupt . . . . . . . .

(SC3IRQ)

Figure 12-3-9 Reception Timing (Falling edge, Disable Start Condition)
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ETransmission/Reception Simultaneous timing
When transmission and reception are operated at the same time, data is recieved at the opposite edge
of the transmission clock.

SBT3 pin

Data is input at the rising edge of the clock.

oo YT

Data is output at the falling edge of the clock.

oo LA

Figure 12-3-10 Transmission/Reception Timing
(Reception : Rising edge, Transmission : Falling edge)

SBT3 pin

Data is input at the falling edge of the clock.

oo LT

Data is output at the rising edge of the clock.

o L

Figure 12-3-11 Transmission/Reception Timing
(Reception : Falling edge, Transmission : Rising edge)
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EPin Setup (3 channels, at transmission)
Table 12-3-5 shows the pins setup at synchronous serial interface transmission with 3 channels (SBO3 pin,
SBI3 pin, SBT3 pin).

Table 12-3-5 Synchronous Serial Interface Pin Setup (3 channels, at transmission)

Data output pin Data input pin Clock I/O pin
Item . . SBT3 pin
SBO3 pin SBI3 pin
Internal clock External clock
Pin P51 P50 P52

. SBI3/SBO3 independent
SBI3/SBO3 pin ,
SC3MD1(SC3IoM)

Function Serial data output Input "1" Serial clock I/O | Serial clock /O
SC3MD1(SC3SBOS) [ SC3MD1(SC3SBIS) SC3MD1(SC3SBTS)
Push-pull/ Push-pull/ Push-pull/
Type N-ch open-drain - N-ch open-drain N-ch open-drain
SC30DC(SC30DC0) SC30DC(SC30DC1)
/o Output mode ) Output mode | Input mode
P5DIR(P5DIR1) P5DIR(P5DIR2)
Pull-up added/not added ) added/not added | added/not added
P5PLU(P5PLU1) P5PLU(P5PLU2)
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EPin Setup (3 channels, at reception)

Table 12-3-6 shows the pins setup at synchronous serial interface reception with 3 channels (SBO3 pin,

SBI3 pin, SBT3 pin).

Table 12-3-6 Synchronous Serial Interface Pin Setup (3 channels, at reception)

Data output pin Data input pin Clock I/0 pin
Item ) ) SBT3 pin
SBO3 pin SBI3 pin -
internal clock external clock
Pin P51 P50 P52
) SBI3/SBO3 independent
SBI3/SBO3 pin -
SC3MD1(SC3IOM)
Function Port Serial data input Serial clock /O | Serial clock I/O
SC3MD1(SC3SBOS) | SC3MD1(SC3SBIS) SC3MD1(SC3SBTS)
Push-pull/ Push-pull/
Type - - N-ch open-drain N-ch open-drain
SC30DC(SC30DC1)
/o Input mode Output mode | Input mode
P5DIR(P5DIRO0) P5DIR(P5DIR2)
added/not added | added/not added
Pull-up - -
P5PLU(P5PLU2)
XI1-20  Operation
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BPin Setup (3 channels, at transmission/reception)
Table 12-3-7 shows the pins setup at synchronous serial interface transmission/reception with 3 channels
(SBO3 pin, SBI3 pin, SBT3 pin).

Table 12-3-7 Synchronous Serial Interface Pin Setup
(3 channels, at transmission/reception)

Data output pin Data input pin Clock I/O pin
Item . . SBT3 pin
SBO3 pin SBI3 pin
Internal clock | External clock
Pin P51 P50 P52

. SBI3/SBO3 independent
SBI3/SBO3 pin .
SC3MD1(SC3IoM)

Function Serial data output Input "1" Serial clock I/O | Serial clock /O
SC3MD1(SC3SBOS) | SC3MD1(SC3SBIS) SC3MD1(SC3SBTS)
Push-pull/ Push-pull/ Push-pull/
Type N-ch open-drain - N-ch open-drain N-ch open-drain
SC30DC(SC30DC0) SC30DC(SC30DC1)
/O Output mode Intput mode Output mode | Input mode
P5DIR(P5DIR1) P5DIR(P5DIRO) P5DIR(P5DIR2)
Pull-up added/not added ) added/not added | added/not added
P5PLU(P5PLU1) P5PLU(P5PLU2)
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BPin Setup (2 channels, at transmission)
Table 12-3-8 shows the pins setup at synchronous serial interface transmission with 2 channels (SBO3 pin,
SBT3 pin). The SBI3 pin is not used, so that it can be used as a general port.

Table 12-3-8 Synchronous Serial Interface Pin Setup (2 channels, at transmission)

Data output pin Data input pin Clock I/O pin
Item . . SBT3 pin
SBO3 pin SBI3 pin
Internal clock External clock
Pin P51 P50 P52
. SBI3/SBO3 independent
SBI3/SBO3 pin -
SC3MD1(SC3IOM)
Function Serial data output Input "1" Serial clock /1O | Serial clock I/O
SC3MD1(SC3SBOS) | SC3MD1(SC3SBIS) SC3MD1(SC3SBTS)
Push-pull/ Push-pull/ Push-pull/
Type N-ch open-drain - N-ch open-drain N-ch open-drain
SC30DC(SC30DCO0) SC30DC(SC30DC1)
/o Output mode ) Output mode | Input mode
P5DIR(P5DIR1) P5DIR(P5DIR2)
Pull-up added/not added ) added/not added | added/not added
P5PLU(P5PLU1) P5PLU(P5PLU2)
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Table 12-3-9 shows the pins setup at synchronous serial interface reception with 2 channels (SBO3 pin,

Chapter 12  Serial Interface 3

SBT3 pin). The SBI3 pin is not used, so that it can be used as a general port.

Table 12-3-9 Synchronous Serial Interface Pin Setup (2 channels, at reception)

Data output pin Data input pin Clock I/O pin
Item . . SBT3 pin
SBO3 pin SBI3 pin
Internal clock External clock
Pin P51 P50 P52
. SBI3/SBO3 independent
SBI3/SBO3 pin ,
SC3MD1(SC3I0OM)
Function Port Serial data input Serial clock I/O | Serial clock /O
SC3MD1(SC3SBOS) [ SC3MD1(SC3SBIS) SC3MD1(SC3SBTS)
Push-pull/ Push-pull/
Type - - N-ch open-drain N-ch open-drain
SC30DC(SC30DC1)
/o Input mode Output mode | Input mode
P5DIR(P5DIR1) P5DIR(P5DIR2)
added/not added | added/not added
Pull-up - -

P5PLU(P5PLU2)

Operation

XI-23



Chapter 12 Serial Interface 3

13-3-2 Setup Example

ETransmission/Reception Setup Example

Here is the setup example for transmission/reception with serial interface 3. Table 12-3-10 shows the

conditions.

Table 12-3-10 Setup conditions for Synchronous Serial Interface Transmission/Reception

Item Setto ltem Setto
SBI3/SBO3 pin independent (with 3 lines) |Clock internal clock
Transfer bit count 8 bits Clock source fs/2
Start condition enable SBT3/SBO3 pin type N-ch open-drain
First bit to be transfered MSB Pull-up resistance of SBT3 pin [(added
Input edge at falling Pull-up resistance of SBO3 pin (added
Output edge atrising

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Select prescaler operation.
PSCMD (x'3F6F")
bp0: PSCEN=1

(2) Select the clock source.
SC3CKS (x'3FAF")
bp2-0 : SC2PSC2-0 = 100
bp3=0

(3) Control the pin type.
SC30DC (x'3FAE’)
bpl1-0: SC30DC1-0 =11
P5PLU (x'3F45")
bp2,1:P5PLU2,1=1,1

(4) Control the pin direction.
P5DIR (x'3F35")
bp2-0 : P5DIR2-0 =110

(5) Select the communication type.
SC3CTR (x'3FAA")
bp2 : SC3CMD =0

@)

@

©)

@)

®)

Set the PSCEN flag of the PSCMD register to
"1" to select prescaler operation.

Set the SC3PSC2-0 flag of the SC3CKS register
to "100" to select fs/2 at clock source.
Set bp3 of the SC3CKS register to "0", always.

Set the SC30DC1-0 flag of the SC30DC register
to "11" to select N-ch open drain for the SBO3/
SBT3 pin's type. Set the P5SPLU2-1 flag of the
P5PLU register to "1, 1" to add pull-up resistor.

Set the P5DIR2-0 flag of P5 pin control direction
register (P5DIR) to "110" to set P52, P51, to
output mode, to set P50 to input mode.

Set the SC3CMD flag of the serial 3 control
register (SC3CTR) to "0" to select synchronous
serial.
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Setup Procedure

Description

(6) Select the transfer bit count.
SC3MDO (x'3FA8")
bp2-0 : SC3LNG2-0 =111

(7) Select the start condition.
SC3MDO (x'3FA8")
bp3 : SC3STE=1

(8) Select the first transfer bit.
SC3MDO (x'3FA8")
bp4 : SC3DIR=0

(9) Select the transfer edge.
SC3MDO (x'3FA8")
bp6 : SC3CE1=1

(10) Select the transfer clock.
SC3MD1 (x'3FA9")
bp2 : SC3MST =1

(11) Control the pin function.
SC3MD1 (x'3FA9")
bp4 : SC3SBOS =1
bp5: SC3SBIS=1
bp6 : SC3SBTS =1
bp7 : SC3IOM =0

(12) Set the other mode register.
SC3CTR (x'3FAA)
bp7-6, 3, 1-0

(13) Set the interrupt level.
SC3ICR (x'3FF9")
bp7-6 : SC3LV1-0 =10

(14) Enable the interrupt.
SC3ICR (x'3FF9")
bpl:SC3IE=1

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

Set the SC3LNG2-0 flag of the serial 3 mode
register (SC3MDO) to "111" to set the transfer
bit count to 8 bits.

Set the SC3STE flag of the SC3MDO register to
"1" to enable start condition.

Set the SC3DIR flag of the SC3MDO register to "0"
to set MSB as the first bit to be transferred.

Set the SC3CEL flag of the SC3MDO register to
"1" to set the transmission data output edge to
“rising", and the received data input edge to
"falling".

Set the SC3MST flag of the SC3MDL1 register to
"1" to select clock master (internal clock).

Set the SC3SBOS, SC3SBIS, SC3SBTS flags of
the SC3MDL1 register to "1" to set the SBO3 pin to
serial data output, the SBI3 pin to serial data
input, and the SBT3 pin to serial clock 1/O. Set the
SC3IOM flag to "0" to set "serial data input from
the SBI3 pin".

At lIC communication, that flag should be set. At
synchronous serial communication, no need to be
set.

Set the interrupt level by the SCLV1-0 flag of the
serial 3 interrupt control register (SC3ICR).

Enable the interrupt to the SC3IE flag of the
SC3ICR register. If the interrupt request flag
(SC3IR of the SC3ICR register) is already set,

clear SC3IR before the interrupt is enabled.
[ €7 Chapter 3 3-1-4. Interrupt Flag Setup ]
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Setup Procedure Description
(15) Start serial transmission. (15) Set the transmission data to the serial
Transmission data transmit/receive shift register SC3TRB. The
- SC3TRB (x'3FAB') internal clock is generated to start

transmission/reception.
After the communication is finished, the serial 3
interrupt SC3IRQ is generated.

Note : In the above settings, (6) to (9), (10) to (11),can be set at once.

If the communication is only for transmission, the data that input by setting the SC3SBIS of
the SC3MD1 register to "0" should be fixed to "1". The SBI3 pin can be used as a general
port.

If the communication is only for reception, set the SC3SBOS of the SC3MDL1 register to "0" to
select port. The SBO3 pin can be used as a general port.

If the communication is with 2 channels connected the SBO3/SBI3 pins, the SBO3 pin
inputs/outputs serial data. The port direction control register P5DIR switches 1/O.

At reception, set the SC3SBIS of the SC3MDL1 register to "1" to select "input serial data". The
SBI3 pin can be used as a general port.

It is possible to shut down the communication. When the communication should be stopped
by force, set the SC3SBOS and the SC3SBIS of the SC3MD1 register to "0".

Setup for each flag should be done in order. The activation of communication should be
operated after all control registers (table 12-2-1 : except SC3TRB) are set.

The SC3CKS register should set the transfer rate of the transfer clock to "under 2.5 MHz".

=Ir=Ni-<H-< -
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12-3-3 Single Master IIC Interface

[IC serial communication in single master is available at serial interface 3. Communication of this 1IC
interface is based on the data transfer format of Philips, 1IC-BUS.

Table 12-3-11 shows the functions of IIC serial interface.

Table 12-3-11 1IC Serial Interface Functions

Communication type IIC (single master)
Interrupt SC3IRQ
Pin SDA, SCL
Transfer bit count 1 to 8 bit
First transfer bit v
ACK bit V4
ACK bit level v

fosc/2

fosc/ad

fosc/16

Clock source fosc/32
fsf2
fs/a

timer 5 output

The transfer rate is the clock source divided by 3.

WActivation factor for Communication

Set data (at transmission) or dummy data (at reception) to the transmit/receive shift register SC3TRB.
Start condition and transfer clock are generated to start communication, regardless of transmission/
reception. This serial interface can not be used for slave communication.
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EStart Condition Setup

At [IC communication, enable start condition by the SC3STE flag of the SC3MDO register at the begin-
ning of communication. The SC3STE flag of the SC3MDO register can select if start condition is enabled
or not.

If start condition is detected during data communication when the start condition is enabled, the SC3STC
flag of the SC3CTR register is set to "1", and the communication complete interrupt SC3IRQ is gener-
ated to finish the transmission. At this case, the communication is not normal so that something should
be done by the software, such a counter measure of stop condition, and the communication should be
started again.

The SC3STC flag should be cleared by the software.

Start condition is generated as data line (SDA pin) is changed from "H" to "L", when clock line (the SLC
pin) is "H".

EGeneration of Stop Condition

Stop condition is generated as the SDA line is changed from "L" to "H", when the SCL line is "H". Stop
condition can be generated by setting the IICBSY flag of the SC3CTR register to "0" by the software.
When the IICBSY flag is "0", use the program with data output function of a general port.

Start condition Stop condition

SDA |
(Serial data) .

\
)
|

—_—r— | passsssssssssss=a= —
SCL :
(Serial clock) .

Figure 12-3-12 Start Condition and Stop Condition

Hinput Edge/Output Edge Setup

At IIC communication, data is always received at the falling edge of clock. Set the SC3CEL1 flag of the
SC3MDO register to "1", and select "falling" at the received data input edge. Even if the SC3CEL flag is
set to "0", the received data is stored at the falling edge of clock, but any error is generated because IIC
clock line (SCL) becomes "H" after the communication of the last data.

‘ At IIC communication, set the SC3CE1 flag of the SC3MDO register to "1" to select "falling"
- of the received data input edge.

EData I/O Pin Setup

The SDA pin (for SBO3 pin, too) is used to input/output data. Set the SC3IOM flag of the SC3MD1
register to "1" to input serial data from the SBO3 pin. The SBI3 pin is not used, so it can be used as a
general port. But, always set the SC3SBIS flag of the above register to "1" to set "input serial data".

To detect start condition, set the SC3SBIS flag of the SC3MD1 register to "input serial data",
regardless of transmission/reception.
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HReception of Acknowledgement (ACK) Bit after Data Transmission
This LSI does not contain the function of receiving the acknowledgement (ACK) bit after data transmission.
To receive ACK bit after transmitting data, select sc3acks="0" (No ACK bit) before data transmisison. By
transmitting the 8-bit data, an interrupt generates. Then switch the SBT pin function to "port” in the interrupt
routine. With the port function, program a clock for ACK reception and read the ACK data.

SDA

SCL

Interrupt

~«—Data transmission period—»

Chapter 12  Serial Interface 3

(Hardware processing period) ACK bit reception period

(Software processing period)
1

|

1

1

|

. ACK bit reception clock
, ,(generated by switching
a 1+ _the pin of software)

;

Figure 12-3-13 ACK Bit Reception Timing after Transmission of 8-Bit Data

ETransmission of Acknowledgement (ACK) bit after Data Reception
The way of the selection if ACK bit is enabled or not is the same to the way at the transmission. When
ACK bit is enabled, ACK bit and clock are output after data (1 to 8 bits) is received. If the reception is to
continue, ACK bit outputs "L". And if the reception is to finish, it outputs "H". The SC3ACKO of the
SC3CTR register sets the output ACK bit level.

SDA

SCL

Interrupt

-«— Data reception period

—

(Bus release period)

v T, Tmax=1.2T
| '

e

1
g 1 ACK/!
ANACK:

)

1 1 1
1 1 1
: : :
1
' ' ' ACK bit transmission clock
: : : )
r===== = 1
1 1
1
1
1
1
1

Figure 12-3-14 ACK Bit Transmission Timing after Reception of 8-Bit Data

Operation

XI1-29



Chapter 12 Serial Interface 3

ETransfer Format

On IIC bus, there are 2 transfer formats : the addressing format that transmits/receives data after 1 byte
data (address data) that consists of slave address (7 bits) and R/W bit (1 bit) is transferred after start
condition, and the free data format that transmits data after start condition. The serial interface of this LSI
supports 2 communication formats for only master transmission and master reception at 11IC communica-
tion. Sequence of communication is as follows. The shaded part is shown the data, transferred from

slave.
[ € Figure 12-3-16 Master Transmission Timing, Figure 12-3-17 Master Reception Timing ]

Start Slave Stop
condition address RIW I data I condition

Addressing format (master transmission)

no Stop
ACK| condition

Start Slave
condition address

Addressing format (master reception)

R/W|ACK | data

Start Stop
condition data ACK condition

Free data format (master transmission)

Figure 12-3-15 Communication Sequence on Each Transfer Format

HClock Setup

The transfer clock of IIC communication is the one that the clock source is divided by 3 inside of this
serial. The clock source is selected from the dedicated prescaler and timer 5 output by the SC3CKS
register. But clock source should be set so that the transfer rate is not over 400 kHz. The dedicated
prescaler starts as the PSCMD (x'03F6F") register selects "prescaler operation”. Set the SC3MST flag of
the SC3MD1 register to "1" to select the internal clock (clock master), always. This IIC interface can not be
used as the external clock (clock slave).

Table 12-3-12 1IC Interface Clock Source

Communication type Single master IIC

fosc/2
fosc/4
Clcok source fosc/16

(internal clock) fosc/32
fs/2
fs/4
timer 5 output

The clock source should be set so that the transfer rate is under 400 kHz by the SC3CKS

G The transfer rate at IIC communication should be the one that clock source is divided by 3.
register.
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ETransmission/Reception Mode Setup and Operation

The SC3REX flag of the SC3CTR register selects the status of the transmission or the reception. The
first data is always added start condition for communication. The start condition is output from the mas-
ter, this serial.

If the communication is continued (no stop condition is generated), start condition should not be added
from the next data. At this case, start condition is set to be disabled in the interrupt service routine after
the first data communication is finished. At addressing format, slave address and R/W bit are set to the
first data after start condition for transmission.

At master reception, switch to the reception mode at the interrupt transaction after the transmission of
the first 1 byte data is finished, after the ACK signal from slave is confirmed. If the communication should
be continued to other device without stop, transmit slave address and R/W bit again after start condition
is generated again. At reception, the SDA line is automatically released to wait for reception. After the
storage of data is finished, confirmation of the reception (ACK bit) is output.

[ ¢ Figure 12-3-16 Master Transmission Timing, Figure 12-3-17 Master Reception Timing ]

HIICBUSY Flag Operation

As data is set to the transmit/receive shift register SC3TRB, the IICBSY flag of the SC3CTR register is
setto "1". The IICBSY flag is cleared by software. As the IICBSY flag is cleared, the stop condition is
automatically generated to complete the communication.

If start condition is detected during communication, the communication complete interrupt SC3IRQ is
generated, then the IICBSY flag is automatically cleared.

ESeaquence Communication
At IIC communication, not the same to the clock synchronous serial communication, the seaquence
communication with built-in automatic transfer controller ATC1, is not available.

The following items are the same to the clock synchronous serial. Refer to the following pages.

WFirst Transfer Bit Setup
Referto: XlI-11

ETransmit, Reception Data Buffer
Referto : XII-11

BTransfer Bit Count and First Transfer Bit
Referto: XlI-11

ECommunication Forced Reset
Referto: XII-13

At communication, set Nch-open drain for pin's type, because the hardware switches if bus is
‘ used/released. And even at reception, select the SDA pin (the SBO3 pin) direction control to

"output”.
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EMaster Transmission Timing

SDA

SCL

Interrupt

®

8-bit @ 3) | 8-bit

@ . 6 . ®

+— <— fransmission > | *———><— transmission —

EEEDSpanagacy

—

icesy _|
A

a

A

Set data to SC3TRB Set data to SC3TRB

XI-32

Operation

(1) Output start condition.
(2) Bus released period, ACK bit is received.
(3) Interrupt transaction.
- Disable start condition : SC3STE=1 -0
- Start communication : set data to SC3TRB

(4) Receive ACK bit.

(5) Interrupt transaction.

- Finish communication : clear the IICBSY flag.

(6) Generates stop condition.

Figure 12-3-16 Master Transmission Timing

R

Clear IICBSY flag
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EMaster Reception Timing

R O I 8-bit N ) I ) B 8-bit GO R O NN ()|
<—> ~— fransmission — > | +—><—> <— reception —
SDA 8 X ACK y
scL ‘
Interrupt |_| |_|
IICBSY J |—
Set data to SC3TRB Set data to SC3TRB Clear IICBSY flag

[Set dummy data]

(1) Output start condition.

(2) Bus released period, ACK bit is received.

(3) Interrupt transaction
- Setup for the reception mode : SC3REX =0 -1
- Disable start condition : SC3STE=1 -0
- Start communication : set data to SC3TRB.

(4) Output ACK bit.

(5) Bus released period, interrupt transaction
- Complete communication : clear IICBSY flag

(6) Generate stop condition.

Figure 12-3-17 Master Reception Timing
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HPin Setup (2 channels, at transmission)

Table 12-3-13 shows the pins setup at IIC serial interface transmission with 2 channels (SDA pin, SCL pin).

XIl-34

Operation

Table 12-3-13 Pin Setup (2 channels, at transmission)

Item

Data output pin

Data input pin

SDApin

SCL pin

Pin

P51

P52

SBI3/SBO3 pin

SBI3/SBO3 connection

SC3MD1(SC3I0M)

Serial data output

Serial clock output

. SC3MD1(SC3SB0OS) SC3MD1(SC3SBIS)
Function
Serial data input
SC3MD1(SC3SBIS)
Push-pull/ Push-pull/
Type N-ch open-drain N-ch open-drain
SC30DC (SC30DC0) | SC30DC (SC30DC1)
/o Output mode Output mode
P5DIR(P5DIR1) P5DIR(P5DIR2)
added/not added added/not added
Pull-up

P5PLU (P5PLU1)

P5PLU (P5PLU2)




HPin Setup (2 channels, at reception)
Table 12-3-14 shows the pins setup at IIC serial interface reception with 2 channels (SDA pin, SCL pin).

Chapter 12  Serial Interface 3

Table 12-3-14 Pin Setup (2 channels, at reception)

Item

Data output pin

Data input pin

SDA pin

SCL pin

Pin

P51

P52

SBI3/SBO3 pin

SBI3/SBO3 connection

SC3MD1(SC3I0M)

Port Serial clock output
) SC3MD1(SC3SBOS) SC3MD1(SC3SBIS)
Function - -
Serial data input
SC3MD1(SC3SBIS)
Push-pull/ Push-pull/
Type N-ch open-drain N-ch open-drain
SC30DC (SC30DC0) | SC30DC (SC30DC1)
/o Output mode Output mode
P5DIR(P5DIR1) P5SDIR(PSDIR2)
added/not added added/not added
Pull-up

P5PLU (P5PLU1)

P5PLU (P5PLU2)

Operation

XI1-35



Chapter 12 Serial Interface 3

12-3-4 Setup Example

EMaster Transmission Setup Example

Here is the setup example for the transmission of the plural data to the all devices on IIC bus with IIC

interface function of serial 3. Figure 12-3-15 shows the conditions.

Figure 12-3-15 Conditions Single Master [IC Communication Setup

Item Setto Item Setto
SBI3/SBO3 pins Co.nnec.tion Clock source fs/2
(with 2 lines)
Transfer bit count |8 bits SCL/SDApin's type N-ch open-drain
Start condition enable Pull-up resistance of SCL pin added
First transfer bit MSB Pull-up resistance of SDA pin added
ACK bit enable

An example setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Select prescaler operation. (1) Setthe PSCEN flag of the PSCMD register to "1"
PSCMD (x'3F6F") to select prescaler operation.
bpO: PSCEN =1
(2) Select the clock source. (2) Setthe SC3PSC2-0 flag of the SC3CKS register
SC2CKS (x'3FAF) to "100" to select fs/2 at clock source.
bp2-0: SC3PSC2-0 =100 Set bp3 of the SC3CKS register to "0", always.
bp3=0
(3) Control the pin type. (3) Setthe SC30DC1, 0 flag of the SC30DC register
SC30DC (x'3FAE") to "11" to select N-ch open drain for the SDA/
bp1-0: SC30DC1-0 =11 SCL pin type. Set the PSPLUZ2-1 flag of the
P5PLU (x'3F45") P5PLU register to "1, 1" to add pull-up resistor.
bp2-1:P5PLU2-1=1,1
(4) Control the pin direction. (4) Setthe P5DIR2-1 flag of P5 pin control direction
P5DIR (x'3F35") register (P3DIR) to "1, 1" to set P52, P51, to
bp2-1:P5DIR2-1=1,1 output mode.
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Setup Procedure

Description

(5) Set ACK bhit.
SC3CTR (x'3FAA")
bp0 : SC3ACKO = x
bpl: SC3ACKS =1

(6) Select the communication type.
SC3CTR (x'3FAA")
bp2: SC3CMD =1

<Transmission setup>

(7) Select the transmission/reception
mode.
SC3CTR (x'3FAA)
bp3 : SC3REX =0

(8) Initialize the monitor flag.
SC3CTR (x'3FAA")
bp6 : SC3STC =0
bp7 : ICBSY =0

(9) Setthe SC3MDO register.
Select the transfer bit count.
SC3MDO (x'3FA8")
bp2-0 : SC3LNG2-0 =111

(10) Select the start condition.
SC3MDO (x'3FA8")
bp3: SC3STE=1

(11) Select the first bit to be transferred.

SC3MDO (x'3FA8")
bp4 : SC3DIR =0

(12) Select the IIC communication edge.

SC3MDO (x'3FA8")
bp6 : SC3CE1 =1

®)

(6)

()

(®)

©)

(10)

(11)

Set the SC3ACKS flag of the serial 3 control
register (SC3CTR) to "1" to select "receive ACK
bit". At transmission, ACK bit is received, so that
the SC3ACKS flag does not need to set the ACK
bit level.

Set the SC3CMD flag of the serial 3 control
register (SC3CTR) to "1" to select IIC.

Set the SC3REX flag of the serial 3 control
register (SC3CTR) to "0" to select the
transmission mode.

Set the SC3STC flag and the IICBSY flag of the
serial 3 control register (SC3CTR) to "0, 0" to
initialize the start condition detection flag and the
BUSY flag.

Set the SC3LNG2-0 flag of the serial 3 mode
register (SC3MDO) to "111" to set the transfer
bit count to 9 bits.

Set the SC3STE flag of the SC3MDO register to

"1" to enable start condition.

Set the SC3DIR flag of the SC3MDO register to "0"
to set MSB as the first bit to be transferred.

(12) AtlIC communication, set the SC3CE1 flag of the

SC3MDO register to "1", always.
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Setup Procedure

Description

(13) Select the transfer clock.
SC3MD1 (x'3FA9")
bp2 : SC3MST =1

(14) Control the pin function.
SC3MD1 (x'3FA9’)
bp4 : SC3SBOS =1
bp5:SC3SBIS =1
bp6 : SC3SBTS =1
bp7 : SC3IOM =1

(15) Set the interrupt level.
SC3ICR (x'3FF9")
bp7-6 : SC3LV1-0 =10

(16) Enable the interrupt.
SC3ICR (x'3FF9")
bpl:SC3IE=1

<Transmission is started.>
(17) Start serial transmission.

Confirm that SCL (P52) is "H".

Transmission data

- SC3TRB (x'3FAB)

<Transmission is completed.>
<Setup for the next data transmission>
(18) Judge the monitor flag.

SC3CTR (X'3FAA)
bp6 : SC3STC

(13)

(14)

(15)

(16)

17

(18)

Set the SC3MST flag of the SC3MDL1 register to
"1" to select clock master (internal clock).

At [IC communication, external clock should not
be selected.

Set the SC3SBOS, SC3SBIS, SC3SBTS flags of
the SC3MD1 register to "1" to set the SDA pin
(the SBO3 pin) to serial data output, the SBI3 pin
to serial data input, and the SCL pin (the SBT3
pin)to serial clock I/O. Set the SC3IOM flag to "1"
to set "serial data input from the SDA pin (the
SBO3 pin)".

Set the interrupt level by the SCLV1-0 flag of the
serial 3 interrupt control register (SC3ICR).

Enable the interrupt to the SC3IE flag of the
SC3ICR register. If the interrupt request flag
(SC3IR of the SC3ICR register) is already set,
clear SC3IR before the interrupt is enabled.

[ €= Chapter 3 3-1-4. Interrupt Flag Setup ]

Set the transmission data to the transmit/
receive shift register SC3TRB. Then the

transfer clock is generated to start transmission.
If the ACK bit is received after data transmission,
the communication complete interrupt SC3IRQ is
generated.

Confirm the SC3STC flag of the serial 3 control
register (SC3CTR). When the former
transmission is completed in normal, SC3STC =

"0". If SC3STC ="1", the communication should
be operated again.

XI1-38
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Setup Procedure Description
(19) Judge the ACK bit level. (19) Confirm the level of the ACK bit, received by the
SC3CTR (Xx'3FAAY) SC3ACKS flag of the serial 3 control register
bp0 : SC3ACKO (SC3CTR). When SC3ACKO = 0, the transmission

is continued. When SC3ACKO = 1, the reception at
slave may be impossible, finish the communication.

(20) Select the transfer bit count. (20) If the transfer bit count is changed, set the
SC3MDO (x'3FA8") transfer count bit by the SC3LNG2-0 flag of the
bp2-0 : SC3LNG2-0=0 serial 3 mode register (SC3MDO).
(21) Select the start condition. (21) Setthe SC3STE flag of the SC3MDO register to "0"
SC3MDO (x'3FA8") to disable start condition.

bp3: SC3STE=0

<The next data transmission is started.>
(22) Serial transmission is started. [ — (17)]| (22) Set the transmission data to SC3TRB to start the
transmission. [ - (17)]

<The transmission is finished.>

<Transaction after IIC communication>

(23) Clear BUSY flag. (23) Clearthe IICBSY flag of the serial 3 control
SC3CTR(X'3FAA") register (SC3CTR) to "0". Then, the stop condition
bp7 : ICBSY =0 is automatically generated to finish the

communication.

Note : In the above (5) to (8), (9) to (12), (13) to (14), (15) to (16), (18) to (19) and (20) to (21), settings can
be set at once.
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It is possible to shut down the communication. When the communication should be stopped
by force, set the SC3SBOS and the SC3SBIS of the SC3MDL1 register to "0".

Setup for each flag should be done in order. The activation of communication should be done
after all control registers (except table 13-2-1 : SC3TRB) are set.

o

The SC3CKS register should set the transfer clock so that the transfer rate is "under 400
kHz".

o)

To detect start condition, connect the SBO3/SBI3 pins to be 2 channels. The SDA pin in-
puts/outputs serial data.

o)

At communication, select Nch-open drain for the pin type, because the bus should be
switched to be used/released by the hardware. And even at the reception, select the SDA pin
(the SBOS pin) direction control to "output”.

femm)

XI1-40  Operation



Chapter 13  Serial Interface 4




Chapter 13  Serial Interface 4

13-1 Overview

This LSI contains a serial interface 4, which is compatible with IIC serial interface (slave) communication.

13-1-1 Functions

Table 13-1-1 shows the functions of serial interface 4.

Table 13-1-1 Serial interface 4 Functions List

Communication type IIC (slave)
Interrupt SC4IRQ
Pin SDA, SCL
Addressing 7 bits /10 bits
General call v
Maximum transfer rate | 400 kHz (High-speed mode)

XI-2 Overview
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13-1-2 Block Diagram
W Serial interface 4 Block Diagram
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Figure 13-1-1 Serial interface 4 Block Diagram
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13-2 Control Registers

13-2-1 Registers

Table 13-2-1 shows the registers to control serial interface 4.

Table 13-2-1 Serial interface 4 Control Registers

Register Address R/W Function Page
SC4ADO X03FA3' R/W |Serial interface 4 addressing register 0 Xl -6
SC4AD1 X03FA4' R/W [Serial interface 4 addressing register 1 Xl -6
SCA4TXB X03FA5' R/W |Serial interface 4 transmission data buffer Xl -5
SC4RXB X03FAD' R [Serial interface 4 reception data buffer Xl -5
SC4STR X03FAC' R |Serial interface 4 status register X -7
PODIR X03F30' R/W [Port 0 direction control register V-7

Ic POPLU X03F40' R/W [Port 0 pull-up resistor control register v-7
POOUT X03F10' R/W [Port 0 output control register V-7
P5DIR X03F35' R/W |Port5 direction control register IvV-22
P5PLU X03F45' R/W [Port5 pull-up resistor control register IV-22
P50UT X03F15' R/W [Port 5 output control register IV-22
SC40DCO0 X03F3F' R/W [Serial interface 4 port control register 0 Xl -8
SC40DC1 X03F3D' R/W |Serial interface 4 port control register 1 Xl -8
SC4ICR X03FF3' R/W [Serial interface 4 interrupt control register X1 -35

R /W : Readable / Writable

XII-4 Control Registers
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13-2-2 Data Register

Serial interface 4 has a 8-bit buffer registers for transmission/reception.

M Serial interface 4 Reception Data Buffer (SC4RXB)

7 6 5 4 3 2 1 0

SC4RXB 12CRXB7 |I2CRXBG6 |[2CRXBS5 |12CRXB4 [I2CRXB3 |I2CRXB2 |I2CRXB1 |I2CRXBO (Atreset: X X X X X XX X )

Figure 13-2-1 Serial interface 4 Reception Data Buffer (SC4RXB : x'03FAD’, R)

BMSerial interface 4 Transmission Data Buffer (SC4TXB)

7 6 5 4 3 2 1 0

SC4TXB [2CTXBY |I2CTXB6 |12CTXB5 |12CTXB4 |12CTXB3 |I2CTXB2 |12CTXB1 [I2CTXBO | ( Atreset: 00000000 )

Figure 13-2-2 Serial interface 4 Transmission Data Buffer (SC4TXB : x'03FA5’, R/W)

Control Registers XII-5
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13-2-3 Mode Registers

B Serial interface 4 Addressing Register 0 (SC4ADO0)

SC4ADO

7

6

5

4

3

2 1

0

12CAD7

12CAD6

12CAD5

12CAD4

12CAD3

12CAD2

12CAD1

12CADO

(Atreset: 00000000 )

Figure 13-2-3 Serial interface 4 Addressing Register 0 (SC4ADO : x'03FA3', R/W)

B Serial interface 4 Addressing Register 1 (SC4AD1)

7 6 5 4 3 2 1 0
SC4AD1  |SELI2C [RESERVED [RESERVED|I2CPSEL|I2CGEM [I12CADM [I2CADS9 |I2CADS8 (Atreset: 00000000 )

I2CADM Address mode selection
0 7 bits address mode
1 10 bits address mode

12CGEM Communlcatlon mode

selection

0 Normal communication mode
1 General call communication mode|

12CPSEL Communlcatlon port

selection
0 P53(SDA), P54(SCL)
1 PO1(SDA), P02(SCL)
RESERVED | Setalways to "0"
RESERVED | Setalways to "0"

SELI2C Reset control
0 Reset
1 Operational state

Figure 13-2-4 Serial interface 4 Addressing Register 1 (SC4AD1 : x'03FA4', R/W)
XII-6  Control Registers



WSerial interface 4 Status Register (SC4STR)

SC4STR

7 6

4

3

2

1

WRS |I12CINT

STRT

RSTRT

12CBSY

SLVBSY

ACKVALID

Chapter 13 Serial Interface 4

(Atreset: X X X X X X X X)

ACKVALID | ACK detection flag

Undetected

1 Detected

SLVBSY Slave busy flag

Other than during data transfer

1 During data transfer

12CBSY Bus busy flag

Bus free status

1 Bus busy status

RSTRT Re-start condition detection

Undetected

1 Detected

STRT Start condition detection

Undetected
1 Detected
I2CINT Interrupt detection flag
Undetected
1 Detected

Data transfer direction

WRS determination flag
Slave — Master
1 Master — Slave

Figure 13-2-5 Serial interface 4 Status Register (SC4STR : x'03FAC', R)

Control Registers X -7
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B Serial interface 4 Port Control Register 0 (SC40DCO0)

1

0

SC40DCO

SCA40DC01

SC40DC00

(Atreset: ------ 00)
SC40DCO00 | PO1 N-ch open drain control
0 Push-pull
1 N-ch open-drain
SC40DCO01 | PO2 N-ch open drain control
0 Push-pull
1 N-ch open-drain

Figure 13-2-6 Serial interface 4 Port Control Register 0 (SC40DCO : x'03F3F', R/W)

M Serial interface 4 Port Control Register 1 (SC40DC1)

1

0

SC40DC1 -

SC40DC11

SC40DC10

(Atreset: ------ 00)
SC40DC10 | P53 N-ch open drain control
0 Push-pull
1 N-ch open-drain
SC40DC11 | P54 N-ch open drain control
0 Push-pull
1 N-ch open-drain

Figure 13-2-7 Serial interface 4 Port Control Register 1 (SC40DC1 : x'03F3D", R/W)

XII-8  Control Registers
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13-3 Operation

BActivation and Termination Factors

Set the SELI2C flag of the SC4AD1 register to "1" to activate this serial interface. For the termination, set
the flag to "0". The ports used for communication can be used as general-purpose port while the serial
interface is not in operative state. When the SELI2C register is set to "0", SC4ADO register, SCATXB
register and SC4RXB register is automatically cleared.

ESlave Address Setup

This serial interface can seletct either 7 bits or 10 bits slave address. To select 7 bits slave address, set
the I2CADM flag of the SC4AD1 register to "0" to select 7 bits address mode, and set the slave address to
upper 7 bits of the SC4ADO register (I2CAD7 to I2CAD1). To select 10 bits slave address, set the I2CADM
flag of the SC4AD1 register to "1" to select 10 bits address mode, and set the upper 2 bits of the slave
address to lower 2 bits of the SC4AD1 register (I2CAD9, I2CAD8) and set the lower 8 bits of the slave
address to SC4ADQO register.

BGeneral Call Communitacion

This serial interface is compatible with general call communication mode. Set the I2CGEM flag of the
SCA4AD1 register to "1" to select general call communication mode. In this mode, slave address set in the
SC4ADO0 and SC4AD1 registers are invalid.

EData Transmission/Reception

This serial interface enables automatic address determination after detection of start condition on 11C
bus. Serial interface 4 interrupt (SC4IRQ) is generated only when address transmitted from master
matches with the set slave address. Data transmission/reception are controlled with the WRS flag of the
SCASTR register, and slave transmission is selected when the WRS flag is set to "0", slave reception is
selected when the WRS flag is set to "1". In slave transmission, setting the transmission data to SC4TXB
register opens the bus line and data transmission is started by the clock transmitted from master. In
slave reception, setting the dummy data to SC4RXB register opens the bus line and data reception is
started by the clock transmitted from master.

B Start/Re-Start Condition Detection

When data (SDA) pin changes from "H" to "L" while clock (SCL) pin is "H", start condition is detected and
the STRT flag of the SCASTR register is setto "1". The STRT flag is cleared to "0" after communication data
is set when the interrupt routine right after the slave address reception sets the communication data. If start
condition is detected again during data transferring, the RSTRT flag is set. This flag is cleared to "0" after
communication data is set when the interrupt routine right after the slave address reception sets the com-
munication data.

If address transmitted from master does not match with the slave address, these flags are automatically
cleared at the timing when address miscompare is detected.

Operation XII-9
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WBusy Flag

This serial interface contains 2 busy flags (SLVBSY, 12CBSY).

The SLVBSY flag is set to "1" when address transmitted from master matches with the slave address.
The 12CBSY flag is set to "1" during communication on IIC bus.

In 10 bits addresss mode, if the upper 2 bits address which is first to be transmitted from master matches
with the 12CAD9-8 of the SC4AD1 register, the SLVBSY flag is set to "1" and SC4IRQ is not generated.
If the lower 8 bits address which is next to be transmitted from master matches with the I2CAD7-0 of the
SC4ADO register, the SLVBSY flag is remained to "1" and SC4IRQ is generated. If these address mis-
match, the SLVBSY flag is cleared to "0" and SC4IRQ is not generated.

EmBus Line Monitor

Bus line can be monitored during the general call communicaation.

For monitoring, while the SELI2C flag is set to "1", set the I2CGEM flag of the SC4AD1 register to "1" and
set the direction control of the communication pin to input. Though serial 4 interrupt is generated at this
time, it does not output signal to the data and clock, and thus, has no effect on the communicaiton.

EPin Setup

Table 13-3-1 shows pin setup (SDA, SCL pins) for serial interface 4 data transmission.

N-ch open drain setup is always necessary for using this serial interface. Use the pull-up resistor control
register (PnPLU) of each port for pull-up resistor setup. Input/output of the transfer data is automatically
switched.

Table 13-3-1 Pin Setup

Item Data I/O pin | Clock I/O pin
SDApin SCL pin
Port pin P g
PO1 PO2
Function P53 P54
. . SC40DCO0
Nch open-drain control register
SC40DC1
. . POPLU
Pull-up resistor control register
P5PLU

circuit on determination of reception data or change the slave address. Always use the soft-

( Note that this serial interface does not features the functions which resets the serial interface
ware for determination of reception data incuding in the general call communication mode.

XII-10  Operation
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13-3-1 Setup Example of the Slave IIC Serial Interface

ESetup Example of the Data Transmission
This section describes the setup example of slave transmission using serial interface 4.
Table 13-3-2 shows the conditions for transmission routine.

Table 13-3-2 Pin Setup

Item Setup
Data pin (SDA) PO1
Clock pin (SCL) P02
Addressing mode 7 bits
Slave address 110011
Transmission data x55'

An example setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Control the pin type. (1) Setthe SC40DCO01-0 flag of the SC40DCO
SC40DCO (x'3F3F") register to "1" to select N-ch open drain for PO1
bp1-0 : SC40DC01-00 = 11 and P02.
POPLU (x'3F40") Set the POPLU2-1 flag of the POPLU register to
bp2-1 :POPLU2-1 =11 "1" to add pull-up resistor.
(2) Control the pin direction. (2) Setthe POPLU2-1 flag of the port O pin direc-
PODIR (x'3F30") tion control register (PODIR) to "1" to set PO1
bp2-1 : POPLU2-1 =11 and P02 to output mode.
(3) Communication pin, Communica- (3) Setthe I2CPSEL flag of the SC4ADL1 register
tion mode, address mode selection to "1" to select PO1 and P02 for communication
SC4AD1 (x'3FA4) pins.
bp4 (12CPSEL =1 Set the I2CGEM flag to "0" to select normal
bp3 :12CGEM =0 communication mode, and set the I2CADM
bp2 :12CADM =0 flag to "0" to select 7 bits adddress mode.
(4) Serial interface 4 actication (4) Setthe SELI2C flag of the SC4AD1 register
SC4AD1 (x'3FA4"Y) : SELI2C =1 to "1" to activate the serial interface.

Operation ~ XII1-11
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Setup Procedure

Description

(5) Setthe slave address.
SC4ADO (x'3FA3")
bp7-1:12CAD7-1=0110011

(6) 1IC communication start

(7) Data transmission/reception

confirmation
SCASTR(X'3FAC")
bp7 :WRS =0

(8) Transmission data setup
SCATXB (x'3FA5")
bp7-0 : 1I2CTXB7-0 = x'55'

(5)

(6)

()

(8)

Set the slave address to the upper 7 bits of the
SCA4ADO register (I2CAD7-1).

Master on the IIC bus starts communication.

When the address transmitted from the master
and the slave address set in the SC4AD1
register match, serial interface 4 interrupt
(SC4IRQ) is generated.

In the interrupt routine, make sure the
communication is the slave transfer by
verifying that the WRS flag of SC4STR

register is "0".

Set the transmission data to the SC4TXB
register.

G The transfer rate at IIC communication should be set to under 10 dividing of the system clock.
[ ]

‘ When master node on the IIC bus issues restart condition at slave transmission, as dummy
s data, the upper bit should be "1" for transmission data buffer.

XII-12  Operation
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14-1 Overview

14-1-1 ATC1

This LSI contains an automatic transfer controller (ATC) that uses direct memory access (DMA) to transfer
the contents of the whole memory space (256 KB) using the hardware. This ATC block is called ATC1.

ATC1 is activated by an interrupt or a flag set by the software. Once this occurs, even if it is in the middle
of executing an instruction, the microcontroller waits for a time when it can release the bus, stops normal
operation, and transfers bus control to ATC1. ATC1 then uses the released bus for the hardware data
transfer.

The software sets the activation factor in ATC1 control register 1 (AT1CNTL1), then data transfer begins
when the AT1ACT flag in ATC1 control register 0 (AT1CNTO) is set to "1". AT1ACT flag is automatically
cleared to "0" when ATCL is activated.

The transfer data counter (AT1TRC) determines the number of transfers that ATC1 makes, up to a
maximum of 255 times. There are also 16 transfer modes, set in ATC1 control register 0 (AT1CNTO).

The interrupt enable flag (xxxIE) for interrupt as a trigger factor needs not to be set. This is

because the automatic data transfer occurs in the hardware without going through an inter-
rupt service routine. If the interrupt enable flag (xxxIE) is set for the type of interrupt ATC1,
a regular interrupt is generated after the automatic transfer ends.

XIV-2 Overview
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14-1-2 Functions

Table 14-1-1 and 14-1-2 provide a list of the ATCL1 trigger factors and transfer modes.

BATC1 Trigger Factors

Table 14-1-1 ATC1 Trigger Factors

External interrupt O

External interrupt 1

External interrupt 2

External interrupt 3

Serial interface 4 interrupt

Timer 1 interrupt

Trigger Factors |Timer 7 interrupt

Timer 7 capture trigger

Serial interface 0 interrupt

Serial interfacel interrupt

Serial interface 3 interrupt

AD converter interrupt

Software activation

BATC Transfer Modes

Table 14-1-2 Transfer Modes

Transfer Direction (*) Pointer Increment Control
Transfer Mode — Transfer Operation
Cycle| Source Address Destination Address ATIMAPO ATIMAP1
Transfer mode 0 ATIMAPO ATIMAP1 (/O area) - - 1-byte data transfer
Transfer mode 1 ATIMAP1 (1/O area) ATIMAPO - - 1-byte data transfer
Transfer mode 2 ATIMAPO ATIMAP1 (/O area) ATIMAPO+1 - 1-byte data transfer
Transfer mode 3 ATIMAP1 (1/O area) ATIMAPO ATIMAPO+1 - 1-byte data transfer
1st |ATIMAPO AT1MAP1 (I/O area : even ADR) AT1IMAPO+1 - 1-word data transfer
Transfer mode 4 2nd |ATIMAPO [=ATIMAPO+1] ATIMAP1 (1/O area : odd ADR) ATIMAPO+1 | - (An even address must be setin ATIMAP1)
1st |ATIMAP1 (/O area : even ADR) ATIMAPO ATIMAPO+1 - 1 word data transfer
Transfer mode 5 2nd |ATIMAPL (10 area : odd ADR) ATIMAPO [ZATIMAPO+1] ATIMAPO+1 - (An even address must be set in ATIMAP1)
1st |ATIMAPL (I/O area) ATIMAPO ATIMAPO+1 - Two 1-byte data tranfers
Transfer mode 6
2nd |ATIMAPO [=AT1IMAPO+1] AT1MAP1 (I/O area) AT1IMAPO+1 -
1st |ATIMAPL (I/O area) AT1IMAPO ATIMAPO+1 - Two 1-byte data tranfers
Transfer mode 7
2nd | ATIMAPO [=ATIMAPO+1] ATIMAP1 (I/O area) -
1st |ATIMAPI (I/O area: even ADR) ATIMAPO ATIMAPO+1 N Two 1-byte data tranfers
Transfer mode 8 2nd |ATIMAPO [=ATIMAPO+1] ATIMAP1 (I/0 area : odd ADR) ATIMAPO+1 | - (An even address must be set in ATIMAP1)
Transfer made 8 1st |ATIMAPL (/O area: even ADR) ATIMAPO ATIMAPO+1 - Two 1-byte data tranfers
2nd |ATIMAPO [=AT1IMAPO+1] ATIMAP1 (I/O area : odd ADR) - (An even address must be set in ATIMAP1)
Transfer mode A ATIMAPO ATIMAP1 - 1-byte data transfer (whole memory area)
Transfer mode B ATIMAPL AT1MAPO - 1-byte data transfer (whole memory area)
Transfer mode C ATIMAPO ATIMAP1 AT1IMAPO+1 ATIMAP1+1  |1-word data transfer (whole memory area)
Transfer mode D ATIMAP1 ATIMAPO ATIMAPO+1 ATIMAP1+1 1-word data transfer (whole memory area)
Transfer mode E ATIMAPO ATIMAP1 ATIMAPO+1 ATIMAP1+1 Burst transfer ( continues until ATITCR=0)
Transfer mode F ATIMAP1 ATIMAPO ATIMAPO+1 ATIMAP1+1 Burst transfer ( continues until ATITCR=0)

(*) When a memory pointer points to the 1/O space, only the lower 8 bits of the pointer are valid.

Overview
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14-1-3 Block Diagram

BATC1 Block Diagram
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Figure 14-1-1 ATC1 Block Diagram
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14-2 Control Registers

14-2-1 Regqisters
Table 14-2-1 shows the registers used to control ATC1.

Table 14-2-1 ATCL1 Control Registers

Register Address R/W Function Page

AT1CNTO X03FDO' R/W [ATC1 control register O XV-6
AT1CNT1 X03FD1' R/W [ATC1 control register 1 XV-7

AT1TRC X03FD2' R/W |ATC1 transfer data counter XV-7

ATC1 AT1MAPOL X03FD3' R/W [ATC1 memory pointer O (lower 8 bits) XV-8
AT1MAPOM X03FD4' R/W [ATC1 memory pointer O (middle 8 bits) XV -8
AT1MAPOH X03FD5' R/W [ATC1 memory pointer O (upper 2 bits) XV-8
AT1IMAP1L X03FD6' R/W [ATC1 memory pointer 1 (lower 8 bits) XV-8
AT1IMAP1M X03FD7' R/W [ATC1 memory pointer 1 (middle 8 bits) XV -8
AT1MAP1H X03FD8' R/W [ATC1 memorypointer 1 (upper 2 bits) XV -8

R/W : Readable / Writable

Control Registers XIV-5
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BATCL1 Control Register 0 (ATLCNTO)

7 6 5 4 3 2 1 0

AT1CNTO FMODE | AT1ACT |ATIMD3| ATIMD2| ATIMD1 | ATIMDO|Reserved AT1EN (Atreset:00XXXX00)

AT1EN ATCL1 transfer enable flag

0 ATC1 transfer disabled

1 ATC1 transfer enabled (ATC 1 start for burst transfers)

Reserved | Set always "0".

ATC1
ATIMD3|ATIMD2| ATIMDL|ATIMDO | ot~ transfer mode
0 0 | Transfer mode O
1 Transfer mode 1
0 0 Transfer mode 2
1 1 Transfer mode 3
0 0 Transfer mode 4
0 1 | Transfer mode 5
L 0 | Transfer mode 6
1 1 | Transfer mode 7
0 | Transfer mode 8
0 1 | Transfer mode 9
0 0 Transfer mode A
1 1 1 Transfer mode B
0 | Transfer mode C
1 0 1 |Transfer mode D
0 Transfer mode E
1 1 Transfer mode F

AT1ACT ATCL1 software activation flag

0 Do not activate ATC1
1 Activate ATC1

FMODE | Increment control flag for memory pointer

0 Increment depending on transfer mode

1 Disable incrementing of memory pointer 0

Figure 14-2-1 ATC1 Control Register 0 (AT1CNTO : x'03FDO0’, R/W)

XIV-6 Control Registers



BATC1 Control Register 1 (AT1CNT1)

AT1CNT1

3

2

1

0

BTSTP

AT1IR3

AT1IR2

AT1IR1| AT1IRO

Chapter 14  Automatic Transfer Controller

(Atreset:- - -XXXXX)
ATCL1 trigger
AT1IR3| AT1IR2| AT1IR1| AT1IRO factor settings
0 0 |Exteralinterrupt 0
1 |Extemalinterrupt 1
0 1 0  |Serial interface 0 interrupt
1 | Serialinterface 1 interrupt
0 0 0 | Timer 7 interrupt
1 1 |Timer 7 capture trigger
0 |ADinterrupt
1 1 |Software initialization
0 |Externalinterrupt 2
0 0 1 |Extenal interrupt 3
0 |(Disable)
1 1 1 |Serialinterface 3interrupt
0 |Reserved
1 0 1 |Reserved
0 |Serial interface 4 interrupt
1 1 | Timer Linterrupt
BTSTP | Burst transfer stop enable
0 Burst transfer stop disable
Burst transfer stop enable
1 (Transfer stops when external interrupt O
occurs.)

Figure 14-2-2 ATCL1 Control Register 1 (AT1CNT1 : x'03FD1', R/W)

BATC1 Transfer Counter (AT1TRC)

AT1TRC

7

6

5

4

3

2

1

0

ATLITRC7

ATITRCG

ATITRCS

ATITRC4

ATITRC3

ATITRC2

ATITRCL

ATITRCO

(Atreset: X X X X X X X X)

AT1TRC7 to0 ATCL1 Transfer Data Count Setting

For transfer modes 0 to D, set this register to the number of
ATC activations. The register decrements by 1 after every
ATC1 activation. When the count reaches x'00', an ATC1
interrupt occurs and the transfer ends.

For transfer modes E and F, set this register to number of burst
transfers. The register decrements by 1 every time one byte

is transfered. When the count reaches x'00', an ATC1

interrupt occurs and the transfer ends.

Figure 14-2-3 ATC1 Transfer Data Counter (AT1TRC : x'03FD2', R/W)
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BATC1 Memory Pointer 0 (AT1MAPO)

7 6 5 4 3 2 1 0

AT1MAPOL bp7 | bp6 bp5 | bp4 bp3 | bp2 bpl | bp0 (Atreset: X X X X X X X X )

Figure 14-2-4 ATC1 Memory Pointer O : Lower 8 bits (ATIMAPOL : x'03FD3', R/W)

7 6 5 4 3 2 1 0

AT1IMAPOM bpl5 | bpl4 | bpl3 | bpl2 | bpll | bpl0 | bp9 | bp8 (Atreset: X X X X X X X X )

Figure 14-2-5 ATC1 Memory Pointer 0 : Middle 8 bits (ATIMAPOM : x'03FD4", R/W)

7 6 5 4 3 2 1 0

AT1IMAPOH - - - - - - bpl7 | bpl6 (Atreset:- - - - - - X X)

Figure 14-2-6 ATC1 Memory Pointer 0 : Upper 2 bits (ATIMAPOH : x'03FD5', R/W)

BATC1 Memory Pointer 1 (AT1IMAP1)

7 6 5 4 3 2 1 0

ATIMAPIL bp7 | bp6 | bp5 | bp4a | bp3 | bp2 | bpl| bpo (Atreset: X XX X X X X X)

Figure 14-2-7 ATC1 Memory Pointer 1 : Lower 8 bits (ATIMAPLL : x'03FD6', R/W)

7 6 5 4 3 2 1 0

ATIMAP1IM bpl5 | bpl4 | bpl3| bpi12| bpll| bpl0| bp9 | bp8 (Atreset : X X X X X X X X )

Figure 14-2-8 ATC1 Memory Pointer 1 : Middle 8 bits (ATIMAP1M : x'03FD7*, R/W)

7 6 5 4 3 2 1 0

AT1IMAPOH - - - - - - bpl7 | bpl6 (Atreset:- - - - - - X X)

Figure 14-2-9 ATC1 Memory Pointer 1 : Upper 2 bits (ATIMAP1H : x'03FD8', R/W)
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14-3 Operation

14-3-1 Basic Operations and Timing

ATC1 is a DMA block that enables the hardware to transfer the whole memory space (256 KB). This section
provides a description of and timing for the basic ATC1 operations.

Sempecaipipinpipipipipinipinininisisinininl

DMA start request
(synchronous signal)
BREQ
BGRNT 3
~—> CPU bus release adjustment cycle
LDDMA 1 T ]
STDMA § I
Address bus 3 < Source XDestinatiorX source Xdestination)
ATC1IRQ § §

Load cycle 3 Store cycle

Byte data transfer cycle

Figure 14-3-1 ATC1 Timing Chart

BATC1 activation and internal bus acquisition

ATC1 activates either when the selected interrupt factor occurs or when the software sets the activation
flag. Set the ATC1 trigger factor in ATC1 control register 1 (AT1CNT1).

When ATC1 starts, the ATC1 controller asserts the BREQ signal, which requests the MCU core to
release the bus. When the core receives the BREQ signal, it stops all normal executions, even if it is in
the middle of executing an instruction, and releases the bus at the next available timing. The core takes
a maximum of four cycles from the time it receives the BREQ signal until it actually releases the bus.
After it releases the internal bus, the core returns the bus granted signal, BGRNT, to ATC1. ATC1 can
then begin using the bus to transfer data.

When an external interrupt is selected as an ATCL trigger factor, specify the activa-
tion valid edge by the REDGn flag of the external interrupt control register, and the

EDGSELn flag of the both edges interrupt control register (EDGDT).

[ € Chapter 3 3-3. External interrupts]

G Set the valid edge for external interrupts before ATC1 activates.
[ |
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EmData transfer

The basic ATCL1 operation cycle is the "byte-data transfer cycle", in which ATCL1 transfers a single byte
of data. This operation consists of two instruction cycles, a load and a store cycle. In the load cycle,
ATCL1 reads the data from the source address of the source memory, and in the store cycle, ATC1

stores the read data to the destination address of the destination memory.

ATC1 transfers word-length data or a multi-byte stream of data by repeating the byte-data transfer

cycle as many times as necessary.

ETransfer end

Once it has transferred all the data, ATC1 generates an interrupt (ATC1IRQ) and stop the automatic
transfer. In this way, the ATC1 block bypasses the software and automatically transfers data in a

continuous DMA operation.

In both the load and store cycles, the read and write access occurs to the memory exactly as
it does in a normal instruction execution. This means that the access timing is different de-
pending on the memory space. Also, the wait settings for I/O and external memory spaces
apply. The following is the access timing for each memory space, assuming no-wait situation.

- Internal ROM/RAM space 2 cycles
- External memory space 2 cycles
- 1/0 space (special registers) 3 cycles + CPU correction cycle (=0.5 cycles)

The MCU core adds the CPU correction cycle (0.5 cycles) for the 1/0O space to correct the
internal clock when it accesses a peripheral for block. It sometimes adds it and sometimes
doesn't, depending on the internal state of the core.

In figure 14-3-1. ATC1 Timing Chart, the time, from the rising of DMA activation request signal
to the starting of LOAD cycle depends on the state of CPU, but it takes max. 8 cycles.

XIV-10
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14-3-2 Setting the Memory Address

ESetting the transfer addresses to the memory pointers

The address of the memory space for an automatically data transfer of ATC1 should be set in the both of
memory pointer 0 (AT1IMAPO) and memory pointer 1 (ATIMAP1). In each transfer mode, one of those
pointer is the source address, and another is the destination address.

EMemory pointer 0 functions

Memory pointer 0 is comprised of three 8-bit registers, ATLIMAPOH, ATIMAPOM, and AT1IMAPOL.
AT1MAPOH holds upper 2bits of the 18-bit address, ATLMAPOM contains the middle 8 bits, and
AT1MAPOL contains lower 8 bits. The 18-bit address set in memory pointer 0 points to a specific address
in the total memory space of 256 KB.

Memory pointer 0 also contains a computational function that enables it to increment the address based
on the transfer state. You can disable this function for all transfer modes by setting the FMODE bit of
ATC1 control register 0 to "1".

EMemory pointer 1 functions

Memory pointer 1 is comprised of three 8-bit registers, ATIMAP1H, ATIMAP1M, and ATIMAP1L.
AT1MAP1H holds upper 2 bits of the 18-bit address, ATLMAP1M contains the middle 8 bits, and
AT1MAPIL contains lower 8 bits. Depending on the transfer mode, either all 18 bits are valid, or only the
least significant 8 bits (in ATAMAPL1L) are valid. When only the 8 bits in ATIMAPLL are valid, the value
X'03F' is assigned to the 10 bits in ATIMAP1H and ATIMAP1M, and the pointer points to the I/O space
(special registers).

Memory pointer 1 also contains a computational function that enables it to increment the address based
on the transfer state.
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14-3-3 Setting the Data Transfer Count

ETransfer data counter (AT1TRC) function

You can preset the data transfer count is preset for ATC1. Set the value in the ATC1 transfer counter
(AT1TRC). The counter decrements by one each time ATC1 transfers one byte of data.

The value in the transfer data counter is indeterminate upon reset. The program must initialize the
counter before activating ATC1. Note that ATC1 cannot be activated if the transfer data counter is set to
x'00'".

EData transfer operations using the transfer data counter (AT1TRC)
There are two main types of ATC1 data transfers, standard and burst transfers. (See section 14-3-4
" Setting the Data Transfer Modes"). The transfer counter operates differently depending on the transfer

type.

1. Standard transfers [transfer modes 0 to D]

In standard transfers, the transfer counter decrements every time ATC1 is activated. When the counter
reaches x'00' after a data transfer, ATC1 generates an interrupt (ATC1IRQ). This means that for stan-
dard transfers, the program must set the counter to the number of times ATC1 needs to be activated.

2. Burst transfers [transfer modes E to F]

In burst transfers, ATC1 is activated once and continuously transfers multiple bytes of data. In this case,
the program must set the counter to the number of data bytes contained in the burst transfer. When the
burst transfer starts, the transfer counter decrements every time one byte of data is transferred. When
the counter reaches x'00', ATC1 generates an interrupt (ATC1IRQ).

Itis also possible to force ATC1 to shut down during a burst transfer using external interrupt O.

(See 14-3-4 "Setting the Data Transfer Modes").

EThe transfer data counter (AT1TRC)

The transfer data counter can be set to a maximum 255 transfers (for standard transfers) or 255 bytes
(for burst transfers). Note that setting the counter to x'00' disables transfers.
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14-3-4 Setting the Data Transfer Modes

EData transfer modes

There are two types of ATCL1 transfers, standard and burst, and sixteen transfer modes. Set the transfer
mode in ATCL1 control register 0 (AT1CNTO).

[€ Table 14-1-2 Transfer Modes ]

BStandard and burst transfers
The ATCL1 transfer modes are divided into standard transfer modes and burst transfer modes. There are
fourteen standard modes, 0 to D, and two burst modes, E and F.

In standard modes, the operation specified for that mode executes each time ATCL1 is activated. When
the transfer ends, the value set in the transfer counter (AT1TRC) decrements and bus control returns to
the MCU core. This operation repeats until the transfer counter reaches x'00'. When this happens, ATC1
completes the final data transfer, then generates an interrupt (ATC1IRQ).

For instance, if the initial transfer counter value is x'05', and the ATC1 activation factor is set to a timer O
interrupt, ATC1 is activated each time timer 0 overflows and the automatic transfer begins. After fifth
data transfers (activated by fifth timer O overflow) is complete, the transfer counter value becomes x'00',
an ATC1 interrupt occurs, and the operation ends. Timer 0 overflows occurring after this point do not
activate ATC1. For standard transfers, the program must set the transfer counter to the number of ATC1
activations required.

In burst modes, once ATCL1 is activated, it transfers in one operation the number of bytes set in the
transfer counter (AT1TRC). After the burst transfer begins, the transfer counter decrements each time
ATCL1 transfers one byte of data. When the counter reaches x'00', ATC1 generates an interrupt
(ATC1IRQ) and the burst transfer ends. For burst transfers, the program must set the transfer counter to
the number of data bytes in the burst transfer.

An external interrupt O can also be used to shut down ATC1 during a burst transfer. To enable this
function, set the burst transfer stop enable bit (BTSTP) in ATC1 control register 1 (AT1CNT1) to 1.
When BTSTP = 1, ATC1 data transfers stop when the external interrupt O interrupt request flag (IRQOIR
flag in the IRQOICR register) is set. In an emergency shutdown, the transfer counter and memory pointer
save the values they contained prior to the shutdown. When the interrupt service routine ends, a new
activation factor restarts ATC1, and the burst transfer begins transferring data from the point at which it
stopped.
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14-3-5 Transfer Mode 0

In transfer mode 0, ATC1 automatically transfers one byte of data from any memory space to the 1/O space
(special registers : X'03F00' - X¥'03FFF') every time an ATC1 activation request occurs.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 03F00 - 03FFF
AT1IMAP1
AT1MAPO
ATIMAPO + 1 (Only lower
8 bits are valid)
AT1MAPO + 2
ATIMAPO + 3

Figure 14-3-2 Transfer Mode 0

Set the source address in 18-bit memory pointer 0 (ATLMAPOH, M, L), and set the destination 1/O
address in lower 8 bits of memory pointer 1(AT1MAP1L). The upper 10 bits of the I/O space address
(x'03F") need not to be set in ATAIMAP1H and ATIMAP1M.

Transfer mode 0 does not have an incrementing function for the memory pointers. The data transfer
executes for a fixed address.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to

a maximum of 255 transfers. The counter decrements each time ATC1 is activated. When it reaches
x'00', an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-6 Transfer Mode 1

In transfer mode 1, ATC1 automatically transfers one byte of data from the I/O space (special registers :
x'03F00' - X'03FFF') to any memory space every time an ATC1 activation request occurs.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 03F00 - 03FFF
/ AT1IMAP1
ATIMAPO (Only lower
ATIMAPO +1 8 bits are valid)
AT1MAPO + 2
AT1IMAPO + 3

Figure 14-3-3 Transfer Mode 1

Set the source 1/O address in lower 8 bits of memory pointer 1 (AT1MAPLL), and set the destination
address in 18-bit memory pointer 0 (AT1MAPOH, M, L). The upper 10 bits of the I/O space address
(x'03F") need not to be set in ATAIMAP1H and ATIMAP1M.

Transfer mode 1 does not have an incrementing function for the memory pointers. The data transfer
executes for a fixed address.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to a

maximum of 255 transfers. The counter decrements each time ATC1 is activated. When it reaches x'00',
an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-7 Transfer Mode 2

In transfer mode 2, ATC1 automatically transfers one byte of data from any memory space to the 1/O space
(special registers : X'03F00' - X¥'03FFF') every time an ATC1 activation request occurs.

Memory Pointer O Memory Pointer 1
00000 - 3FFFF 03F00 - 03FFF
y AT1IMAP1
) < ATIMAPO (Only lower
AT1MAPO + 1 8 bits are valid)
AT1MAPO + 2
AT1IMAPO + 3

Figure 14-3-4 Transfer Mode 2

Set the source address in 18-bit memory pointer 0 (ATLMAPOH, M, L), and set the destination 1/O
address in lower 8 bits of memory pointer 1(AT1MAP1L). The upper 10 bits of the I/O space address
(x'03F") need not to be set in ATAIMAP1H and ATIMAP1M.

In transfer mode 2, the value in memory pointer 0 increments by 1 each time a byte-length data transfer
ends. As a result, the source address for the next transfer is one address higher than that for the
previous transfer.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be setto a

maximum of 255 transfers. The counter decrements each time ATC1 is activated. When it reaches x'00',
an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-8 Transfer Mode 3

In transfer mode 3, ATC1 automatically transfers one byte of data from the I/O space (special registers :
x'03F00' - X'03FFF') to any memory space every time an ATC1 activation request occurs.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 03F00 - 03FFF
1) AT1IMAP1
(2) ( ATIMAPO (Only lower
ATIMAPO + 1 8 bits are valid)
AT1IMAPO + 2
ATIMAPO + 3

Figure 14-3-5 Transfer Mode 3

Set the source 1/O address in lower 8 bits of memory pointer 1 (ATLMAP1L), and set the destination
address in 18-bit memory pointer 0 (AT1MAPOH, M, L). The upper 10 bits of the 1/O space address
(X'03F") need not to be set in ATAIMAP1H and AT1IMAP1M.

In transfer mode 3, the value in memory pointer 0 increments by 1 each time a byte-length data transfer
ends. As a result, the destination address for the next transfer is one address higher than that for the
previous transfer.

Set the data transfer count for ATCL1 in the transfer data counter (AT1TRC). The counter can be set to

a maximum of 255 transfers. The counter decrements each time ATC1 is activated. When it reaches
x'00', an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-9 Transfer Mode 4

In transfer mode 4, ATC1 automatically transfers two bytes (one word) of data from any memory space to
the I/O space (special registers : xX'03F00' - X¥'03FFF') every time an ATC1 activation request occurs.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 03FO00 - 03FFF

(1) ATIMAP1 (even(z)
@ ATIMAPO (3) _»{ ATLMAP1 (odd)
@ (LATIMAPO + 1
ATIMAPO + 2
ATIMAPO + 3

(Only lower
8 bits are valid)

Figure 14-3-6 Transfer Mode 4

Set the source address in 18-bit memory pointer 0 (AT1IMAPOH, M, L), and set the destination 1/O
address in the lower 8 bits of memory pointer L(AT1MAP1L). The upper 10 bits of the I/O space address
(X'03F") need not to be setin ATIMAP1H and ATIMAP1M.

Always set an even address as the destination I/O address in memory pointer 1. When ATC1
transfers one word to the I/O space, ATC1 can transfer the even address set in memory

pointer 1 and the odd address that immediately follows it.

In transfer mode 4, ATC1 executes a data byte transfer twice, to send one data word, each time it is
activated. The value in memory pointer 0 increments by one each time a byte-length data transfer ends.
As a result, the source address for the next ATC1 operation is two addresses higher than that for the
previous operation.

In this word-length transfer, ATCL1 transfers the first data byte to an even address in the I/O space and
the second data byte to an odd address in the 1/O space.

Set the data transfer data count for ATC1 in the transfer data counter (AT1TRC). The counter can be set

to a maximum of 255 transfers. The counter decrements each time ATC1 is activated (after each word
transfer). When it reaches x'00', an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-10 Transfer Mode 5

In transfer mode 5, ATC1 automatically transfers two bytes (one word) of data from the 1/0O space (special
registers : X'03F00' - X'03FFF') to any memory space every time an ATC1 activation request occurs.

Memory Pointer O Memory Pointer 1
00000 - 3FFFF 03F00 - 03FFF

1) AT1IMAP1(even ) @
@) ATIMAPO (3) 1 ATIMAP1(0dd)
ATIMAPO + 1
4
ATIMAPO + 2
ATIMAPO + 3

(Only lower
8 bits are valid)

Figure 14-3-7 Transfer Mode 5

Set the source 1/O address in lower 8 bits of memory pointer 1 (AT1MAP1L), and set the destination
address in 18-bit memory pointer 0 (AT1MAPOH, M, L). The upper 10 bits of the I/O space address
(X'03F") need not to be setin ATIMAP1H and ATIMAP1M.

Always set an even address as the source /O address in memory pointer 1. When ATC1
transfers one word from the I/O space, ATC1 can transfer the even address set in memory

pointer 1 and the odd address that immediately follows it.

In transfer mode 5, ATC1 executes a data byte transfer twice, to send one data word, each time it is
activated. The value in memory pointer 0 increments by one each time a byte-length data transfer ends.
As a result, the destination address for the next ATC1 operation is two addresses higher than that for the
previous operation.

In this word-length transfer, ATC1 transfers the first data byte from an even address in the 1/O space and
the second data byte from an odd address in the 1/O space.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to a

maximum of 255 transfers. The counter decrements each time ATCL1 is activated (after each word
transfer). When it reaches x'00', an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-11 Transfer Mode 6

In transfer mode 6, ATC1 automatically transfers one byte of data two times every time an ATC1 activation
request occurs.

00000 - 3FFFF 03FO00 - 03FFF

AT1IMAP1
@) AT1MAPO
AT1IMAPO + 1

(Only lower
4 8 bits are valid)
ATIMAPO + 2
AT1IMAPO + 3

©)

Figure 14-3-8 Transfer Mode 6

In this mode the transfer direction indicated by memory pointers 0 and 1 reverses for the second data
byte transfer.

In the first data byte transfer, the 1/0 space address (xX'03F00' - xX'03FFF") in memory pointer 1 is the
source address, and the address in memory pointer 0, for any memory space, is the destination address.
When the first data byte transfer ends, the address in memory pointer O increments by one.

In the second data byte transfer, the incremented address in memory pointer 0 becomes the source
address, and the 1/O space address (x'03F00' - X'03FFF') in memory pointer 1 becomes the destination
address. When the second data byte transfer ends, the address in memory pointer 0 increments again.

Set the I/O address in lower 8 bits of memory pointer 1 (ATIMAP1L). The upper 10 bits of the I/O space
address (x'03F') need not to be set in ATIMAP1H, ATIMAP1M.

Transfer mode 6 can be used to support continuous transmission/reception for serial inter-
face 3. Set memory pointer 1 to point to the serial transmission/reception shift register
(SCnTRB) and select serial interrupts as an ATCL1 trigger factor. In this way, each time a
serial communication ends the MCU continuously reads the received data (first data byte

transfer) then writes the transmission data (second data byte transfer) up to 255 times,
entirely through the hardware.
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To execute a continuous serial transaction, you must pre-store the serial transmission data in
the memory space that memory pointer 0 points, the transmission data must fill every other
address in the space. Once the serial transaction ends, the received data is stored empty

(skipped) addresses and the transmission and reception data at stored in an alternating
pattern.

In transfer mode 6, ATC1 executes a data byte transfer twice each time it is activated. The value in
memory pointer 0 increments by one each time a byte-length data transfer ends. As a result, the source
address for the next ATC1 operation is two addresses higher than that for the previous operation.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to a
maximum of 255 transfers. The counter decrements each time ATCL1 is activated (after one byte of data

has been transferred twice). When it reaches x'00', an interrupt (ATC1IRQ) occurs and the automatic
transfer ends.
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14-3-12 Transfer Mode 7

In transfer mode 7, ATC1 automatically transfers one byte of data two times every time an ATC1 activation
request occurs.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 03F00 - 03FFF

AT1IMAP1

(Only lower
8 bits are valid)

@) < AT1IMAPO )

ATIMAPO + 1
ATIMAPO + 2
ATIMAPO + 3

Figure 14-3-9 Transfer Mode 7

In this mode the transfer direction indicated by memory pointers 0 and 1 reverses for the second data
byte transfer.

In the first data byte transfer, the I/O space address (xX'03F00' - xX'03FFF') in memory pointer 1 is the
source address, and the address in memory pointer 0, for any memory space, is the destination address.
When the first data byte transfer ends, the address in memory pointer 0 increments by one.

In the second data byte transfer, the incremented address in memory pointer O becomes the source
address, and the 1/0O space address (X'03F00' - X'03FFF'") in memory pointer 1 becomes the destination
address. The address in memory pointer 0 remains unchanged after the second data byte transfer ends.

Set the I/O address in lower 8 bits of memory pointer 1 (ATIMAP1L). The upper 10 bits of the I/O space
address (x'03F') need not to be setin ATIMAP1H, ATIMAP1M.

Transfer mode 7 can be used to support continuous transmission/reception for serial inter-
face 3. Set memory pointer 1 to point to the serial transmission/reception shift register
(SCnTRB) and select serial interrupts as an ATC1 trigger factor. In this way, each time a
serial communication ends the MCU continuously reads the reception data (first data byte

transfer) then writes the transmission data (second data byte transfer) up to 255 times,
entirely through the hardware.
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To execute a continuous serial transaction, you must pre-store the serial transmission data in

the memory space that memory pointer 0 points, once the serial communication ends, the
MCU has written to the reception data over the transmission data, so that only reception data
remains in the memory.

In transfer mode 7, ATC1 executes a data byte transfer twice each time it is activated. However, the
value in memory pointer 0 increments by one only after the first transfer ends. As a result, the source
address for the next ATC1 operation is one address higher than that for the previous operation.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to a
maximum of 255 transfers. The counter decrements each time ATCL1 is activated (after one byte of data
has been transferred twice). When it reaches x'00', an interrupt (ATC1IRQ) occurs and the automatic
transfer ends.
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14-3-13 Transfer Mode 8

In transfer mode 8, ATC1 automatically transfers one byte of data two times every time an ATC1 activation
request occurs.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 03F00 - 03FFF

@ )
(Z)E ATINARD [

@) AT1IMAPO + 1
AT1MAPO + 2 (Only lower
AT1IMAPO + 3 8 bits are valid)

Figure 14-3-10 Transfer Mode 8

In this mode the transfer direction indicated by memory pointers 0 and 1 reverses for the second data
byte transfer.

In the first data byte transfer, the I/O space address (xX'03F00' - xX'03FFF') in memory pointer 1 is the
source address, and the address in memory pointer 0, for any memory space, is the destination address.
When the first data byte transfer ends, the address in memory pointer 0 increments by one.

In the second data byte transfer, the incremented address in memory pointer O becomes the source
address, and the 1/0O space address (X'03F00' - X'03FFF'") in memory pointer 1 becomes the destination
address. When the second data byte transfer ends, the address in memory pointer 0 increments again.

Set an even I/O address in the lower 8 bits of memory pointer 1 (AT1MAP1L). The upper 10 bits of the
I/O space address (x'03F') need not to be set in ATAIMAP1H, ATIMAP1M.

Always set an even I/O address in memory pointer 1. In this double transfer of a data byte
from and to the 1/0O space, ATC1 targets the even 1/O address set in memory pointer 1 and
the odd address that immediately follows it. In this mode, the first data byte transfer ac-

cesses an even I/O address and the second data byte transfer accesses an odd I/O ad-
dress.
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Transfer mode 8 can be used to support continuous transmission/ reception for serial inter-
face 0 and 1. Set the memory pointer 1 to point to the serial reception buffer (RXBUFO,
RXBUF1) and select serial interrupts as the ATCL1 trigger factor. In this way, each the serial
communication ends, the MCU continuously reads the reception data (first data byte trans-

fer), then writes the transmission data to the transmission buffer (TXBUFO, TXBUF1) (sec-
ond data byte transfer) up to 255 times, entirely through the hardware.

Before execute a continuous serial transaction, store the serial transmission data in the
memory space that memory pointer 0 points, the transmission data must fill every other
address in the space. Once the serial transaction ends, the received data is stored empty

(skipped) addresses and the transmission and reception data at stored in an alternating
pattern.

In transfer mode 8, ATC1 executes a data byte transfer twice each time it is activated. The value in
memory pointer 0 increments by one each time a byte-length data transfer ends. As a result, the source
address for the next ATC1 operation is two addresses higher than that for the previous operation.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). You can set the counter to
a maximum of 255 transfers. The counter decrements each time ATCL1 is activated (after one byte of
data has been transferred twice). When it reaches x'00', an interrupt (ATC1IRQ) occurs and the auto-
matic transfer ends.
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14-3-14 Transfer Mode 9

In transfer mode 9, ATC1 automatically transfers one byte of data two times every time an ATCL1 activation
request occurs.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 03F00 - 03FFF

W [
@ (A i) £

AT1IMAPO + 1
AT1IMAPO + 2 (Only lower
AT1IMAPO + 3 8 bits are Valld)

Figure 14-3-11 Transfer Mode 9

In this mode the transfer direction indicated by memory pointers 0 and 1 reverses for the second data
byte transfer.

In the first data byte transfer, the I/O space address (xX'03F00' - x'03FFF') in memory pointer 1 is the
source address, and the address in memory pointer 0, for any memory space, is the destination address.
When the first data byte transfer ends, the address in memory pointer 0 increments by one.

In the second data byte transfer, the incremented address in memory pointer 0 becomes the source
address, and the 1/0O space address (X'03F00' - X'03FFF") in memory pointer 1 becomes the destination
address. The address in memory pointer 0 remains unchanged after the second data byte transfer ends.

Set an even I/O address in lower 8 bits of memory pointer 1 (ATIMAP1L). The upper 10 bits of the I/O
space address (x'03F") need not to be set in ATIMAP1H, ATIMAP1M.

Always set an even I/O address in memory pointer 1. In this double transfer of a data byte

from and to the 1/0 space, ATC1 targets the even 1/O address set in memory pointer 1 and
the odd address that immediately follows it. In this mode, the first data byte transfer ac-
cesses an even I/O address and the second data byte transfer accesses an odd I/O ad-
dress.

XIV-26 Operation



Chapter 14  Automatic Transfer Controller

Transfer mode 9 can be used to support continuous transmission/ reception for serial inter-
face 0 and 1. Set the memory pointer 1 to point to the serial reception buffer (RXBUFO,
RXBUF1) and select serial interrupts as the ATCL1 trigger factor. In this way, each the serial
communication ends, the MCU continuously reads the reception data (first data byte trans-

fer), then writes the transmission data to the transmission buffer (TXBUFO, TXBUF1) (sec-
ond data byte transfer) up to 255 times, entirely through the hardware.

Before execute a continuous serial transaction, store the serial transmission data in the

memory space that memory pointer 0 points, once the serial communication ends, the MCU
has written to the reception data over the transmission data, so that only reception data
remains in the memory.

In transfer mode 9, ATC1 executes a data byte transfer twice each time it is activated. However, the
value in memory pointer O increments by one only after the first transfer ends. As a result, the source
address for the next ATC1 operation is one address higher than that for the previous operation.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to a
maximum of 255 transfers. The counter decrements each time ATCL1 is activated (after one byte of data
has been transferred twice). When it reaches x'00', an interrupt (ATC1IRQ) occurs and the automatic
transfer ends.
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14-3-15 Transfer mode A

In transfer mode A, ATC1 automatically transfers one byte of data from any memory space to any other
memory space every time an ATC1 activation request occurs.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 00000 - 3FFFF
AT1MAPO > AT1IMAP1
ATIMAPO + 1 ATIMAP1 +1
AT1IMAPO + 2 ATIMAPL + 2
AT1IMAPO + 3 AT1IMAP1 + 3

Figure 14-3-12 Transfer Mode A

Set the source address in 18-bit memory pointer 0 (ATIMAPOH, M, L), and set the destination address
in 18-bit memory pointer 1 (AT1MAPOH, M, L).

Transfer mode A does not have an incrementing function for the memory pointers. The data transfer
executes for a fixed address.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be setto a
maximum of 255 transfers. The counter decrements each time ATC1 is activated. When it reaches x'00',
an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-16 Transfer Mode B

In transfer mode B, ATC1 automatically transfers one byte of data from any memory space to any other
memory space every time an ATC1 activation request occurs.

Memory Pointer O Memory Pointer 1
00000 - 3FFFF 00000 - 3FFFF
AT1IMAPO - AT1IMAP1
ATIMAPO + 1 ATIMAP1 +1
AT1IMAPO + 2 ATIMAPL + 2
AT1IMAPO + 3 ATIMAP1 + 3

Figure 14-3-13 Transfer Mode B

Set the source address in 18-bit memory pointer 1 (ATIMAP1H, M, L), and set the destination address
in 18-bit memory pointer 0 (AT1IMAPOH, M, L).

Transfer mode B does not have an incrementing function for the memory pointers. The data transfer
executes for a fixed address.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to a
maximum of 255 transfers. The counter decrements each time ATCL1 is activated. When it reaches x'00’,
an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-17 Transfer Mode C

In transfer mode C, ATC1 automatically transfers one byte of data from any memaory space to any other
memory space every time an ATC1 activation request occurs.

Memory Pointer 0 Memory Pointer 0
00000 - 3FFFF 00000 - 3FFFF

)
@ ( ATIMAPO ATIMAP1 D(Z)

AT1IMAPO + 1 ATIMAPL + 1
AT1IMAPO + 2 ATIMAPL + 2
AT1IMAPO + 3 ATIMAP1 + 3

Figure 14-3-14 Transfer Mode C

Set the source address in 18-bit memory pointer 0 (ATIMAPOH, M, L), and set the destination address
in 18-bit memory pointer 1 (AT1MAP1H, M, L).

In transfer mode C, the values in memory pointers 0 and 1 increment by 1 each time a byte-length data
transfer ends. As a result, the source and destination addresses for the next transfer are one address
higher than those for the original transfer.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to a

maximum of 255 transfers. The counter decrements each time ATC1 is activated. When it reaches x'00',
an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-18 Transfer Mode D

In transfer mode D, ATC1 automatically transfers one byte of data from any memory space to any other
memory space every time an ATC1 activation request occurs.

Memory Pointer 0 Memory Pointer 0
00000 - 3FFFF 00000 - 3FFFF
ATIMAPO |= @ AT1IMAP1
@ )@
ATIMAPO + 1 ATIMAPL + 1
ATIMAPO + 2 ATIMAP1 + 2
AT1IMAPO + 3 ATIMAP1 + 3

Figure 14-3-15 Transfer Mode D

Set the source address in 18-bit memory pointer 1 (ATIMAP1H, M, L), and set the destination address
in 18-bit memory pointer 0 (AT1IMAPOH, M, L).

In transfer mode D, the values in memory pointers 0 and 1 increment by 1 each time a byte-length data
transfer ends. As a result, the source and destination addresses for the next transfer are one address
higher than those for the original transfer.

Set the data transfer count for ATC1 in the transfer data counter (AT1TRC). The counter can be set to

a maximum of 255 transfers. The counter decrements each time ATC1 is activated. When it reaches
x'00', an interrupt (ATC1IRQ) occurs and the automatic transfer ends.
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14-3-19 Transfer Mode E

Transfer mode E is a burst mode. In this mode, when ATC1 is activated, it automatically transfers the
number of data bytes set in the transfer data counter (AT1TRC) in one continuous operation.

Memory Pointer O Memory Pointer 1
00000 - 3FFFF 00000 - 3FFFF
[V
) AT1IMAPO = AT1IMAP1 )
ATIMAPO + 1 = ATIMAP1 +1 4
(4) 5) )
ATIMAPO + 2 » ATIMAP1 +2 ©)
©) ( AT1MAPO + 3 : A1TMAP1 + 3 )

Figure 14-3-16 Transfer Mode E

Set the source address in 18-bit memory pointer 0 (ATIMAPOH, M, L), and set the destination address
in 18-bit memory pointer 1 (AT1MAP1H, M, L). Once ATC1 is activated, memory pointers 0 and 1
increment by one each a byte-length data transfer ends.

For burst transfers, set the number of data bytes to be transferred in the transfer data counter
(AT1TRC). The counter can be set to a maximum of 255 bytes. Once the burst transfer starts, the
counter decrements each time ATC1 transfers one byte of data. When it reaches x'00', an interrupt
(ATC1IRQ) occurs and the burst transfer ends.

It is possible to shut down ATC1 during burst transfers using external interrupt 0. You can enable or
disable ATC1 shutdown with the burst transfer stop enable flag (BSTP) of ATC1 control register 1
(AT1CNT1). When BTSTP=1 and the interrupt request flag for external interrupt O (the IRQOIR flag in the
IRQOICR register) is set, the ATC1 data transfer shuts down immediately. During this shutdown, the
transfer counter and the memory pointers save the values they contained prior to the shutdown. When
the interrupt service routine ends and a new ATCL1 trigger factor occurs, the burst transfer restarts from
the point at which it stopped.
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14-3-20 Transfer Mode F

Transfer mode F is a burst mode. In this mode, when ATCL1 is activated, it automatically transfers the
number of data bytes set in the transfer data counter (AT1TRC) in one continuous operation.

Memory Pointer 0 Memory Pointer 1
00000 - 3FFFF 00000 - 3FFFF
. @
@ AT1MAPO AT1IMAP1 )
3
AT1IMAPO + 1 |- S ATIMAP1 +1 4
@) ) (4)
AT1IMAPO + 2 |« ATIMAP1 + 2 ©)
© AT1MAPO + 3 : ATIMAP1 + 3 )

Figure 14-3-17 Transfer Mode F

Set the source address in 18-bit memory pointer 1 (ATIMAP1H, M, L), and set the destination address
in 18-bit memory pointer 0 (AT1IMAPOH, M, L). Once ATC1 is activated, memory pointers 0 and 1
increment by one each a byte-length data transfer ends.

For burst transfers, set the number of data bytes to be transferred in the transfer data counter
(AT1TRC). The counter can be set to a maximum of 255 bytes. Once the burst transfer starts, the
counter decrements each time ATC1 transfers one byte of data. When it reaches x'00', an interrupt
(ATC1IRQ) occurs and the burst transfer ends.

It is possible to shut down ATC1 during burst transfers using external interrupt 0. You can enable or
disable ATC1 shutdown with the burst transfer stop enable flag (BSTP) of ATC1 control register 1
(AT1CNT1). When BTSTP=1 and the interrupt request flag for external interrupt O (the IRQOIR flag in the
IRQOICR register) is set, the ATC1 data transfer shuts down immediately. During this shutdown, the
transfer counter and the memory pointers save the values they contained prior to the shutdown. When
the interrupt service routine ends and a new ATCL1 trigger factor occurs, the burst transfer restarts from
the point at which it stopped.
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14-4 Setup Example

An example setup procedure, with a description of each step is as follows ;

Setup Procedure Description
(1) Setthe data transfer mode. (1) Select the data transfer mode with the AT1IMD
AT1CNTO (x'3FDOQ") flag in the ATICNTO register.
bp7 :FMODE No matter which mode you select, setting the
bp6 'AT1IACT =0 FMODE flag disables the incrementing function
bp5-2 :AT1IMD3-0 in memory pointer 0.
bp0 :AT1EN =0 Normally set this flag to O.

Note that you must set the ATC1 enable flag,
AT1EN, to O at this step.
Only enable ATC1 after setting all the other

registers.

(2) Set memory pointer 0. (2) Depending on the transfer mode you selected,
AT1IMAPOL (x'3FD3') set the source or destination address in the
AT1IMAPOM (x'3FD4") AT1MAPO registers.

AT1MAPOH (x'3FD5')

(3) Set memory pointer 1. (3) Depending on the transfer mode you selected,
AT1IMAPIL (x'3FD6') set the source or destination address in the
ATIMAPIM (x'3FD7') AT1MAP1 registers.

AT1IMAP1H (x'3FD8')

(4) Setthe transfer data counter. (4) Setthe ATC1 data transfer count in the
AT1TRC (x'3FD2") AT1TRC register.

(5) Selectthe ATC1 activation factor. (5) Selectthe ATC1 activation factor with the
ATICNT1 (x'3FD1") AT1IR flag in the AT1CNT1 register. If you

bp4 :BTSTP select a burst-type transfer mode, then you
bp3-0 :AT1IR3-0 must also enable or disable ATC1 shutdown at

this step, by setting the BTSTP.

(6) Enable ATC operation. (6) Enable ATC1 data transfers with the AT1EN flag
AT1CNTO (x'3FDOQ") in the ATLICNTO register.
bp0 :AT1EN =1
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To activate ATCL1 in the software, first complete steps (1) to (6), then set the AT1ACT flag in
the AT1CNTO register. After the AT1ACT flag is set, ATC1 is started and data transfer is
started. The hardware automatically clears AT1ACT flag when ATC1 is activated. On the
standard transfer mode, set a program that sets flags as much as the data transfer needs.

Setup Example XIV-35
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15-1 Overview

This LSI has an A/D converter with 10 bits resolution. That has a built-in sample hold circuit, and software
can switch channel 0 to 6 (ANO to AN6) to analog input. As A/D converter is stopped, the power consump-
tion can be reduced by a built-in ladder resistance. A/D converter is activated by 2 factors : a register setup
or an external interrupt.

15-1-1 Functions

Table 15-1-1 shows the A/D converter functions.

Table 15-1-1 A/D Converter Functions

A/D Input Pins 7 pins
Pins ANG6 to ANO
Interrupt ADIRQ
Resolution 10 bits

Conversion Time (Min.) |9.6 us (Tap=as 800 ns)

Input range VrRer— 10 VREF+

Power Consumption Built-in Ladder Resistance (ON/OFF)
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15-1-2 Block Diagram

ANCTR1 ANCTRO ANCTR2 | IRQ3(P23)
ANCHSO O_I : - \
ANCHS1 - )
ST External ANBUF1 = ANBUFO |
AREHSE y - interrupt control ANBUF10
- ANLADE | - P ANBUFLL
ANCKO_ I ANBUF12
ANCKI | — - + ANBUF13
ANSHO ANSTSEL A/D conversion ANBUF14
7 ANSH |- ANST | control ANBUF15 -
ANBUF16 | | ANBUF06
ANBUF17 | [ ANBUF07
AN
° ]
+
VREF 9%
ANO —>»
AN1 —» 5 5 N .
D conversion data
ANZ - ! upper 8 bits
AN3 — MUX _| Sample and 10 bits AID
AN4 —» hold comparator :
AN5 —» Iy Iy A/D conversion data
lower 2 bits
ANG6 —>»
VREF -
Y
fs/2 -
fs/4 - 1
s "] o vz~
fx x2 - 6 MUX
1/18

Figure 15-1-1 A/D Converter Block Diagram
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15-2 Control Registers

A/D converter consists of the control register (ANCTRn) and the data storage buffer (ANBUFn).
15-2-1 Registers
Table 15-2-1 shows the registers used to control A/D converter.

Table 15-2-1 A/D Converter Control Registers

Register Address R/W Function Page
ANCTRO X03FBO' R/W  |A/D converter control register O XV-5
ANCTR1 X03FB1' R/W  |A/D converter control register 1 XV-6
ANCTR2 X03FB2' R/W  |A/D converter control register 2 XV-6
ANBUFO X03FB3' R A/D converter data storage buffer O XV-7
ANBUF1 X03FB4' R AD converter data storage buffer 1 XV-7
ADICR X03FFA R/W  |A/D +converter interrupt control register - 36
IRQ3ICR X03FE5' R/W  |External interrupt 3 control register I-20
EDGDT X03F8F' R/W  |Both edges interrupt control register I - 45
PAIMD X03F3A R/W  |Port Ainput mode register IV-43
PAPLUD X03F4A R/W  [Port A pull-up/pull-down resistance control register IV-42
PADIR X03F3A R/W  |Port Adirection control register IV-42

R/W : Readable/Writable
R : Readable only
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15-2-2 Control Registers

BA/D Converter Control Register 0 (ANCTRO)

7 6 5 4 3 2 1 0

(Atreset: 0000- - -)
ANCTRO ANSH1| ANSHO|ANCK1[ANCKO | ANLADE

ANLADE A/D ladder resistance control

A/D ladder resistance OFF
1 A/D ladder resistance ON

ANCKL | ANCKO |A/D conversion clock (ftad=1/TAp)

0 fs/2
0
1 fs/4
1 0 fs/8
1 fx x 2

*as 800 ns <TAD <15.26 ps

ANSHL | ANSHO Sample and hold time
0 Tap % 2
0
1 TaAD X 6
1 0 Tap x 18
1 Reserved

* Sampling and holding time is decided by
the input impedance at analog input.
TAD means the cycle for A/D conversion clock.

Figure 15-2-1 A/D Converter Control Register 0 (ANCTRO : x'03FB0’, R/W)
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HA/D Converter Control Register 1 (ANCTR1)

3

2

1

0

ANCTR1

RESERVED| ANCHS2

ANCHS1

ANCHSO

(Atreset :

-0000)

ANCHS2 | ANCHSL1 | ANCHS0| Analog Input Channel
0 ANO (PAO)
0 1 | AN1 (PA1)
0 1 0 AN2 (PA2)
1 | AN3 (PA3)
0 | AN4 (PA4)
1 0 1 ANS5 (PA5)
0 | AN6 (PAB)
1 1 Reserved
RESERVED | Set always "0".

Figure 15-2-2 A/D Converter Control Register 1 (ANCTR1 : x'03FB1', R/W)

HA/D Converter Control Register 2 (ANCTR2)

(Atreset:00- -

ANSTSEL A/D conversion activation
factor selection
0 Set the ANST flag to "1".
1 Set the ANST flag, or the
external interrupt 3 to "1".
ANST A/D conversion status
0 A/D conversion is
completed, stopped
1 A/D conversion is
started, in progress

7 6 3 2 1 0
ANCTR2 | ANST |ANSTSEL

Figure 15-2-3 A/D Converter Control Register 2 (ANCTR2 : x'03FB2', R/W)
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15-2-3 Data Buffers

BA/D Conversion Data Storage Buffer 0 (ANBUFO)
The lower 2 bits from the result of A/D conversion are stored to this register.

7 6 5 4 3 2 1 0

(Atreset: X X - - - - - - )
ANBUFO  |anBuro7|anguros| — | — | — | — | — | —

Figure 15-2-4 A/D Conversion Data Buffer 0 (ANBUFO : x'03FB3', R)

BA/D Conversion Data Storage Buffer 1 (ANBUF1)
The upper 8 bits from the result of A/D conversion are stored to this register.

7 6 5 4 3 2 1 0

(Atreset : X X X X X X X X)
ANBUF1  |ANBUF17 |ANBUF16|ANBUF15 |ANBUF14 |ANBUF13 [ANBUF12 [ANBUF11 [ANBUF10

Figure 15-2-5 A/D Conversion Data Buffer 1 (ANBUFL1 : x'03FB4', R)
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15-3 Operation

Here is a description of A/D converter circuit setup procedure.

1)

)

®3)

(4)

®)

(6)

()

(8)

XV -8

Set the analog pins.

Set the analog input pin, set in (2), to "special function pin" by the port A input mode register
(PAIMD).

* Setup for the port A input mode register should be done before analog voltage is put to pins.
Select the analog input pin.

Select the analog input pin from AN6 to ANO (PA6 to PAQ) by the ANCHS2 to ANCHSO flag of
the A/D converter control register 1 (ANCTR1).

Select the A/D converter clock.

Select the A/D converter clock by the ANCK1, ANCKO flag of the A/D converter control
register 0 (ANCTRO).

Setup should be such a way that converter clock (TAD) does not drop under 800 ns with any
oscillator.

Set the sample hold time.

Set the sample hold time by the ANSH1, ANSHO flag of the A/D converter control register O
(ANCTRO0). The sample hold time should be based on analog input impedance.

Set the A/D ladder resistance.

Set the ANLADE flag of the A/D converter control register 0 (ANCTRO) to "1", and a current
flow through the ladder resistance and A/D converter goes into the waiting.

* (2) to (5) are not in order. (3), (4) and (5) can be operated simultaneously.

Select the A/D converter activation factor, then start A/D conversion.

Set the ANST flag of the A/D converter control register 2 (ANCTR2) to "1" to start A/D
converter, or set the ANSTSEL flag of the A/D converter control register 2 (ANCTR2) to "1" to
start A/D conversion by the external interrupt IRQ3.

* Specify the valid edge by the EDGSEL3 flag of the both edges interrupt control register
(EDGDT) and the REDG3 flag of the external interrupt 3 control register (IRQ3ICR).

A/D conversion

Each bit of the A/D buffer 0,1 is generated after sampling with the sample and hold time set in
(3). Each bit is generated in sequence from MSB to LSB.

Complete the A/D conversion.

When A/D conversion is finished, the ANST flag is cleared to "0", and the result of the
conversion is stored to the A/D buffer (ANBUFO, 1). At the same time, the A/D complete
interrupt request (ADIRQ) is generated.

Operation
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A/D conversion clock T T T T T ) ) T |

ANST flag ]

A/D conversion start AID conversion complete

h
|
H (o«
I
|

A/D conversion >
Ts | (

Sampling ‘ Hold

. _ bit8 comparison . o
t‘)lt 9 companso‘n ‘ PI'[ 0 comparlsc?n
[

o

Determine  Determine Determine Determine
hit 9 bit 8 bit 1 hit 0

( 1_|

A/D interrupt (ADIRQ)

B R R EEEE LRy T

Figure 15-3-1 Operation of A/D Conversion

prevent noise error by confirming the match of level by program, or by using the average

[E To read the value of the A/D conversion, A/D conversion should be done several times to
value.

Operation XV-9
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15-3-1 Setup

Hinput Pins of A/D Converter Setup
Input pins for A/D converter is selected by the ANCH2 to 0 flag of the ANCTRL1 register.

Table 15-3-1 Input Pins of A/D Converter Setup

ANCHS2 | ANCHS1 | ANCHSO A/D pin

0 0 ANO pin

0 1 AN1 pin

1 0 AN2 pin

1 AN3 pin

0 0 AN4 pin

1 1 ANS5 pin

1 0 ANG pin

1 Reserved

EClock of A/D Converter Setup

The A/D converter clock is set by the ANCK1 to 0 flag of the ANCTRO register. Set the A/D converter
clock (TAaD) more than 800 ns and less than 15.26 ps. Table 15-3-2 shows the machine clock (fosc, fx, fs)

and the A/D converter clock (TAD). (calculated as fs = fosc/2, fx/4)

Table 15-3-2 A/D Conversion Clock and A/D Conversion Cycle

AD AD conversion cycle (TAD)
ANCK1 ANCKO conversion at oscillation for high speed at oscillation for low speed
clock
atfosc=20 MHz | atfosc=8.38 MHz at fx=32.768 kHz
200.00 ns 477.33 ns 244.14 pys
0 fs/2
0 (no usable) (no usable) (no usable)
400.00 ns 488.28 ps
1 fs/4 954.65 ns
(no usable) (no usable)
976.56 ps
0 fs/8 800.00 ns 191 pus
1 (no usable)
1 fxx2 15.26 us 15.26 pus 15.26 pus

For the system clock (fs), refer to Chapter 2. 2-5 Clock Switching.

ESampling Time (Ts) of A/D Converter Setup

The sampling time of A/D converter is set by the ANSH1 to O flag of the ANCTRO register. The sampling
time of A/D converter depends on external circuit, so set the right value by analog input impedance.

Table 15-3-3 Sampling Time of A/D Conversion and A/D Conversion Time

Sampling time A/D conversion time
ANSH1 [ ANSHO
(Ts) at Tab=800 ns | atTap=954.65ns atTap=1.91pys | atTap=15.26 ps

0 0 Tap X2 9.60 ps 11.46 ps 22.92 s 183.12 ys

1 Tap X6 12.80 ps 15.27 pys 30.56 pys 244.16 ps

1 0 Tap x 18 22.40 us 26.73 us 53.48 us 427.28 us

1 Reserved - - - -
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WBuilt-in Ladder Resistor Control

The ANLADE flag of the ANCTRO register is set to "1" to send a current to the ladder resistance for A/
D conversion. As A/D converter is stopped, the ANLADE flag of the ANCTRO register is set to "0" to save
the power consumption.

Table 15-3-4 A/D Ladder Resistor Control

ANLADE A/D ladder resistance control
0 AD ladder resistance OFF (A/D conversion stopped)
1 A/D ladder resistance ON (A/D conversion operated)

BA/D Conversion Activation Factor Selection Setup

The A/D conversion activation factor is set by the ANSTSEL flag of the ANCTR2 register. The ANSTSEL
flag of the ANCTR2 register is set to "1" to start A/D conversion by the external interrupt 3. And if the
ANST flag of the ANCTR2 register is set to "1", A/D conversion can be started.

Table 15-3-5 A/D Conversion Activation Factor Selection

ANSTSEL AD conversion activation factor
1 The external interrupt 3, or set the ANST flag to "1".
0 Setthe ANST flag to "1".

If the external interrupt 3 is selected as the A/D conversion activation factor, specify the valid

edge by the REDG3 flag of the external interrupt 3 control register (IRQ3ICR), and the
EDGSELS3 flag of the both edges interrupt control register (EDGDT).

[ Chapter 3. 3-3 External Interrupts ]

‘ Specify the interrupt valid edge before the external interrupt 3 is selected as the A/D conver-
- sion activation factor.

BA/D Conversion Starting Setup

A/D conversion starting is set by the ANST flag of the ANCTR2 register. The ANST flag of the ANCTR2
register is set to "1" to start A/D conversion. When the external interrupt 3 is selected as the A/D conver-
sion activation factor, the ANST flag of the ANCTR2 register is set to "1" to start A/D conversion, as the
external interrupt 3 is generated. Also, the ANST flag of the ANCTR2 register is set to "1" during A/D
conversion, then cleared to "0" as the A/D conversion complete interrupt is generated.

Table 15-3-6 A/D Conversion Starting

ANST A/D conversion status
1 AD conversion started or in progress.
0 A/D conversion completed or stopped.

Operation XV -11
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15-3-2 Setup Example

BA/D Converter Setup Example by Registers

A/D conversion is started by setting registers. The analog input pins are set to ANO, the converter clock
is set to fs/4, and the sampling hold time is set to TAD x 6. Then, A/D conversion complete interrupt is

generated.

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Setthe analog input pin.
PAIMD (x'3F3C")
bp0 : PAIMDO =1
PAPLUD (x'3F4A")
bp0 : PAPLUDO =0
PADIR (x'3F3A")
bp0 : PADIRO =0

(2) Select the analog input pin.
ANCTR1(x'3FB1")
bp2-0 : ANCHS2-0 = 000

(3) Select the A/D converter clock.
ANCTRO (x'3FB0")
bp5-4 : ANCK1-0 =01

(4) Setthe sample and hold time.
ANCTRO (x'3FB0")
bp7-6 : ANSH1-0 = 01

(5) Set the interrupt level.
ADICR (x'3FFA")
bp7-6 : ADLV1-0 = 00

(6) Enable the interrupt.
ADICR (x'3FFA")
bpl: ADIE =1

@

)

®3)

(4)

(5)

(6)

Set the analog input pin (set at the procedure
2) to the special function pin by the port A input
mode register (PAIMD). Also, set to no pull-up/
pull-down resistance by the port A pull-up/pull-
down resistance control register (PAPLUD),
and to input mode by port A direction control
register (PADIR).

Select the analog input pin from AN7-0 (PA7-
0) by the ANCHS2-0 flag of the A/D converter
control register 1 (ANCTR1).

Select the A/D converter clock by the
ANCK1, ANCKO flag of the A/D converter
control register 0 (ANCTRO).

Set the sample and hold time by the ANSH1,
ANSHO flag of the A/D converter control
register 0 (ANCTRO).

Set the interrupt level by the ADLV1-0 flag of
the A/D conversion complete interrupt control
register (ADICR). If any interrupt request flag
is already set, clear them.

[€=" Chapter 3. 3-1-4 Interrupt Flag Setting ]

Enable the interrupt by setting the ADIE flag
the ADICR register to "1".

XV-12  Operation
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Setup Procedure Description
(7) Setthe A/D ladder resistance. (7) Setthe ANLADE flag of the A/D converter
ANCTRO(X'3FBO0") control register 0 (ANCTRO) to "1" to send a
bp3: ANLADE =1 current to the ladder resistance for the A/D
conversion.
(8) Startthe A/D conversion. (8) Setthe ANSTSEL flag of the A/D converter
ANCTR2(x'3FB2') control register 2 (ANCTR2) to "0", and select
bp6 : ANSTSEL =0 "writing to the ANST flag of the A/D converter

control register 2 (ANCTR2)"as the A/D
converter activation factor.

(9) Startthe A/D conversion operation. (9) Setthe ANST flag of the A/D converter control
ANCTR2 (x'3FB2) register 2 (ANCTR2) to "1" to start the A/D
bp7 : ANST =1 conversion.
(10) Complete the A/D conversion. (10) When the A/D conversion is finished, the A/D
ANBUFO (x'3FB3) conversion complete interrupt is generated
ANBUF1 (x'3FB4") and the ANST flag of the A/D converter control

register 2 (ANCTR?2) is cleared to "0". The
result of the conversion is stored to the A/D
converter buffer (ANBUFO, 1).

Note : The above (3) to (4) can be set at once.

Start the A/D conversion after the current flowing through the ladder resistors stabilizes. The
wait time should be decided by the caluculated times from the ladder resistance (max. 80

kQ), and the external bypass capacitor connected between VREF+ and VREF-.
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BA/D Conversion Setup Example by External Interrupt 3

The A/D conversion is started by the external interrupt 3. The analog input pin is set to ANO, the con-
verter clock is set to fs/4, and the sample hold time is set to TAD x 6. Then, the A/D conversion complete
interrupt is generated.

An example setup procedure, with a description of each step is shown below.

Setup Procedure Description
(1) Set the analog input pin. (1) Setthe analog input pin that set in (2), to the
PAIMD (x'3F3C") special function pin by the port A input mode
bpO : PAIMDO =1 register (PAIMD). Also, set no pull-up/pull-
PAPLUD (x'3F4A") down resistance by the port A pull-up/pull-
bp0 : PAPLUDO =0 down resistance control register (PAPLUD).
PADIR (x'3F3A") Set the analog I/O pin, set in (2), to input
bp0 : PADIRO =0 mode by port A direction control register
(PADIR).

(2) Selectthe analog input pin. (2) Selectthe analog input pin from AN6-0 (PA6-
ANCTR1(x'3FB1") 0) by the ANCHS2-0 flag of the A/D converter

bp2-0 : ANCH2-0 = 000 control register 1 (ANCTR1).

(3) Select the A/D converter clock. (3) Select the A/D converter clock by the
ANCTRO (x'3FB0") ANCK1, ANCKO flag of the A/D converter
bp5-4 : ANCK1-0 =01 control register 0 (ANCTRO).

(4) Setthe sample hold time. (4) Setthe sample hold time by the ANSH1,
ANCTRO (x'3FB0") ANSHO flag of the A/D converter control

bp7-6 : ANSH1-0 =01 register 0 (ANCTRO).

(5) Specify the external interrupt 3 valid (5) Specify the valid edge by the REDG3 flag of the

edge. external interrupt 3 control register (IRQ3ICR),
IRQ3ICR (x'3FE5") the EDGSELS3 flag of the both edges interrupt
bp5: REDG3 =1 control register (EDGDT).
EDGDT (x'3F8F") [ € Chapter 3. 3-1-4 Interrupt Flag Setup ]
bp3 : EDGSEL3 =0

(6) Set the interrupt level. (6) Set the interrupt level by the ADLV1-0 flag of

ADICR (x'3FFA") the A/D conversion complete interrupt control
bp7-6 : ADLV1-0 =10 register (ADICR). If any interrupt request flag
is already set, clear them.
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Setup Procedure Description
(7) Enable the interrupt. (7) Enable the interrupt by setting the ADIE flag of
ADICR (X'3FFA") the ADICR register to "1".
bpl:ADIE=1
(8) Setthe A/D ladder resistance. (8) Setthe ANLADE flag of the A/D converter
ANCTRO(x'3FBQ") control register 0 (ANCTRO) to "1" to send a
bp3 : ANLADE =1 current to the ladder resistance for the A/D
conversion.

(9) Select the A/D converter activation (9) Setthe ANSTSEL flag of the A/D converter

factor. control register 2 (ANCTR2) to "1", and select
ANCTR2 (x'3FB2") "writing to the ANST flag of the A/D converter
bp6 : ANSTSEL =1 control register 3 (ANCTR3), the external
interrupt 3"as the A/D converter activation
factor.
(10) Start the A/D conversion. (10) When the external interrupt 3, set in (5) is
ANCTR2 (x'3FB2") generated, the ANST flag of the A/D converter
bp7 : ANST =1 control register 2 (ANCTR?2) is set to "1" to start

the A/D conversion. And even if the external
interrupt 3 is not generated, the A/D conversion
is started by setting the ANST flag of the A/D
converter control register 2 (ANCTR2) to "1".

(11) Complete the A/D conversion. (11) When the A/D conversion is finished, the A/D
conversion complete interrupt is generated,
and the ANST flag of the A/D converter control
register 2 (ANCTR?2) is cleared to "0".

The result of the conversion is stored to the A/D
converter buffer (ANBUFO, 1).

Note : The above (3) to (4) can be set at once.

Even if the external interrupt 3 is generated during A/D conversion, the A/D converter is
operated in normal. Also, once the A/D conversion is finished, it is never started again.
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15-3-3 Cautions

A/D conversion can be damaged by noise easily, therefore, anti-noise measures should be taken ad-

equately .

EAnti-noise measures
To A/D input (analog input pin), add condenser near the Vss pins of micro controller.

Digital Vbb
Analog Vbp
—| VDD Vss r
VREF+
ANO Power supply

VREF-

to
ANG6 Digital Vss
\ Analog Vss

Set near the Vss pin

Figure 15-3-2 A/D Converter Recommended Example 1

L VDD
VDD Vss / Vss
VREF+
ANO —@— Power supply
to
ANG A@SV
VREF- \

Set near the Vss pin.

Figure 15-3-3 A/D Converter Recommended Example 2
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To maintain high precision of A/D conversion, following instructions on use of A/D con-

‘ verter should be strictly kept.

- 1. Input impedance R of A/D input pin should be under 500 kQ™. And connect the
external capacitor C (over 1000 pF, under 1 puF)™* between Vss and the A/D input
pin.

2. Setthe A/D conversion frequency depending on the time constant of R and C.

3. Changing the output level of the microcontroller or switching ON/OFF of the periph-
eral added circuit while the A/D conversion is in progress may lower the precision of
A/D conversion, for these may fluctuate the values of the analog input pin and the
power pin. Check the waveform of the analog input pin before the system evaluation.

Equivalent circuit block that

outputs analog signal microcontroller
R E E
/\/\/\/ , ® : A/D input pin
v E c
77 s s
_______________________ ' Vss
1 pF=Cz1000 pF *1
as R<500 kQ *1 : That value is for reference.

Recommended Connection with A/D Converter

Operation XV -17
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16-1 Overview

This LSI has a built-in D/A converter with 8 bits solution. There are 2 output channels and 8-bit data
registers for each channel. When the D/A converter is not used, the built-in ladder resistance can be set to

OFF to save the power consumption.

16-1-1 Functions

Table 16-1-1 shows the D/A converter functions.

Table 16-1-1 D/A Converter Functions

Resolution

8-bit

Pin

DAO/DAL pin

Power consumption saving

Built-in ladder resistance ON/OFF

D Davss
D Davop Reference voltage DAOUT _ <] DD AO/PAO
NPOWD |  generation section [ [P

DACTR
- 7

DABUSY

s
DADRO1

DACH1

DACH2

0

Figure 16-1-1 D/A Converter Block Diagram
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16-2 Operation

The D/A converter circuit setup procedure is as follows:

@

)

©)

4)

Set the analog pins.

Set the analog input pin, set in (2), to "special function pin" by the port A input mode
register (PAIMD).

* Setup for the port A input mode register should be done before analog voltage is put to pins.
Select the analog output pin.

Select the analog output pin from DA1 to DAO (PA1 to PAQ) by the DACH1 to DACHO flag of
the D/A converter control register (DACTR).

Start D/A conversion

Set the DABUSY flag of the D/A converter control register (DACTR) to "1" to apply the
ladder resistance current. D/A conversion starts.

DA output.

D/A conversion is done for the data which is set to DADROL1 register, and the result of

D/A conversion is output to DAO and DAL.
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16-3 Control Registers

16-3-1 Overview

Table 16-3-1 shows the registers to control the D/A converter in MN101C77C.

Table 16-3-1 D/A Converter Control Registers

Register | Address R/W Function Page
DACTR X03FBE' R/W [D/A converter control register XVII-5
DADRO1 X03FBF' R/W |D/Aconverter input data register 01 XVII-6
PADIR X03F3A R/W [Port Adirection control register IV-42
PAPLUD X03F4A R/W |Port A pull-up/pull-down resistance control register IV-42
PAIMD X03F3C' R/W [Port Ainput control register IV-43

R/W : Readable/Writable
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16-3-2 Control Register (DACTR)

This is the 8-bit readable/writable register that controls the D/A conversion.

ED/A Converter Control Register (DACTR)

7 6 5 4 3 2 1 0

DACTR —— | — | — | —— | — | DABUSY| DACHL |DACHO (Atreset:----- 0XX)

DACHO | PAO pin control

General port

1 D/A output

DACHL | PA1 pin control

General port

D/A output

DABUSY | DA conversion enable flag

0 Stop D/A conversion operation
(ladder resistance OFF)

1 Enable D/A conversion operation

Figure 16-3-1 D/A Converter Control Register (DACTR : x'03FBE' R/W)

Control Registers

D/A Converter

XVI-5
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16-3-3 Input Data Registers

These readable/writable registers store the A/D converter data.

mD/A Converter Input Data Register 01 (DADRO01)
This register stores the D/A conversion data (for DAO1 channel).

7

6

5

4

3

2

1

0

DADR1 DAO1BUF7| DAO1BUF6

DAO1BUF5

DAO1BUF4

DAO1BUF3

DAO1BUF2

DAO1BUF1

DAO1BUFO

(Atreset: X X X X X X X X)

Figure 16-3-2 D/A Converter Input Data Register 01 (DADRO1 : x'03FBF' R/W)
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16-4 Setup Example

EChannel fixed D/A Converter Setup Example
Conversion channel should be set to DAO.

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Setthe port A pin.
PAIMD (x'3F3C")
bp0 : PAIMDO =1
PADIR (x'3F3A")
bp0 : PADIRO =0
PAPLUD (x'3F4A")
bp0 : PAPLUDO =0

(2) Setthe D/A conversion pin.
DACTR (x'3FBE’)
bp1-0: DACH1-0=01

DADRO1 (X3FBF')

(4) Startthte D/A conversion.

DACTR (X'3FBE)
bp2 : DABUSY =1

(3) Setthe D/A converter input data.

@)

2

3)

(4)

Set the analog output pin (set at the procedure 2),
as the specfical function pin by the port A input
mode register (PAIMD). Also, set to "input mode"
by the port A I/O direction control register
(PADIR), and to "no pull-up resistance" by the
port A pull-up resistance control register
(PAPLUD).

Set PAO to D/A output pin by the DACH1-0 flag of
the D/A converter control register (DACTR).

Set the D/A conversion data by the D/A converter
input register01 (DADRO1).

Set the DABUSY flag of the D/A converter control
register (DACTR) to"1" to start the D/A
conversion. The result is output to the DA3-DAO.

Note : The above (1) to (2) can be set at once.

Setup Example XVI-7
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17-1 Probe Switches
17-1-1 PRB-MBB101C77-M

- This probe must be used with the following boards.

- Connector board: PX-CN101-M

- MBB board: PRB-MBB101C77-M

- Adapter board: PRB-ADP101-64-M

- Dummy target: PRB-DMY101C77-M
The dummy target should be connected when ICE is operated independently, the adapter
board should be connected at connection to the target.
The power supply voltage of ICE is between 3.0 V to 3.6 V.

- This probe is mounted the switches for mask option.
- The option switches are not available.

Option

Switches
= W IR T SR T Default control

A OFF
. e PG o -:I OP4
~ | R v ; OFF
.ll..-::_. :* OP5
L !gl-mﬁl'mlﬁu|||t|r||||||||||||_!_|-?i! i -:I
Lo b "
Top view of MBB board
Figurel: Layout of option switches
-When ICC is operated independently - At connection to the target

Fﬂ_—ﬁ"‘x_ Connector board xﬁ .

| [PX-CN101-M]

MBB board \}

[PRB-MBB101C77-M]

\ Adapter board

Dummy target [PRB-ADP101-64-M]
[PRB-DMY101C77-M]

Figure2: Composition with PRB-MBB101C77-M
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17-1-2 PX-CN101-M

This board can be used for any MBB models (product No. PRB-MBB101x#*%-M) of MN101 series.
(Please visit our website for the latest information on the product.)

o SR T

]
iy

A gl

Figurel: PX-CN101-M Layout
< How to connect >

Connector board (PX-CN101-M)

Make sure that the points marked
are put together. [Caution 1]

MBB board (PRB-MBB101##%-M)

Figure2: PX-CN101-M connection

[Caution1]
Connect CNC of PX-CN101-M to CNC of PRB-MBB101x#*%-M, and CND of PX-CN101-M

to CND of PRB-MBB101x*x*x-M.
When connecting the boards, make sure that they are connected without tilt.
If you put pressure on one side of the board, that may cause any damage to the pins.

Probe Switches XVII-3
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17-1-3 PRB-ADP101-64-M

When connected to the target, use this board with MBB board.

This board can be used with the following boards.

(The product type is subject to change without prior notice. The latest information should
be confirmed on our web site.)
- PRB-MBB101C52-M
-  PRB-MBB101C58-M

Improper matching may cause any damage to the ICE.

Figurel: PRB-ADP101-64-M Layout

< How to connect >

Connector board: PX-CN101-M

MBB board: PRB-MBB101***-M

Make sure that the points

marked are put together.
[ Cautionl ]

!

Adapter board: PRB-ADP101-64-M

[Caution1] Connect CNE of PRB-MBB101x**-M to CNE of PRB-ADP101-64-M, and CNF of
PRB-MBB101##*-M to CNF of PRB-ADP101-64-M.

When connecting the boards, make sure that they are connected without tilt.

If you put pressure on one side of the board, that may cause any damage to the pins.

XVII-4 Probe Switches
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17-1-4 PRB-DMY101C77-M

Dummy target boards differ depending upon the models. This board can be used for only
101C77 64PIN.

When unconnected to the target, use this board with the PRB-MBB101C77-M.

Improper matching may cause any damage to the ICE.

Figurel: PRB-DMY101C77-M Layout

< How to connect >

Connector board: PX-CN101-M

MBB board: PRB-MBB101C77-M

Make sure that the points
marked are put together.
[Cautionl]

T

Dummy target: PRB-DMY101C77-M

[Cautionl1]

Connect CNE of PRB-MBB101C77-M to CNE of PRB-DMY101C77-M, and CNF of
PRB-MBB101C77-M to CNF of PRB-DMY101C77-M.

When connecting the boards, make sure that they are connected without tilt.

If you put pressure on one side the board, that may cause any damage to the pins.

Probe Switches XVII-5
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17-2 Special Function Registers List

Address Register Bit Symbol / Initial Value / Description Page
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SOSCDBL | OSCSEL1 OSCSELO OSCDBL STOP HALT OSsC1 0OSCo
X'3F00' CPUM . STOP mode | HALT Mode Oscillation Control IH-21
Clock Switching I1-25
Setup Setup
IOwW1 IOWO0 IVBM EXMEM EXWH IRWE EXW1 EXWO0
X'3F01' MEMCTR 1/0 Wait Setup Interrupt Vector Switch Switch Solnere\Mies Fixed Wait Setup II-16
Address Memory Wait Setp
- - WDTC2 WDTC1 WDTCO WDTS1 WDTSO0 WDEN
X'3F02' WDCTR The lowest value for clear Setup Watchdog Time-out WDT IX-3
Period Setup Activation
CS8EXT CS7EXT CS6EXT | CS5EXT CS4EXT CS3EXT | CS2EXT CS1EXT
X'3F03' AREACTR Internal ROM/External Memory Switching I-17
CSIMD csiw2 | csmwi | cswwo - csow2 | csowi | csowo
X'3F05' CSMDO1 Bus mode Wait mode selection Wait mode selection II-18
selection
CS3MD csaw2 | csawi | csawo CS2MD csaw2 | csewi | csawo
X'3F06' CSMD23 Bus mode Wait mode selection Bus mode Wait mode selection II-18
selection selection
CS5MD cssw2 | csswi | csswo CS4MD csawz2 | csawi | csawo
X'3F07' CSMD45 Bus mode Wait mode selection Bus mode Wait mode selection 11-18
selection selection
cstvp | cstwz2 | cstwi | cstwo | csemp | csewz2 | csewi | csewo
X'3F08' CSMD67 Bus mode Wait mode selection Bus mode Wait mode selection II-18
selection selection
Reserved | Csow2 | csewi | csowo | cssmp | cssw2 | csswi | csswo
X'3F09' CSMD89 Set always Wait mode selection Bus mode Wait mode selection 11-18
to"1" selection
- - - - - - SBAL | SBAO
X'3FOA' SBNKR Bankfor Source II-28
Address Setup
- - - - - - DBAL | DBAO
X'3F0B' DBNKR Bank for Destination II-28
Address Setup
- - - - - RC2EN RC1EN | RCOEN
X'3FOE' RCCTR ROM Correction Control II-32
- POOUT6 POOUTS POOUT4 POOUT3 POOUT2 | POOUT1 | POOUTO
X'3F10' POOUT Port 0 Output Data V-7
- - - plouT4 | Piouts | Piout2 | P1oUTL | P1OUTO
X'3F11' P1OUT Port 1 Output Data IV-13
P20UT7 - - P20UT4 | P20UT3 | P20UT2 | P20UTL | P20UTO
X'3F12 P20UT Port 2 Port 2 Output Data IV -18
Output Data
P50UT4 | P50UT3 | P50UT2 | P50UTL | P50UTO
X'3F15' PSOUT Port 5 Output Data IV -22
PeouUT7 | PeouT6 | PeouUTs | PeouT4 | PeouT3 | PeouT2 | PeOUTL | P6OUTO
X'3F16' P6OUT Port 6 Output Data Iv-27
P70UT7 [ P70UT6 | P70UTS5 [ P70UT4 P70UT3 P70UT2 [ P70UTL [ P70UTO
X'3F17 P70UT Port 7 Output Data IV-31
P8OUT7 | P8OUT6 | P8OUTS | P8OUT4 | P8OUT3 | P8OUT2 | P8OUT1 | P8OUTO
X'3F18 P8OUT Port 8 Output Data IV -38
XVIIl -6 Special Function Registers List
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Address Register Bit Symbol /Initial Value /Description Page
& Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 9
] PAOUT6 | PAOUT5 | P8OUT4 | P8OUT3 | P8OUT2 | PSOUTL | P8OUTO
X'3FLA PAOUT Port A Output Data IV - 42
PSLED7 | PSLED6 | PSLEDS | P8LED4 | PSLED3 | PSLED2 | PSLEDT1 | PSLEDO
X'3F1D' P8LED Port 8 Transistor Selection IV -39
Pesyo7 | Pesyos | Pesvos | Pesyos | pesvos | pesvoz | Pesvor | Pesyoo
X'3F1E' P6SYO Port 6 Synchronous Output Selection IV -28
. pone | Pons | Pona [ Pons | ponz | PoNi [ POINO
X'3F20" POIN Port 0 Input Data V-7
. . . PuNa | pPuns | Punz [ Puni [ PuNO
X'3F21' P1IN Port 1 Input Data Iv-13
P2IN7 - - Pana | pPans | panz [ Pani [ Paio
X'3F22' P2IN Port 2 Input Data IV-18
- - - PsiNa | PsiNa | Psin2 [ Psini | PsiNO
X'3F25' P5IN Port 5 Input Data IV -22
P6IN7 P6ING P6INS PeiNa | PeiN3 | PeiN2 | PeINL | PeINO
X'3F26' P6IN Port 6 Input Data V- 27
PN | prne | pans [ Pna | prNa [ Pan2 [ P7Ni | P7IND
X3F27' P7IN Port 7 Input Data IV-31
PeiN7 | Paine [ Pains [ pan4 | Pan3 | paiN2 | PaNi | PaINO
X'3F28" P8IN Port 8 Input Data Iv-38
; PAIN6 | PaNs | Pana | pPan3 | pan2 [ Pani | PAINO
X'3F2A" PAIN Port A Input Data IV - 42
- E - - - - . LOCKEN
X'3F2B' KEYCNT Register Data I - 42
Protection
Function
- - - - - - SOSC2DS Reserved
X'3F2D OSCMD Low Frequency Set always II-25
Dividedby2 |  to"0"
- PARDWN - P7RDWN ] - SYOEVS1 | SYOEVSO |
X'3F2E' FLOAT PA Pull-up/down P7 Pull-up/down P6 Synchronous Output '
Selection Selection Event Selection
. PIOMD6 | PIOMD5 | P1OMD4 | P1OMD3 | P1OMD2 | P1OMDL | P1OMDO
X'3F2F P10OMD P77 Output mode | P76 Output mode |P14 Output mode |P13 Output mode |p12 Output mode [P11 Output mode | P10 Output mode IV-14
Selection Selection Selection Selection Selection Selection Selection
- PODIR6 PODIRS PODIR4 PODIR3 PODIR2 PODIR1 PODIRO
X'3F30° PODIR Port 0 1/O Direction Control V-7
; ; ; PIDR4 | PIDIR3 | PIDIR2 | PIDRL | PIDIRO
X'3F31' P1DIR Port 1 1/0 Direction Control IV-13
1
- - - P2DIR4 | P2DIR3 | P2DIR2 [ P2DIR1L | P2DIRO
X'3F32' P2DIR Port 2 1/0 Direction Control IV-18
- - - PSDIR4 | PSDIR3 | PSDIR2 | PSDIRL | PSDIRO
X'3F35' P5DIR Port 5 I/0 Direction Control IV -22

Special Function Registers List XVII -7
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Address Regist Bit Symbol /Initial Value /Description
egister - - - - - - - - Page
¥ Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 9
PEDIR7 | PGDIR6 | P6DIRS | P6DIR4 | P6DIR3 | P6DIR2 | P6DIRL | PGDIRO
X'3F36' P6DIR Port 6 1/0 Direction Control IvV-27
P7DIR7 | P7DIR6 | P7DIRS | P7DIR4 | P7DIR3 | P7DIR2 | P7DIRL | P7DIRO
X'3F37' P7DIR Port 7 1/0 Direction Control IV-31
PeDIR7 | P8DIRe | P8DIRsS | PeDIR4 | P8DIR3 | PeDIR2 | P8DIRL | PeDIRO
X'3F38' P8DIR Port 8 1/0 Direction Control IV-38
- | PaDRe | PADIRs | PADIR4 | PADIR3 | PADIR2 | PADIRL | PADIRO
X3F3A PADIR Port A I/0 Direction Control IV - 42
- PAMD6 | PAMDS | PAMD4 | PAMD3 | PAMD2 | PAIMDL | PAIMDO
X'3F3C' PAIMD Port A Analog Input Selection IV-43
IRQ4SEL - - - P6KYEN4 | P6KYEN3 | P6KYEN2 | PGKYEN1
X'3F3E' P6IMD IRQ4 Interrupt Port 6 Key Input Interrupt Pin Setup Il - 46
Source
Selection
- POPLUS | POPLUS | POPLU4 | POPLU3 | PoPLU2 | PoPLUL | POPLUO
X'3F40' POPLU Port 0 Pull-up Control V-7
- PIPLU4 | PiPLUS | PiPLU2 | PIPLUL | P1PLUO
X'3F4L P1PLU Port 1 Pull-up Control IV-13
- - P2PLU4 | P2PLU3 | P2PLU2 | P2PLUL | P2PLUD
X'3F42' P2PLU Port 2 Pull-up Control IvV-18
. . - pspLUs | PspLus | pspLuz | espLui | pspLuo
X'3F45' P5PLU Port 5 Pull-up Control IV -22
P6PLU7 | P6PLU6 | P6PLUS | PePLU4 | P6PLU3 | PePLU2 | PePLUL | P6PLUO
X'3F46' P6PLU Port 6 Pull-up Control IV -27
P7PLUD7 | P7PLUD6 | P7PLUD5 | P7PLUD4 | P7PLUD3 | P7PLUD2 | P7PLUDL | P7PLUDO
X'3F4T P7PLUD Port 7 Pull-up/Pull-down Control IV -31
pepLU7 | PePLu | PspLus | pepLus4 | PepLuz | PepLu2 | PspLUL | PsPLUO
X'3F48' P8PLU Port 8 Pull-up Control IV -38
- PAPLUD6 | PAPLUDS | PAPLUD4 | PAPLUD3 | PAPLUD2 | PAPLUDL | PAPLUDO
X'3F4A PAPLUD Port A Pull-up/Pull-down Control IV - 42
BUZOE | Buzs2 | Buzst | Buzso | bivsz | bivst | DLyso -
X'3F4D' DLYCTR Buzzer Output|  Buzzer Output Frequency Selection Osscillation Stabilization h-41
Enable Wait Time Selection X3
TMOBC?7 | TMOBC6 | TMOBC5 | TMOBC4 | TMOBC3 | TMOBC2 | TMOBCL | TMOBCO
X'3F50' TMOBC Timer 0 Binary Counter VI-9
T™M1BC7 | TMiBC6 | TMiBC5 | TwiBC4 | TwiBC3 | TmMic2 | TMiBci | TMiBco
X'3F51' TM1BC Timer 1 Binary Counter VI-9
TMoOC7 | TMoOcs | TMoocs | Tmooca | Tmooca | Tmoocz | Tmooct | Tmooco
X'3F52' TM00OC Timer 0 Output Compare Register VI-8
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Address | Register Bit7 Bit6 Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit0 Page
TM10C7 TM10C6 TM10C5 TM10C4 TM10C3 TM10C2 TM10C1 TM10CO0
X'3F53' TM10C Timer 1 Output Compare Register VI-8
- - TMOMOD TMOPWM TMOEN TMOCK2 | TMOCK1 | TMOCKO
X'3F54' TMOMD Timﬁ;{ i?ﬂzulse PWM Operation [Timer 0 Count Timer 0 Clock Source Selection VI-10
Measurement Selection Control
- - - TMICAS | TMIEN | TMicK2 | TMICKL | TM1CKO
X'3F55' TM1MD Cascade [Timer 1 Count Timer 1 Clock Source Selection VI-11
Selection Control
- - - - - TMOPSCL | TMOPSCO | TMOBAS
X'3F56' CKOMD Timer 0 Count Clock Setup V-7
(Prescaler Output)
- - - - - TMIPSCL | TMIPSCO | TM1BAS
X'3F57' CK1MD Timer 1 Count Clock Setup V-7
(Prescaler Output)
TM4BC7 TM4BC6 TM4BC5 TM4BC4 TM4BC3 TM4BC2 | TM4BC1 | TM4BCO
X'3F60" TM4BC Timer 4 Binary Counter VI-9
TMSBC7 | TMSBC6 | TMSBC5 | TMSBC4 | TM5BC3 | TMSBC2 | TMSBCL | TMSBCO
X'3F61' TM5BC Timer 5 Binary Counter VI-9
TM40C7 | TM4oce | TM4ocs | Tmdocs | Tmaoc3 | Tm4oc2 | TM40CL | TM4OCO
X'3F62' TM40C Timer 4 Output Compare Register VI-8
TMs0c7 | Tmsoce | Tmsocs | Tmsoca | Tmsocs | Tmsocz | Twsoci | Tmsoco
X'3F63' TM50C Timer 5 Output Compare Register Vi-8
TM4MOD TM4PWM TM4EN TM4CK2 | TM4CK1 | TM4CKO
X'3F64' TM4MD Tim;’;/i‘(‘j;“'se PWM Operation| Timer 4 Count Timer 4 Clock Source Selection VI-12
Measurement Selection Control
- - TM5MOD TM5PWM TM5EN TM5CK2 ‘ TM5CK1 ‘ TM5CKO
X'3F65' TM5MD Timer 5 Pulse  PWM Operation| Timer 5 Count Timer 5 Clock Source Selection VI-13
Mea\;\ﬂ?gr]nem Selection Control
- - - - - TM4PSC1 | TM4PSCO | TM4BAS
X'3F66' CK4MD Timer 4 Count Clock Setup V-8
(Prescaler Output)
- - - - - TM5PSCL | TMSPSCO | TMS5BAS
X'3F67' CK5MD Timer 5 Count Clock Setup V-8
(Prescaler Output)
TM6BC7 | TM6BC6 | TM6BC5 | TM6BC4 | TM6BC3 TM6BC2 | TM6BC1 | TM6BCO
X'3F68’ TM6BC Timer 6 Binary Counter Vil -5
TM60C7 | TM60C6 | TM60C5 | TM60C4 | TM60C3 | TM60C2 ‘ TM60C1 ‘ TM60CO0
X'3F69' TM60C Timer 6 Output Compare Register Vil -5
- - | T™omoD | TMOPWM | TMOEN | TMock2 | TMOCKL | TMOCKO
X'3F6A' TM6MD Counter Clear | Time Base Timer Interrupt Cycle Selection Timer 6 Clock Source Selection Time Base Timer VIl -6
Selection c'g:;ﬁ-s;ce
} - |- ] tmicas | TmiEN | TMicK2 | TMICKL | TM1CKO
X'3F6B' TBCLR Timer Base Timer Clear Control Register (For Writing Only) VIl -5
- - - TMORM RMOEN - RMDTYO RMBTMS
X'3F6E' RMCTR P10 Special | 1 apie Remote Remote Control Remole Conrol VI-14
ooy |
- - - - - - - PSCEN
X'3F6F" PSCMD Prescaler V-6
Count Control
Special Function Registers List XVII -9
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Bit Symbol /Initial Value /Description
Address Register Bit7 BiL6 Bit5 Bit4 Bit3 Bit 2 Bit1 Bit7 Page
TM7BCL7 TM7BCL6 TM7BCL5 TM7BCL4 TM7BCL3 TM7BCL2 TM7BCL1 TM7BCLO
i i i VI -7
Y3ET0 TM7BCL Timer 7 Binary Counter Lower 8 Bits
TM7BCH? | TM7BCH6 | TM7BCH5 | TM7BCH4 | TM7BCH3 | TM7BCH2 | TM7BCHL | TM7BCHO
X3FTY TM7BCH Timer 7 Binary Counter Upper 8 Bits vit-7
TM70C1L7 | TM70C1L6 | TM70C1L5 | TM70C1L4 | TM70C1L3 | TM70C1L2 | TM70C1L1 | TM70C1L0
X'3F72 TM70CLL Timer 7 Output Compare Register 1 Lower 8 Bits vir-5
TM70C1H7 | TM70C1H6 | TM70C1H5 | TM70C1H4 | TM70C1H3 | TM70C1H2 | TM70C1H1 | TM70C1HO
X3F73 TM70C1H Timer 7 Output Compare Register 1 Upper 8 Bits ViI-5
TM7PRIL? | TM7PRIL6 | TM7PRILS | TM7PRIL4 | TM7PR1L3 | TM7PRIL2 | TM7PRILL | TM7PRILO
X3F74 TM7PRIL Timer 7 Preset Register 1 Lower 8 Bits Vii-6
TM7PR1H7 | TM7PR1H6 | TM7PRIHS | TM7PRIH4 | TM7PRIH3 | TM7PR1H2 | TM7PR1HL | TM7PR1HO
X'3F75' TM7PR1H Timer 7 Preset Register 1 Upper 8 Bits VIl -6
tmricL7 | twricts | tmricts | Tmzica | Tmzics | twzice | twricte | twricto
X'3F76' TM7ICL Timer 7 Input Capture Register Lower 8 Bits viE-7
TM7IcH7 | Tm7icks | Tm7icHs | Tmzicha | Twrichs | TmicHz | twrichr | TMzicHo
X3F7T TM7ICH Timer 7 Input Capture Register Upper 8 Bits vii-7
Reserved Reserved TM7CL TM7EN TM7PS1 | TM7PS0 TM7CK1 | TM7CKO
X'3F78' TM7MD1 Set Always | Set Always Timer 7 Timer 7 Timer 7 Count Clock Timer 7 Clock Source VI -8
Output R
to "0" to "0" u?g;";se[ Count Control Selection Selection
T7ICEDG T7PWMSL TM7BCR TM7PWM TM7IRS1 T7ICEN T7ICT1 | T7ICTO
X3F79' TM7MD2 Capture Trigger | PWM Mode | Clear Factor | Timer 7 Output |Timer 7 Interrupt |Enable Capture| Timer 7 Capture Trigger VIl -9
Edge Selection | Selection Selection Selection [ Factor Selection |  Operation Selection
TM70C2L7 | TM70C2L6 | TM70C2L5 | TM70C2L4 | TM70C2L3 | TM70C2L2 | TM70C2L1 | TM70C2L0
X3FTA' TM70C2L Timer 7 Output Compare Register 2 Lower 8 Bits ViI-5
TM70C2H7 | TM7OC2HG | TM7OC2HS | TM7OC2H4 | TM7OC2HS | TMTOC2H2 | TM7OC2HL | TM7OC2HOD
X'3F7B' TM70C2H Timer 7 Output Compare Register 2 Upper 8 Bits ViI-5
TM7PR2L7 | TM7PR2L6 | TM7PR2L5 | TM7PR2L4 | TM7PR2L3 | TM7PR2L2 | TM7PR2L1 | TM7PR2LO
X3F7C' TM7PR2L Timer 7 Preset Register 2 Lower 8 Bits VIl -6
TM7PR2H7 | TM7PR2HG | TM7PR2HS | TM7PR2H4 | TM7PR2HS | TM7PR2H2 | TM7PR2HI | TM7PR2HO
X'3F7D' TM7PR2H Timer 7 Preset Register 2 Upper 8 Bits VIl -6
- : PICNTs | PicNT4 | Picnts | Piont2 | PionTi | PicNTO
X'3F7E' PITCNT P14 Output Data Control | P12 Output Data Control | P10 Output Data Control IV-15
- - - - - NF4EN NF3EN NF2EN
X'3F8D' NFCTR1 IRQ4 Noise | IRQ3 Noise | IRQ2 Noise Il - 44
Filter Enable | Filter Enable | Filter Enable
P21IM NF1SCK1 NF1SCKO NF1EN - NFOSCK1 NFOSCKO NFOEN
X'3F8E' NFCTRO ACZ Input IRQ1 Noise Filter IRQ1 Noise IRQO Noise Filter IRQO Noise Il - 43
Enable Flag | Sampling Period Selection | Filter Enable Sampling Period Selection | Filter Enable
- - Reserved EDGSEL4 EDGSEL3 EDGSEL2 EDGSEL1 EDGSELO
X'3F8F EDGDT Set Always | IRQ4 Both Edge | IRQ3 Both Edge | IRQ2 Both Edge | IRQ1 Both Edge | IRQO Both Edge Il - 45
to "0" Specification Specification Specification Specification Specification
RXBUFO7 | RXBUFO6 | RXBUFOS5 | RXBUFO4 | RXBUFO03 | RXBUFO2 | RXBUFOL | RXBUFOO
X'3F90' RXBUFO Serial Interface 0 Data Reception Buffer XI-7
XVII-10  Specia Function Registers List




Chapter 17 Appendices

Bit Symbol /Initial Value /Description

Address Register - - - - - - - - Page
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TXBUFO7 | TXBUF06 | TXBUFO5 | TXBUF04 | TXBUF03 | TXBUF02 | TXBUFO1 | TXBUFO0O
X'3F91' TXBUFO Serial Interface 0 Data Transfer Buffer XI-7
SCOCE1 SCOREN SCOTRN SCODIR SCOSTE | SCOLNG2 | SCOLNG1 | SCOLNGO
X'3F92' SCOMDO Transmission/ | Reception data [Transmission datq ~ Specify First | Start Condition | Synchronous Serial Transfer Bit Count XI-8
Reception Data Bitto be . .
Edge Selection_[Polarity Change | Polarity Change | Transfered Selection Selection
SCOIOM SCOSBTS | SCOSBIS | SCOSBOS | SCOCKM SCOMST - SCOCMD
X'3F93' SCOMD1 Data Input  |SBT Pin Function| Serial Input [SBO Pin Function| Clock Divided | Master/Slave Synchronous/ XI-9
Pin Selection | Selection Control Selection  |By 8 Selection| ~ Selection UART Selection
SCOFM1 SCOFMO SCOPM1 SCOPMO SCONPE SCOBRKF | SCOBRKE
X'3F94' SCOMD2 Specify Flame Mode Specify Added Bit Parity Enable Break Status | Break Status XI-10
Receive Monitor | Transmit Control
SCOTBSY | SCORBSY | SCOTEMP | SCOREMP | SCOFEF SCOPEK SCOORE SCOERE
X'3F95' SCOMD3  |Transmission| Reception [Transfer BufferReceive Buffer|Framing Error| Parity Error | Overrun Error | Error Monitor| ~ XI- 11
Flag Flag Empty Flag | Empty Flag | Detection | Detection Detection Flag
SCOSEL | Reserved SCOODC3 | SCOODC2 | SCOODCL | SCOODCO
X'3F96' SC00DC 10 Type | SetAlways P72 P70 P05 P03 XI-12
: ey Output Type | Output Type | Output Type | Output Type
Selection "0 Selection | Selection | Selection | Selection
SCOPSC2 | SCOPSC1 | SCOPSCO V-9
X'3F97" SCOCKS Serial 0 Transfer Clock Selection
(Prescaler Output) XI-13
RXBUF17 | RXBUF16 | RXBUF15 | RXBUF14 | RXBUF13 | RXBUF12 | RXBUF11 | RXBUF10
X'3F98' RXBUF1 Serial Interface 1 Reception Data Buffer XI-14
TXBUF17 | TXBUFL6 | TXBUF15 | TXBUFL4 | TXBUF13 | TXBUFL2 | TXBUF1L | TXBUF10
X'3F99' TXBUF1 Serial Interface 1 Transmission Data Buffer XI-14
SCICE1 SCIREN SCITRN SCIDIR SCISTE SCILNG2 | SCILNG1 | SCILNGO
X'3FOA' SCIMDO Transmission/ | Reception data [Transmission datg ~ Specify First | Start Condition |  Synchronous Serial Transfer Bit Count XI-15
Reception Data Bitto be . .
Edge Selection | Polarity Change | Polarity Change | . cioros Selection Selection
SC1I0M SCISBTS | SCISBIS | SC1SBOS | SCI1CKM SCIMST - SC1CMD
X'3F9B' SCIMD1 Data Input  |SBT Pin Function| Serial Input [SBO Pin Function| Clock Divided | Master/Slave Synchronous/ XI-16
Pin Selection | Selection Control Selection  |By 8 Selection| ~ Selection UART Selection
SC1FM1 SC1FMO SC1PM1 SC1PMO SCINPE SC1BRKF | SC1BRKE
X'3F9C' SCIMD2 Specify Flame Mode Specify Added Bit Parity Enable Break Status | Break Status XI-17
Receive Monitor | Transmit Control
SCITBSY | SCIRBSY | SCITEMP | SCIREMP | SCIFEF SC1PEK SC10RE SC1ERE
X'3F9D' SCIMD3  [Transmission| Reception [Transfer BuffeiReceive Buffel Framing Error| Parity Error | Overrun Error|Error Monitor| X118
Flag Flag Empty Flag | Empty Flag | Detection | Detection Detection Flag
SCISEL | Reserved - . SCI0DC3 | SCI0DC2 | SCIODCL | SC10DCO
X3FOE' | SCIODC [ OType | Set Aiays Out;f;ﬁype Outpﬁjﬁype om;ingype omF';?(%ype XI-19
Selection to "0" Selection Selection Selection Selection
SC1PSC2 | SCIPSC1 | SC1PSCO V-9
X'3F9F' SCICKS Serial 1 Transfer Clock Selection
(Prescaler Output) XI-20
SC3BSY SC3CE1L SC3DIR SC3STE | SC3LNG2 | SC3LNG1 | SC3LNGO
X3FA8' SC3MDO | Transmission |Transfer Edge Sgendg;'ﬁ Start Condition| - Synchronous Serial Transfer Bit Count XiI-6
Flag Selection Transfered Selection Selection
SC3I0M SC3SBTS | SC3SBIS | SC3SBOS SC3MST
X3IFAY SC3mD1 Data Input  [SBT Pin Function| Serial Input |SBO Pin Function Master/Slave Xi-7
Pin Selection | Selection Control Selection Selection
IICBSY SC3STC SC3REX SC3CMD | SC3ACKS | SC3ACKO
X3FAA SC3CTR lICinUse Ptart Condition "C/EZJC“;’;‘],E?O” Synchronous/ | ACK bit ACK bit XIi-8
Transfer FlagDetection Flag Status 1IC Selection Enable Level
SC3TRB7 | SC3TRB6 | SC3TRB5 | SC3TRB4 | SC3TRB3 | SC3TRB2 | SC3TRB1 | SC3TRBO
X'3FAB' SC3TRB Serial Interface 3 Transmission/Reception Shift Register Xil-5
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. Bit Symbol /Initial Value /Description
Address Register - - - - - - - - Page
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
- Reserved - - - - SC30DC1 | SC30DCO
X'3FAE' SC30DC P52 P51 XI-9
Set Always Output Type | Output Type
t0 "0" Selection Selection
- - - - - SC3PSC2 SC3PSC1 SC3PSCO V.10
X'3FAF SC3CKS Serial 3 Transfer Clock Selection xn_ o
(Prescaler Output)
ANSH1 ANSHO ANCK1 ANCKO ANLADE - - -
X'3FBO’ ANCTRO A/D Sample Hold A/D Conversion Clock | A/D Rudder XV-5
. . Resistance
Timer Setup Selection Contral
- - - - Reserved ANCHS2 ANCHS1 ANCHSO0
X'3FBL' ANCTR1 Set Always Analog Input Channel Selection XV -6
to "0"
ANST ANSTSEL - - - - - -
X'3FB2' ANCTR2  |A/D Conversion| A/D Conversion XV -6
Status Start Factor
Selection
ANBUF07 ANBUF06 - - - - - -
X'3FB3' ANBUFO A/D Conversion Data Storage| XV-7
Register (Lower 2 hits)
ANBUF17 ANBUF16 ANBUF15 ANBUF14 ANBUF13 ANBUF12 ANBUF11 ANBUF10
X'3FB4' ANBUF1 AID Conversion Data Storage XV-7
Register (Upper 8 bits)
- - - - - DABUSY DACH1 DACHO
X'3FBE' DACTR DIA Conversion PAL PAQ XVI -5
Output Type | Output Type
Enable Flag Selection Selection
DAO1BUF7 | DAO1BUF6 | DAO1BUF5 | DAO1BUF4 | DAO1BUF3 | DAO1BUF2 | DAO1BUF1 | DA01BUFO
X'3FBF' DADRO1 D/A Conversion Data Storage Register XVI -6
RCoAPL7 | RCoAPLG6 | RCOAPLS | RCOAPL4 | RCoAPL3 | RcoaPL2 | RcoaPLL | RcoaPLO
X'3FCT' RCOAPL ROM Correction Address 0 Setting Register Lower 8 hits I1-33
RCOAPM? | RcoaPM6 | RcoaPMs | RcoaPMa | RcoaPM3 | RcoAPM2 | RCoAPML | RCOAPMO
X'3FC8' RCOAPM ROM Correction Address 0 Setting Register Middle 8 bits I1-33
- [ - ] - - [ - ] - | rRcoaPHL | RCoAPHO
X'3FCY' RCOAPH ROM Correction Addreess 0 Setting Register Upper 2 bits I1-33
RC1APL7 | RC1APL6 | RC1APL5 | RC1APL4 | RC1APL3 | RC1APL2 | RC1APL1 | RC1APLO
X'3FCA' RC1APL ROM Correction Address 1 Setting Register Lower 8 hits I1-33
RCIAPM? | RC1APM6 | RC1APM5 | RC1APM4 | RC1APM3 | RC1APM2 | RCIAPML | RC1APMO
X'3FCB' RC1APM ROM Correction Address 1 Setting Register Middle 8 bits I1-33
- -1 - 1 - 1 - | - ] rciapH | re1apHo
X'3FCC' RC1APH ROM Correction Addreess 1 Setting Register Upper 2 bits II-33
RC2APL7 | RC2APL6 | RC2APLS | RC2APL4 | RC2APL3 | RC2APL2 | RC2APLL | RC2APLO
X'3FCD' RC2APL ROM Correction Address 2 Setting Register Lower 8 bits II-34
RC2APM? | RC2APM6 | RC2APM5 | RC2APM4 | RC2APM3 | RC2APM2 | RC2APML | RC2APMO
X'3FCE' RC2APM ROM Correction Address 2 Setting Register Middle 8 bits II-34
- -1 - 1 - | - ] - [ rceapHi [ rcaapHo
X'3FCF' RC2APH ROM Correction Addreess 2 Setting Register Upper 2 bits II-34
FMODE | ATIACT | ATMDS | ATMD2 | ATMDL | ATMDO | Reserved | ATIEN
X'3FDO' ATCNTO Pointer 0 [ATC1 Program ATCL1 Data Transfer Mode Selection Set Always |ATC1 Transfer XIV -6
Increment | Activation Flag ey
Control t0 "0 Enable
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. Bit Symbol /iniial Value /Description
Address | Register - - - - Page
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
BTSTP ATLIR3 ATLIR2 ATLRL ATLIRO
X3FDL' | ATCNTL Burst Transfe ATCL Activation Factor Selection XV-7
Enable flag
ATITRCT | ATLTRC6 | ATLTRCS | ATLTRC4 | ATLTRC3 ‘ ATITRC2 ‘ ATITRCL ‘ ATITRCO
X3FDZ' | ATITRC ATCL Transfer Count Setting -7
ATINAPOLT [ ATINAPOLS [ ATLVAPOLS | ATINAPOLA [ ATIMAPOLS ATIMAPOL2 | ATaNAPOLL] ATNAPOLO
X3FD3' | ATIMAPOL ATC1 Memory Pointer 0 Lower 8 bits V-8
POV TP TAPON3Tepoutz aTepos TPV ATDPONG | ATINEPING
X3FD4' | ATIMAPOM ATC1 Memory Pointer 0 Middle 8 bits XIV-8
ATlMAPOHN‘ATlMAPUHlG
X3FD5' | ATIMAPOH ATC1 Memory Pointer 0 XIV-8
Upper 2 bits
ATIMAPILT |ATIMAPIL6 | ATIMAPLLS [ATIMAPLLA | ATAMAPIL3 | ATIMAP1L2 ATlMAPlLl‘ATlMAPlLO
X3FD6' | ATIMAPIL ATCL Memory Pointer 1 Lower 8 bits XV-8
AR | ATINApIL TP TP TP [ATee e AT TP
X3FD7 | ATIMAPIM ATC1 Memory Pointer 1 Middle 8 bits XIV-8
ATlMAPlHN‘ATlMAPlHlG
X3FD8' | ATIMAPIH ATC1 Memory Pointer 1 | XIV-8
Upper 2 bits
PR WDIR | RESERVED
X3FEL NMICR Program ~ Waichdog Timer| Set Always | Ill- 16
Interrupt Iterrupt .
Request | Request 100
IRQOLVL | IRQOLVO | REDGO - - - IRQUIE IRQOIR
K3FEZ' | IRQUICR Specify RQ0 [ IRQQ Interupt Enable IRQO [Request RQo| Il 17
Interrupt Level Valid Edge Iterrupt | Interrupt
ROILVL \ RQLLVO | REDGL . . . RQUE | IRQIR
X3FES | IRQICR Specify RQ1 ~ [IRQ1 Interrupt Enable IRQ1 |Request RQ1| Il 18
Interrupt Level Valid Edge Intermupt | Interrupt
RQ2LVL \ RQAVO | REDG? . . . RQ2E | IRQZR
K3FE4 | IRQ2UCR SpecifyIRQ2 ~ [IRQ2 Interrupt Enable IRQ2 |RequestIRQ2| Il 19
Interrupt Level Valid Edge Inferrupt | Interrupt
IRQ3LV \ RQ3LVO | REDG3 . - . RQIE | IRQIR
X3FES' IRQ3ICR Specify IRQ3 IRQ3 Interrupt| Enable IRQ3 |Request IRQ3| Il - 20
Interrupt Level Valid Edge Intermupt | Interrupt
RQALVL \ RQALVO | REDGA - - - RQUE | IRQ4R
X3FEG' |  IRQ4CR Specify IRQ4 IRQ4 Interrupt| Enable IRQ4 [RequestIRQ4|  IIl-21
Interrupt Level Valid Edge Intermupt | Interrupt
THOLVL \ mowo | - . - . THOE | THOR
X3FEY TMOICR Specify TMO Enable TMO [Request TMO|  IlI-22
Interrupt Level Interrupt | Interrupt
TMILVL ‘ TMILVO - - - - TMLE TMLR
X3FEA" | TMLICR Specify TM1 Enable TML |RequestTML|  1I-23
Interrupt Level Interrupt | Interrupt
TMALVL ‘ TMALVO - - - - TMAE TMAR
X3FED' | TMAICR Specity T4 Enable TM4 | Request TM4| Il - 24
Interrupt Level Interrupt | Inerrupt
TM5LVL ‘ TMBLVO - - - - TMSIE TMSIR
X3FEE' | TMGICR Specify TS Enable TM5 | Request TM5| Il -25
Interrupt Level Interrupt | Interrupt
TM6LVL ‘ TMBLVO - - - - TMBIE TMEIR
X3FEF | TMEICR Specify TM6 Enable TV6 | Request TMG| ~ [Il- 26
Interrupt Level Interrupt | Interrupt
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i Bit Symbol /Initial Value /Description
Address Register - - - - - - - . Page
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TBLV1 TBLVO - - - - TBIE TBIR
X'3FF0" TBICR Specify TB Enable TB | Request TB " -27
Interrupt Level Interrupt Interrupt
TM7LV1 | TM7LVO - - - - TM7IE TM7IR
X'3FF1' TM7ICR Specify TM7 Enable TM7 |Request TM7 1 -28
Interrupt Level Interrupt Interrupt
T70C2LV1 | T70C2LVO - - - - T70C2IE T70C2IR
X'3FF2' T70C2ICR Specify T7OC2 Enable T70C2 | Request T70C2 1 -29
Interrupt Level Interrupt Interrupt
SCORLV1 | SCORLVO - - - - SCORIE SCORIR
X'3FF4' SCORICR Specify SCO Enable SCO Request SCO 11 - 30
Reception Interrupt Level ﬁmﬂ Ffﬁf:rﬁt‘i;n
SCOTLV1 | SCOTLVO - - - - SCOTIE SCOTIR
X'3FF5' SCOTICR Specify SCO TErgnagisﬁ‘ $s:1usen?ils Zlc)g I -31
Transmission Interrupt Level Interrupt \nterrunt
SC1RLV1 | SC1RLVO - - - - SC1RIE SCI1RIR
X'3FF6' SCI1RICR Specify SC1 Enable SC1 Request SC1 - 32
Reception Interrupt Level ﬁ:;?;;n Ff:f:,ﬁ:’;"
SC1TLV1 | SC1TLVO - - - - SCI1TIE SC1TIR
X'3FF7' SCI1TICR Specify SC1 TEr';nalsJ';SSSCl)ln $r?;1usen:i1 Ss;;i I -33
Transmission Interrupt Level Interrupt \nterrupt
SC3LV1 | SC3LVO - - - - SC3IE SC3IR
X'3FF9' SC3ICR Specify SC3 Enable SC3 |Request SC3 1l - 34
Interrupt Level Interrupt Interrupt
ADLV1 | ADLVO - - - - ADIE ADIR
X'3FFA' ADICR Specify AD Enable AD | Request AD 1l - 36
Interrupt Level Interrupt Interrupt
ATC1LV1 | ATC1LVO - - - - ATCLIE ATC1IR
X'3FFC' ATC1ICR Specify ATC1 Enable ATC1 |Request ATC1 " - 37
Interrupt Level Interrupt Interrupt
12CAD7 ‘ 12CAD6 12CAD5 12CAD4 12CAD3 12CAD2 12CAD1 12CADO
X'3FA3 SC4ADO Address Setting Register Xl -6
SELI2C Reserved Reserved I12CPSEL 12CGEM 12CADM 12CAD9 | 12CAD8
X'3FA4' SC4AD1 conmeble | SetAlways | Set Always | Serial Pin | Comunication Aédgl{i%s Address Setting Xl -6
Operation to "0" to "0" Selection | Mode Selection | goj0tign Register
12CTXB7 12CTXB6 12CTXB5 12CTXB4 12CTXB3 12CTXB2 12CTXB1 | 12CTXBO
K3FAS SCATXB Data Transmission Buffer K-S
I12CRXB7 I12CRXB6 I12CRXB5 12CRXB4 I12CRXB3 I12CRXB2 I12CRXB1 | I12CRXBS0
X3FAD! SC4RXB Data Reception Buffer Xl -5
WRS I2CINT STRT RSTRT 12CBSY SLVBSY ACKVALID -
X'3FAC SC4STR Transfer Interrupt Start Restart Bus Busy | Slave Busy | ACK Signal Xl -7
Dez:em?n“;zon Detection Detection Detection Detection Detection Detection
- - - - - - SC40DCO01 | SC40DCO00
X'3F3F' SC40DCO P02 Output P01 Output Xl -8
Type Selection | Type Selection
- | - - - | - - SC40DC11 | SC40DC10
X'3F3D’ SC40DC1 P54 Otput P53 Output Xl -8
Type Selection [Type Selection
scaLvi | scaLvo - - | - - SCAIE SC4IR
X'3FF3' SC4ICR . Enable SC4 | Enable SC4 1 -35
SC4 Interrupt Level Setting
Interrupt Interrupt
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Bit Symbol / Initial Value / Description

Address Register Page
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
12CAD7 12CAD6 12CAD5 12CAD4 12CAD3 12CAD2 12CAD1 12CADO
X3FAZ SC4ADO Addressing Register XIV -6
SELI2C Reserved Reserved 12CPSEL 12CGEM 12CADM 12CAD9 | 12CAD8
X'3FA4 SC4AD1 Communication Serial Interface|Communication| ~ Address XIV-6
. . Mode . Addressing Register
Enable Pin Selection | selection Selection
12CTXB7 12CTXB6 12CTXB5 12CTXB4 12CTXB3 12CTXB2 12CTXB1 | 12CTXBO
X'3FA5' SCATXB XV -5

Data Transmission Buffer

12CRXB7 12CRXB6 12CRXB5 12CRXB4 12CRXB3 12CRXB2 12CRXB1 | 12CRXBS0O

X3FAD SC4RXB Data Reception Buffer XIvV-5
WRS 12CINT STRT RSTRT 12CBSY SLVBSY ACKVALID -
X'3FAC' SC4STR H?g;flga Interrupt Start Re-Start Bus Busy | Slave Busy | ACK Signal XIv-7
Determinatior| Detection Detection Detection Detection Detection Detection
- - - - - - SC40DCO01 | SC40DCO00
X'3F3F' SC40DCO P05 P03 XIV-8
Output Type | Output Type
Selection Selection
- I - -1 - 1 - SC40DC11 | SC40DC10
X'3F3D' SC40DC1 P05 P03 XIV -8
Output Type | Output Type
Selection Selection
scavi | scaLvo - - 1T - 1 - SC4IE SC4IR
X'3FF3' SC4ICR -
SC4 Interrupt Level Setup SC4 Interrupt|SC4 Interrupt 1l -39
Enable Request
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17-3

MN101C SERIES INSTRUCTION SET

Instruction Set

Group Mnemonic Operation Flag ICodeCycle| Re- Machine Code Notes]
VF‘NF‘CF‘ZF Size peat| Ext. 1 2 3 4 5 6 7 8 9 10 11
Data Move Instructions
MOV MOV Dn,Dm Dn Dm -] 2|1 1010 DnDm
MOV imm8,Dm imm8 Dm |- -] 4] 2 1010DmDm <#8. ..>
MOV Dn,PSW Dn PSW o oo o 3|3 0010 1001 01Dn
MOV PSW,Dm PSW Dm |- 3] 2 0010 0001 01Dm
MOV (An),Dm mem8(An) Dm -] 22 0100 1ADm
MOV (d8,An),Dm mem8(d8+An) Dm -] 42 0110 1ADm <d8. ..> *1
MOV (d16,An),Dm mem8(d16+An) Dm B I I I I A 0010 0110 1ADm <d16 ... .. ..>
MOV (d4,SP),Dm mem8(d4+SP) Dm -] 3] 2 0110 01Dm <d4> Y]
MOV (d8,SP),Dm mem8(d8+SP) Dm ~l=|-]-]5]3 0010 0110 01Dm <d8. ..> *3
MOV (d16,SP),Dm mem8(d16+SP) Dm B I e I A 0010 0110 00Dm <d16 ... >
MOV (io8),Dm mem8(I0TOP+io8) Dm -] -] 4] 2 0110 00Dm <io8 ..>
MOV (abs8),Dm mem8(abs8) Dm e I N N B ) 0100 01Dm <abs 8.>
MOV (abs12),Dm mem8(abs12) Dm ~l-|-]-]5]2 0100 00Dm <abs 12. ..>
MOV (abs16),Dm mem8(abs16) Dm - T4 0010 1100 00Dm <abs 16.. ... ..>
MOV Dn,(Am) Dn  mem8(Am) -] 22 0101 1aDn
MOV Dn,(d8,Am) Dn  mem8(d8+Am) -] 4] 2 0111 1abn <d8. ..> *1
MOV Dn,(d16,Am) Dn mem8(d16+Am) e I I I I A 0010 0111 1abn <d16 ... - >
MOV Dn,(d4,SP) Dn  mem8(d4+SP) -] 3] 2 0111 01Dn <d4> *2
MOV Dn,(d8,SP) Dn mem8(d8+SP) ~l=|-]-]5]3 0010 0111 01Dn <d8. ..> *3
MOV Dn,(d16,SP) Dn  mem8(d16+SP) e e I I B A 0010 0111 0ODn <d16 ... - >
MOV Dn,(io8) Dn  mem8(IOTOP+io8) -] -] 4] 2 0111 00Dn <io8 ..>
MOV Dn,(abs8) Dn  mem8(abs8) -] 4] 2 0101 01Dn <abs 8.>
MOV Dn,(abs12) Dn mem8(abs12) ||| 512 0101 00Dn <abs 12. .>
MOV Dn,(abs16) Dn  mem8(abs16) e I I I B A 0010 1101 OODn <abs 16. .. .>
MOV imm8,(io8) imm8 mem8(I0OTOP+io8) ~l-|-]-]| 613 0000 0010 <io8 ..> <#8. .>
MOV imm8,(abs8) imm8 mem8(abs8) ||| 613 0001 0100 <abs 8.> <#8. .>
MOV imm8,(abs12) imm8 mem8(abs12) -] 7] 3 0001 0101 <abs 12. .> <#8. .>
MOV imm8,(abs16) imm8 mem8(abs16) == ]-]91]5 0011 1101 1001 <abs 16. .. .> <#38. .>
MOV Dn,(HA) Dn  mem8(HA) |-l 2] 2 1101 00Dn
MOVW  [MOVW (An),DWm mem16(An) DWm |||l 2]|3 1110 00Ad
MOVW (An),Am mem16(An) Am | -] 3] 4 0010 1110 10Aa *4
MOVW (d4,SP)DWm  |mem16(d4+SP) DWm ||| 33 1110 011d <d4> *2
MOVW (d4,SP),Am mem16(d4+SP) Am ||| 33 1110 010a <d4> *2
MOVW (d8,SP),DWm  |mem16(d8+SP) DWm ||| 5] 4 0010 1110 011d <d8. ..> *3
MOVW (d8,SP),Am mem16(d8+SP) Am ~l-|-]-]| 5|4 0010 1110 010a <d8. ..> *3
MOVW (d16,SP)DWm  |mem16(d16+SP) DWm |||l 7|5 0010 1110 001d <d16 >
MOVW (d16,SP),Am mem16(d16+SP) Am ||| 7|5 0010 1110 00Oa <d16 >
MOVW (abs8),DWm mem16(abs8) DWm ||| 43 1100 011d <abs 8.>
MOVW (abs8),A mem16(abs8) Am ||| 4|3 1100 010a <abs 8.>
MOVW (abs16),DWm mem16(abs16) DWm ~l=|-]-] 715 0010 1100 011d <abs 16. .. .>
MOVW (abs16),Am mem16(abs16) Am |- 7|5 0010 1100 010a <abs 16. .. ..>
MOVW DWn,(Am) DWn mem16(Am) |11 213 1111 00aD
MOVW An,(Am) An  mem16(Am) —|-]-]|-] 3|4 0010 1111 10aA *4
MOVW DWn,(d4,SP)  |DWn mem16(d4+SP) ||| 33 1111 011D <d4> 2
MOVW An,(d4,SP) An  mem16(d4+SP) |- ]-] 33 1111 010A <d4> *2
MOVW DWn,(d8,SP) DWn mem16(d8+SP) ~l-|-]-]| 5|4 0010 1111 011D <d8. ..> *3
MOVW An,(d8,SP) An  mem16(d8+SP) |- 5 ] 4 0010 1111 010A <d8. ..> *3
MOVW DWn,(d16,SP) |DWn mem16(d16+SP) ||| -] 7|5 0010 1111 001D <d16 >
MOVW An,(d16,SP) An  mem16(d16+SP) |||l 7|5 0010 1111 000A <d16 >
MOVW DWn,(abs8) DWn mem16(abs8) ||| 413 1101 011D <abs 8.>
MOVW An,(abs8) An  mem16(abs8) || 43 1101 010A <abs 8.>
MOVW DWn,(abs16) DWn mem16(abs16) |- ]-|=-] 7|5 0010 1101 011D <abs 16.. ... .>
MOVW An,(abs16) An  mem16(abs16) == 7|5 0010 1101 O10A <abs 16. .. ..>
MOVW DWn,(HA) DWn mem16(HA) |-l 2] 3 1001 010D
MOVW An,(HA) An memi6(HA) |||l 2]|3 1001 011A
MOVW imm8,DWm sign(imm8) DWm -] -] 4] 2 0000 110d <#8. ..> *5
MOVW imm8,Am zero(imm8) Am -] -] 4] 2 0000 11la <#8. ..> *6
MOVW imm16,DWm imm16 DWm —|-]-]-]6]3 1100 111d <#16 ... - >
*1 d8sign-extension *4 A=An, a=Am
*2  d4 zero-extension *5 #8 sign-extension
*3  d8 zero-extension *6 #8 zero-extension
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MN101C SERIES INSTRUCTION SET

Group Mnemonic Operation Flag odeCyclel Re- EXten- Machine Code
VENFlCHzFSe | pedllg 1 2 3 4 5 6 7 8 9 10 11

Nulei

MOVW immi6Am  [imm16 Am - 63 1101 11la <416 .. .. .>
MOVW SP Am SP Am 3|3 0010 0000 100a
MOVW An,SP An SP -1313 0010 0000 101A
MOVW DWn,DWm DWn DWm - 33 0010 1000 00Dd 1
MOVW DWn,Am DWn Am ~13]3 0010 0100 110a
MOVW AnDWm An DWm - 33 0010 1100 11Ad
MOVW AnAm An - Am |33 0010 0000 00Aa 2
PUSH  |PUSH Dn SP-1 SP,Dn mem8(SP) 123 1111 10Dn
PUSH An SP-2 SP,An mem16(SP) 2|5 0001 011A
POP POP Dn mem8(SP) Dn,SP+1 SP -l213 1110 10Dn
POP An mem16(SP) AnSP+2 SP -1 2|4 0000 011A
EXT EXT Dn,DWm sign(Dn) DWm 3|3 0010 1001 000d k]

Arithmetic manupulation instructions

ADD  |ADD DnDm Dm+Dn  Dm oj0j0j0|3 |2 0011 0011 DnDm
ADD immé,Dm Dmssign(imm4) Dm olej003 |2 1000 00Dm <#4> kj
/ADD imm8 Dm Dm+imm8 Dm DOOUER 0000 10Dm <¢8. .>
ADDC  |ADDC Dn,Dm Dm+Dn+CF Dm o/e|e |0 3|2 00011 1011DnDm
ADDW  |ADDW DWn,DWm DWm+DWn DWm e|e|e 0|3 |3 |0 0010 0101 00Dd 1
/ADDW DWn,Am AmtDWn  Am o(0|0 (0|3 |3 |0]|0010 0101 10Da
ADDW imm4,Am |Am#sign(imm4) Am 00|00 32 1110 110a <4> 6
ADDW imm8 Am Am+sign(immg) Am DUOUERE 0010 1110 110a <. .> K
ADDW imm16,Am Am+imm16 Am olejoj0 7 |4 0010 0101 Olla <#16 .. .. .>
IADDW imm4,SP SP+sign(immd4) SP 3|2 1111 1101 <#s> kJ
ADDW imm8,SP SP+sign(immg) SP 4|2 1111 1100 <8, .> 1
/ADDW imm16,SP SP+mm16 SP T4 0010 1111 1100 <#16 ...
ADDW imm16,0Wm  |DWm+imm16 DWm o000 7 4 0010 0101 010d <#16 ..
ADDUW |ADDUW DnAm Am+zero(Dn) Am @00 /0|3 |3[O0010 1000 1aDn ki
ADDSW |ADDSW Dn,Am Amtsign(Dn)  Am o|0|0|0| 3|3 |0 |(0010 1001 1aDn
SUB  |SUB DnDm(whenDn Dm) (Dm-Dn Dm o|0(0/03|2|0]|0010 1010 DnDmM
SUB Dn,Dn Dn-Dn Dn ojofoj1{2|1 1000 01Dn
ISUB imm8,om Dm-imm8  Dm ele0e53 0010 1010DmDm <#8. >
SUBC  |SUBC DnDm Dm-Dn-CF  Dm o0 (0|03 |2|0|0010 1011DnDm
SUBW  |SUBW DWn,DWm DWm-DWn  DWm olofej03 3 0010 0100 00Dd 1
ISUBW DWnAm AmDWn Am ®lej0fe[3]3 0010 0100 10Da
SUBW imm16,0Wm  |DWm-mm16 DWm o000 7 4 0010 0100 010d <t16 .. .. .>
SUBW immi6Am  |Am-mm16 Am o000 7 |4 0010 0100 0112 <16 .. .. .>
MULU  |MULU Dn,Dm Dm*Dn DWk oje|e®| 3|8 0010 1111 111D ki
DIVU  |DIVU Dn,DWm DWm/Dn DWm-..DWm-h |®|@|® @] 3 |9 0010 1110 111d 5
CMP |CMP DnDm Dm-Dn..PSW o000 3 2 0011 0010 DnDm
ICMP  immg,Dm Dm-imm8...PSW DUUUEIR 1100 00Dm <#8. .>
ICMP  imm,(abs) PSW |@ele|e|6 |3 0000 0100 <abs 8.> <#8. .>
CMP imm8,(abs12)  [memB(absi2)-immg..PSW |@|@|® @] 7 |3 0000 0101 <abs 12. .> <8 .>
CMP imm8 (abs16) 8.PSW (0|00 (0 9|5 0011 1101 1000 <abs 16. .. .> <#. .>
CMPW  |CMPW DWn,DWm DWm-DWn...PSW olojej0 3|3 0010 1000 01Dd 9
CMPW DWnAm Am-DWn..PSW DUOUERE 0010 0101 11Da
CMPW AnAm Am-An...PSW o0joj03 |3 0010 0000 01Aa 92
CMPW imm16,DWm ~ (DW-imm16...PSW elo(eje63 1100 110d <416 ..
CMPW imm16Am  |Am-mm16.. PSW ®lojojo 63 1101 1102 <416 ..
Logical manij instructions
AND  |AND DnDm Dmé&Dn Dm 0|®o|e| 3|2 0011 0111 DnDm
AND imm8Dm Dmé&imm8  Dm 0|®0|® 4]2 0001 11Dm <#8. .>
AND imm8PSW PSW&imm8 PSW 000053 0010 1001 0010 <i#8. .>
OR  |OR DnDm DmiDn Dm 0/®|0(ef3]|2 0011 0110 DnDm
OR  immg,Dm Dmiimm8  Dm oje|ole|4]|2 0001 10Dm <#8. ..>
OR  imm8,PSW PSWIimm8  PSW olej0j05 3 0010 1001 0011 <. ..>
XOR  |XOR DnDm Dm'Dn Dm 0e|0|e3]|2 0011 1010 DnDm i
XOR immgDm Dm"imm8  Dm 0[®/0/0|5|3 0011 1010DmDm <8, ..>
*1 D=DWn,d=DWm  *5 D=DWm *9 mn
*2 A=An, a=Am *6 #4 sign-extension
*3 d=DWm *7 #8 sign-extension
*4 D=DWk *8 Dn zero extension
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Group Mnemonic Operation Flag CodeCyclel Re- |EXten Note
VF‘NF‘CF‘ZF Size peat| gion 1 2 3 8 9 10 11
NOT NOT Dn ~Dn Dn= ® | 0 3|2 0010 0010 10Dn
ASR ASR Dn Dn.msb temp,Dn.Isb CF 0|-|@ 3 |2 | O |0010 0011 10Dn
Dn>>1 Dn,temp Dn.msb
LSR LSR Dn Dn.sb CF,Dn>>1 Dn 0@ 3|2 | O|0010 0011 11Dn
0 Dn.msb
ROR ROR Dn Dn.lsb temp,Dn>>1 Dn [ A 3| 2| O |0010 0010 11Dn
CF Dn.msb,temp CF
Bit manipulation instructions
BSET  |BSET (i08)bp mem8(I0TOP+i08)&bpdata...PSW| 0 |@ | 0 5|5 0011 1000 Obp. <io8
1 mem8(I0TOP+io8)bp
BSET (abs8)bp mem8(abs8)&bpdata...PSW ® 0 4| 4 1011 Obp. <abs
1 mem8(abs8)bp
BSET (abs16)bp mem8(abs16)&bpdata...PSW @0 716 0011 1100 Obp. <abs
1 mem8(abs16)bp
BCLR  |BCLR (i08)bp mem8(I0TOP+i08)&bpdata...PSW| 0 |@ | 0 5|5 0011 1000 1bp. <io8
0 mem8(I0TOP+io8)bp
BCLR (abs8)bp mem8(abs8)&bpdata...PSW @0 4|4 1011 1bp. <abs
0 mem8(abs8)bp
BCLR (abs16)bp mem8(abs16)&bpdata...PSW @0 716 0011 1100 1bp. <abs
0 mem8(abs16)bp
BTST BTST imm8,Dm Dm&imma8...PSW @ 0 5|3 0010 0000 11Dm <#8.
BTST (abs16)bp mem8(abs16)&bpdata...PSW ® |0 715 0011 1101 Obp. <abs
Branch instructions
Bce BEQ label if(ZF=1), PC+3+d4(label)+H PC - |- 3 (23 1001 O00H <d4> *1
if(ZF=0), PC+3 PC
BEQ label if(ZF=1), PC+4+d7(label)+H PC -] - 4 |23 1000 1010 <d7. *2
if(ZF=0), PC+4 PC
BEQ label if(ZF=1), PC+5+d11(label)+H PC| -] - 5 (23 1001 1010 <dil *3
if(ZF=0), PC+5 PC
BNE label if(ZF=0), PC+3+d4(label)+H PC -] - 3 (23 1001 O01H <d4> 1
if(ZF=1), PC+3 PC
BNE label if(ZF=0), PC+4+d7(label)+H PC |- 4 |23 1000 1011 <d7. *2
if(ZF=1), PC+4 PC
BNE label if(ZF=0), PC+5+d11(label)+H PC| -] - 5 (23 1001 1011 <di1 *3
if(ZF=1), PC+5 PC
BGE label if((VFANF)=0),PC+4+d7(label)+H PC - 4 |23 1000 1000 <d7. *2
if((VFANF)=1),PC+4 PC
BGE label f((VFANF)=0),PC+5+d11(label}tH  PC| -- | -- | -- 5 |23 1001 1000 <dil *3
if(VFANF)=1),PC+5 PC
BCC label if(CF=0),PC+4+d7(label)+H PC| - 4 |23 1000 1100 <d7. *2
if(CF=1), PC+4 PC
BCC label if(CF=0), PC+5+d11(label)+H PC - | -- | - 5 |23 1001 1100 <dil *3
if(CF=1), PC+5 PC
BCS label if(CF=1),PC+4+d7(label)+H PC| - 4 |23 1000 1101 <d7. *2
if(CF=0), PC+4 PC
BCS label if(CF=1), PC+5+d11(label)+H P( - 5 (23 1001 1101 <dil *3
if(CF=0), PC+5 PC
BLT label if((VFANF)=1),PC+4+d7(label)+H PC - 4 |23 1000 1110 <d7. *2
if((VFANF)=0),PC+4 PC
BLT label if((VF"NF)=1),PC+5+d11(label)+H PC - - 5 |23 1001 1110 <d11 *3
if((VFANF)=0),PC+5 PC
BLE label if((VFANF)[ZF=1), PC+4+d7(label)+H  P( - - 4 |23 1000 1111 <d7. *2
if((VFANF)|ZF=0),PC+4 PC
BLE label if((VFANF)|ZF=1), PC+5+d11(labeljtH  PC - | -- | - 5 |23 1001 1111 <di1 *3
if((VFANF)|ZF=0),PC+5 PC
BGT label if((VFANF)|ZF=0),PC+5+d7(label)tH PG -- | -- | -- 5 |3/4 0010 0010 0001 <d7. *2
if((VFANF)|ZF=1),PC+5 PC
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Group Mnemonic Operation Flag (CodeCycle| Re- EXten- Machine Code Notes
VF‘NF‘CF‘ZF Size peat| gion 1 2 3 4 5 6 7 8 9 10 11
Bcc BGT label if((VFNF)|ZF=0),PC+6+d11(abel}tH PC| - | - | - | --| 6 [3/4 0010 0011 0001 <d1l .H *3
if((VFANF)|ZF=1),PC+6 PC
BHI label if(CFIZF=0),PC+5+d7(label}+H PC|-- |- ||| 5 [3/4 0010 0010 0010 <d7. ..H *2
if(CFIZF=1), PC+5 PC
BHI label if(CFIZF=0),PC+6+d11(label)+H PC| - | - | | --| 6 [3/4 0010 0011 0010 <d11 ..H *3
if(CFIZF=1), PC+6 PC
BLS label if(CFIZF=1),PC+5+d7(label}+H PC| - |- |~ || 5 [3/4 0010 0010 0011 <d7. ..H *2
if(CFIZF=0), PC+5 PC
BLS label if(CFIZF=1),PC+6+d11(label+H PC| - | - | | --| 6 [3/4 0010 0011 0011 <d1l ..H *3
if(CFIZF=0), PC+6 PC
BNC label if(NF=0),PC+5+d7(label)+H PC|--|--|-|--| 5 [3/4 0010 0010 0100 <d7. ..H *2
if(NF=1),PC+5 PC
BNC label if(NF=0),PC+6+d11(label)+H PC|--|--|--|--| 6 |3/4 0010 0011 0100 <d11 .H *3
if(NF=1),PC+6 PC
BNS label if(NF=1),PC+5+d7(label)+H PC|--|--|--|--| 5 |3/4 0010 0010 0101 <d7. ..H *2
if(NF=0),PC+5 PC
BNS label if(NF=1),PC+6+d11(label)+H PC|--|--|--|--| 6 |3/4 0010 0011 0101 <d11 .H *3
if(NF=0),PC+6 PC
BVC label if(VF=0),PC+5+d7(label)+H PC|--|--|--|--| 5 |3/4 0010 0010 0110 <d7. ..H *2
if(VF=1),PC+5 PC
BVC label if(VF=0),PC+6+d11(label)+H PC|--|--|--|--| 6 |3/4 0010 0011 0110 <d11 .H *3
if(VF=1),PC+6 PC
BVS label if(VF=1),PC+5+d7(label)+H PC| - |- |- |--| 5 |3/4 0010 0010 0111 <d7. .H 0
if(VF=0),PC+5 PC
BVS label if(VF=1),PC+6+d11(label)+H PC|--|--|--|--| 6 |3/4 0010 0011 0111 <d11 .H *3
if(VF=0),PC+6 PC
BRA label PC+3+d4(label)+H PC -] 33 1110 111H <d4> *1
BRA label PC+4+d7(label)tH PC -] 4|3 1000 1001 <d7. ..H *2
BRA label PC+5+d11(label)tH PC || -]-15|3 1001 1001 <d11 .H *3
CBEQ |CBEQ imm8,Dm,label if(Dm=imm8),PC+6+d7(label)+H PC|@® @ (@ | @ 6 |3/4 1100 10Dm <#8. .> <d7. .H *2
if(Dm#imm8),PC+6 PC
CBEQ imm8,Dm,label if(Dm=immg),PC+8+d11(abe)+H PC|@ |@ |@ | @ 8 |4/5 0010 1100 10Dm <#8. .> <d1l .H *3
if(Dm#imm8),PC+8 PC
CBEQ imm8,(abs8),label |if(mem8(abs8)=imm8),PC+9+d7(abel}*H PC @ |@ |@ |@| 9 |6/7 0010 1101 1100 <abs 8.> <#8. .> <d7. .H *2
if(mem8(abs8)zimm8),PC+9 PC
CBEQ imm8,(abs8),label |if{mems(abs8)=imm8),PC+10+d11(abe)+H PC|@ |@ |@ | @| 10 | 6/7 0010 1101 1101 <abs 8.> <#38. .> <dll .H *3
if(mem8(abs8)#imm8),PC+10 PC
CBEQ imm8, (abs16)label |i(mem(abs16)=mm8) PC+11+d7(abelltH PCl@ |@ |@ |@| 11 |7/8 0011 1101 1100 <abs 16.. WS> <#8. .> <d7. .H *2
if(mem8(abs16)#immg),PC+11 PC
CBEQ imm8,(abs16),label |if{mem8(abs16)<immg),PC+12+d11(abel}+H PC|/@ |@ |@ | @ | 12 |7/8 0011 1101 1101 <abs 16.. > <#8. > <dll .H |*3
if(mem8(abs16)#imm8),PC+12 PC
CBNE  |CBNE imm8,Dm,label if(Dm#mm8),PC+6+d7(label)+H PC|@ |@ |@ |@®| 6 |3/4 1101 10Dm <#8. .> <d7. .H> *2
if(Dm=imm8),PC+6 PC
CBNE imm8,Dm,label if(Dm#imm8),PC+8+d11(label*H PC| @ |@ |@ | @] 8 |4/5 0010 1101 10Dm <#8. .> <dil WH *3
if(Dm=imm8),PC+8 PC
CBNE imm8,(abs8),label |if(mem8(abs8)#immg) PC+9+d7(abe)+H PO @ (@ |@ |@| O |6/7 0010 1101 1110 <abs 8.> <#8. .> «<d7. .H *2
if(mem8(abs8)=imm8),PC+9 PC
CBNE imm8,(abs8),label |if(mem8(abs8)#imm8),PC+10+d11(abeltH PCl@ |@ |@ |@ | 10 | 6/7 0010 1101 1111 <abs 8.> <#8. .> <dlil .H *3
if(mem8(abs8)=imm8),PC+10 PC
CBNE imm8,(abs16),label |if{mem8(abs16)#imme) PC+11+d7(abelltH PC/@ |@ |@ |@ | 11 |7/8 0011 1101 1110 <abs 16.. L> <#8. .> <d7. .H *2
if(mem8(abs16)=imm8),PC+11 PC
CBNE imm8,(abs16),label |if{mem8(abs16)imm8) PC+12+d11(abell+H PC|@ @ |@ |@ | 12 | 7/8 0011 1101 1111 <abs 16. L> O <#8. L> <dll .. .H |8
if(mem8(abs16)=imm8),PC+12 PC|
TBZ TBZ (abs8)bp,label if(mem(abs8)bp=0),PC+7+d7(label}+H PC| O |@ | O |@ | 7 |6/7 0011 0000 Obp. <abs 8.> <d7. .H *2
if(mem8(abs8)bp=1),PC+7 PC
TBZ (abs8)bp,label if{memB(abs8)bp=0),PC+8+d11(abel)}+H PC| O (@ | O |@| 8 |6/7 0011 0000 1bp. <abs 8.> <dl1 .H *3
if(mem8(abs8)bp=1),PC+8 PC
*1 d4 sign-extension
*2 d7 sign-extension
*3 d11 sign-extension
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VF‘NF‘CF‘ZF Size peatigon 1 2 3 4 5 6 7 8 9 10 11
TBZ TBZ (i08)bp,label fi{mem(10TOP+io8)op=0),PC+T+d7(abel}+H PC| O @ | O | @ | 7 | 6/7 0011 0100 Obp. <08 .> <d7. .H 1
if(mem8(IOTOP+i08)bp=1),PC+7 PC
TBZ (i08)bp, label f{memg(10TOP+ioB)bp=0)PCs8+d11(abelH PC O |@ |0 |@ | 8 |6/7 0011 0100 1bp. <io8 .> <dil .. ..H 2
if(mem8(I0TOP+i08)bp=1),PC+8 PC
TBZ (abs16)bp,label fi(memg(abs16)op=0) PC+9+d7(label}+H PC{ O (@ | O (@] 9 |7/8 0011 1110 Obp. <abs 16. .. .> <d7. .H 1
if(mem8(abs16)bp=1),PC+9 PC
TBZ (abs16)bp,label if(mem8{abs16)bp=0),PC+10+d11(abel}+H PC| O (@ | O | @ |10 |7/8 0011 1110 1bp. <abs 16. .. ..> <dil .. .H *2
if(mem8(abs16)bp=1),PC+10 PC
TBNZ  |TBNZ (abs8)bp,label if(mem8(abs8)bp=1) PC+7+d7(abel}*H PC| O (@ |0 | @| 7 |6/7 0011 0001 Obp. <abs 8.> <d7. .H *1
if(mem8(abs8)bp=0),PC+7 PC
TBNZ (abs8)bp,label if(mem8(abs8)op=1),PC+B+d11(abell+H PC|O |@ [0 | @] 8 |6/7 0011 0001 1bp. <abs 8.> <dll .. .H 2
if(mem8(abs8)bp=0),PC+8 PC
TBNZ (i08)bp,label if(mem8(io)bp=1),PC+7+d7(label)}+H PC|O (@ |0 |@ | 7 |6/7 0011 0101 Obp. <08 .> <d7. .H *1
if(mem8(io)bp=0),PC+7 PC
TBNZ (i08)bp,label if(mem8(io)op=1) PC+8+d11(label}*H PC{O |@ |0 |@| 8 |6/7 0011 0101 1bp. <08 .> <d1l .. .H *2
if(mem8(io)bp=0),PC+8 PC
TBNZ (abs16)bp,label ‘\I(mems(abslﬁ)bp:1),PC+9+d7(\aheI)+H PO (@ |0 (@]9 |78 0011 1111 Obp. <abs 16. .. .> <d7. .H 1
if(mem8(abs16)bp=0),PC+9 PC
TBNZ (abs16)bp,label if(memB(abs16)bp=1) PC+10+d11(abel}+H PC| O |@ | O | @ | 10 |7/8 0011 1111 1bp. <abs 16. .. .> <d11 .. .H 2
if(mem8(abs16)bp=0),PC+10 PC
JMP JMP (An) 0 PC.17-16An PC.15-00 PCH |--|--|--|-—-| 3 | 4 0010 0001 00AO
JMP_label abs18(label)+H PC o e e e A I 0011 1001 OaaH <abs 18b pl5~ 0.> s
JSR JSR (An) SP-3 SP,(PC+3).bp7-0 mem8(SP) |--- [--- |- || 3 | 7 0010 0001 00A1
(PC+3).bp15-8 mem8(SP+1)
(PC+3).H mem8(SP+2).bp7,
0 mem8(SP+2).bp6-2,
(PC+3).bp17-16  memB(SP+2).bp1-0
0 PChp17-16
An PCbp15-00 PCH
JSR label SP-3 SP,(PC+5).0p7-0 mem8(SP) |--- [---|-|--| 5 | 6 0001 00OH <d12 .. .> *3

(PC+5).bp15-8 mem8(SP+1)
(PC+5).H mem8(SP+2).bp7,
0 mem8(SP+2).bp6-2,
(PC+5).bp17-16 - mem8(SP+2).bp1-0
PC+5+d12(label)+H PC

JSR label SP-3 SP,(PC+6).bp7-0 mem§(SP) |---|---|--|--| 6 | 7 0001 00IH <d16 .. .. .> *4
(PC+6).bp15-8 mem8(SP+1)
(PC+6).H mem8(SP+2).bp7,
0 mem8(SP+2).bp6-2,
(PC+6).bp17-16 mem8(SP+2).bp1-0
PC+6+d16(label)+H PC

JSR label SP-3 SP,(PC+7).bp7-0 mem§(SP) |---|---|--|--| 7 | 8 0011 1001 laaH <abs 18b pl5~ 0.> *5
(PC+7).bp15-8 mem8(SP+1)
(PC+7).H mem8(SP+2).bp7,
0 mem8(SP+2).bp6-2,
(PC+7).bp17-16  mem8(SP+2).bp1-0
abs18(label)+H PC

JSRV (thl4) SP-3 SP,(PC+3).bp7-0 mem8(SP) | ---|---| - || 3 | 9 1111 1110 <t4>
(PC+3).bp15-8 mem8(SP+1)
(PC+3).H mem8(SP+2).bp7
0 mem8(SP+2).bp6-2,
(PC+3).bp17-16  mem8(SP+2).bp1-0
mem8(x'004080+tbl4<<2) PC.bp7-0
mem8(x'004080+tbl4<<2+1) PC.bp15-8
mem8(x004080+thl4<<2+2).bp7 PCH
memB(x'004080+thld<<2+2).bp1-0
PC.bp17-16

NOP  |NOP PC+2 PC wefee|| =l 2 [ 2| O 0000 0000

*1  d7 sign-extension
*2  d11 sign-extension
*3  d12 sign-extension
*4  d16 sign-extension
*5 aa=absl8.17 - 16
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MN101C SERIES INSTRUCTION SET

Group Mnemonic Operation Flag CodeCyclg Re- |Exten- Machine Code Notes|
VF‘NF‘CF‘ZF Size peat] sion 1 2 3 4 5 6 7 8 9 10 1

RTS RTS mem8(SP) (PC).bp7-0 G [ i o A 0000 0001
mem8(SP+1) (PC).bp15-8
mem8(SP+2).bp7 (PC).H
mem8(SP+2).bp1-0  (PC).bp17-16
SP+3 SP

RTI RTI mem8(SP) PSW o000 2|11 0000 0011
mem8(SP+1) (PC).bp7-0
mem8(SP+2) (PC).bp15-8
mem8(SP+3).bp7 (PC).H
mem8(SP+3).bp1-0  (PC).bp17-16
mem8(SP+4) HA-l
mem8(SP+5) HA-h

SP+6 SP

Contorl instructions
[rep [repimm3 Jimma-1 RPC []-]~]-]3]2] oo ooot rep

*1

*1 no repeat whn imm3=0, (rep: imm3-1)

as macro instructions.

Other than the instruction of MN101C Series,the assembler of this Series has the following instructions
u The assembler will interpret the macro instructions below as the assembler instructions.

macro instructions replaced instructions remarks
INC Dn ADD 1,Dn
DEC Dn ADD -1,Dn
INC An ADDW  1,An
DEC An ADDW  -1,An
INC2 An ADDW  2,An
DEC2 An ADDW  -2,An
CLR Dn SUB Dn,Dm n=m
ASL Dn ADD Dn,Dm n=m
LSL Dn ADD Dn,Dm n=m
ROL Dn ADDC  Dn,Dm n=m
NEG Dn NOT Dn

ADD 1,Dn
NOPL MOVW DWn,DWm | h=m
MOV (SP),Dn MOV (0,SP),Dn
MOV Dn,(SP) MOV Dn,(0,SP)
MOVW  (SP),DWn | MOvw (0,SP),DWn
MOVW  DWn,(SP) | MOVW DWn,(0,SP)
MOVW  (SP),An MOVW  (0,SP),An
MOVW  An,(SP) MOVW  An,(0,SP)

Ver3:2(200201.31)
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17-4

Instruction Map

MN101C SERIES INSTRUCTION MAP

1st nibble\2nd nibble
0 1 2 3 4 5 6 7 8 9 A B C D E F
0 |INOP [RTS |MOV#8,i8)| RTI CMP #8,(abs8)/(abs12) |POP An ADD #8,Dm MOVW #8,DWm|MOVW #8,Am
1 [JSR d12(label) | ISR d16(label) |MOV #8,(abs8)/(abs12) | PUSH An OR #8,Dm AND #8,Dm
2 |When the exension code is b'0010'
3 |When the extension code is b'0011'
4 |MOV (abs12),Dm MOV (abs8),Dm MOV (An),Dm
5 |MOV Dn,(abs12) MOV Dn,(abs8) MOV Dn,(Am)
6 |MOV (i08),Dm MOV (d4,SP),Dm MOV (d8,An),Dm
7 |MOV Dn,(io8) MOV Dn,(d4,SP) MOV Dn,(d8,Am)
8 |ADD #4,Dm SUB Dn,Dn BGE d7|BRA d7 |[BEQ d7|BNE d7 |BCC d7|BCS d7 |BLT d7 |BLE d7
9 |BEQd4 BNE d4 MOVW DWn,(HA) [MOVW An,(HA) |BGE d11|BRA d11|BEQ d11|BNE d11|{BCC d11|BCS d11|BLT d11 |BLE d11
A [MOV Dn,Dm/ MOV #8,Dm
B |BSET (abs8)bp BCLR (abs8)bp
C |CMP #8,Dm MOVW (abs8),Am|MOVW (abs8),DWm|CBEQ #8,Dm,d7 CMPW #16,DWm|MOVW #16,DWm
D |MOV Dn,(HA) MOVW An,(abs8) | MOVW DWn,(abs8) | CBNE #8,Dm,d7 CMPW #16,Am|MOVW #16,Am
E |MOVW (An),DWm MOVW (d4,SP),Am|MOVW (d4,SP),DWm | POP Dn ADDW #4,Am |BRA d4
F [MOvVW DwWn,(Am) MOVW An,(d4,SP) |MOVW DWn,(d4,5P) | PUSH Dn ADDW #8,5P| ADDW #4,5P| JSRV (tbld)
Extension code: b'0010'
2nd nible\ 3rd nibble
0 1 2 3 4 5 6 7 8 9 A B C D E F
0 |MOVW An,Am CMPW An,Am MOVW SP,Am [MOVW An,SP |BTST #8,Dm
1 [IMP (A0)|JSR (A0)| IMP (AL)| JSR (A1)| MOV PSW,Dm REP #3
2 BGT d7 |BHId7 |BLS d7 |[BNC d7|BNS d7|BVC d7 |BVS d7 |[NOT Dn ROR Dn
3 BGT d11|{BHI d11 |BLS d11 |[BNC d11{BNS d11|BVC d11{BVS d11|ASR Dn LSR Dn
4 |SUBW DWn,DWm SUBW #16,DWm|SUBW #16,Am | SUBW DWn,Am MOVW DWn,Am
5 |ADDW DWn,DWm ADDW #16,DWm|ADDW #16,Am |ADDW DWn,Am CMPW DWn,Am
6 |MOV (d16,SP),Dm MOV (d8,SP),Dm MOV (d16,An),Dm
7 |MOV Dn,(d16,SP) MOV Dn,(d8,SP) MOV Dn,(d16,Am)
8 |MOVW DWn,DWm (NOPL @n=m) | CMPW DWn,DWm ADDUW Dn,Am
9 |EXT Dn,DWm [AND#3PSW|OR#8PSW| MOV Dn,PSW ADDSW Dn,Am
A |SUB Dn,Dm/ SUB #8,Dm
B |SUBC Dn,Dm
C |MOV (abs16),Dm MOVW (abs16),Am| MOVW (abs16),DWm| CBEQ #8,Dm,d12 MOVW An,DWm
D |MOV Dn,(abs16) MOVW An,(abs16) | MOVW DWn,(abs16) CBNE #8,Dm,d12 CBEQ #8,(abs8),d7/d11 CBNE #8,(abs8),d7/d11
E |MOVW (d16,SP),Am| MOVW (d16,SP),DWm| MOVW (d8,SP),Am| MOVW (d8,SP),DWm| MOVW (An),Am ADDW #8,Am |DIVU
F [MOVW An,(d16,SP) | MOVW DWn,(d16,SP)| MOVW An,(d8,SP) | MOVW DWn,(d8,SP) MOVW An,(Am) ADDW 16,5 MULU
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Extension code: b'0011'

2nd nibble\ 3rd nibble
0 1 2

8 9 A

Chapter 17 Appendices

0 |TBZ (abs8)bp,d7

TBZ (abs8)bp,d11

1 |TBNZ (abs8)bp,d7

TBNZ (abs8)bp,d11

2 |CMP Dn,Dm

3 |ADD Dn,Dm

4 |TBZ (i08)bp,d7

TBZ (i08)bp,d11

5 |TBNZ (i08)bp,d7

TBNZ (i08)bp,d11

6 |OR Dn,Dm

7 |AND Dn,Dm

8 |BSET (i08)bp

BCLR (io8)bp

9 |JMP abs18(label)

JSR abs18(label)

A |XOR Dn,Dm/ XOR #8,Dm

B |ADDC Dn,Dm

C |BSET (abs16)bp

BCLR (abs16)bp

D |BTST (abs16)bp

cmp #8,(abs16)

mov #8‘(ab516)|

CBEQ #8 (abs16),47/11 FBNE #8 (abs16),07/11

E |TBZ (abs16)bp,d7

TBZ (abs16)bp,d11

F |TBNZ (abs16)bp,d7

TBNZ (abs16)bp,d11

Ver2.1(2001.03.26)
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Chapter 18  Flash EEPROM

18-1 Overview

18-1-1 Overview

The MN101CF77G is equivalent to MN101C77C except its Mask ROM is substituted with 128 KB of flash
EEPROM.
Operating voltage of MN101CF77G is as follows.
MN101CF77G Operating voltage: VDD=2.7 Vt0 3.6 V
Normal operation is guaranteed with up to ten programmings. *1

The MN101CF77G is programmed in one of two modes;

PROM writer mode, which uses a dedicated PROM writer for a microcontroller's stand-alone program-
ming. Onboard programming mode, which the CPU controls programming of a microcontroller on a
target board.

The 128 KB flash EEPROM is divided into two main areas.

O Load program area (8 KB : X'04000' to X'05FFF")
This area stores a load program for onboard programming mode. This area is overwritten only in PROM
writer mode. This area is write/erase-protected in the hardware during onboard programming mode.

O User program area (120 KB : X'06000' to X'23FFF")
This area stores an user program. It is overwritten in both programming modes.

*1 1 cycle of "erase-write" process is counted as 1 programming in every block.
That is, when several blocks are programmed one-time separately, programming count
is added by just the number of programming cycle. (For instance, when block 1, 2 and 3
are programmed separately, 3 program count is added.)
Therefore, program several blocks together to reduce the programming count.
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Flash EEPROM version may enter the onboard programming mode even when the serial
writer is not connected to it (on-board programming mode is not selected).

To avoid this, set the pull-up resistors on the target board, or design the circuit in such a way
that the pins are "H" or "L" level even at reset.

If load program is not written to the Flash EEPROM, it does not happen.

‘ If serial interface communication pins (P53, P54, P05 and P03) are in floating state, this
[ ]

Figure 18-1-1 shows a memory map in Internal flash EEPROM.

04000 Block 0 : 8KB A Load Program Area
08000 I Bock 1 T 8KB X

08000 | Biock 2 T 8KB

XA Bjock 3 T gKB

X0C000" " glock 4 . 8KB

X0E000" I Block 5 . 8KB

X10000" I Biock 6 T 8KB

X12000° " glock 7 : 8KB

X14000" |~ Block 8 T 8kKB User Program Area
X18000" |~ Block T 8KB

X18000" | glock 10 . 8KB

X1A000" I Bigck 11 . gKB

X1C000" | Block 12 . 8KB

X1E000' ™ Block 13 . 8KB

X20000" """ Block 14 T 8KB

X22000" |~ Biock 15 T 8KB

X23FFF Y

Figure 18-1-1 Memory Map in Internal Flash EEPROM
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18-1-2 Differences between Mask ROM version and EPROM
version

Table 18-1-1 shows differences between 8-bit microcontroller MN101C77C (Mask ROM version),
MN101CF77G (EPROM version).

Table 18-1-1 Differences between Mask ROM version and EPROM version

MN101C77C MN101CF77G
(Mask ROM Version) (Flash EEPROM Version)

Operating temperature - 40 °C to +85°C -40 °C to +85 °C

25V1t0 3.6 V(100ns / 20MHz) 2.7 V10 3.6 V(100ns / 20MH2)
Operating Voltage 2.1Vto 3.6 V(200ns / 10MHz)

1.8 Vto 3.6 V(500ns / 4MH2)
Pin Pin No.5:NC Pin No. 5: VPP *1

Current consumption of Flash EEPROM versions are larger than
Current consumption that of the Mask ROM versions, as it features voltage boosting. The

difference is largerin SLOW and HALT mode.

Matching evaluation of each version is necessary when these

Oscillation characteristics . .
versions are rotated for mass production.

Noise evaluation of each version is necessary when these versions

Noise characteristics .
are rotated for mass production.

*1 Apply +5 V during Flash EEPROM programming, and apply the same (VDD) potential during
other operations.
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Pin Descriptions
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~4—» P73/SBO1B/TXD1B
~4—» P72/SBTOB
~4— P71/SBIOB/RXD0OB
~4—» P70/SBOOB/TXD0OB
~4—p P67/SDO7/KEY7
~4—p P66/SDO6/KEY6
~—p P65/SDO5/KEY5
~4—» P64/SDO4/KEY4
~4— P63/SDO3/KEY3
~4—» P62/SDO2/KEY2
~4—» P61/SDO1/KEY1
~—» P60/SDOO0O/KEYO0
~4—» P54/SCL4A
~—» P53/SDA4A
~4—» P52/SBT3/SCL3
~4—» P51/SB0O3/SDA3

[a]
—
2
<2 o &
vSS [ENR3IR8E80FS
Z2Z2 2 , UduUUWwyow oo Qm
£33 EELD
PR AR EEEE NN
[ T Y a WS WY WY a WY a WY WY a WY a WO o W o WY o N 0 B 0
/3232283353833 8532
AN3/PA3 -a—»| 1 O 48
AN4/PA4 ~t—P=| 2 47
AN5/PAS5 ~a—| 3 46
ANG/PAG -a——| 4 45
VPP 5 44
VREF+ 6 43
VDD 7 42
osc2<—-1 8 MN101CF77G 41
OSCL——| 9 (TOP VIEW) 40
VSS 10 39
X|—»| 11 38
XO -a—|12 37
MMOD —® 13 36
NRST/P27 —»| 14 35
TXD1A/SBO1A/PO0 -—»| 15 34
SDA4B/RXD1A/SBI1A/PO1-a—» 16 33
N 00 OO O A AN M T W O~ 00O O +H N
1 4 N N N AN AN NN NN NOOOM
N ST WHWO©WOANMSTOANMmSS 2D
OO0 000 dddd ddNNNN N W
&&&&&&&&&&&&&&&%
<< << <o o dNm s 8
o O O O O I < [an]
CC2ENCCS33EEETED
o292 FRT J
<38 g <
08 x 22
n QR Q S
o r
Figurel8-2-1 Pin Configuration (LQFP064-P-1414)

Pin Descriptions

XVIII-5



Chapter 18 Flash EEPROM

18-3 Electrical Characteristics

This LS user's manual describes the standard specification.
Please ask our sales offices for its own product specifica-

tions.
Contors Modell\in101cF77G
Structure CMOS integrated circuit
Application General purpose
Function CMOS 8-bit single-chip microcontroller

18-3-1 Absolute Maximum Ratings™

Parameter Symbol Rating Unit
1 |Power supplyvoltage Vb -03to+4.6 \%
2 '(ng”,\tlg)amp current IC ~ 500 to + 500 LA
3 |Input pin voltage Vi -0.3to Voo +0.3
4 [Output pin voltage Vo -0.3to Voo +0.3 v
5 |l/O pin voltage Vio -0.3to Voo +0.3
6 Port8 *4 loL1 (peak) 30
7 |Peak output current S::g than loL2 (peak) 10
8 lon (peak) -10

mA

9 Port8 *4 lou1 (avg) 20
10 [Average outputcurrent *1 Sg:g than loL2 (avg) 5
11 lon (avg) -5
12 |Power dissipation Pr 300 mw
13 |Operating temperature Topr -40to +85 o
14 |Storage temperature Tstg -40to +98

*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 limit values beyond which the LSI may
be damaged and proper operation is not assured.

*4 Applied when LED is output from P8LED register.
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18-3-2 Operating Conditions
[ NORMAL mode : fs=fosc/2, SLOW mode : fs=fx/2 ]

Ta=-40°Ct0+85°C Vop=27Vt03.6V

. Ratin .
Parameter Symbol Conditions ng Unit
MN | TYP | MAX
Power supply voltage *1
1 Voo1 fosc=<20.0 MHz, fs=focs/2 27 ) 36
Vep=VbD
2 |Power supplyvoltage Vb2 <320 kHz, fs=hi2 2.7 - 3.6
Vpr=VbD v
3 Vep - Vbbb -
Voltage to maintain
4 Vi At STOP 2.7 - .
RAM data bD3 t STOP mode 3.6
Operation speed *1
Mini instructi
5 | MUMINSTUCAON ) [op=2.7 Vi0 3.6V, fs=focs/2 0100 . 125 us
execution time

Ta=-0°Ct0+50°C Vop=2.7Vto3.6V

N Rati .
Parameter Symbol Conditions ating Unit
MN | TYP | MAX
Programming voltage *2
6 Flash EEPROM Vooew |During Flash programming 2.7 - 3.6
program/erase \%
7 voltage Vepew |During Flash programming 4.8 5 52

*1 Vper=VDD exept during Flash EEPROM program/erase.
*2 Operating tempreture during programming should be within 0 °C to +50 °C .
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18-3-3 DC Characteristics

Ta=-40°Cto+85°C Vbop=3.3V Vss=0V

Parameter Symbol Conditions Rating Unit
MIN | TYP | MAX
Power supply current (no load atoutput pin) *1
fosc=20.0 MHz, fs=focs/2
1 Ibp1 Ver=Voo=3.3 V - 11 24
mA
fosc=8.39 MHz, fs=focs/2
2 Power supply current Ibb2 Ver=Vop=3.3 V - 55 11
fx=32 kHz, fs=fx/2
3 Ibps Vep=Vbp=3.3 V - 100 160
4 |Supplucurrentduring | fx=32 kHz, VPp=Vpp=3.3 V - 80 160
HALT1 mode S » VPPEYDDES.
uA
5 Ioos  [Vep=VbD=3.3 V Ta= +25 °C - 0 2
Supply currentduring
STOP mode Vpp=Vbp=3.3V
6 Ibbs o o - - 40
Ta=-40 "Cto +25 °C
*1 - Measured under conditions of no load, or power down on analog blocks. (Pull-up resistance

should be unconnected.)

- The supply current during operation, IDD1 (IDD2) are measured under the following condi-
tions :

After all I/O pins are set to input mode and the oscillation is set to <NORMAL mode>,
the MMOD pin is at Vss level, the input pins are at VDD level, and a 20 MHz(8.39 MHz)
square wave of VDD and Vss amplitudes is input to the OSC1 pin.

- The supply current during operation, I1DD3, is measured under the following conditions :
After all I/O pins are set to input mode and the oscillation is set to <SLOW mode>, the
MMOD pin is at Vss level, the input pins are at VDD level, and a 32 kHz square wave of
VDD and Vss amplitudes is input to the Xl pin.

- The supply current during HALT mode, IDD4, are measured under the following conditions :
After all I/O pins are set to input mode and the oscillation is set to <HALT mode>, the
MMOD pin is at Vss level, the input pins are at VDD level, and an 32 kHz square wave of
VDD and Vss amplitudes is input to the Xl pin.

- The supply current during STOP mode, IDD5 (IDD6) are measured under the following condi-
tions :

After the oscillation is set to <STOP mode>, the MMOD pin is at Vss level, the input pins are
at VoD level, and the OSC1 and Xl pins are unconnected.
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18-4 Reprogramming Flow

Figure 18-4-1 shows the flow for reprogramming (erasing and programming) the flash EEPROM.
As the figure shows, the User Data Program starts after the memory is erased.

START

v

Power ON Sequence

OK

Erase

i<—

User Data
Program

v

Read / Standby

v

Power OFF Sequence

v

END

Figure 18-4-1 Reprogramming Flow of Internal Flash EEPROM

ever, you can program our product which is already erased without this process. For other
products, the erase rouine is necessary, because the erase level may be incompleted even
though the test result of "blank check" is "Pass". In such case, reliability of the written data
may be damaged even when the write is finished normaly. Also additional write to the ad-
dress which is already written is forbidden.

G Start write routine (User Data Program) only after erase routine is completely finished. How-
[ ]
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18-5 PROM writer mode

In PROM writer mode, the CPU is halted for Internal flash EEPROM to be programed. The
microcontroller is inserted into a dedicated adaptor socket, which connects to a PROM writer. When the
microcontroller connects to the adaptor socket, it automatically enters PROM writer mode.

For programming using our PanaX Flash writer, you need dedicated adapter socket and gender
changer. The P/N are as follows.

Adaptor socket: FLS64LF14-101CF77-3

Matching information of the dedicated writer is posted on our semiconductor website, which is listed on the
last page of this manual.

EFixing a device in the adapter socket and the position of the No.1 pin.

Set the No.1 pin of the
device to this position.

P/N: FLS64LF14-101CF77-3

No.1 Pin

Figure 18-5-1 Fixing a Device on the Adapter Socket and the Position of No.1 Pin
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HPin Configuration for Socket Adaptor

w w
%UO%OHNM#LDLOI\LQE:!)S
SZZ>SO00000000 << <<

382233588338 E32

ONHOU_OHNM#L{)QOI\I\@LD#

L <C L[] O ®O®®XO®®X O O N N~ I~

(o RSN W WY o W o WY W Y o VY o Y o Y Y N o
VSS +—»| 1 PA3 > P73 48 |4—» All
VvDD +—»| 2 PA4 P72 47 |-4—» A10
VDD -+—»| 3 PA5 P71 46 |-4—» A9
<Open> -a—»| 4 PA6 P70 45 |[—» A8
VPP 5 VPP P67 44 |[<a—» A7
VSS 6 VREF+ P66 43 |-4—» AG
VDD 7 VDD MN101CF77G Pe5 42 1= A5
<Open>-——1 8 OSC2 TOP VIEW P64 41 |-a—m A4
VSs—»| 9 OSC1 ( ) P63 40 |-4—» A3
VSS 10 VSS P62 39 |[-—» A2
VSS —»| 11 Xl P61 38 [=—» Al
VSSa——| 12 XO P60 37 |-4—» V/SS
VSS —»| 13 MMOD P54 36 |-a—» A17
VSS —| 14 Xl P53 35 |[-=—» Al6

NWE -+—»| 15 XO P52 34 |-4—» <Open>
ERASE=—»-| 16 MMOD P51 33 |-—» <Open>

N MOMT IO OO A AN M JTO AN M T O

O OO0 OO0 d d d d 4 N N NN N W

QA 00 0 0 0 0 Q0 0 0 0 0 0 Q0 Q0 0

N~ 00 O O d AN M T O~ 0O O d N

4 4 N N AN N NN NN ANANOMM

FEgge8R I gL

0:82%)8_ ooooo0on0ggg

zZ = @) O0O0

V vV V V

Figure 18-5-2 Pin Configuration for Socket Adaptor
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18-6 Onboard Serial Programming Mode

18-6-1 Overview

The onboard serial programming mode is primarily used to program the flash EEPROM in devices that are
already installed on a PCB board with internal serial interface.

EHardware and software requirements
Hardware and software products required for onboard serial programming are as follows.

Hardware requirements
‘Onboard serial writer (YDC MODEL: AF200)

-Flash programming connectors or pins for target board.

Software requirements
-Load program installed in the internal flash EEPROM
-Programming algorithm for operating onboard serial writer

ECautions on onboard serial programming

‘Power supply voltage during programming should be within 2.7 V to 3.6 V. If you program outside this
limit, reliability of the written data may be damaged.

-Always set the pull-up resistors on the target board so that serial interface communication pins does not
become floating state. The pull-up resistors are necessary for the Flash EEPROM not to enter the
programming mode when the serial writer is not connected.

-Serial interface 1/0 pins used for onboard serial programming should be reserved as dedicated pins to
prevent other user circuits from communicating with the device. Altenatively, design your target board to
be capable of normal communication with serial writer.

* Install the switch that controlls Vpp pin which supplies +5 V during Flash EEPROM programming and
supplies same potential (VbbD) during other operations.
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18-6-2 Circuit Requirements for the Target Board

(in Clock Synchronous Communication using the YDC Serial
Writer)

This section describes the circuit requirements for the target board for onboard serial programming with
the serial interface 0 using YDC serial writer.

Target Board

~

T% % d) MN101CF77G
YDC hd 60— NRST o
Serial P05 é PO5 VDD ? ”f
Writ P04
e P03 pY Egg VSS ps
VSS i\ /

Figure 18-6-1 Target Board for programming using the YDC Serial Writer

Pins
Vrp 5.0V power supply (for Flash EEPROM)
VDD :MN101CF77G: 2.7 Vto 3.6 V power supply (for Flash EEPROM and internal circuits)
NRST : Reset
P03 : Serial interface 0 data I/O pin (used as SBOO pin as well)
PO5 : Serial interface 0 clock pin (used as SBTO pin as well)
P04 : Busy signal output pin (used as SBIO as well)
Vss : Ground
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This section describes each memory space of Flash EEPROM.

X'04000'

Load Program Area Block O

Do not program
X'040CO0+n' this area

Fixed User Program Area with serial writer
X'06000 )

Security Code
X'06008' ) . )

Branch Instruction for branching to Reset Start Routine
X'0600C ) ! ) !

Branch Instruction for branching to Interrupt Service Routine
X'06088'

User Program Area
X'23FFF

Figure 18-6-2 Flash EEPROM Memory map
*1 Security code can be set to any 8-bit area between x'06000' to X'07FFF'.

*Serial writer load program area (x'04000 to X'040C0+n")

This KB of ROM at address x'04000' to n KB holds the load program for the serial writer.

You need a PROM writer to write/erase this space.

*Fixed user program area (x'040C0+n' to X'05FFF")

This KB of ROM at address x'040C0+n' to X'05FFF' holds the fixed user program.

You need a PROM writer to write/erase this space.

*Security code (x'06000to X'07FFF")

These bytes holds the password for the serial writer.

The code can be set to any 8-bit area between x'06000' to x'07FFF'.

‘Branch instruction to reset service routine (x'06008")

Normally, reset servicing starts at address x'04000', but the soft branch instruction in the serial writer
load program branches to x'06008'. This address must hold a JMP instruction pointing to the real start
address for the reset service routine.

‘Branch instruction to interrupt service routine (x'0600C' to X'06087")

Normally, interrupt servicing starts at address x'04004', but the soft branch instruction in the serial writer
load program branches to x'0600C". This address must hold a JMP instruction pointing to the real start
address for the interrupt service routine

x'04004' O x'0600C', x'04008' O x'06010, ....x'04078'0 x'06080

‘User program area (x'06088' to X'23FFF")
This area stores the user program.
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Use of YDC serial writer
-You must write the load program to this LSI before installed in the target board.
The load program usually comes with onboard serial writer.
-Erase block 0 (load program) is write/erase-protected in the hardware during onboard
programming mode.
VPP pin pin must supply 5.0 V from external source.
P05, P03 and P04 pins should be reserved as dedicated pin for serial writer to prevent other
user circuits on the target board from communicating with the device. Alternatively, design your
target board on which the serial writer can program the device correctly.
-Connect pull-up resistors on the target board to P05, P03 and P04 pins, which are connected to
the power supply.
‘NRST and P05 pins are output from the serial writer throgh an open connection.
‘Install a switch on the target board to toggle between NRST for serial programming and NRST
for normal opeation. Alternatively, install a wired-OR connection. (For a wired-OR connection,
disable NRST for normal operation during serial programming)

For further information of the onboard serial writer, contact :
YDC Corporation Instrument Business Division Support Center

Phone : 042-333-6245
http://www.ydc.co.jp/micom
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18-6-3 Circuit Requirements for the Target Board

(in Clock Synchronous Communication using the PanaX Se-
rial Writer)

In programming Flash EEPROM using the PanaX serial writer, you need not to write load program in
advance and also be able to use all space of the Flash EEPROM as user program area.

Use P53, P54 for communication with serial writer.

This section describes the circuit requirements for the target board for onboard serial programming in

clock synchronous communication using the PanaX Serial Writer.
Target Board

é% d) MN101CF77G £
K

60— NRST vepH

i P53
\fﬂz'r P53 VD 1
(Connector) P54 VSS

N

X

X

X
VSS I

\

Recommended Connector
HIROSE ELECTRIC CO., LTD: Straight type pin hedder
9 1 P/N: HIF3FC-10PA-2.54DSA

Figure 18-6-3 Target Board for programming using the PanaX Serial Writer

Pins
VPP : 5.0V power supply (for Flash EEPROM)

VDD : MN101CF77G: 2.7 V to 3.6 V power supply (for Flash EEPROM and internal circuits)
NRST: Reset

P53 : Data I/O pin for communication
P54 : Clock input pin for communication
Vss : Ground
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Use of PanaX serial writer (DWIRE programming)
-You need not to write load program in advance and also be able to use all space of the Flash
EEPROM as user program area.
VPP pin must supply 5.0 V from external power source.
-P53 and P54 pins should be reserved as dedicated pins for serial writer to prevent other
user circuits on the target board from communicating with the device. Alternatively, design your
target board on which the serial writer can program the device correctly.
-Connect pull-up resistors on the target board to P53 and P54 pins, which are connected to the
power supply.
‘NRST and SBT2 pins are output from the serial writer through an open connection.
-Install a switch on the target board to toggle between NRST for serial programming and NRST for
normal opeation. Alternatively, install a wired-OR connection. (For a wired-OR connection,
disable NRST for normal operation during serial programming)
-You can connect a serial writer easily by setting a 10-wire flat cable on the target board. If a 10-
wire flat cable cannot be mounted to the target board, you can solder it directly.
-The signal wire lenghth from the serial writer connector to the microcontroller (NRST, P53 and
P54) must be shorter than 15 cm.

Selection of circuit device on the target board.
-Load capacity of reset signal (NRST)
Use the oscillation stabilization wait time right after reset in DWIRE programming. That is, rising
time from reset must be shorter than 1/3 of the oscillation stabilization wait time.
Set as:
Maximun load capacity of reset signal < the value derived from following formula and 100 (F

Oscillation stabilization wait time
3 X Pull-up resistor value

CRST =

-Pull-up resistor value (P53, P54)
Caluculate the resistor value using following formula. When operating voltage is 3.3 V, appropri-
ate value is over 1.65 kQ.

Operating voltage (Vob)
Maximum output current of pin (loL)

RupMin =
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-To connect resistors in series with communication pins (NRST, P53, P54)

When resistors are connected in series with communication pins, signal spectrum speed drops
affected by the load capacity. To ensure effecting reliable communication, the required time in
which the operating voltage reaches to 63% of the time constant must be shorter than 1/8 of
communication cycle. For example, the maximum resistor value, RsMax, derived from following
formula is 208 Q (at load capacity is 50 pF, communication cycle is12 MHz).

1
8 X Communication frequency X Load capacity

RsMax =

Large resistors can be connected in series with communication pins by lowering the communica-
tion speed. The resistor value should be smaller than 1/10 of the pull-up resistors.

-Open-drain output through writer's communication pin (P53, P54)

During open-drain output through writer's communication pin, signal spectrum speed drops af-
fected by the pull-up resistors and the load capacity. To ensure effecting reliable communication,
the required time in which the operating voltage reaches to 63% of the time constant must be
shorter than 1/8 of communication cycle. The maximum communication cycle derived from foll-
owing formula is 1.38 MHz (at load capacity is 50 pF, pull-up resistor is 1.8 kQ).

1
8 X Pull-up resistor (RupMin) X Load capacity

fMax =

The communication frequency needs to be lowered for open-drain output, therefore, select push-
pull output, if possible.
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