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About This Manual

MN101C66 series offers a choice of masked ROM version. We're now devel oping user-programmable Flash EPROM

version.

EOrganization
InthisLSI manual, this LSl 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.
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EManual 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.

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.

M 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 P20UTY7 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 P20UT?7 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.

C 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.
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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.

BRelated 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 incorporate multiple types of peripheral functions.
This chip series is well suited for camera, VCR, MD, TV, CD, LD, printer, telephone, home automation,
pager, air conditioner, PPC remote control, fax machine, musical instrument, and other applications.

The MN101C49K series brings to embedded microcontroller applications flexible, optimized hardware
configurations and a simple efficient instruction set. The MN101C49K has an internal 224 KB of ROM
and 10 KB of RAM. Peripheral functions include 6 external interrupts, 17 internal interrupts including
NMI, 8 timer counters, 4 sets of serial interfaces, A/D converter, D/A converter, watchdog timer, auto-
matic data transfer, synchronous output, buzzer output, and remote control output. The configuration 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 100-pin QFP and 100-pin LQFP.

1-1-2  Product Summary

This manual describes the following models of the MN101C49K series. These products have same
peripheral functions. MN101C49K is main in this manual. Differences between MN101C49G/49H/49K
and MN101CP49K are shown in table 19-1-1 "Differences between MASK ROM version and internal
EPROM version".

And MN101CF49K is described on another manual.

Table 1-1-1 Product Summary

Model ROM Size RAM Size Classification
MN101C49G 128 KB 4 KB Mask ROM version
MN101C49H 160 KB 6 KB Mask ROM version
MN101C49K 224 KB 10 KB Mask ROM version
MN101CP49K 224 KB 10 KB EPROM version
MN101CF49K 224 KB 10 KB Flash EEPROM version

|1-2 Overview
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1-2 Hardware Functions

CPU Core MN101C Core
- LOAD-STORE architecture (3-stage pipeline)
- Half-byte instruction set / Handy addressing
- Memory addressing space is 256 KB
- Minimum instructions execution time
High speed oscillation

[normal] 0.10 ps / 20 MHz (45V1t05.5V)
0.238pus  / 8.39MHz (2.7V1to5.5V)
1.00 uys / 2MHz (20Vto55V)*
/

[2x-speed] 0.119 us 8.39 MHz (4.5Vto5.5V)
0.25 us / 4MHz (3.0Vto5.5V)
Low speed oscillation 61.04pus / 32.768kHz (20Vto55V)*
*1 : Minimum rating for EPROM vers. is 2.7 Vto 5.5 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.)

Memory bank Data memory space expansion by bank form (4 banks unit : 64 KB / 1 bank)
- Bank for source address / Bank for destination address

ROM correction  Max.3 parts in program can be corrected

Internal memory ROM 224 KB  *2
RAM 10 KB *2
*2:Differs depending upon the model. [ €~ Chapter 1. 1-1-1 Product Summary ]

Interrupts 17 Internal interrupts
<Non-maskable interrupt (NMI)>
- Incorrect code execution interrupt and Watchdog timer interrupt
< Timer interrupts >
- Timer O interrupt
- Timer 1 interrupt
- Timer 2 interrupt
- Timer 3 interrupt
- Timer 4 interrupt
- Timer 6 interrupt
- Time base interrupt
- Timer 7 interrupt
- Match interrupt for Timer 7 compare register 2
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| -4

< Serial interface interrupts >
- Serial interface 0 interrupt
- Serial interface 0 UART reception interrupt
- Serial interface 1 interrupt
- Serial interface 2 interrupt
- Serial interface 3 interrupt
< A/D interrupt >
- A/D converter interrupt
< Automatic transfer controller(ATC) interrupt >
- ATC 1 interrupt
6 External interrupts
- IRQO : Edge selectable. With/Without noise filter.
- IRQ1 : Edge selectable. With/Without noise filter. AC zero cross detector.
- IRQ2 : Edge selectable. Both edges interrupt.
(STOP/HALT : can be recovered at the both edges)
- IRQ3 : Edge selectable. Both edges interrupt.
(STOP/HALT : can be recovered at the both edges)
- IRQ4 : Edge selectable. Key interrupt function.
- IRQ5 : Edge selectable.

Timers
8 timers ( 7 can operate independently )
- 8-bit timer for general use 3 sets
- 8-hit 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 0 ( 8-bit timer for general use )
- Square wave output ( Timer pulse output ), PWM output,
Event count, Remote control carrier output, Simple pulse width
measurement, Real time output control
- 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
Timer 2 ( 8-bit timer for general use or UART baud rate timer)
- Square wave output ( Timer pulse output ), PWM output, Event count,
Timer synchronous output, Simple pulse width measurement,
Real time output control, Serial interface transfer clock
- Clock source
fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, fx, external clock

Hardware Functions
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Timer 3 ( 8-bit timer for general use )

- Square wave output ( Timer pulse output ), Event counter, Serial transfer
clock, 16-bit cascade connection function ( connect to timer 2 ), Remote
control carrier output

- Clock source

fosc, fosc/4, fosc/16, fosc/64, fosc/128, fs/2, fs/8, fx, external clock
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 6 ( 8-bit free-running timer, Time base timer)

U 8-bit free-running timer

- Clock source
fosc, fosc/2'?, fosc/2®3, fs, fx, fx/212, fx/213

4 Time base timer

- Interrupt generation cycle
fosc/27, fosc/28, fosc/2°, fosc/2°, fosc/213, fosc/2s,
fx/27, £x/28, £x/2°, fx/2%°, fx/2%3, fx/2%°

at 32.768 kHz for low speed oscillation input

can be set to measure one minute intervals

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 continuous changeable),
Timer synchronous output, Input capture function ( Both edges
can be operated )

- Real time output control
At the falling edge of the external interrupt 0 (IRQ0), PWM output
( Timer output ) is controlled to 3 values ; "fixed high", "fixed low",
"Hi-z".

Watchdog timer
- Watchdog timer frequency can be selected from fs/216, fs/218 or fs/2%,

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

Buzzer output Output frequency can be selected from fosc/2°, fosc/2%°, fosc/21?,
fosc/21?, fosc/2'3, fosc/214, fx/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 8 channels input
D/A converter 8 bits X 4 channels input
Serial interface 4 types

Serial interface 0 ( Duplex UART / Synchronous serial interface )
O Synchronous serial interface
- Transfer clock source
fosc/2, fosc/4, fosx/16, fosc/64, fs/2, fs/4
UART baud rate timer ( timers 2 and 4 ) output
- MSBJ/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 Duplex UART ( Baud rate timer : Timers 2 and 4 )
- Parity check, Overrun error, Framing error detection
- Transfer size 7 to 8 bits can be selected.
- At UART communication, transmission / reception complete interrupts
are available.

Serial interface 1 ( Half-duplex UART / Synchronous serial interface )
O Synchronous serial interface
- Transfer clock source
fosc/2, fosc/4, fosx/16, fosc/64, fs/2, fs/4
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 Half-duplex UART ( Baud rate timer : Timer 4 )
- Parity check, Overrun error, Framing error detection
- Transfer size 7 to 8 bits can be selected.
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Serial interface 2 ( Synchronous serial interface )
- Transfer clock source
fosc/2, fosc/4, fosc/16, fosc/32, fs/2, fs/4, Timer 3 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.
[Note : When Matsushita standard serial writer is used for flash memory
version, serial interface 2 is used for program transfer.]

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, timer 3 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

- IIC communication for single master ( 9-bit transfer )

LED driver 8 pins
Port I/0 ports 73 pins
- LED ( large current ) driver pin 8 pins
- External memory I/F pin 29 pins
- External DMA I/F pin 5 pins
- dual function for D/A output 4 pins
Input ports 15 pins
- dual function for External interrupt 6 pins
- dual function for A/D input 8 pins
Special pins
- Analog reference voltage input pin 4 pins
- Operation mode input pin 1 pin
- Reset input pin 1 pin
- Power pin 2 pins
- Oscillation pin 4 pins
Package 100-pin QFP ( 18 mm square / 0.65 mm pitch)

code name : QFP100-P-1818B
100-pin LQFP ( 14 mm square / 0.5 mm pitch )
code name : LQFP100-P-1414
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1-3  Pin Description

1-3-1  Pin Configuration
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A13/P75 ~-a—p=| 76 50 |-w—m P40/KEYO
A14/P76 -a—p| 77 49 |-<-a—p P37
A15/P77 ~-a—p| 78 48 |--a—» p3p
LEDO/DO/P80 ~a—m=—| 79 47 |-~s—» P35/SBT3/SCL
LED1/D1/P81 ~a—m=| 80 46 |--a—w P34/SBI3
LED2/D2/P82 -a—p| 81 45 | <s—p P33/SBO3/SDA
LED3/D3/P83 ~a—p| 82 44 | <a— P32/SBT1
LED4/D4/P84 ~a—m| 83 43 |-a—» p31/SBI1/RXD1
LED5/D5/P85 ~a—w—| 84 42 |<a—» P30/SBO1/TXD1
LED6/D6/P86 ~a—m=| 85 41 |~a—— P17
LED7/D7/P87 -a—m| 86 gg -4 P16/TM4IO
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SDO2/PD2 ~a—| 89 - General use 100 pins - 37 |~a—w» pP13/TM3IO
SDO3/PD3 ~a—m=| 90 36 |-a—m P12/TM2IO
SDO4/PD4 -a—| 91 35 |<a—p P11/TM1IO
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SDO7/PD7 ~a—»—| 94 32 |--—— P26
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DAO/PCO -a—p| 96 30 |<-a—— P24/IRQ4
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Figure 1-3-1 Pin Configuration ( 100QFP/100LQFP : Top view )
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1

3-2 Pin Specification

Table 1-3-1 Pin Specification ( 1/2)

Pins | Special Functions| |/0 ggm?n Elcr;ntrol Functions Description

P00 |SBOO/TXDO infout  PODIRO POPULO |SBOO : Serial interface O transmission data output TXDO : UARTO transmission data output
PO1 |SBIO/RXDO infout PODIR1 POPUL1 |SBIO : Serial interface O reception data input RXDO : UARTO reception data input
P02 |SBTO infout PODIR2 POPUL2 |SBTO : Serial interface 0 clock 1/O

P03 [SBO2 infout PODIR3 POPUL3 |SBO?2 : Serial interface 2 transmission data output

P04 |[SBI2 infout PODIR4 POPUL4 | SBI2 : Serial interface 2 reception data input

PO5 [SBT2 infout PODIR5 POPULS5 |SBT2: Serial interface 2 clock I/0

P06 |NDK BUZZER |in/fout PODIR6 POPUL6 |NDK : Data acknowledge signal BUZZER : Buzzer output

P07 |SYSCLK inf/out PODIR7 POPUL7 |SYSCLK : System clock output

P10 |[TMOIO RMOUT |in/out P1DIRO P1PULO |TMOIO : Timer 0 1/O RMOUT : Remote control carrier output
P11 |TM1IO infout  P1DIR1 P1PUL1 |TM1IO : Timer 11/0

P12 [TM2IO0 inf/out P1DIR2 P1PUL2 |[TM2IO : Timer 2 1/O

P13 |TM3IO infout  P1DIR3 P1PUL3 |TM3IO : Timer 3 1/0

P14 [TM7IO inf/out P1DIR4 P1PUL4 |TM7IO : Timer 7 I/O

P15 infout  P1DIR5 P1PUL5

P16 |TM4I0 infout  P1DIR6 P1PUL6 |TM4IO : Timer 4 1/O

P17 infout P1DIR7 P1PUL7

P20 [IRQO in - P2PULO |IRQO : External interrupt O

P21 |IRQ1 ACZ in - P2PUL1 |IRQ1 : External interrupt 1 ACZ : Zero-cross input

P22 |IRQ2 in - P2PUL2 |IRQ2 : External interrupt 2

P23 |IRQ3 in - P2PUL3 | IRQ3: External interrupt 3

P24 |IRQ4 in - P2PUL4 | IRQ4 : External interrupt 4

P25 |[IRQ5 in - P2PUL5 |IRQ5 : External interrupt 5

P26 in - P2PUL6

P27 |NRST in - - NRST : Reset

P30 |SBO1/TXD1 infout  P3DIRO0 P3PULO | SBOL1 : Serial interfacel transmission data output TXD1 : UART 1 Transmission data output
P31 |SBI1/RXD1 infout P3DIR1 P3PUL1 | SBI1: Serial interfacel reception data input RXD1 : UART 1 Reception data input
P32 [|SBT1 infout  P3DIR2 P3PUL2 | SBTL1 : Serial interfacel clock I/O

P33 [SBO3 infout  P3DIR3 P3PUL3 | SBO3: Serial interface 3 transmission data output

P34 [SBI3 infout  P3DIR4 P3PUL4 | SBI3: Serial interface 3 reception data input

P35 |SBT3 infout  P3DIR5 P3PUL5 | SBT3 : Serial interface 3 clock I/0

P36 infout  P3DIR6 P3PUL6

P37 inf/out P3DIR7 P3PUL7

P40 |KEYO infout P4DIRO P4PULO | KEYO : Key interrupt input O

P41 |KEY1 infout  P4DIR1 P4PUL1 | KEY1: Key interrupt input 1

P42 |KEY2 infout P4DIR2 P4PUL2 | KEY2: Key interrupt input 2

P43 |KEY3 inf/out  P4DIR3 P4PUL3 | KEY3: Key interrupt input 3

P44 |KEY4 infout P4DIR4 P4PUL4 | KEY4 : Key interrupt input 4

P45 |KEY5 infout P4DIR5 P4PUL5 | KEY5 : Key interrupt input 5

P46 |KEY6 infout P4DIR6 P4PUL6 | KEY6 : Key interrupt input 6

P47 |KEY7 inf/out P4DIR7 P4PUL7 | KEY7 : Key interrupt input 7

P50 [NWE infout  P5DIRO P5PULO NWE : Write enable signal

P51 |NRE infout P5DIR1 P5PUL1 | NRE : Read enable signal

P52 [NCS inf/out  P5DIR2 P5PUL2 NCS : Chip select signal

P53 |Al6 infout  P5DIR3 P5PUL3 | A16 : Address output (bp16)

P54 |A17 inf/out P5DIR4 P5PUL4 | A17 : Address output (bp17)

Pin Description -9
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Table 1-3-2  Pin Specification (2/2)

Pins |Special Functions | /o gz‘;‘::gl’" (P:Igntrol Functions Description
P60 | A0 infout P6DIRO P6PULO AO0 : Address output (bp0)
P61 | Al infout P6DIR1 P6PUL1 Al : Address output (bpl)
P62 | A2 infout P6DIR2 P6PUL2 A2 : Address output (bp2)
P63 | A3 infout P6DIR3 P6PUL3 A3 : Address output (bp3)
P64 | Ad infout P6DIR4 P6PUL4 A4 : Address output (bp4)
P65 | A5 infout P6DIRS P6PULS A5 : Address output (bp5)
P66 | A6 in/out P6DIR6 P6PUL6 A6 : Address output (bp6)
P67 | A7 infout P6EDIR7 P6PUL7 A7 : Address output (bp7)
P70 | A8 infout P7DIRO P7PULO A8 : Address output (bp8)
P71 | A9 infout P7DIR1 P7PUL1 A9 : Address output (bp9)
P72 | A10 infout P7DIR2 P7PUL2 A10 : Address output (bp10)
P73 | All infout  P7DIR3 P7PUL3 Al1 : Address output (bp11)
P74 | A12 infout P7DIR4 P7PUL4 A12 : Address output (bp12)
P75 | Al13 in/out P7DIRS P7PULS5 A13 : Address output (bp13)
P76 | Al4 infout P7DIR6 P7PUL6 Al4 : Address output (bp14)
P77 | A15 infout P7DIR7 P7PUL7 A15 : Address output (bp15)
P80 | DO LEDO infout P8DIRO P8PULO DO : Data /O (bp0) LEDO : LED driver pin 0
P81 | D1 LED1 infout P8DIR1 P8PUL1 D1 : Data I/O (bpl) LED1 : LED driver pin 1
P82 | D2 LED2 infout P8DIR2 P8PUL2 D2 : Data /O (bp2) LED2 : LED driver pin 2
P83 | D3 LED3 infout P8DIR3 P8PUL3 D3 : Data I/O (bp3) LED3 : LED driver pin 3
P84 | D4 LED4 infout P8DIR4 P8PUL4 D4 : Data I/O (bp4) LED4 : LED driver pin 4
P85 | D5 LED5 | infout P8DIR5 P8PULS D5 : Data I/O (bp5) LEDS : LED driver pin 5
P86 | D6 LED6 infout P8DIR6 P8PUL6 D6 : Data I/O (bp6) LEDSG : LED driver pin 6
P87 | D7 LED7 infout P8DIR7 P8PUL7 D7 : Data I/O (bp7) LED7 : LED driver pin 7
PAO | ANO in - PAPULO ANO : Analog 0 input
PA1 | AN1 in - PAPUL1 ANL1 : Analog 1 input
PA2 | AN2 in - PAPUL2 AN2 : Analog 2 input
PA3 | AN3 in - PAPUL3 AN3 : Analog 3 input
PA4 | AN4 in - PAPUL4 AN4 : Analog 4 input
PA5 | AN5 in - PAPULS ANS5 : Analog 5 input
PA6 | AN6 in - PAPUL6 ANG : Analog 6 input
PA7 | AN7 in - PAPUL7 AN7 : Analog 7 input
PCO | DAO in/out PCDIRO PCPULO DAO : DA 0 output
PC1 | DA1 infout PCDIR1 PCPUL1 DAL : DA 1 output
PC2 | DA2 in/out PCDIR2 PCPUL2 DA2 : DA 2 output
PC3 | DA3 infout PCDIR3 PCPUL3 DAS3 : DA 3 output
PDO | SDOO in/out PDDIRO PDPULO SDOO : Timer synchronous output 0
PD1 | SDO1 infout PDDIR1 PDPUL1 SDOL1 : Timer synchronous output 1
PD2 | SDO2 in/out PDDIR2 PDPUL2 SDO2 : Timer synchronous output 2
PD3 | SDO3 in/out PDDIR3 PDPUL3 SDO3 : Timer synchronous output 3
PD4 | SDO4 in/out PDDIR4 PDPUL4 SDO4 : Timer synchronous output 4
PD5 | SDO5 in/out PDDIR5 PDPUL5 SDOS5 : Timer synchronous output 5
PD6 | SDO6 infout PDDIR6 PDPUL6 SDO6 : Timer synchronous output 6
PD7 | SDO7 in/out PDDIR7 PDPUL7 SDQ7 : Timer synchronous output 7

Pin Description
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Table 1-3-3  Pin Function Summary (1/7)

Chapter 1 Overview

Name | No. 11O Function Description Other Function
Vss 14 Power supply pin Supply 2.0 Vto 5.5V to Vbb and 0 V to Vss.
VDD 11
OsC1 |13 Input Clock input pin Connect these oscillation pins to ceramic or crystal
0osc2 |12 Output | Clock output pin oscillators for high-frequency clock operation.
If the clock is an external input, connect it to OSC1 and
leave OSC2 open. The chip will not operate with an
external clock when using either the STOP or SLOW
modes.
XI 15 Input Clock input pin Connect these oscillation pins to crystal oscillators for
X0 16 Output | Clock output pin low-frequency clock operation.
If the clock is an external input, connectit to Xland 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 |33 Input Reset pin This pin resets the chip when power is turned on, is | P27
[Active low] allocated as P27 and contains an internal pull-up
resistor (Typ.35 kQ). Setting this pin low initializes the
internal state of the device. Thereafter, setting the input
to high releases the reset. The hardware waits for the
system clock to stabilize, then processes the reset
interrupt. Also, if "0" is written to P27 and the reset is
initiated by software, 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 Vss, it
is recommended that a discharge diode be placed
between NRST and Vbb.
P00 18 o /O port O 8-bit CMOS tri-state /O port. SBOO, TXDO
P01 19 Each bit can be set individually as either an input or | SBIO, RXD0O
P02 20 output by the PODIR register. A pull-up resistor for each | SBTO
P03 21 bit can be selected individually by the POPLU register. | SBO2
P04 22 At reset, the input mode is selected and pull-up | SBI2
P05 23 resistors are disabled (high impedance output). SBT2
P06 24 NDK, BUZZER
PO7 25 SYSCLK
P10 34 /o /O port 1 8-bit CMOS tri-state /O port. TMOIO, RMOUT
P11 35 Each bit can be set individually as either an input or | TM1IO
P12 36 output by the P1DIR register. A pull-up resistor for each | TM2IO
P13 37 bit can be selected individually by the P1PLU register. | TM3IO
P14 38 At reset, the input mode is selected and pull-up | TM7IO
P15 39 resistors are disabled (high impedance output).
P16 40 TM4I0
P17 41

Pin Description I-11
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Table 1-3-4 Pin Function Summary (2/7)

Name | No. l[e} Function Description Other Function
P20 26 Input Input port 2 7-bit input port. IRQO
P21 27 A pull-up resistor for each bit can be selected | IRQ1, ACZ
P22 28 individually by the P2PLU register. At reset, pull-up | IRQ2
P23 29 resistors are disabled. IRQ3
P24 30 IRQ4
P25 31 IRQ5
P26 32
P27 33 Input I/O port 2 P27 has an n-channel open-drain configuration. When | NRST

"0" is written and the reset is initiated by software, a

low level will be output.
P30 42 /o I/O port 3 8-bit CMOS tri-state /O port. SBO1, TXD1
P31 43 Each bit can be set individually as either an input or | SBI1, RXD1
P32 44 output by the P3DIR register. A pull-up resistor for each | SBT1
P33 45 bit can be selected individually by the P3PLU register. | SBO3
P34 46 At reset, the input mode is selected and pull-up | SBI3
P35 47 resistors are disabled (high impedance output). SBT3
P36 48
P37 49
P40 50 /o /O port 4 8-bit CMOS tri-state /O port. KEYO
P41 51 Each bit can be set individually as either an input or | KEY1
P42 52 output by the PADIR register. A pull-up resistor for each | KEY2
P43 53 bit can be selected individually by the P4PLU register. | KEY3
P44 54 At reset, the input mode is selected and pull-up | KEY4
P45 55 resistors are disabled (high impedance output). KEY5
P46 56 KEY6
P47 57 KEY7
P50 58 0] I/O port 5 5-bit CMOS tri-state /O port. NWE
P51 59 Each bit can be set individually as either an input or | NRE
P52 60 output by the P5DIR register. A pull-up resistor foreach | NCS
P53 61 bit can be selected individually by the PSPLU register. | A16
P54 62 At reset, when single chip mode is selected, the input | A17

mode is selected and pull-up resistors for P50 to P54

are disabled (high impedance output).

During processor mode, NWE, NRE, NCS, A16, and

A17 are set to output mode.
P60 63 Vo I/O port 6 8-bit CMOS tri-state /O port. AO
P61 64 Each bit can be set individually as either an input or | A1
P62 65 output by the P6DIR register. A pull-up resistor for each | A2
P63 66 bit can be selected individually by the P6PLU register. | A3
P64 67 At reset, when single chip mode is selected, the input | A4
P65 68 mode is selected and pull-up resistors for P60 to P67 | A5
P66 69 are disabled (high impedance output). During | A6
P67 70 processor mode, output mode is selected for AO to | A7

AT.

| -12 Electrical Characteristics
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Table 1-3-5 Pin Function Summary (3/7)

Name | No. 11O Function Description Other Function

P70 71 o /O port 7 8-bit CMOS tri-state /O port. A8

P71 72 Each bit can be set individually as either an input or | A9

p72 73 output by the P7DIR register. A pull-up or pull-down | A10
P73 74 resistor for each bit can be selected individually by the | A1l
P74 75 P7PLUD register. However, pull-up and pull-down | A12
P75 76 resistors cannot be mixed. A13
P76 77 At reset, when single-chip mode is selected, the input | A14
P77 78 mode is selected and pull-up resistors for P70 to P77 | A15

are disabled (high impedance output). During
processor mode, A8 to A15 are set to output mode.

P80 79 Vo /O port 8 8-bit CMOS tri-state /O port. DO, LEDO
P81 80 Eachindividual bit can be switched to aninput or output | D1, LED1
P82 81 by the P8DIR register. A pull-up resistor for each bitcan | D2, LED2
P83 82 be selected individually by the P8PLU register. When | D3, LED3
P84 83 configured as outputs, these pins can drive LEDs | D4, LED4
P85 84 directly. D5, LED5
P86 85 At reset, when single-chip mode is selected, the input | D6, LED6
P87 86 mode is selected and pull-up resistors for P80 to P87 | D7, LED7

are disabled (high impedance output). During
processor mode, DO to D7 are set to input mode (high
impedance output).

PAO 2 Input Input port A 8-bit input port. ANO
PA1 3 A pull-up or pull-down resistor for each bit can be | AN1
PA2 4 selected individually by the PAPLUD resister. However, | AN2
PA3 5 pull-up and pull-down resistors cannot be mixed. AN3
PA4 6 At reset, the PAO to PA7 input mode is selected and | AN4
PAS5 7 pull- up resistors are disabled. AN5
PAG 8 AN6
PA7 9 AN7
PCO 96 o /O port C 4-bit CMOS tri-state /O port. DAO
PC1 97 Each bit can be set individually as either an input or | DAl
PC2 98 output by the PCDIR register. A pull-up resistor for each | DA2
PC3 99 bit can be selected individually by the PCPLU register. | DA3
At reset, the input mode is selected and pull-up
resistors are disabled (high impedance output).
PDO 87 Vo /O port D 8-bit CMOS tri-state /O port. SDOO0
PD1 88 Each bit can be set individually as either an input or | SDO1
PD2 89 output by the PDDIR register. A pull-up resistor for each | SDO2
PD3 90 bit can be selected individually by the PDPLU register. | SDO3
PD4 91 At reset, the input mode is selected and pull-up | SDO4
PD5 92 resistors are disabled (high impedance output). SDO5
PD6 93 SDO6
PD7 94 SDO7

Electrical Characteristics | -13
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Table 1-3-6  Pin Function Summary (4/7)

Name

No.

l[e]

Function

Description

Other Function

SBOO 18
SBO1 42
SBO2 21
SBO3 45

Output

Serial interface
transmission data
output pins

Transmission data output pins for serial interfaces 0 to
3. The output configuration, either CMOS push-pull or
n-channel open-drain can be selected. Pull-up resistors
can be selected by the POPLU register, the P3PLU
register. Select output mode by the PODIR register, the
P3DIR register, and serial data output mode by serial
mode register 1 (SCOMD1, SC1MD1, SC2MD1,
SC3MD1).

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

P00, TXDO
P30, TXD1
P03
P33

SBIO 19
SBI1 43
SBI2 22
SBI3 46

Input

Serial interface
reception data input
pins

Reception data input pins for serial interfaces O to 3.
Pull-up resistors can be selected by the POPLU
register, the P3PLU register. Select input mode by the
PODIR register, the P3DIR register, and serial input
mode by the serial mode register 1 ( SCOMD1,
SC1MD1, SC2MD1, SC3MD1).

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

P01, RXDO
P31, RXD1
P04
P34

SBTO 20
SBT1 44
SBT2 23
SBT3 47

/o

Serial interface clock
I/O pins

Clock I/O pins for serial interfaces 0 to 3.

The output configuration, either CMOS push-pull or n-
channel open-drain can be selected. Pull-up resistors
can be selected by the POPLU resister and the P3PLU
register. Select clock /O for each communication mode
by the PODIR register, the P3DIR register and serial
mode register 1 ( SCOMD1, SC1MD1, SC2MD1,
SC3MD1).

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

P02
P32
P05
P35

TXDO 18
TXD1 42

Output

UART transmission
data output pins

In the serial interface in UART mode, these pins are
configured as the transmission data output pins.

The output configuration, either CMOS push-pull or n-
channel open-drain can be selected. Pull-up resistors
can be selected by the POPLU register and the
P3PLU register.

Select output mode by the PODIR register and the
P3DIR register, and serial data output by serial
interface 1 mode register 1 ( SCOMD1, SC1MD1).
These can be used as normal /O pins when the serial
interface is not used.

SBOO0, P00
SBO1, P30

-14
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Name

No.

I[e]

Function

Description

Ohter Function

RXDO
RXD1

19
43

Input

UART reception data
input pin

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 P3PLU
register. Set this pin to the input mode by the P3DIR
register, and to the serial input mode by the serial
interfacel mode register 1 ( SCOMD1, SC1MD1).
This can be used as normal /O pin when the serial
interface is not used.

SBIO, PO1
SBI1, P31

TMOIO
TM1IO
TM2I0
TM3IO
TM4I0

34
35
36
37
40

/o

Timer /O pins

Event counter clock input pins, timer output and PWM
signal output pins for 8-bit timers 0 to 4.

To use these pins as event clock inputs, configure them
as inputs by the P1DIR register. When the pins are
used as inputs, pull-up resistors can be specified by the
P1PLU register.

For timer output, PWM signal output, select the special
function pin by the port 1 output mode register
(P1OMD) and set to the output mode by the P1DIR
register.

When not used for timer /O, these can be used as
normal /O pins.

P10, RMOUT
P11
P12
P13
P16

RMOUT

34

/o

Remote control
transmission signal
output pin

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

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

This can be used as a normal /O pin when remote
control is not used.

P10,TMOIO

BUZZER

24

Output

Buzzer output

Piezoelectric buzzer driver pin. The driving frequency
can be selected by the DLYCTR register.

Select output mode by the 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 /O pin.

P06, NDK

T™M710

38

/o

Timer /O pin

Event counter clock input pin, timer output and PWM
signal output pin for 16-bit timer 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 timer output, PWM signal output, select the special
function pin by the port 1 output mode register
(P1OMD), and set to the output mode by the P1DIR
register.

When not used for timer /O, this can be used as normal
I/O pin.

P14

Pin Description
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Table 1-3-8 Pin Function Summary (6/7)

Name No. I[e} Function Description Other Function
SDO0 87 Output | Synchronous output pins 8-bit synchronous output pins. PDO
SDO1 89 Synchronous output for each bit can be selected | PD1
SDO2 90 individually by the port D synchronous output control | PD2
SDO3 91 register (PDSYO0). Set to the output mode by the P1DIR | PD3
SDO4 92 register. PD4
SDO5 93 When not used for synchronous output, these pins can | PD5
SDO6 94 be used as a normal /O pins. PD6
SDO7 95 PD7
VREF+ 10 - +power supply for Reference power supply pins for the A/D converter.

VREF- 1 - A/D converter Normally, the values of VRer+=VDD and VREF-=Vss
- power supply for are used.
A/D converter
ANO 2 Input Analog input pins Analog input pins for an 8-channel, 10-bit A/D | PAO
AN1 3 converter. PA1
AN2 4 When not used for analog input, these pins can be used | PA2
AN3 5 as normal input pins. PA3
AN4 6 PA4
AN5 7 PAS5
AN6 8 PAG6
AN7 9 PA7
DavbD 100 |- +power supply for Reference power supply pins for the D/A converter.
Davss 95 - D/A converter Normally, the values of DAvDD=VDD and DAvss=Vss
- power supply for are used.
D/A converter
DAO 96 Input Analog output pins Analog output pins for an 4-channel, 8-bit D/A | PCO
DAl 97 converter. PC1
DA2 98 When not used for analog output, these pins can be | PC2
DA3 99 used as normal /O pins. PC3
IRQO 26 Input External interrupt input pins | External interrupt input pins. P20
IRQ1 27 The valid edge for IRQO to 5 can be selected with the | P21, ACZ
IRQ2 28 IRQNICR register. P22
IRQ3 29 IRQ1 is an external interrupt pin that is able to deternine | P23
IRQ4 30 AC zero crossings. Both edge for IRQ2, 3 are valid for | P24
IRQ5 31 interrupt. When these are not used for interrupts, these | P25
can be used as normal input pins.
ACZ 27 Input AC zero-cross detection Aninput pin for an AC zero-cross detection circuit. The | P21, IRQ1
input pin AC zero-cross detection circuit outputs a high level
when the input is at an intermediate level. It outputs a
low level at all other times. ACZ input signal is
connected to the P21 input circuit and the IQR1
interrupt circuit. When the AC zero-cross detection
circuit is not used, this pin can be used as a normal
P21 input.
| -16 Pin Description




Table 1-3-9 Pin Function Summary (7/7)

Chapter 1 Overview

Name No. 110 Function Description Dual Function
KEYO 50 Input Key interrupt input pins | Input pins for interrupt based on ORed result of pin | P40
KEY1 51 inputs. P41
KEY2 52 Key input pin for 2 bits can be selected individually by | P42
KEY3 53 the key interrupt control register (P4IMD). P43
KEY4 54 When not used for KEY input, these pins can be used | P44
KEY5 55 as normal /O pins. P45
KEY6 56 P46
KEY7 57 P47
MMOD 17 Input Memory mode switch This pin sets the memory expansion mode. If used with
input pin the processor mode, set the input high. For all other
cases set the input low. Do not change the setup after
reset.
NWE 58 Output | Write enable pin Memory control signals for an expanded memory | P50
(Active low) space external to the MN 101C12G.
NRE 59 Output | Read enable pin NWE is a strobe signal that is output for writing to | P51
(Active low) external memory.
NCS 60 Output | Chip select pin NRE is a strobe signal that is output for reading from | P52
(Active low) external memory.
NDK 24 Input Data acknowledge pin | NCS is a chip select signal that is output when external | P06, BUZZER
(Active low) memory is accessed.
SYSCLK |25 Output | System clock pin NDK is an acknowledge signal that indicates the | PO7
external memory access is complete.
A0 63 Output | Address pin SYSCLK is the internal system clock of MN101C micro | P60
Al 64 Output computer, can be used as a standard signal for the | P61
A2 65 Output external control. P62
A3 66 Output P63
A4 67 Output A0 to A17 are address signals output to external | P64
A5 68 Output memory. P65
A6 69 Output DO to D7 are data signals that input data to and output | P66
A7 70 Output data from external memory. P67
A8 71 Output P70
A9 72 Output P71
A10 73 Output P72
All 74 Output P73
Al2 75 Output P74
Al13 76 Output P75
Al4 77 Output P76
Al5 78 Output P77
Al6 61 Output P53
Al7 62 Output P54
DO 79 Vo Data pin P80, LEDO
D1 80 /o P81, LED1
D2 81 Vo P82, LED2
D3 82 /o P83, LED3
D4 83 Vo P84, LED4
D5 84 /o P85, LED5
D6 85 Vo P86, LED6
D7 86 /o P87, LED7

Pin Description
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1-4-1

SBOO,TXD0,P00 ~tl—|
SBIO,RXDO0,P01 —~etl—f|
SBTO0,P02 ~l—
SBO2,P03 ~et—p—
SBI2,P04 ~ll—
SBT2,P05 ~li—
NDK,BUZZER,P06 ~=—»—
SYSCLK,P07 ~l—|

0 uod

Block Diagram

Block Diagram

RMOUT, TMOIO,P10 ~ati—jp~-|
TM1I0,P11 ~el—
TM2I0,P12 -~
TM3I0,P13 ~etl—»-|
TM7I0,P14 ~l—

P15 |
TM4I0,P16 ~l—
P17 ~—|

T Mod

IRQO,P20 ———»
ACZ,IRQ1,P21 ——p=
IRQ2,P22 ———p
IRQ3,P23 ———
IRQ4,P24 ———p
IRQ5,P25 ———

P26 ——=

¢ uod

NRST,P27 ——-|

SBO1,TXD1,P30 ~el—p|
SBI1,RXD1,P31 ~l—=
SBT1,P32 —etll—|
SDA,SBO3,P33 ~li—
SBI3,P34 ~—»
SCL,SBT3,P35 ~i—
P36 ~ll—]

€ Jod

P37 ~——|

KEY0,P40 ~li—p»-
KEY1,P41 ~—p
KEY2,P42 ~-i—p»
KEY3,P43 ~—-
KEY4,P44 ~g—p]
KEY5,P45 ~l—p1
KEY6,P46 —~a—p-1

KEY7,P47

VREF+

* Differs depending upon the model.
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ROM RAM |--tt—p PC0,DAO
224 KB* 10 KB* --——— PA7,AN7
-—— PAG6,ANG
o ! o |[—— PA5AN5
8-bit Timer O Serial Interface 0 O |-a— PA4AN4
; ~—— PA3,AN3
8-bit Timer 1 Serial Interface 1 ~&—— PA2,AN2
-—— PA1,AN1
o . ~—— PAO0,ANO
8-bit Timer 2 Serial Interface 2 &« P37.D7
~— P86,D6
8-bit Timer 3 Serial Interface 3 o [« P85,D5
O [« Pg4,D4
T . : ~ |=—m— Pg3 D3
8-bit Timer 4 Time Base Timer6 ® |ea—p Pg2D2
— - -—P P31 D1
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D/A converter = laa—p p73A11
~ [—p— P72 A10
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i

Al17,P54
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DAvss

Product Summary |
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Chapter 1 Overview

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 MN101C49K
Structure CMOS integrated circuit
Application General purpose
Function 8-bit single-chip microcontroller
1-5-1 Absolute Maximum Ratings™ (voltages referenced to Vss)

No. Parameter Symbol Rating Unit
1 Power supply voltage VDD -0.3t0 +7.0 \Y
2 Input clamp current (ACZ2) Ic - 400 to 400 HA
3 Input pin voltage Vi -0.3to VbD +0.3
4 Output pin voltage Vo -0.3to VbD +0.3 Y,
5 /O pin voltage Vio1 - 0.3 to VpD +0.3 (except ACZ)

6 Port 8 loL1 (peak) 30

7 Peak output Other than Port 8 loL2 (peak) 20
current

8 All pins loH (peak) -10

9 Port 8 loL1 (avg) 20

10 Average*output Other than Port 8 loL2 (avg) 15 mA
current *1

11 All pins IoH (avg) -5

12 | Power dissipation PD 400 (Ta= +85 °C) mw
13 | Operating ambient temperature Ta - 40 to +85
14 | Storage temperature Tstg - 5510 +125 c

*1  Applied to any 100 ms period.

*2 Connect at least one bypass capacitor of 0.1 yF 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.
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1-5-

Overview

2  Operating Conditions

[ NORMAL mode : fs=fosc/2, SLOW mode : fs=fx/4 ]

Ta=-40 °C to +85 °C (-20 °C to +70 °C ) Vop=2.0V (2.7 V)t0 55V Vss=0 V
EPROM vers. is in ().

Rating
Parameter Symbol Conditions Unit
MIN TYP | MAX
Power supply voltage
fosc<20.0 MHz
! Voot [normal mode : fs =fosc/2] 45 i 55
fosc<8.39 MHz
2 Voo2 [normal mode : fs =fosc/2] 21 i 55
fosc<2.00 MHz 2.0
3 Vbb3 - 55
Power supply Vo|tage [normal mode : fS :fOSCIZ] (27)
4 fosc<8.39 MHz \Vi
Voos [2x speed mode : fs =fosc] 45 i 55
fosc<4.00 MHz
5 Voos [2x speed mode : fs =fosc] 30 i 55
6 Vb6 x=32.768 kHz 2.0 - 55
I 2.7) '
7 |Voltage to maintain RAM data |Voo7 During STOP mode 18 - 55
Operation speed *1
Voo=45V 1055V
8 el [normal mode : fs =fosc/2] 0.100 i i
Vop=2.7 V to 5.5V
9 tc2 [normal mode : fs =fosc/2] 0238 i i
10 tc3 Vop=2.0 V (2.7_ V)_to 55V 1.00 i i
minimum instruction [normal mode : fs =fosc/2] s
execution time -
11 tcd Vop=4.5V to 5.5.V B 0.119 ) )
[2x speed mode : fs =fosc]
Vob=3.0Vto 55V
12 5 [2x speed mode : fs =fosc] 0250 i i
Vop=2.0V (2.7V) to 55V
13 tc6 Ifs =h/2] - 61.04 -

I-20

*1 tcl, tc2, tc3, tc4, tch5

tc6

Electrical Characteristics

: 1/4 of low speed oscillation at SLOW mode

: 1/2 of high speed oscillation at NORMAL mode
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Ta=-40 °C to +85 °C (-20 °C to +70°C) Vop=2.0V (2.7 V)10 55V Vss=0V
EPROM vers. isin ( ).

Rating
Parameter Symbol Conditions Unit
MIN TYP | MAX

Crystal oscillator 1 Fig. 1-5-1

14 |Crystal frequency feall Voo=45V to 55V 1.0 - 20.0 MHz
15 Cu - 20 -

External capasitors pF
16 Ci2 - 20 -
17 |Internal feedback resistor R0 - 700 - kQ

Crystal oscillator 2 Fig. 1-5-2

18 |Crystal frequency futal2 32.768 - 100 kHz
19 C21 - 20 -
External capasitors pF
20 C22 - 20 -
21 |Internal feedback resistor Rro - 4.0 - MQ
osc1 . Xl °
_I _I
Rf10 fxall [ ] Ri20 fxtal2 [ ]
MN101IC[}———@ MN1OIC[ }——@®
osc2 X0
Cia _cu C2__ _ ca

P e

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

Connect the external capacitor suits the used pin. When crystal oscillator or ceramic oscilla-
tor is used , frequency is changed depending on the condenser rate. Therefore, please
u consult the manufacturer the external capacitors suits the used pin.
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Ta=-40 °C to +85°C (-20 °C to +70°C) Voo=2.0V (2.7 V)t0 55V Vss=0V
EPROM vers. is in( ).

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX

External clock input 1 OSC1 (OSC2 is unconnected)

22 |Clock frequency fosc 1.0 - 20.0 MHz
23 | High level pulse width twh1 _ 20.0 - 30.0
*2 Fig. 1-5-3
24 | Low level pulse width twi1 20.0 - 30.0
ns
25 |Rising time twrl . - - 5.0
Fig. 1-5-3
26 |Falling time twfl - - 5.0

External clock input 2 XI (XO is unconnected)

27 | Clock frequency fx 32.768 - 100 kHz
28 |High level pulse width twh2 _ 35 - -
2 Fig. 1-5-4 s
29 (Low level pulse width twi2 35 - -
30 |Rising time twr2 . - - 20
Flg. 1-5-4 ns
31 |Falling time twi2 - - 20

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

twh1l twil twh2 twi2

twrl twil twr2 twi2
< J:/fo;sc ; < ‘ i/f;( >
Figure 1-5-3 OSC1 Timing Chart Figure 1-5-4  XI Timing Chart
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Chapter 1  Overview

DC Characteristics

Ta=-40 °C to +85°C (-20 °C to 70 °C ) Vop=2.0V (2.7 V)t0 5.5V Vss=0 V
EPROM vers. isin ().

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX

Power supply current (no load at output pin) *1

fosc=20.0 MHz Vbb=5 V

1 ibo1 [the normal mode : fs=fosc/2] i 30 70
mA
2 | Power supply current oo | fosc=8.39 MHz Vbp=5 V B, 15 30
[the normal mode : fs=fosc/2]
fx=32.768 kH VDpD=3 V
3 IbD3 (fs=Px/4) - 40 120
fx=32.768 kHz VbD=3 V
4 Supply current PB4 | Ta=25 °C ) 5 u
during HALT mode HA
5 IbD5 x=32.768 kHz VpD=3 V ) ) 30
(Ta=+70 °C)
VbD=5V
6 Supply current D6 | Ta=05 °C ) 0 30
during STOP mode
7 IbD7 Vbp=5 V - - 60
(Ta=+70 °C)

*1

Measured under conditions of no 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 amplitude is input to the OSC1 pin.

- The supply current during operation, IDD3, 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 amplitude is input to the XI pin.

- The supply current during HALT mode, IDD4(IDD5), is measured under the following condi
tions : 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 and an 32.768 kHz
square wave of VDD amplitude is input to the XI pin.

- The supply current during STOP mode, IDD6(IDD7), is measured under the following condi
tions :After the oscillation is set to <STOP mode>, the MMOD pin is connected to Vss level,
the input pins are connected to VDD, and the OSC1 and Xl pins are unconnected.

Electrical Characteristics | - 23
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Ta=-40 °C to +85 °C (-20 °C to +70 °C) Vop=2.0V (2.7 V)t0 5.5V Vss=0V
EPROM vers. is in ().

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
Input pin1 MMOD
8 | Input high voltage 1 VIH1 0.8 VpbD - VDD
\
9 | Input high voltage 2 VIH2 Vbb=45Vto 55V 0.7 VbD - VDD
10 | Input low voltage 1 ViL1 0 - 0.2 Vbp
11 | Input low voltage 2 ViL2 Vpbpb=45Vt0 55V 0 - 0.3 VbDp
12 | Input leakage current ILk1 Vi=0 V to VbD - - +10 pA
Input pin2 P20, P22 to P26 (Schmitt trigger input)
13 | Input high voltage VIH3 0.8 VbD - VDD
\
14 | Input low voltage Vi3 0 - 0.2 Vbbp
15 | Input leakage current ILk3 Vi=0 V to VbD - - +10
HA
; Vpop=5.0V VI=15V
16 | Input high current IH3 Pull-up resistor ON -30 -100 -300
Input pin 3-1 P21(Schmitt trigger input)
17 | Input high voltage ViH4 0.8 VpbD - VbD
\Y,
18 | Input low voltage ViL4 0 - 0.2 Vbbp
19 | Input leakage current I Lka Vi=0V to VDD - - +10
HA
: Vpbp=5.0V VIi=15V
20 | Input high current I Lka Pull-up resistor ON -30 -100 -300
Input pin 3-2 P21(at used as ACZ) VbbD= 5V
21 VDLH - - 35
High detection voltage
22 VDHL 15 - -
Fig. 1-5-5 \Y,
23 VDHH 4.5 - -
Low detection voltage
24 VDLL - - 0.5
25 | Input leakage current ILK10 Vi=0 Vto VbD - - +10
HA
26 | Input clamp current Ic10 Vi>Vbbp VI<0V - - + 400
ACZ pins
27 | Rising time trs 30 - -
Fig. 1-5-5 us
28 | Falling time tfs 30 - -

| -24 Electrical Characteristics
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i« trs » <« tfs >

(Input)

( Output)

Figure 1-5-5 AC Zero-Cross Detector
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Ta=-40 °C to +85 °C(-20 °C to +70 °C) Vob=2.0V (2.7 V)t0 55V Vss=0 V
EPROM vers. is in( ).

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX

Input pin4 PA Oto PA7

29 | Input high voltage 1 VIH5 0.8 VDD - \VbD

30 | Input high voltage 2 ViHe Vbb=4.5V to 5.5V 0.7 VDD - VDD

31 | Input low voltage 1 ViLs 0 - 0.2 VbD v
32 | Input low voltage 2 ViLe Vbb=4.5V to 5.5V 0 - 0.3 VDD

33 | Input leakage current ILks Vi=0V to VbD - - +2

34 | Input high current lIH5 \P/EIIIng?e}s/iserzoll-\ls v -30 -100 -300 LA
35 | Input low current IL5 \P/a'f_zg ﬁnvre;/i'sf;%\,g 30 100 300

/O pin5 P27 (NRST)
36 | Input high voltage VIH7 0.8 VDD - \VbD
37 | Input low voltage ViL7 0 - 0.15VbD Y

. Vbb=5.0V Vi=15V
38 | Input high current IIH7 Pull-up resistor ON -30 -100 -300 HA

/O pin6 POO to P07, P10 to P17, P30 to P37, PCO toPC3, PDO to PD7
(Schmitt trigger input, except PCO to PC3)

39 | Input high voltage ViHg 0.8 VDD - VDD

40 | Input low voltage ViLs 0 - 0.2VbD Y
41 | Input leakage current ILk8 VI=0 Vto VDD - - +10

42 | Input high current liHg Vbp=5.0 V VI=L5V -30 -100 -300 HA

Pull-up resistor ON

43 | Output high voltage VOHs8 VDD=5.0 V IloH=-0.5 mA 45 - -

44 | Output low voltage VoLs VbD=5.0 V loL=1.0 mA - - 0.5 v
/O pin 7 P40 to P47

45 | Input high voltage 1 VIH9 0.8 VDD - \VVbD

46 | Input low voltage 1 ViLo 0 - 0.2VbD v
47 | Input leakage current ILk9 Vi=0V to VbD - - +10

48 | Input high current IHo \Plzl'f_ig '?e\slis:(’)'r:oll'\? v 30 | -100 -300 "
49 | Input low current liLo \Ffallla-zgﬁnvre;/ils?c}r%\l\/l 30 100 300

50 [ Output high voltage VOH9 VDD=5.0 V IloH=0.5 mA 45 - -

51 | Output low voltage VoL9 VbD=5.0 V loL=1.0 mA - - 0.5 Y
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Ta=-40 °C to +85 °C (-20 °C to +70 °C)

Chapter 1  Overview

Vop=2.0V (2.7 V)10 55V Vss=0 V
EPROM vers.isin ().

Rating
Parameter Symbol Conditions Unit
MIN TYP MAX
Input pin 8 P50 to P54, P60 to P67
52 | Input high voltage 1 VIH10 0.8 VDD - VDD
53 | Input high voltage 2 VIH11 Vbb=4.5V to 5.5V 0.7 VbD - VDD
54 | Input low voltage 1 ViL10 0 - 0.2 VbD Y
55 | Input low voltage 2 ViLi1 VDD=4.5V to 5.5V 0 - 0.3 VbD
56 | Input leakage current ILk10 Vi=0V to VbD - - + 10
57 | Input high current lIH10 \Iszlllj-isl?e\s/is:(/;r:(%l-\? v -30 -100 -300 HA
58 | Output high voltage VOH10 VbD=5.0 V IloH=-0.5 mA 45 - -
59 | Output low voltage \VoL10 VbD=5.0 V loL=1.0 mA - - 0.5 Y
/O pin9 P70to P77
60 | Input high voltage 1 VIH12 0.8 VDD - VDD
61 | Input high voltage 2 VIH13 Vbb=4.5V to 5.5V 0.7 VbD - VbD
62 | Input low voltage 1 ViL12 0 - 0.2 VbD Y
63 | Input low voltage 2 ViL13 Vbb=4.5V to 5.5V 0 - 0.3 VDD
64 | Input leakage current ILk12 Vi=0V to VbD - - + 10
65 | Input high current lIH12 \I;ﬁlllj-zg.?e;/is:cl)lr:él.\? v -30 -100 -300 HA
66 |inputlow current liL12 \Iszllizgﬁnvre;/ilsjjr%\lil 30 100 300
67 | Output high voltage VOH12 Vbb=5.0 V IoH=-0.5 mA 45 - -
68 | Output low voltage VoL12 Vbb=5.0 V loL=1.0 mA - - 0.5 Y
I/O pin 10 P80 to P87
69 | Input high voltage 1 VH14 0.8 VDD - VbD
70 | Input high voltage 2 VIH15 Vbb=4.5V to 5.5V 0.7 VbD - VDD
71 | Input low voltage 1 ViL14 0 - 0.2 VbD Y
72 | Input low voltage 2 ViL15 VDbD=4.5V to 5.5V 0 - 0.3 VbD
73 | Input leakage current ILk14 VIi=0 V to VbD - - + 10
. VDD=5.0V VI=15V HA
74 | Input high current lIH14 Pull-up resistor ON -30 -100 -300
75 | Output high voltage VOH14 Vbb=5.0 V loH=-0.5 mA 45 - -
76 | Output low voltage VoL14 VDbD=5.0 V loL=15 mA - - 1.0 Y
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1-5-4  A/D Converter Characteristics
Ta=-40 °C to +85 °C (-20 °C to +70 °C ) Voo=2.0V (2.7 V)t0 55V Vss=0 V
EPROM vers. isin ( ).
Rating
Parameter Symbol Conditions Unit
MIN TYP | MAX
1 |Resolution - - 10 Bits
2 |Non-linearity error 1 VDD =5.0V Vss=0V - - + 3
. . ) . VREF+=5.0 V VREF-=0 V
3 Differential non-linearity TAD=800 ns i ) +3
error 1
LSB
4 |Non-linearity error 2 VDD =5.0V Vss=0V - - +5
. . ) . VREF+=5.0 V VREF-=0 V
5 Differential non-linearity fosc=32.768 kHz ) . + 5
error 2
6 | Zero transition voltage Vbb =5.0V Vss=0V - 30 100
VREF+=5.0 V VREF-=0 V mV
7 |Full-scale transition voltage TAD=800 ns - 30 100
8 TAD=800 ns 9.6 - -
A/D conversion time
9 x=32.768 kHz - - 183
ps
10 fosc=8 MHz 1.0 - 36
Sampling time
11 x=32.768 kHz - 30.5
12 VREF+ 2.0 - VDD
Reference voltage
13 VREF- Vss - 3.0 \Y
14 |Analog input voltage VREF- - VREF+
Analog input leakage VADIN=0 V to 5.0 V
15 - - + 2
current unselected channel A
16 Reference voltage pin Ladder resistor OFF i ) + 10 H
input leakage current VREF- <VREF+<VDD
17 |Ladder resistance RLADD VDD=5.0 V 20 50 80 kQ

Ratings in 2 to 5 are guaranteed when Voo=Vrer+=5.0 V, Vss=Vrer-=0 V.
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1-5-5 D/A Converter Characteristics

Ta=25 °C VbpD=5.0 V Vss=0 V

» Rating )
Parameter Symbol Conditions Unit
MIN TYP MAX
1 |Resolution - - - - 8 Bits
2 |Reference voltage low level Davss - 0 - 1.0
3 |Reference voltage high level DAvDD - 4.0 - VDD
4 | Zero scale output voltage Vzs Davss=0 V. DavDD=5.0 V -0.05 0 0.05 v

D7 to DO=ALL"L"

DAvss=0V DAvDbD=5.0 V
5 |Full scale output voltage VFs D7 to DO=ALL"H" 4.93 4.98 5.03

Analog output resistance

6 L - RoAT - 6 10 14 kQ
(Minimum reference resistance)
7 |Non-linearity error NLE Davss=1.0V DavbD=4.0 V - +05|+10
LSB
8 |Differential Non-linearity error DNLE Davss=1.0V DavbD=4.0 V - + 20|+ 30

A External capacitor CL=35 pF
9 |Setlling time TSET All bits are set to ON or OFF. ) L5 3.0 Ks

10 Reference voltage pin input ) } B R +£10 LA
leakage current

Ratings in 7 and 8 are guaranteed when Vop=Davoo=5.0 V,Vss=Davss=0 V.
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1-6  Package Dimension

| Package Code : QFP100-P-1818B
Unit : mm
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Body material : EPOXY resin
1302020 Lead material : Cu Alloy
Lead finish method : Pd plating

Figure 1-6-1  100-Pin QFP

‘ The package dimension is subjected to change. Before using this product, please obtain
- product specifications from the sales office.
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Package Code : LQFP100-P-1414
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Figure 1-6-2
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SEATING PLANE

Body material : EPOXY resin
Lead material : Cu Alloy
Lead finish method : Pd plating

100-Pin LQFP
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1-7 Precautions

1-7-1  General Usage

EConnection of VDD pin, and Vss pin

All VDD pins should be connected directly to the power supply and all Vss pins should be connected to
ground in the external. 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) Each model has different operating condition,
-Operation temperature should be well considered. For example, if temperature is over the oper-
ating condition, its operation may be executed wrongly.
-Operation voltage should be also well considered. 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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1-7-2 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 1-7-1 Unused Pins (only for input)
«— Through current
Current
Pch
Input pin
Input
Nch
777 0 ' 5 Input voltage
(VDD=5 V)
Input inverter organization Input inverter characteristics

Figure 1-7-2 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 1-7-3 Unused I/O pins (high impedance output at reset)
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Data
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Output OFF
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1-7-3  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 1-7-4 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 2.2-8-1 Reset Operation ]

Figure 1-7-5 Power Supply and Reset Input Voltage
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1-7-4  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 1-7-6 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 1-7-6 An Example for Emitter follower type Power Supply Circuit
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Chapter 2 CPU Basics

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

Structure Load / store architecture
Six registers Data : 8-bit x 4
Address : 16-bit x 2
Other PC : 19-bit
PSW : 8-bit
SP : 16-bit
Instructions Number of instructions 37
Addressing modes 9
Instruction length Basic portion : 1 byte (min.)
Extended portion : 0.5-byte x n
(0=n<9)
Basic Instruction execution Min. 1 cycle
performance - - -
Inter-register operation Min. 2 cycles
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) [~ 2-2 Memory space]
External bus Address 18-bit (max.)
Data 8-bit
Minimum bus cycle 1 system clock cycle
Interrupt Vector interrupt 3 interrupt levels
Low-power STOP mode
dissipation mode
HALT mode
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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 t Instruction execution
] 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’
External interface Intenal peripheral
Internal ROM Internal RAM } i functions
External expansion bus

Clock generator

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

Program counter

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

Instruction queue

Stores up to 2 bytes of pre-fetched instructions.

Instruction decoder

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

Instruction execution
controller

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

ALU

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

Internal ROM, RAM

Assigned to the execution program, data and stack region.

Address register

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

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/D 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 xX'03FFF") with memory-
mapped I/0. CPU control registers are also located in this memory space.

Table 2-1-2 CPU Control Registers

Registers Address RW Function Pages

CPUM X03F00' RW "1 CPU mode control register II- 25,29

MEMCTR x03F01' RW Memory control register II-18

RCCTR X'03F09' R/W ROM correction control register II-38

SBNKR X03F0A' R/W Bank register for source address II-32

DBNKR X03FO0B' R/W Bank register for destination address II-32

OSCMD X03F0D' RW Oscillation frequency control register II-29
X03FCT'

RCnhAP to RW ROM correction address setting register II- 39, 40
X03FCF'

Reserved X03FEQ' - For debugger -

NMICR X03FE1' RIW Non - maskable interrupt control register [0~ Chapter 3 ] |l - 16
X03FE2'

xxICR to R/W Maskable interrupt control register [ Chapter 3 ] |ll-17 to 38
X03FFE'

Reserved X03FFF' - Reserved ( For reading interrupt vector data on interrupt process) -

R/W : Readable / Writable -
*1 a part of bit is only readable

-4 Overview
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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

gpemh

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
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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
gueue 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).

mProgram 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

Program

PC counter
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mAddress 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

A0
Al

Address Registers

WStack 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
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2-1-7 Processor Status Word

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

0 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

0 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 (xxxLVn,xxxIE) for each interrupt
are enabled.

| Reserved |Set always "0".

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

ECarry 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.

Hminterrupt 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 0 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
M1 IMO
Mask level 0 0 0 High Non-maskable interrupt (NMI) only
Mask level 1 0 1 . NMI, Level O
Mask level 2 1 0 . NMI, Level 0 to 1
Mask level 3 1 1 Low NMI, Level O 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-IMO) setting in PSW.

This flag is not changed by interrupts.
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2-1-8  Addressing Modes

The MN101C49K 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) I/O 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.
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Table 2-1-4 Addressing Modes

Addressing mode Effective address Explanation
Dn/DWn . o . ’
. . Directly specifies the register. Only internal
Register direct églvsvp - registers can be specified.

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

l n ] register.
15 0 Specifies the address using an address
(d8, An) [ INTTE 1 register with 8-bit displacement.
15 0 Specifies the address using an address
(d16, An) I An+d16 ] register with 16-bit displacement.
Register relative
indirect
indireci (d4, PC) 17 OH Specifies _the addre_ss using the program
(branch instructions only) | PC+d4 1] counter with 4-bit displacement and H bit.
*1
Specifies the address using the program
(d7, PC) |17 SoTay OlHl counter with 7-bit displacement and H bit.
(branch instructions only)
*1
(d11, PC) 17 OH Specifies .the addres; using the program _
counter with 11-bit displacement and H bit.
(branch instructions only) L Prdll Ll
*1
(d12, PC) 17 OH Specifies .the addres; using the program _
T counter with 12-bit displacement and H bit.
(branch instructions only) L PC+d12 L
*1
(d16, PC) 17 OH Specifies _the add_res_s 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 . :
Specifies the address using the stack
(d8, SP) l SP+d8 ] pointer with 8-bit displacement.
15 0 Specifies the address using the stack
(d16, SP) | SP+d16 | pointer with 16-bit displacement.
(abss) f 4
Absolute
1 0 Specifies the address using the operand
(abs12) value appended to the instruction code.
15 o Optimum operand length can be used to
(abs16) i 25516 ] specify the address.
(abs18) 17 OH
abs18
(branch instructions only) I 1 *1
bsg 7 0 Specifies an 8-bit offset from the address
RAM short (abs8) x'00000.
. 15 0 Specifies an 8-bit offset from the top address
1/0 short -
shor (i08) l I0TOP+i08 ] (X'03F00") of the special function register area.
Reuses the last memory address accessed
and is only available with the MOV and
Handy (HA) - MOVW instructions. Combined use with

absolute addressing reduces code size.

*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
MN101C series supports three memory modes (single chip mode, memory expansion mode, processor

mode) in its memory model. Setting of each mode is different.

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

processor mode, ROM, RAM and external device for operation can be connected.

Settings for each modes are as follows ;

Table 2-2-1 Memory Mode Setup

. EXMEM flag in EXADV3 to 1 flag in
Memory mode MMOD pin (MEMCTR register) (EXADV register)
Single chip mode L 0
Memory expansion L 1 1
mode
Processor mode H

MMOD pin should be fixed to "L" level, or "H" level. Do not change the setup of MMOD pin
after reset.

I-12 Memory Space
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2-2-2  Single-chip Mode

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 LSI offers 10 KB of RAM and 224 KB of ROM.

x'00000'
abs 8 addressing
256 bytes access area
Internal '
1OLKB 00100" RAM space
x'02800'
x'03F00 ) . .
256 bytes Special function registers
x'04000'
Interrupt
128 bytesI vector table
x'04080' .
Subroutine
64 bytesI vector table internal
224 KB 040C0 ROM space
Instruction code/
table data
v x'3C000'
I 16 KB X'3FFFF' Reserved
MMOD pin =L

Figure 2-2-1 Single-chip Mode
*Differs depending upon the model. [ €~ Table 2-2-2. Internal ROM / Internal RAM |

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

Internal RAM Internal ROM

Model
Address bytes Address bytes

MN101C49G | X'00000' to X'O0FFF' 4 K X'04000' to X'23FFF' 128 K

MN101C49H X'00000' to X'017FF' 6 K X'04000' to X'2BFFF' 160 K

MN101C49K X'00000' to X'027FF' 10K X'04000' to X'3BFFF' 224 K

MN101CP49K | X'00000'to X'027FF' 10K X'04000' to X'3BFFF' 224 K

‘ The value of internal RAM is uncertain when power is applied to it.
= It needs to be initialized before it is used.
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2-2-3  Memory Expansion Mode

The MN101C series can connect external ROM, RAM and external devices for operation in memory
expansion mode. This is the mode to expand to external memory while using internal ROM and RAM.

The memory expansion mode is set by assigning EXMEM flag (bp4) of the memory control register
(MEMCTR), on single chip mode. The address expansion control register(EXADV) controls address
output to pins.

Memory areas can be externally expanded as follows :

ROM: x'20000'-x'3FFFF' (128 KB)
RAM: x'02F00'-x'03EFF' (4 KB) (no bank switching required)

i 256 bytes 4 x'00000' abs8 addressing A
Y SIEESE ] Internal RAM (10 KB)*
Xx'00100'
Data X02800' ¥
16 KB External expansion A X02FO0
RAM 4 KB
. : I X'03EFF'
256 bytes 4 x'03F00 Spcial registers
y Y function area
1 4 x'04000° Interrupt
128 bytes Y vector table
4 A x04080' Subroutine
64 bytes Y vector table
~ X040C0 Internal ROM (112 KB)
Instruction code/
224 KB Table data
x'20000'
Xx'20000'
External expansion
memory 128 KB
Y
x'3C000* X'3FFFF'
MMOD pin=L
EXMEM flag=1

Figure 2-2-2 Memory Expansion Mode
* Differs depending upon the model. [ €Z>" Table 2-2-2. Internal ROM / Internal RAM ]

In memory expansion mode, if more than 4KB external RAM area is set, use bank functions.

‘ The value of internal RAM is uncertain when power is applied to it.
= It needs to be initialized before it is used.
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2-2-4

Processor Mode

Chapter 2 CPU Basics

This mode accesses the external expansion ROM and RAM, ignoring any internal ROM present.

For processor mode, set the MMOD pin to high.

Memory areas can be externally expanded as follows:

ROM: x'04000'-x'3FFFF' (240 KB)
RAM: x'02F00'-x'03EFF' (4 KB) (no bank switching required)

16 KB

*Differs depending upon the model.

EXMEM flag=don't care

memory

Figure 2-2-3 Processor Mode

} 256 bytes } X'00000 abs8 addressing
seeess Internal RAM (10 KB)*
X00100 PEIE X'02800"
. X'02F00"
External expansion 4 KB
RAM X'03EFF'
256 bytes x'03F00 Special registers
\i function area
Interrupt x'04000" A .
vector table Y ytes
Subroutine x'04080" A o4 bries
vector table y
X'040C0’ 48 KB
Instruction code/
table data
X'10000'
Instruction code
X3 FFFF
MMOD pin=H External expansion

[ € Table 2-2-2. Internal ROM / Internal RAM ]

KB) is used.

In the processor mode, use bank switching when external memory expansion (more than 4

(1

The value of internal RAM is uncertain when power is applied to it.

It needs to be initialized before it is used.
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Special Function Registers

2-2-5

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 LSI are located as shown below.

Table 2-2-3 Register Map

X44€0
X34€0

Xa4€o0

X240

X84¢0

XV4E0

X64€0

X84€0

XL4€0
X94€0

X540

Xv4€0

XE4E0

Xc4€0

XT4€0

X04€0

paniesay OIMOLY ¥0IAY | ¥OIEDS | HOIZOS | HOITOS [HOLLOOS [HOI00S N%%r HOINL | ¥oIaL
oo R HOINL HOML | HOIBWL | MOIGWL | OITAL | HOIOAL 010! | 40O [ H0IEDY! | HOIZDY! | HOTDY! |H0I00Y! | HOINN | penvesay
104U02 O 1Y _._W_«ﬁ zﬁ«z ﬁm«_\é _._wm_% _\,_ﬂ«z Aﬁ«z OULTLY |TINOTLY|OINOTLY
[04U09 U081I00 NOY |HAVZOY [NAYZOY | V2O |HAVTOY [WAWTOY | TAVTOY |HAV0OY |NdV0OY | 1dV00Y  |Paniassy | paniasau | paniasay | paniassy | paniesay | panasay | panasay
lo4uod 4| Bofeuy | €402va | 2402va | TYAZYA |0dAZvA [4L02va PeNBS3Y | TANGNY | 04NSNY | Z4LONY | THLONY | O4LONY
SY0EJS {00808 41EDS [HLIEDS [TAWEDS |0QWEDS | SYIZDS [20Z0S 4120S |TANZDS |0aNZ0S
[0A1U00 5] [BU3S

SYOTOS [000TIS | LSTOS [2QNTOS | TAWTOS | 0QINTOS | T4NEXL | TANEXY | SY000S [2000S |0HnaXL [04naXy [4LS00S |[Za00S | TAIN0DS |0aIN0dS

|023u09 /1 1dnuIBIU| 10903 | "1o4N
INOLTd |HeHdZINL[IZAdLNL HEQOZNLTZO0LNL| ZAINZWL | TAINZWL| HOILAL | TOIZNL [HTHALN TRIAZL [HTOOZWA TEOOLL HOBLINL | TOBLAL
[021U00 o] QNOSd | 4L 1091 | QWOIL | D09AL | OHIML a0 T Q0L ogviL
QNEYD | QNZYO | QNEAL | GNZIL | DOEINL | DOZAL | JBEINL | DSZAL | GATYO | QINOMD | QINTIL | GWOINL | QOTIAL |J00ML | OFTWL | JS0NL
[041U0 JOISISSY Mdad | N1dod andvd Mded | ANdZd | Nd9d | MdSd |ANTdvd | NTded | Mdzd | MdTd | Midod
ot [0:1U02 3poUl O] QWIrd | ¥iaad | ¥iaod anivd uid8d | ¥id/d | ¥id9d | MiaSd | Midrd | dided diaTd | didod
ol nduuod | QNOT | YO | Niad | NI NIvd NBd | Nid | NOd | NGd | Nid | NiEd | Ned | Nid | Niod
indinood | 0ASQd 1n0ad | 1n00d 1N08d | LNOZd | 1N09d | INOSd | LnO¥d | LNOEd | LNOzd | LNOTd | 1n0od
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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 four such buses: ROM bus, RAM bus, peripheral expansion bus (/O bus), and external
expansion bus. They connect to the internal ROM, internal RAM, internal peripheral circuits, and external
interfaces respectively. The bus control block controls the parallel operation of instruction read and data
access, the access speed adjustment for low-speed external devices, and arbitration of bus access
when using master devices on the external bus lines. A functional block diagram of the bus controller is
given below.

Instruction Interrupt
queue Program address H Operand address control

| = ———
Bus controller

’ Memory control register Interrupt
l bus

Address decode

Memory mode setting
Bus access (wait)
control

[ il
]

Bus
arbitor

Peripheral

< | ROM bus B < | RAM bus > | extension bus | >
A D A D A D
| Internal
Internal RAM peripheral functions
External interface
Internal ROM
External extension bus

A D

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

In memory expansion mode or processor mode, the external expansion bus can access external device.
Memory control register (MEMCTR) can be used to select the access mode, fixed wait cycle mode or
handshake mode. Wait cycle setting to peripheral expansion bus, connected to internal peripheral cir-
cuits is available.
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2-3-2  Control Registers

Bus interface is controlled by 2 registers : the memory control register (MEMCTR) and the expansion
address control register (EXADV).

EMemory Control Register (MEMCTR)

7 6 5 4 3 2 1 0
MEMCTR ‘ IOW1 ‘ 10WO0 ‘ IVBM ‘EXMEM‘ EXWH‘ IRWE ‘ EXWl‘ EXWO‘ (Atreset:11001011)

EXW1to 0 Fixed wait cycles 20 ?/luljzcﬁglfilgtion
00 No wait cycles 100 ns
01 1 wait cycle 150 ns
10 2 wait cycles 200 ns
11 3 wait cycles 250 ns

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

EXWH Fixed wait cycle mode or handshake mode

0 Handshake mode

1 Fixed wait cycle mode

EXMEM | Memory expansion mode

0 Do not expand external memory

1 Expand external memory
IVBM Base address setting for interrupt vector table
0 Interrupt vector base = x'04000'

1 Interrupt vector base = x'00100'

Wait cycles when Bus cycle at
IOW11t0 0 accessing special register area |20 MHz oscillation

00 No wait cycles 100 ns

01 1 wait cycle 150 ns

10 2 wait cycles 200 ns

11 3 wait cycles 250 ns

Figure 2-3-2 Memory Control Register (MEMCTR: x'03F01' R/W)
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® The EXW1-EXWO wait settings affect accesses to external devices in the processor mode
" and memory expansion mode. After reset, MEMCTR specifies the fixed wait cycle mode with
three wait cycles.

dresses x'3F00'-x'3FFF'. After reset, MEMCTR specifies the fixed wait cycle mode with three
wait cycles. Wait setting of IOW is a function, which CPU supports for special use, for ex-
ample, when special function register or I/O is expanded to external. For this LSI, wait cycle
setting is not always necessary. Select "no-wait cycle" for high performance system con-
struction.

ﬁ The IOW1-I0WO0 wait settings affect accesses to the special registers located at the ad-

BExpansion Address Control Register (EXADV)

7 6 5 4 3 2 1 0
EXADV ‘EXADVS‘EXADVZ‘EXADVl‘ - ‘ - ‘ - ‘ - ‘ - ‘ (Atreset:000----- )

"Al1 to A8" address output during memory

EXADV1 expansion mode.
0 General port
1 "Al1 to A8" address output enable

EXADV2 "A15 to_A12" address output during memory
expansion mode.

0 General port

1 "A15 to A12" address output
EXADV3 e;l);ni%nag%rg:s output during memory

0 General port

1 "Al7, 16" address output

Figure 2-3-3 Expansion Address Control Register (EXADV : x'03FOE’, R/W)

m In memory expansion mode, unused address pins can be used as general ports.
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2-3-3  Fixed Wait Cycle Mode

This mode accesses ROM, RAM, or other low-speed devices connected to the external expansion bus
by inserting the number of wait cycles specified in the external fixed wait counter (EXW) field of the
memory control register (MEMCTR).

Fixed wait cycle mode is used to automatically insert the number of wait cycles specified by the fixed wait
counter (EXW1-0) in the MEMCTR. After reset, MEMCTR specifies the fixed wait cycle to three wait
cycles. To change to handshake mode or to use a different number, modify the appropriate bits in
MEMCTR.

2-3-4 Handshake Mode

Handshake mode uses the interlock control method in the data transfer sequence , with a transfer enable
signals (NRE, NWE) and a data acknowledge signal (NDK).

Handshake mode adjusts the wait cycle for each external device that has a different access speed when
the DK generation circuit is provided for each device. CPU of this LSI keeps waiting until the reception of
data acknowledge signal to ensure sufficient wait time so that external device can reception data with no
error. [ € "MN101C LSI User's Manual" (Architecture Instructions) ]

G During single-chip mode, handshake mode can not be used.
[ |

On handshake mode, watchdog timer can be used to detect NDK not received error.
The reception of NDK is waited until the non-maskable interrupt is generated by the

overflow of watchdog timer.
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BAccess Timing with No Wait Cycles

The NRE or NWE timing is determined based on OSC2. However, since the delay from OSC1 to RE or
WE varies depending upon the product, use NRE or NWE as the reference when synchronizing with
other devices. Operation timing is same as the timing when the division factor is 2 (The beginning state
after releasing reset) at NORMAL mode (OSC high speed oscillation selection).

0sC2

Al7 -0

NCS

NRE

NWE
write - : read

Figure 2-3-4 ROM and RAM Access Timing with No Wait Cycles

WAccess Timing with 1 Wait Cycle
Access timing with 2 or 3 wait cycles follows the same pattern. The latter part of the cycle is extended

and the timing is the same.

0osc2

NCS

NRE

NWE

WRITE : : READ

Figure 2-3-5 ROM and RAM Access Timing with 1 Wait Cycle
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2-3-5  External Memory Connection Example

EBROM Connection Example (processor mode)

This example shows connection to ROM.

This LSI

Al7 to AO

D7 to DO

NCS

NRE

MMOD

EBSRAM Connection Example

ROM

A 4

Al17 to AO

A

D7 to DO

A 4

NCS

Y

NRE

This example shows connection to SRAM.

This LSI

Al7 to AO

SRAM

D7 to DO

A

Y

NCS

A

NRE

NWE

I-22 Bus Interface

Al7to AO

D7 to DO

NCS

NRE

NWE

x'00000

X'04000

X'3FFFF'

Figure 2-3-6 ROM Connection Example

X'02F00'

X'03EFF'

External ROM area

External RAM area

Figure 2-3-7 SRAM Connection Example



2-4  Standby Function

2-4-1 Overview

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.

CPU operation mode STANDBY mode
Interrupt = =
— STOPO =
NORMAL mode EOSC:Halt =
Program 5 =XI: Halt =
NORMAL
Reset OSC: Oscillation / \
XI: Oscillation
Interrupt E =|
| - EHALT 0 3
E OSC: Oscillation3
£ XI: Oscillation
Program 4
Program 3
| STOP mode
IDLE
OSC: Oscillation
XI: Oscillation
Program1
HALT mode
Program 2
Interrupt = —
= STOP1 E
=0SC: Halt =
SLOW = XI: Halt =
OSC: Halt Program 5
XI: Oscillation . _/
A Interrupt = e
SLOW mode JOSCHat -
E XI: Oscillation 3
Program 4

XI: Low-frequency oscillation clock (32 kHz)

Figure 2-4-1 Transition Between Operation Modes

:CPU halt ~ —=s===:\Nait period for oscillation stabilization is inserted OSC: High-frequency oscillation clock
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BMHALT 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 HALT1.

ESTOP Modes (STOPO, STOP1)

— The CPU and both of the oscillators stop operating.

- Aninterrupt 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 RESERVED|OSCSEL1/0SCSELO| OSCDBL | STOP | HALT | OSC1/0OSCO
At reset : 0 0 0 0 0 0 0 0

Ll

Operalion | <6p | HALT | 0SC1| 0SCO | joacg | XIIXO 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.
" 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 : Set SLOW mode.
MOV DO, (CPUM)

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

For transition from SLOW to NORMAL mode, the program must maintain the idle state until high-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
n

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'OB', DO ; A loop to keep approx. 6.7ms with low-frequency clock (32 kHz)
LOOP ADD -1,DO0 ; operation when changed to high-frequency clock (20 MHz).
BNE LOOP ;
SuUB 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) Set the interrupt enable flags (xxxIE) in the interrupt control registers (xxxICR) to '1' or '0' to
specify which interrupts do and do not initiate the return from the STANDBY mode. Set MIE '1' to
enable those maskable interrupts.

NORMAL/SLOW
mode

Clear MIE flag in the PSW and all interrupt enable flags (xxx IE)

‘ Disable all interrupts ‘ in the maskable interrupt control register.

Enable interrupt which| et 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 STOPy ___
mode, wait for oscillation to)
stabilize

~x— Return factor interrupt
occured

NORMAL/SLOW

-a—— | HALT: restarts countin
mode

Watchdog timer )
[¢]
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.
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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
MOV
NOP
NOP
NOP

x'4', DO : Set HALT mode.

DO, (CPUM)
; After written in CPUM, some NOP
; instructions (three or less) are
; 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
MOV
NOP
NOP
NOP

x'8', DO ; Set STOP mode

DO, (CPUM)
;. After written in CPUM, some NOP
; instructions (three or less) are
; 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 pro-
gram. 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'03F0D', R/W)

7 6 5 4 3 2 1 0

CPUM RESERVED | OSCSEL1 | OSCSELO| OSCDBL | STOP | HALT | OSCl | 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)
oscseL1 | oscseLo Division factor
NORMAL mode | SLOW mode
0 0 1 1
0 1 4 4
1 0 16 16
1 1 64 16
I Reserved | Set "0", always.

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

High-frequency

F
c/l

- OSCDBL
Low-frequency > 15

-
T OSCSEL[1:0]

d

SOSC2Ds

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
Low-frequency(XI/XO) Input
(SLOW mode)

OSCSEL1| OSCSELO [ SOSC2DS

2

4

8
16
32
64
32
64

B PR PR OOOO
B P, OORrRRrR OO
B OFRr OFRr OFR O

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, and OSCO, individually. Even if
those flags are mapped on the same special functions register, set twice.
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2-6 Bank Function

2-6-1 Overview

CPU of MN101C 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 64KB, by bank function. In the expanded space
based on bank units, each memory mode (single chip mode, memory expansion mode, processor mode)
has a different data access.

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

OoAD) | BBAY Bank area Address range
0 0 bank 0 x'00000' to x'OFFFF'
0 1 bank 1 X'10000' to x'1FFFF'
1 0 bank 2 x'20000' to x'2FFFF'
1 1 bank 3 x'30000' to x'3FFFF'

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

G The stack area should be set in the area of bank 0, always. Furnished C compiler does not
| |

support bank function.

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
and register relative indirect should be used. [@_>~ 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)

DBAL DBAO Bank for destination address selection
0 0 bank0
0 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.

When the memory bank function of the MN101C49 series, EPROM version is used in single-
‘ chip mode, set the EXWH, EXW1-0 flags of the memory control register (MEMCTR; x'3F01")
as follows;
Set the EXWH (bit3) to "1" (Fixed wait mode)
Set the EXW1-0 (bit1,0) to "00"  (No wait mode)
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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. In the expanded data space based on bank units, each memory mode (single chip mode,
memory expansion mode, processor mode) has a different data access.

EmSingle 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 00000 1 A A A
abs8 addressin f
256 B ? —— areag Internal RAM *
A S (10 KB) °
00100 Data v £
o800 | T 2
16 KB 'g
IR o ______ @
f 03F00) % o |
256 B Peripheral /0 space
Yy ) i _Y _ (Special Function Register) y
04000 Interrupt
128B A vector table bank 0
64 B A 04080|  Subroutine
A vector table
040CO0 %
Internal ROM
48 KB (224 KB)
Instruction code
table data
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .- Y ___
10000 §
Instruction code
64 KB table data bank 1
|
vy _ Y
f 20000
Instruction code
64‘ KB table data bank 2
B A S S R B | A
A 30000 _
! Instruction code
48;(3 table data bank 3

Figure 2-6-3 Single Chip Mode

* Differs depending upon the model. [g—>= Table 2-2-2. Internal ROM / Internal RAM ]
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EMemory Expansion Mode

In memory expansion mode used internal ROM, internal RAM and external memory (ROM/RAM), each
expanded bank area has a different memory space. The area of bank 1 is in the internal ROM space, and

the area of bank 2 to 3 is in the external memory (ROM/RAM) space.

In the internal ROM space of bank 1, reading of table data is enable, but rewrite is disable. In the external

memory space of bank 2 to 3, both of reading and writing are enable.

*Differs depending upon the model.

I1-34

”””””” 00000 :
abs8 addressin
256 Bi — areag Internal RAM*
X (10 KB)
00100 Data
02800 biZI;(;O ”””””””””
16 KB External
Data RAM
’f’ ~ 03F00 ‘A
256 B Peripheral I/0 I/0 space )
,,,,,,,, ) A _Y _ (Special function register)
04000 Interrupt
128 X 7777777 vector table
04080 Subroutine
64 BI 7777777 vector table
040C0 Int | ROM
nterna
48 KB Instruction code (112 KB)
table data
Y
} 10000
Instruction code
64 KB table data
|
B A A
F 20000
Instruction code
64 KB table data
‘ External
F 30000 memory
Instruction code A
64" KB table data
A SO 3FFFF R

Read

Figure 2-6-4 Memory Expansion Mode

Bank Function

bank 0

[ Table 2-2-2. Internal ROM / Internal RAM ]
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EProcessor Mode
In processor mode used internal RAM and the external memory (ROM/RAM), expanded bank area
(bankl to 3) is in the external memory (ROM/RAM) space. In the memory space of the expanded bank,

data can be read out and rewrite.

256 B 00000] apsg addressing * A A
access area Int(elrgallBR)AM
00100 Data \
02800 ettt
16 KB Data 02F00 External *4 KB
RAM \
A 03F00) A
256 B Peripheral 110 VO space
 J A\ (Special function register)
4 04000 Interrupt
128 Bx 7777777 vector table bank 0
04080 Subroutine
64 Bj 7777777 vector table
040CO0|
48 KB
Instruction code o)
table data §
35
IS
e \
,,,,,,,,,,,,,,, o .l x - ¥ ___
10000 External
memory 4
Instruction code ROM/RAM o
64‘ KB table data N bank 1
F ””””” 20000 BN e R A
Instruction code
64‘ KB table data bank 2
F ””””” 30000 B e R A
64 KB Instruction code bank 3
‘ table data
A S 3FFFF N v.v._

Figure 2-6-5 Processor Mode

*Differs depending upon the model.  [€Z~ 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'03F09', 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 regis-

ter,.
BROM 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'03FCT7', R/W)

7 6 5 4 3 2 1 0

RCOAPM |RCOAPM7|RCOAPM6BRCOAPMS) RCOAPMA‘RCOAPM3 RCOAPM2RCOAPM1IRCOAPMO| (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 - - - - - - RCOAPH1|RCOAPHO| (Atreset:------ XX)

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

BROM Correction Address 1 Setting Register (RC1AP)

7 6 5 4 3 2 1 0

RC1APL |RC1APL7|RCIAPL6|RC1APL5|RC1APL4|RC1APL3|RCIAPL2(RC1IAPL1|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/W)

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|RC2APM6RC2APMS5) RCZAPMA‘RCZAPMS, RC2APM2RC2APM1RC2APMO| (Atreset : 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 RC-vector table
ROM correction
control flag
Register address vector address
RCOAPL X'3FCT'
1st RCOV(L) Xx'0010'
correction RCOAPM X'3FC8' RCOEN
RCOAPH X3FCY RCOV(H) X0011'
RC1APL X3FCA RCIV(L) 0012
Corfencdﬂon RCIAPM X3FCB' RCI1EN
RC1APH x'3FCC' RCIV(H) x'0013
ard RC2APL x'3FCD' RC2V(L) X'0014"
correrction RC2APM X'3FCE' RC2EN
RC2APH X3FCF' RC2V(H) X0015
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2-7-4  ROM Correction Setup Example

HInitial 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

¢

ROM Correction
is used or not

Develop the correct program of
the external EEPROM to RAM area|

Step 2 i

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

Step 3

Enable the ROM correction operation

r

Main Program

Figure 2-7-12 Initial Routine for ROM Correction
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HBROM 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 c2 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 0[}

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

1 1 The first program to be corrected (internal ROM)
[Setup for the first correction]
Set the head address of the program to be The head addresztshzf Stgfvcg?:eegfichOAP)
. . Address Data
corrected at first to the ROM correction address 0 10916/ DYOOAD  chne 0. d1. 1001E
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, do
RCOV(L) = x'B4 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 di1, d1
N 108FD¢ A011 mov 11, do
RCOAPL = x'FD 108FF 58 mov  do, (a0)
RCOAPM = x'08' 10900 EC1 addw 1, a0
109013Y A081 mov _Msyscom_edge, 0
RCOAPH = 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 I1-43



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.

@)

@)

Drive the NRST pin low.
NRST pin should be held "low" for more than OSC 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

Setting the P20UTY 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 LSI is reset
and register is initiated, the P20OUT?7 flag becomes "1" and reset is released.

[ €7 Chapter 4. 4-4-2 Registers ]

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

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

‘ When NRST pin is connected to low power voltage detection circuit that gives pulse for
[ |
is held "low" for less than OSC 4 clock cycles, take notice of noise.
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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
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2-8-2 Oscillation Stabilization Walit 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 ]

HEBlock Diagram of Oscillation Stabilization Wait Time (watchdog timer)

ST T
STOP
writeWDCTR

\ Y y
HALT R R R i
fs ﬁ:)—' 1/2-1/2%4 1/215-1/220 ——— internal reset release
s
[ fS/214 Y
’ fs/210 —
fs/26 _ [MUX
DLYCTR t/22 o
] 0
A
_DLYSO_[)
_bLyst |/
_BUZSO0_|
fffffffff 18
BUZOE | 7 fsI22  MUXf———— = WDIRQ
fs/216
WDCTR
_WDEN_] O A
wpTso [\
wpTs1 |/
_WDTCO |
_WDTC1 |
_WDTC2 |
””””” 7

Figure 2-8-3 Block Diagram of Osillation Stabilization Wait Time (watchdog timer)
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7

6

5

4

3

2

Chapter 2 CPU Basics

DLYCTR |BUZOE

BUZS2

BUZS1

BUZSO0

DLYS1

DLYSO

(Atreset:000000--)

Oscillation stabilization wait

DLYS1 | DLYSO period selection

0 0 214/ fs
1 210/ s

1 0 28/ fs
1 22/ fs

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

Buzzer output
BUZS2 | BUZS1 | BUZSO frequency selection
0 fosc/214
0
1 fosc/213
0
1 0 fosc/212
1 fosc/21t
0 0 fosc/210
1 1 fosc/29
0 x/24
1
1 fx/23
BUZOE P06 output selection
P06 port data output
1 P06 buzzer output

Figure 2-8-4  Oscillation Stabilization Wait Time Control Register (DLYCTR : x'03F03', R/W)

EControl the Oscillation Stabilization Wait Time

At recovering from STOP mode, the bit 3-2 (DLYS1, DLYSO0) of the oscillation stabilization wait time
control register can be set to select the oscillation stabilization wait time from 24, 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).

Table 2-8-1 Oscillation Stabilization Wait Time

DLYS1 DLYSO Oscillation stabilization wait time
0 0 214 x System clock
0 1 219 System clock
1 0 2%x System clock
1 1 22 x System clock
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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 6 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.

-2 Overview
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3-1-1  Functions
Table 3-1-1 Interrupt Functions
Interrupt type Reset (interrupt) Nop-maskable Maskable interrupt
interrupt
Vector number 0 1 210 28
Table address X'04000' x'04004' X'04008' to x04070'

Starting address

Address specified by vector address

Interrupt level

Level 0 to 2
(set by software)

Interrupt factor

External RST pin
input

Errors detection,
Plinterrupt

External pin input
Internal peripheral
function

Generated operation

Direct input to
CPU core

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

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

Accept operation

Always accepts

Always accepts

Acceptance only by the interrupt
control of the register (xxICR)
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
(xxxLVn) are set to the interrupt
mask level (masking all interrupt
requests with the same or the
lower priority).

-3
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3-1-2  Block Diagram

PSW
7 6 5 4 3 2 1 0
[ o [ T T ]
Level
deter- *D—> Interrupt
mined
CPU core
AAd J
_____________________________________ Vector 1
IRQNM1 ; 7 '
: \A—‘ |
1 1
IRQLVL : 7 6 5 4 3 12 |1 |0 :
20 : _— 11 1] !
! NMICR T 1 '
1 1
' PI '
1
: + | wooe
! :
1
Vector 2
' |
1 1
1 1
: 7 6 5 4 3 211l !
I IRQOICR ’»ﬂ.Vl-OMmE}»«l# !
' y ' Peripheral
' ' function
' . 110
' P : XXXLV : Interrupt Level
' : : xxxIE : Interrupt Enable
0 :
\_(7 : G:— xxXIR : Interrupt Request :
1
4@_\ (14 bEC :
|
1
1
1
1

7 6 5 4 3 2 |1 |0

Peripheral
function
' 110

SR LR LR EE R : xxxLV : Interrupt Level i
: 1

Gj 0 xxXIE : Interrupt Enable
: ] : xxxIR : Interrupt Request,
—t oec | :
! : : 1
[ . . '
—(CT ¢ !
! 1
! |

Figure 3-1-1 Interrupt Block Diagram
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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 x'04000 Reset - - -
1 x'04004" Non-maskable interrupt NMI NMICR X03FE1'
2 x'04008' External interrupt O IRQO IRQOICR X03FE2'
3 x'0400C' External interrupt 1 IRQ1 IRQ1ICR X03FE3
4 x04010' External interrupt 2 IRQ2 IRQ2ICR X03FE4
5 x04014' External interrupt 3 IRQ3 IRQ3ICR X03FES
6 xX'04018' External interrupt 4 IRQ4 IRQ4ICR X03FE6'
7 xX0401C' External interrupt 5 IRQ5 IRQ5ICR X03FE7
8 X04020' Reserved - - -
9 x04024' Timer O interrupt TMOIRQ TMOICR X03FE9
10 x04028' Timer 1 interrupt TM1IRQ TM1ICR X03FEA’
11 x'0402C' Timer 2 interrupt TM2IRQ TM2ICR X03FEB'
12 x'04030' Timer 3 interrupt TM3IRQ TM3ICR X03FEC'
13 x'04034" Timer 4 interrupt TM4IRQ TM4ICR X03FED'
14 X04038' Reserved - - -
15 X0403C' Timer 6 interrupt TM6IRQ TM6ICR X03FEF'
16 x'04040' Time base interrupt TBIRQ TBICR X03FF0'
17 x04044' Timer 7 interrupt TM7IRQ TM7ICR X03FF1'
18 x04048' Timer 7 compare2-match T70C2IRQ T70C2ICR X03FF2'
19 X0404C' Reserved - - -
20 x'04050 Reserved - - -
21 x'04054' Serial interface 0 UART reception interrupt | SCORIRQ SCORICR X03FF5'
22 Xx'04058"' Serial interface 0 interrupt SCOTIRQ SCOTICR X03FF6'
23 X0405C' Serial interface 1 interrupt SC1IRQ SCI1ICR X03FF7'
24 x'04060 Serial interface 2 interrupt SC2IRQ SC2ICR X03FF8'
25 x'04064"' Serial interface 3 interrupt SC3IRQ SC3ICR X03FF9'
26 x04068' A/D converter interrupt ADIRQ ADICR X03FFA'
27 X0406C' Reserved - - -
28 x'04070 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
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m Interrupt Level and Priority

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 will be accepted.

| Vector 1 (Non-maskable interrupt) | Priority | Interrupt vector No.

1 Vector 1

Level 0 | Vectors 2, 5, 6 | 2 Vector 2

3 Vector 5
Interrupt level

. Level 1 | Vector 3 | 4 Vector 6
setting range

5 Vector 3

Level 2 | Vectors 4, 8 | 6 Vector 4

' 7 Vector 8

Figure 3-1-3 Interrupt Priority Outline
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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(IRQnNICR) 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  |xxxLV1xxLVOj 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.

I -8 Overview
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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 -9
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Interrupts

m Interrupt Acceptance Operation
When accepting an interrupt, this LS| 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.

m Interrupt Return Operation

The stack pointer (SP) is updated.
(SP-6 - SP)

The contents of the handy address register (HA) are saved to the stack.

Upper half of HA - (SP+5)
Lower half of HA - (SP+4)
The contents of the program counter (PC), the return

T~

address, are saved to the stack.
PC bits 18, 17, and 0 - (SP+3) New SP ———» PSW Lower
. (after interrupt ]

PC bits 16-9 — (SP+2) SceeptEncs) Pes-1 T
PC bits 8-1 - (SP+1) _ pew.-s
The contents of the PSW are saved to the stack. PCO; Reserved PC1817 | Address

PSW - (SP) HA7-0 l
The interrupt level (xxxLVn) for the interrupt is copied to HAls-8 _

- , old SP ——» Higher
the interrupt mask (IMn) in the PSW. _
(before interrupt

Interrupt level (xxxLVn) - IMn acceptance)
The hardware branches to the address in the vector /\_/
table. Figure 3-1-5 Stack Operation

during interrupt acceptance

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 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.

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

G 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.

Il1-10 oOverview



Chapter 3 Interrupts

m Maskable Interrupt
Figure 3-1-6 shows the processing flow when a second interrupt with a lower priority level (xxxLV1-
xxxXLV0="'10") arrives during the processing of one with a higher priority level (xxxLV1-xxxLV0="'00").

IM0,1='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) T |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 MN101C49K 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, subse-
quent 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.

R
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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 —z— 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
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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) Enab'e 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
Il - 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 RW Functions Page
NMICR X03FEl' R/W |Non-maskable interrupt control register - 16
IRQOICR X03FE2' R/W |External interrupt O control register I-18
IRQLICR X03FE3' R/W |External interrupt 1 control register -19
IRQ2ICR X03FE4' R/W |External interrupt 2 control register - 20
IRQ3ICR X03FES5' R/W |External interrupt 3 control register -21
IRQ4ICR X03FE6' R/W |External interrupt 4 control register - 22
IRQ5ICR X03FE7 R/W |External interrupt 5 control register Iir-23
TMOICR X03FE9' R/W | Timer O interrupt control register (Timer O interrupt) - 24
TM1ICR X03FEA' R/W | Timer 1 interrupt control register (Timer 1 interrupt) - 25
TM2ICR X03FEB’ R/W | Timer 2 interrupt control register (Timer 2 interrupt) - 26
TM3ICR X03FEC’ R/W | Timer 3 interrupt control register (Timer 3 interrupt) - 27
TM4ICR X03FED' R/W | Timer 4 interrupt control register (Timer 4 interrupt) - 28
TM6ICR X03FEF' R/W | Timer 6 interrupt control register (Timer 6 interrupt) - 29
TBICR X03FF0' 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 - 32
ScoRcR | xoarrs | rw |SEr)erace UM recepton gt cortol regiser
SCOTICR X03FF6' R/W |Serial interface 0 interrupt control register (Serial interface 0 interrupt) - 34
SCI1ICR X03FF7' R/W |Serial interface 1 interrupt control register (Serial interface 1  interrupt) - 35
SC2ICR X03FF8' R/W |Serial interface 2 interrupt control register (Serial interface 2 interrupt) Il- 36
SC3ICR X03FF9' R/ |Serial interface 3 interrupt control register (Serial interface 3 interrupt) - 37
ADICR X03FFA' R/W |A/D conversion interrupt control register (A/D converter interrupt) - 38
ATCILICR X03FFC' R/W |ATC1 interrupt control register(ATC interrupt) -39

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.

ki

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: xX'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
[ ]
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Chapter 3

Interrupts

Faulty interrupt that does not occur under normal conditions could be occurred with certain
combinations of instruction codes. In programming, please follow the instructions shown
below.

Faulty interrupt could be occurred independently of issue of a branch instruction if the instruc-
tion code right after the one of the following 19 branch instructions in a program is "2FD",
"3DA", or "3DB", which is identical to relevant unspecified instructions.

The relevant 19 branch instructions are ; BEQ, BNE, BGE, BCC, BCS, BLT, BLE, BGT, BHI,
BLS, BNC, BNS, BVC, BVS, BRA, CBEQ, CBNE, TBZ, TBNZ.

This faulty interrupt halts the ICE operation with "lllegal instruction break", and also causes a
non-maskable interrupt on Mask ROM, EEPROM and Flash ROM products.

The cause is a design error in the hardware circuits.

Example :

When a branch instruction is placed right in front of a ROM data and if the instruction right
behind a branch instruction (code "89") is "2FD", above faulty interrupt is occurred.

Addr  Code Nmonic

04100 AA mov  (A0),DO

04100 89D7 bra +7D The instruction code (ROM data) right behind the branch
04102 2F dc F2 ) instruction (code "89") is "2FD"

04103 DO dc 0D

We are providing a software diagnostic tool.

Please refer to the documents attached to the diagnotic tool for how to use it

If above problem is identified with the diagnostic tool, insert a "nop" instruction to avoid the
above relevant condition to be fulfilled.

Example :
Addr Code  Nmonic
04100 AA mov  (A0),DO

04100 89F7 bra +7F If above problem is identified with the diagnostic
04102 00 nop <—— tool, inserta "nop" instruction to avoid the
04103 2F dc F2 above relevant condition to be fulfilled.

04104 DO dc 0D

The diagnostic tool can be downloaded from our Web site of TECHNICAL REPORT.
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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 _ _ - At t:000---00
IRQOICR Lvi | Lvo REDGO IRQOIE/IRQOIR (Atrese )
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
LvV1 LVO for external interrupt
The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for interrupt
request.

Figure 3-2-2 External Interrupt O Control Register (IRQOICR : xX'03FE2', R/W)
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Chapter 3 Interrupts

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 R i} } . .
IRQ1ICR W1 | Lvo 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
1 Rising edge

IRQ1 | IRQ1 | Interrupt level flag
Lvl | Lvo | forexternal interrupt

The CPU has interrupt levels from 0 to 3. These
flags 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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Chapter 3 Interrupts

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 R } ) . .
IRQ2ICR i | Lvb REDG2 IRQ2IE/IRQ2IR (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

Falling edge
1 Rising edge
IRQ2 | IRQ2 .
LV1 LVO Interrupt level flag for external interrupt

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

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".

IRQ3ICR

7 6 5 1 0
IRQ3 | IRQ3
O | 5% REDGS IRQ3IE|IRQ3IR

Chapter 3 Interrupts

(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 Extemnal interrupt active edge flag
0 Falling edge
1 Rising edge
IRQ3 | IRQ3 .
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 3-2-5 External Interrupt 3 Control Register (IRQ3ICR : x'03FE5’, R/W)
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Chapter 3 Interrupts

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".

7 6 5 4 3 2 1 0
IRQ4 | IRQ4 R } ) . .
IRQ4ICR Vi | LV REDG4 IRQ4IE|IRQ4IR (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 External interrupt active edge flag

Falling edge
1 Rising edge

IRQ4 | IRQ4
LVl | 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 3-2-6 External Interrupt 4 Control Register (IRQ4ICR : xX'03FE6', R/W)
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m External Interrupt 5 Control Register (IRQ5ICR)
The external interrupt 5 control register (IRQ5ICR) controls interrupt level of external interrupt 5, 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".

IRQ5ICR

7 6 5 1 0
IRQ5 | IRQ5
W | Ve REDGS IRQ5IEIRQ5IR

Chapter 3 Interrupts

(Atreset:000---00)

IRQ5IR External interrupt request flag
0 No interrupt request
1 Interrupt request generated

IRQ5IE External interrupt enable flag
0 Disable interrupt
1 Enable interrupt

REDG5 Extemnal interrupt active edge flag
0 Falling edge
1 Rising edge

IE\%S IE\?OS 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 3-2-7 External Interrupt 5 Control Register (IRQ5ICR : x'03FE7’, R/W)
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Chapter 3 Interrupts

m Timer O Interrupt Control Register (TMOICR)
The timer 0 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 00. ...
TMOICR v | vo |- . . - | T™OIE|TMOIR (Atreset: 00 00)

TMOIR Interrupt request flag

No interrupt request
1 Interrupt request generated

TMOIE Interrupt enable flag

Disable interrupt
1 Enable interrupt

T™MO | TMO
Lv1 LVO

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

Interrupt level flag

Figure 3-2-8 Timer 0 Interrupt Control Register (TMOICR : X'03FE9’, R/W)
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m Timer 1 Interrupt Control Register (TM1ICR)

Chapter 3 Interrupts

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".

TM1ICR

7 6 1 0
™1 | TM1
Vi | 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 : X'03FEA’, R/W)
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Chapter 3 Interrupts

mTimer 2 Interrupt Control Register (TM2ICR)
The timer 2 interrupt control register (TM2ICR) controls interrupt level of timer 2 interrupt, interrupt

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

7 6 5 4 3 2 1 0
™2 | TM2 0.
TM2ICR i | ve |- . . - |T™M2iE[TM2IR (Atreset: 00 00)

TM2IR Interrupt request flag

No interrupt request

1 Interrupt request generated

TM2IE Interrupt enable flag

Disable interrupt
1 Enable interrupt

™2 | TM2
Lv1 LVO

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

Interrupt level flag

Figure 3-2-10 Timer 2 Interrupt Control Register (TM2ICR : x'03FEB’, R/W)
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m Timer 3 Interrupt Control Register (TM3ICR)

Chapter 3 Interrupts

The timer 3 interrupt control register (TM3ICR) controls interrupt level of timer 3 interrupt, interrupt
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter-

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

TM3ICR

7 6 1 0
TM3 | TM3
vi | Lve TM3IE|TM3IR

(Atreset:00----00)

TM3IR Interrupt request flag
0 No interrupt request
1 Interrupt request generated
TM3IE Interrupt enable flag
0 Disable interrupt
1 Enable interrupt
TM3 | TM3 Interrupt level fla
Lv1i | LvO P 9
The CPU has interrupt levels from 0 to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-11 Timer 3 Interrupt Control Register (TM3ICR : x'03FEC', R/W)
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Chapter 3 Interrupts

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
™4 | TM4 00----
TMA4ICR e | ve |- - - - |TM4IE|TM4IR (Atreset: 00 00)

TM4IR Interrupt request flag

No interrupt request

1 Interrupt request generated

TM4IE Interrupt enable flag

Disable interrupt
1 Enable interrupt

™4 | TM4
Lv1 LVO

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

Interrupt level flag

Figure 3-2-12 Timer 4 Interrupt Control Register (TM4ICR : x'03FED’, R/W)
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m Timer 6 Interrupt Control Register (TM6ICR)

Chapter 3 Interrupts

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".

TM6ICR

7 6 1 0
TM6 | TM6
vi | Lve TM6IE|TM6IR

(Atreset:00----00)

TM6IR Interrupt request flag
0 No interrupt request
1 Interrupt request generated
TM6IE Interrupt enable flag
0 Disable interrupt
1 Enable interrupt
TM6 | TM6 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 3-2-13 Timer 6 Interrupt Control Register (TM6ICR : X'03FEF', R/W)
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Chapter 3 Interrupts

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".

7 6 5 4 3 2 1 0

B B . o
TBICR vi | Lvo - - - - TBIE | TBIR (Atreset: 00 00)

TBIR Interrupt request flag

No interrupt request
1 Interrupt request generated

TBIE Interrupt enable flag

Disable interrupt
1 Enable interrupt

B B
LvV1 LVO

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

Interrupt level flag

Figure 3-2-14 Time Base Interrupt Control Register (TBICR : x'03FF0', R/W)
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ETimer 7 Interrupt Control Register (TM7ICR)

Chapter 3 Interrupts

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".

TM7ICR

7 6 1 0
T™M7 | TM7
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 | TM7

LV1 LVO Interrupt level flag

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

Figure 3-2-15 Timer 7 Interrupt Control Register (TM7ICR : x'03FF1', R/W)
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Chapter 3  Interrupts

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 3 2 1 0
T70C2 | T70C2 _ _ T70C2 | T70C2
T70C2ICR V1 LvO IE IR

(Atreset:00----00)

T70C2IR Interrupt request flag
0 No interrupt request
1 Interrupt request generated
T70C2IE Interrupt enable flag
0 Disable interrupt
1 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 3-2-16 Timer 7 Compare Register 2-match Interrupt Control Register
(TMOC2ICR : x'03FF2', R/W)
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Chapter 3 Interrupts

m Serial Interface 0 UART Interrupt Control Register (SCORICR)

The serial Interface 0 UART reception interrupt control register (SCORICR) controls interrupt level of
serial Interface 0 UART 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 . I
SCORICR Vi | Lvo - - - - |SCORIE|SCORIR (atreset:00 00)

SCORIR Interrupt request flag
No interrupt request flag
1 Interrupt request generated
SCORIE Interrupt enable flag
0 Disable interrupt
1 Enable interrupt
SCOR | SCOR Interrupt level fla
LV1 | LVO P 9

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

Figure 3-2-17 Serial Interface 0 UART Reception Interrupt Control register
(SCORICR:x'03FF5', R/W)
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Chapter 3  Interrupts

m Serial Interface 0 Interrupt Control Register (SCOTICR)

The serial Interface 0 interrupt control register (SCOTICR) controls interrupt level of serial linterface 0
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)

SCOTIR Interrupt request flag

No interrupt request
1 Interrupt request generated

SCOTIE Interrupt enable flag

Disable interrupt
1 Enable interrupt

SCOT | SCOT
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 Interrupt Control Register (SCOTICR : x'03FF6', R/W)
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Chapter 3 Interrupts

m Serial Interface 1 Interrupt Control Register (SC1ICR)

The serial Interface 1 interrupt control register (SC1ICR) controls interrupt level of serial Interface 1
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
SC1 | SC1 . .
SC1ICR Lvi | Lvo - - - - SCI1IE|SC1IR (Atreset: 00 00)

SC1IR Interrupt request flag

No interrupt request
1 Interrupt request generated

SC1IE Interrupt enable flag

Disable interrupt
1 Enable interrupt

SC1 SC1
Lv1 LVO

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

Interrupt level flag

Figure 3-2-19  Serial Interface 1 Interrupt Control Register (SC1ICR : x'03FF7', R/W)
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Chapter 3  Interrupts

m Serial Interface 2 Interrupt Control Register (SC2ICR)
The serial Interface 2 interrupt control register (SC2ICR) controls interrupt level of serial Interface 2

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
SC2 | sC2 : R
SC2ICR Lvi | Lvo - - - - SC2IE|SC2IR (Atreset: 00 00)
SC2IR Interrupt request flag
0 No interrupt request
1 Interrupt request generated
SC2IE Interrupt enable flag
0 Disable interrupt
1 Enable interrupt
SC2 SC2 Interrupt level fla
LVl | LVO P 9
The CPU has interrupt levels from 0O to 3.
These flags set the interrupt level for
interrupt requests.

Figure 3-2-20 Serial Interface 2 Interrupt Control Register (SC2ICR : x'03FF8', 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 1 0
SC3 | SC3
SC3ICR Lvi | Lvo SC3IE|SC3IR

Chapter 3 Interrupts

(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 Interrupt level flag

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

Figure 3-2-21 Serial Interface 3 Interrupt Control Register (SC3ICR : x'03FF9', R/W)
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Chapter 3  Interrupts

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 00 ...
ADICR vl ive |- . . - | ADIE | ADIR (Atreset: 00 00)

ADIR Interrupt request flag

No interrupt request
Interrupt request generated

ADIE Interrupt enable flag

Disable interrupt

Enable interrupt

AD AD Interrupt level fla
LVl | LVO P g

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

Figure 3-2-22  A/D Converter Interrupt Control Register (ADICR : xX'03FFA’, R/W)
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Chapter 3 Interrupts

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
ATCL | ATC1 | - - - Atreset:00----00
ATCI1ICR v | Lo ATC1IE|ATC1IR ( S )

ATC1IR Interrupt request flag

No interrupt request
1 Interrupt request generated

ATCLIE Interrupt enable flag

Disable interrupt

1 Enable interrupt

ATC1 | ATC1
LV1 LVO

Interrupt level flag

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

Figure 3-2-23 ATCL1 Interrupt Control Register (ATC1ICR : xX'03FFC', R/W)
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Chapter 3  Interrupts

3-3  External Interrupts

There are 6 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
interrupt interface can manage to do with any kind of external interrupts.

3-3-1 Overview

Table 3-3-1 shows the list for functions which external interrupts 0 to 5 can be used.

Table 3-3-1 External Interrupt Functions

External External External External External External
interrupt O interrupt 1 interrupt 2 interrupt 3 interrupt 4 interrupt 5
(IRQO) (IRQ1) (IRQ2) (IRQ3) (IRQ4) (IRQ5)
External interrupt P24,
input pin P20 P21 P22 P23 P40-PA7 P25
Programmable N
active v v v v v
edge interrupt (P24)
Both edges interrupt - - v v - -
Key input interrupt - - - - Vv -
(P40-P47)
Noise filter built-in Vv v - - - -
AC zero cross _ y } ) ) )
detection
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Chapter 3 Interrupts

3-3-2 Block Diagram

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

PSCMD_, Standby mode signal

— PSCEN NFCTR
- NFOEN

|_NFOSCKO

U NFosck1

NFLEN

[ _NF1SCKO
U NF1sck1
—1{ _Poum_|,

3-bit prescaler

IRQOICR
foscl2? —>| S0 o ey IRQOIR
(Prescaler | IRQOIE

fosc/20
output signal) fosc/28

o

fosc -

.

REDGO

' J IRQOLVO
P20/IRQOX] —| Noise filter 0 i—»’f IRQOLVL |,

cL

IRQO interrupt request

M
g ™ 16-bit timer /
olarity . Automatic data
Inversion transfer

x

|

IRQLICR ¢
- IRQ1IR
IRQLIE

| M Standby mode signal

xXC

REDG1
Y IRQ1LVO

P21IRQUACZ[X} »|  Noise filter 1 |_> \ IRQILVL |7
r’olarlt
nversion 16-bit timer /
Automatic data

| AC zero cross detection| - transfer
circuit

xcZ

IRQO interrupt request

xXcZ

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

P22/IR%

.| Polarity
Inversion

»| Edge detection

P23/IR%

Inversion

L | Edge detection

o | Polarity L

IRQ2ICR EDGDT
IRQ2IR -
IRQ2IE -
- EDGSEL2
- EDGSEL3
REDG2 -
IRQ2LVO -
IRQ2LV1 | - 7
| M V
U p—»
- X M IRQ2 interrupt request/
)tg > 16-bit timer /
Automatic data
EEEEEE— transfer
IRQ3ICR g
IRQ3IR
IRQ3IE
REDG3
IRQ3LVO
IRQ3LV1 7
> M \
UpF—»
X M IRQ3 interrupt request/
U 16-bit timer /
X Automatic data
. transfer /

AD conversion

Figure 3-3-2 External Interrupt 2 Interface and External Interrupt 3 Interface, Block Diagram
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m External Interrupt 4 Interface, External Interrupt 5 Interface, Block Diagram

P24/IRQ4[X]

P40/KEYO
P41/KEY1
P42/KEY2
P43/KEY3
P44/KEY4
P45/KEY5
P46/KEY6
P47/KEY7

IRQ4ICR g

IRQ4IR

IRQAIE

-l
-

REDG4

IRQ4LVO

IRQ4LV1 |,

\

Polarity

SO
S
SR

S

P4IMD

> Inversion

Y

P4KYEN1

PAKYEN?2

P4KYEN3

PAKYEN4

IRQ4SEL

——9
—9
—

xc<Z

xXcZ

P25 ]

o.| Polarity

Inversion

Y

Y

xXc<Z

IRQSICR

IRQ5IR

IRQSIE

REDG5

IRQ5LVO

IRQ5LV1

-
| s

Chapter 3 Interrupts

— IRQ4 Interrupt

request

IRQ5 Interrupt
request

Figure 3-3-3 External Interrupt 4 Interface, External Interrupt 5 Interface, Block Diagram
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Chapter 3  Interrupts

3-3-3  Control Registers

The external interrupt input signal, which operated in each external interrupt O to 5 interface generate
interrupt requests.

External interrupt O to 5 interface are controlled by the external interrupt control register (IRQnICR). And
external interrupt interface 0 to 1 are controlled by the noise filter control register (NFCTR) and prescaler
control register (PSCMD), external interrupt interface 2 to 3 are controlled by the both edges interrupt
control register (EDGDT), and external interrupt interface 4 is controlled the port 4 key interrupt control

register (P4IMD).

Table 3-3-2 shows the list of registers, control external interrupt O to 5.

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 Ir-18
External interrupt O NFCTR X03F8E' R/W |Noise filter control register Il -45
PSCMD X03F6F' R/W |Prescaler control register V-6
IRQLICR X03FE3' R/W |External interrupt 1 control register In-19
External interrupt 1 NFCTR X03F8E' R/W |Noise filter control register Iir-45
PSCMD X03F6F' R/W |Prescaler control register V-6
) IRQ2ICR X03FE4 R/W |External interrupt 2 control register l-20
External interrupt 2 - -
EDGDT X03F8F' R/W |Both edges interrupt control register Iir-46
) IRQS3ICR X03FES R/W |External interrupt 3 control register h-21
External interrupt 3 - -
EDGDT X03F8F' R/W |Both edges interrupt control register Iir-46
) IRQ4ICR X03FE6' R/W |External interrupt 4 control register l-22
External interrupt 4 - -
P4IMD X03F3E' R/W |Port 4 key interrupt control register l-47
External interrupt 5 IRQ5ICR X03FE7' R/W |External interrupt 5 control register II-23
R/W : Readable / Writable.
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m Noise Filter Control Register (NFCTR)

Chapter 3 Interrupts

The noise filter control register (NFCTR) 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 IRQ1.

7 6

5

2

1

NFCTR P21IM | NFISCK1

NF1SCKO

NF1EN

NFOSCK1L

NFOSCKO

NFOEN

(Atreset:0000-000)

NFO

EN

IRQO/ noise filter setup

Noise filter OFF

Noise filter ON

NFOSCK1

NFOSCKO

IRQO/ noise filter sampling period

fosc

fosc/2®

fosc/2°

R |O |k |O

fosc/2®

NF1EN

IRQ1/ noise filter setup

Noise filter OFF

Noise filter ON

NF1SCK1

NF1SCKO

IRQ1/ noise filter sampling period

fosc

fosc/2®

fosc/2’

R |O |k |O

fosc/2™

P21IM

ACZ input enable flag

Disable ACZ input

Enable ACZ input

Figure 3-3-4 Noise Filter Control Register (NFCTR : x'03F8E’', R/W)
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m Both Edges Interrupt Control Register (EDGDT)

The both edges interrupt control register (EDGDT) selects interrupt edges of IRQ2 and IRQ3. Interrupts
are generated at both edges, or at single edge. The external interrupt control register (IRQ2ICR,
IRQ3ICR) specifies whether interrupts are generated.

7 6 5 4 3 2 1 0
EDGDT - - - - | EDGSEL3| EDGSEL2| - - (Atreset: ----00--)
EDGSEL2 IRQ2 Both edges interrupt
selection
0 Programmable active edge
interrupt selection
1 Both edges interrupt
selection
IRQ3 Both edges interrupt
EDGSEL3 selection
0 Programmable active edge
interrupt selection
1 Both edges interrupt
selection

Figure 3-3-5 Both Edges Interrupt Control Register (EDGDT : x'03F8F', R/W)
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m Port 4 Key Interrupt Control Register (P4IMD)

The port 4 key interrupt control register (P4IMD) selects if key interrupt is approved, and if external
interrupt IRQ4 is approved. Also, this register selects, by 2 bits, which pin on port 4 approved key
interrupt.

7 6 5 4 3 2 1 0
P4IMD  (IRQSEL| - - - |PAKYENAPAKYEN|PAKYENZPAKYENL (Atreset:0---0000)
P4KYEN1 P41, P40 key interrupt
selection
0 disable
1 enable
PAKYEN?2 P43, P42 key interrupt
selection
0 disable
1 enable
paKYEN3 | P45 P44 key interrupt
selection
disable
1 enable
PAKYEN4 P47, F_’46 key interrupt
selection
disable
1 enable

IRQ4SEL IRQ4 interrupt source selection

external interrupt IRQ4
1 P4 key interrupt

Figure 3-3-6 Port 4 Key Interrupt Control Register (P4IMD : x'03F3E', R/W)
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3-3-4  Programmable Active Edge Interrupt

m Programmable Active Edge Interrupts (External interrupts 0 to 5)
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 5)
External interrupt 5 (IRQ5) is generated at the rising edge of the input signal from P25.
The table below provides a setup example for IRQ5.

Setup Procedure Description
(1) Specify the interrupt active edge. (1) Setthe REDGS flag of the external interrupt 5
IRQ5ICR (X'3FET7") control register (IRQ5ICR) to "1" to specify the
bp5 :REDG5 =1 rising edge as the active edge for interrupts.
(2) Setthe interrupt level. (2) Setthe interrupt priority level in the IRQ5LV1-0
IRQ5ICR (X'3FET7") flag of the IRQ5ICR register.
bp7-6 : IRQ5LV1-0=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 IRQS5IE flag of the IRQ5ICR register to
IRQ5ICR (X'3FET") "1" to enable the interrupt.
bp1l (IRQ5IE =1

External interrupt 5 is generated at the rising edge of the input signal from P25.

‘ The Interrupt request flag can be set to "1" at switching the interrupt edge, so specify the
H 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 2, 3(IRQ2,
IRQ3), set the EDGSELn flag of the both edge interrupt control register (EDGDT) to "0".
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Interrupt is not accepted when the both edges interrupt is selected for external interrupt and both
following conditions 1), 2) are fulfilled, and also the timings of the following two operations a), b)
match.

1) The IRWE flag of the memory control register (MEMCTR) is set to "1" (Enable the interrupt request
flag to be written by software)

2) Interrupt request flag (IRQNIR) of the external interrupt control register (IRQnICR) is set to "0"
(no interrupt request)

a) Generation of write pulse, which rewrites "0" to the interrupt request flag (IRQnIR) of the IRQnNICR.

b) Generation of interrupt request signal (interrupt edge) from external interface

When using both edges interrupt, rewrite to the interrupt request flag by software in following proce-
dures.

(1) Disable all the maskable interrupts MIE= 0
(2) Disable interrupt IRQNIE=0
(3) Select both edges interrupt EDGSELn=1

(4) Set the interrupt level
(5) Enable the interrupt request flag to be written by software IRWE=1
(6) Set the interrupt request flag IRQNIR=1

Needs to be set before interrupt request flag is cleard

(7) Clear the interrupt request flag IRQNIR=0
(8) Disable the interrupt flag to be writen by software IRWE=0
(9) Enable the interrupt IRQnIE=1
(10) Enable all the maskable interrupt MIE= 1
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3-3-5  Both Edges Interrupt

m Both Edges Interrupt (External interrupts 2 and 3)
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 2 and 3)
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. (1) Setthe EDGSEL2 flag of the both edges
EDGDT (x'3F8F") interrupt control register (EDGDT) to "1" to
bp2 :EDGSEL2 =1 select the both edges interrupt.
(2) Set the interrupt level. (2) Setthe interrupt level by the IRQ2LV1-0 flag of
IRQ2ICR (x'3FE4") the IRQ2ICR register.
bp7-6  :IRQ2LV1-0=10 The interrupt request flag of the IRQ2ICR

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

[€~ Chapter 3 3-1-4 Interrupt flag setup ]

(3) Enable the interrupt. (3) Setthe IRQ2IE flag of the IRQ2ICR register
IRQ2ICR (x'3FE4") to "1" to enable the interrupt.
bpl IRQ2IE =1

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).

C 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 interrupt enable.

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 4 pin (P40 - P47)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 port4 key interrupt control
register (P4IMD) to "1".

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

=R s
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m Key Input Interrupt Setup Example (External interrupt 4)

After P40 to P43 of port 4 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

@)

)

®)

(4)

®)

(6)

Set the key input pin to input.
P4DIR (x'3F34")
bp3-0 : PADIR3-0 = 0000

Set the pull-up resistance.
PAPLUD (x'3F44")
bp3-0 : PAPLUD3-0 = 1111

Select the key input interrupt.
P4IMD (x'3F3E")
bp7 :IRQ4SEL =1

Select the key input pin.
P4IMD (x'3F3E")
bp1-0 : PAKYEN2-1=11

Set the interrupt level.
IRQ4ICR (x'3FE®")
bp7-6 : IRQ4LV1-0=10

Enable the interrupt.
IRQ4ICR (x'3FE6")
bpl IRQ4IE =1

@)

)

®)

(4)

®)

(6)

Set the P4DIR3-0 flag of the port 4 direction
control register (P4DIR) to "0000" to set P40 to
P43 pins to input pins.

Set the P4APLUD 3-0 flag of the port 4 pull-up/
down resistance control register (P4PLUD) to
"1111" to add the pull-up resistance to P40 to
P43 pins.

Set the IRQ4SEL flag of the port 4 key interrupt
control register (P4IMD) to "1" to select the
external interrupt 4 source to the port 4 key
interrupt.

Set the PAKYEN 2-1 flag of the port 4 key
interrupt control register (P4IMD) to "11" to
set P40 to P43 pins to key input pins.

Set the interrupt level by the IRQ4LV1-0 flag
of the IRQ4ICR register.

If the interrupt request flag has been already
set, clear the it.

[ £ Chapter 3 3-1-4. Interrupt flag setup ]

Set the IRQ4IE flag of the IRQ4ICR register
to "1" to enable the interrupt.

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

If there is at least one input signal, from the P40 to P43 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)

Chapter 3

Noise filter reduce noise by sampling the input waveform from the external interrupt pins (IRQO, IRQL1).

Its sampling cycle can be selected from 4 types (fosc, fosc/28, fosc/2°, fosc/210).

m Noise Remove Selection (External interrupts 0 to 1)
Noise remove function can be used by setting the NFnEN flag of the noise filter control register (NFCTR)

tO "1".

Table 3-3-3 Noise Remove Function

NFnEN

IRQO input (P20)

IRQ1 input (P21)

IRQO Noise filter OFF

IRQ1 Noise filter OFF

IRQO Noise filter ON

IRQ1 Noise filter ON

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

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

NERCKS1 |NEnCKSo Sampling High-Speed oscillation
cycle fosc=20 MHz fosc=8 MHz
0 fosc 20 MHz 50 ns 8 MHz 125 ns
0 1 fosc/28 78.13 kHz | 12.80 ps | 31.25 kHz 32 us
0 fosc/2°® 39.06 kHz | 25.60 pus | 15.62 kHz 64 us
! 1 fosc/21° 1953 kHz | 51.20 us | 7.81 kHz 128 us

Chapter 5 Prescaler ]

When "fosc/28", "fosc/2°" or "fosc/2'%" is selected as a sampling cycle, set the prescaler ON by
‘_ setting the PSCEN flag of the prescaler control register (PSCMD) to "1".
[

External Interrupts
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m Noise Remove Function Operation (External interrupts 0 to 1)

After sampling the input signal to the external interrupt pins ( IRQO, IRQ1) 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.

N EE R RSN
ranpn npusoral |

Waveform after
filtering noise

Figure 3-3-7 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 O
(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

1)

@)

®)

4)

®)

Specify the interrupt active edge.

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

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

Set the noise filter operation.
NFCTR (x'3F8E')
bp0 :NFOEN =1

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

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

bpl - IRQOIE 1

1)

@)

®)

(4)

®)

Set the REDGO flag of the external interrupt 0
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 (NFCTR).

Set the NFOEN flag of the NFCTR 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
RQ1 H H

Figure 3-3-8 AC Line Waveform and IRQ1 Generation Timing

Actual IRQ1 interrupt request is generated several times at crossing the 1/2 Vbp 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) Select the AC zero-cross detector (1) Setthe P21IM flag of the noise filter control
signal. register (NFCTR) to "1" to select the AC

NFCTR (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
IRQLICR (X'3FES3") 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 IRQ1IE flag of the IRQLICR register to
IRQLICR (X'3FE3") "1" to enable the interrupt.
bpl IRQLE =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 I/O Port Diagram

A total of 89 pins on this LSI, including those shared with special function pins, are allocated for the 12 I/
O ports of ports 0 to 8, port A, port C and port D. 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,TXD0,SBO0 AO,P60 [——>
<«—» P01,RXDO,SBI0 AlP6L [&—>
«—»| P02, SBTO A2,P62 [—>
<«—» P03,5B0O2 A3,P63 [—>
Port 0 <«—» P04,SBI2 A4 PB4 [—> Port 6
«—»| P05,SBT2 A5,P65 [—»
<«—» P06,NDK,BUZZER AG,P66 [—>
<«——» P07,SYSCLK A7,P67 ——>
<«—»{ P10,RMOUT,TMOIO AB,P70 [——>
<«—» P11, TM1IO A9,P71 [¢&——>
«— P12, TM2I0 A10,P72 [¢—>
<«—» P13,TM3I0 Al11P73 [&—>
Port 1 <«—» P14,TM7IO Al2 P74 [—> Port 7
<«—» P15 A13,P75 &>
<«—» P16,TM4I0 Al4,P76 >
«— P17 A15P77 [¢&—>
— 3/ P20,IRQO LEDO,DO,P80 [«——»
— 3/ P21,IRQLACZ LED1,D1,P81 f«—»
——{ P22,IRQ2 LED2,D2,P82 f«——»
Port 2 —* P23,IRQ3 LED3,D3,P83 l«——»
— 5| P24,IRQ4 LED4,D4,P84 le——» Port 8
— > P25,RQ5 LED5,D5,P85 [«——»
— P26 LED6,D6,P86 [«—»
— » P27,NRST LED7,D7,P87 f«——»
<«—» P30,TXD1,SBO1 ANO,PAQ [¢———
<«—» P31,RXD1,SBI1 ANZ1,PAL [———
<«—» P32,5BT1 AN2,PA2 [¢———
<«—» P33,5BO3,SDA AN3,PA3 [¢———
Port 3 <« s P3asBI3 AN4,PAS [e——— Port A
«—»| P35,SBT3,SCL AN5,PA5 [¢———
<« P36 ANG,PAG [———
<« P37 AN7,PA7 [———
<«—» P40,KEYO
<«—>» P41, KEY1 DAO,PCO |—»
<« P42,KEY2 DA1,PC1 f+—> Port C
Port 4 «—»| PA3,KEY3 DA2,PC2 f«—>
<«—>» P44, KEY4 DA3,PC3 je—»
<«—» P45,KEY5
<«—» P46,KEY6
<«—» P47,KEY7 SDOO,PDO f«——»
SDOL,PD1 fe——»
< » P50,NWE SDO2,PD2 [«—»
) J P51 NRE SDO3,PD3 f«——»
Port 5 P52 NCS SDO4,PD4 [¢——> Port D
Po3 AL SDOS,PD5 ¢——»
« " Po3, SDO6,PD6 [«——»
+«—» P54,A17 SDO7,PD7 [&—»

Figure 4-1-1 1/O Port Functions
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Chapter 4 1/0 Ports
4-1-2  1/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
Port 0 Input mode No pull-up resistor I/O port
Port 1 Input mode No pull-up resistor I/O port
port 2 Input mode E)tzr?erspulﬂlg %Lﬁi;t?;sistor VO port
Port 3 Input mode No pull-up resistor I/O port
Port 4 Input mode No pull-up / pull-down resistor |l/O port
Port 5 Input mode No pull-up resistor /O port
Port 6 Input mode No pull-up resistor I/O port
Port 7 Input mode No pull-up / pull-down resistor |l/O port
Port 8 Input mode No pull-up resistor I/O port
Port A Input mode No pull-up / pull-down resistor |l/O port
Port C Input mode No pull-up resistor I/O port
Port D Input mode No pull-up resistor I/O port
Table 4-1-2 /O Port Status at Reset (Memory expansion mode and Processor mode)
Port Name /O mode Pull-up / Pull-down resistor I/O port, special functions
Port 0 g?hl ;S?ﬂ;ppujtr;%%i No pull-up resistor /O port *
Port 1 Input mode No pull-up resistor /O port
onz wumode |2 PRBEESO o or
Port 3 Input mode No pull-up resistor /O port
Port 4 Input mode No pull-up / pull-down resistor |/O port
Port5 Output mode No pull-up resistor NWE, NRE, NCS, Al6, A17
Port 6 Output mode No pull-up resistor A0 to A7
Port 7 Output mode No pull-up / pull-down resistor |A8 to A15
Port 8 Input mode No pull-up resistor DO to D7
Port A Input mode No pull-up / pull-down resistor |/O port
Port C Input mode No pull-up resistor /O port
Port D Input mode No pull-up resistor /O port
% PO6 is used as NDK pin (input mode).
P07 is used as system clock output pin (output mode).
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The values of pull-up/pull-down resistors should be caluculated in following ways
based on the electrical characteristics in LS| User's Manual of each model.
How to determine pull-up resistor value
ex) When pins maintain the low level guaranteed performance (not 0 V) as specified
in the electrical characteristics,
andatVbb=5V, VIN=15YV,
input current is min. = - 30 YA, typ = - 100 pA, max. = - 300 pA.
(- means current passing from microcontroller.)
When convert above values to resistor value, typ = 35 kQ.
Note that this value varies wildely depending on the temperature.

In temperature variation from - 40 °C to 85 °C, the resistor value varies from
min. = 11.7 kQ to max. = 117 kQ.

How to determine pull-down resistor value
ex) When pins maintain the high level guaranteed performance (not VDD) as speci-

fied in the electrical characteristics,
andatVbb=5V, VIN=35V,
input current is min. = - 30 YA, typ = - 100 pA, max. = - 300 pA.
When convert these values to resistance value, typ = 35 kQ.
Note that this value varies wildely depending on the temperature.
In temperature variation from - 40 °C to 85 °C, the resistor value varies from
min. = 11.7 kQ to max. = 117 kQ.
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4-1-3  Control Registers

Ports 0 to 8, A, C and D 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, P1TCNT, PAIMD, PDSYO,
EXADV, FLOAT) that control special function pin.

Table 4-1-3 shows the registers to control ports 0to 8, A, Cand D ;

Table 4-1-3  1/O Port Control Registers List (1/2)

Register Address RW Function Page

POOUT X03F10' R/W |Port O output register V-8

POIN X03F20' R |Port O input register V-8

Porto PODIR X03F30' R/W |Port 0 direction control register V-8
POPLU X03F40' R/W |Port O pull-up resistor control register V-8

P1OUT X03F11' R/W |Port 1 output register IvV-14

P1IN X03F21' R |Port 1 input register V-14

P1DIR X03F31' R/W |Port 1 direction control register V-14

Port P1PLU X03F41' R/W |Port 1 pull-up resistor control register V-14
P1OMD X03F2F' R/W |Port 1 output mode register IV-15

P1TCNT X03F7E' R/W |Port 1 output control register V-16

P20UT X03F12' R/W |Port 2 output register V-20

Port 2 P2IN X03F22' R |Port 2 input register IV-20
P2PLU X03F42' R/W |Port 2 pull-up resistor control register IV-20

P30UT X03F13' R/W |Port 3 output register V-23

P3IN X03F23' R |Port 3 input register V-23

Port3 P3DIR X03F33' R/W |Port 3 direction control register IvV-23
P3PLU X03F43' R/\W |Port 3 pull-up resistor control register IvV-23

P40OUT X03F14' R/W |Port 4 output register V-29

P4IN X03F24' R |Port 4 input register V-29

Port 4 P4DIR X03F34' R/W |Port 4 direction control register IV-29
P4PLUD X03F44' R/W [Port 4 pull-up / pull-down resistor control register IV-29

Overview IV -5



Chapter 4 1/0O Ports

Table 4-1-4 1/0O Port Control Registers List (2/2)

Register Address RW Function Page
P50UT X03F15' R/W |Port 5 output register IV-33
P5IN X03F25' R |Port 5 input register IV-33
Ports P5DIR X'03F35' R/\W |Port 5 direction control register IV-33
P5PLU X03F45' R/W |Port 5 pull-up resistor control register IV-33
P6OUT X03F16' R/W |Port 6 output register V-37
P6IN X03F26' R |Port 6 input register V-37
Port® P6DIR X'03F36' R/\W |Port 6 direction control register V-37
P6PLU X03F46' R/W |Port 6 pull-up resistor control register V-37
P70UT X03F17' R/W |Port 7 output register IV-40
P7IN X03F27 R |Port 7 input register IV-40
Port 7 P7DIR X03F37' R/W |Port 7 direction control register IV-40
P7PLUD X03F47 R/W |Port 7 pull-up / pull-down resistor control register IV-40
P8OUT X03F18' R/W |Port 8 output register IvV-44
Port 8 P8IN X'03F28' R |Port 8 input register IvV-44
P8DIR X03F38' R/W |Port 8 direction control register IvV-44
P8PLU X03F48' R/W |Port 8 pull-up resistor control register IvV-44
PAIN X03F2A’ R |Port A input register IvV-47
Port A PAIMD X03F3A' R/W |Port A input mode register IvV-47
PAPLUD X03F4A' R/W |Port A pull-up / pull-down resistor control register IvV-47
PCOUT X03F1C' R/\W |Port C output register IvV-51
Port C PCIN X03F2C' R [Port C input register IV-51
PCDIR X03F3C' R/W |Port C direction control register IvV-51
PCPLU X03F4C! R/W |Port C pull-up resistor control register IV-51
PDOUT X03F1D' R/\W |Port D output register IV-54
PDIN X03F2D! R | Port D input register IvV-54
Port D PDDIR X03F3D' R/W |Port D direction control register IvV-54
PDPLU X'03F4D' R/W | Port D pull-up resistor control register IV-54
PDSYO X03F1F' R/W |Port D synchronous output control register IV-55

EXADV X03FOE' R/W | Address output control register IV-34,V-41

Pin control FLOAT YO3F2E" RIW f’etgli-sutzr/ Pull-down resistor selection, pin control %i%%éé
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Chapter 4 1/0 Ports

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 pin can be set individually if 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 0
transmission data, and UART 0 transmission data. When the SCOSBOS flag of the serial interface 0
mode register 1 (SCOMD1) is "1", P00 is serial data output pin. PO1 is the input pin of the serial interface
0 reception data, and UART 0 transmission data. P02 is I/O pin of the serial interface 0 clock. When the
SCOSBTS flag of serial interface 0 mode register 1 (SCOMD1) is "1", P02 is serial clock output pin.
P00 and P02 can be selected as either an push-pull output or Nch open-drain output by the serial
interface O port control register (SCOODC).

[ €~ Chapter 11 11-2. Control registers ]

P03 to P05 are used as I/O pin for serial interface 2, as well. P03 is output pin of the serial interface 2
transmission data. When the SC2SBOS flag of the serial interface 2 mode register 1 (SC2MD1) is "1",
P03 is serial data output pin. P04 is the serial interface 2 reception data input pin. P05 is I/O pin of the
serial interface 2 clock. When the SC2SBTS flag of serial interface 2 mode register 1 (SC2MD1) is "1",
PO5 is serial clock output pin.

P03 and P05 can be selected as either an push-pull output or Nch open-drain output by the serial
interface 2 port control register (SC20DC).

[ €~ Chapter 13 13-2. Control registers ]

P06 is used as a buzzer output pin, as well. When the bp7 of the oscillation stabilization control register
(DLYCTR) is "1", buzzer output is enabled. In processor mode or memory expansion mode, data ac-
knowledge mode input pin is selected. In those mode, input mode is always selected.

In processor mode or memory expansion mode, P07 is system clock output pin. In those mode, output
mode is always selected.
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4-2-2 Registers

7 6 5 4 3 2 1 0

POOUT POOUT7 | POOUT6 | POOUT5 | POOUT4 | POOUT3 | POOUT2 [POOUT1 [POOUTO | (Atreset: X X X X X X X X)

‘ 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 POIN7 | POIN6 | POINS [ POIN4 | POIN3 [ POIN2 | POIN1 | POINO | (Atreset: X X X XX XX X)
‘ POIN Input data

Pin is low(Vss level).

1 Pin is high(Vop level).

Port O input register (POIN : x'03F20', R)

7 6 5 4 3 2 1 0

PODIR ‘ PODIR? ‘ PODIR6 ‘ PODIR5 ‘ PODIR4 ‘ PODIR3 ‘ PODIR2 ‘ PODIR1 ‘ PODIRO ‘ (Atreset:00000000)

‘ PODIR 1/0 mode selection
Input mode
1 Output mode

Port 0 direction control register (PODIR : x'03F30', R/W)

7 6 5 4 3 2 1 0

POPLU | POPLU7 | POPLUG | POPLUS | POPLU4 | POPLUS | POPLUZ [POPLUL |POPLUO | ( Atreset: 0000000 0)

POPLU Pull-up resistor selection

No pull-up resistor

1 Pull-up resistor

Port 0 pull-up resistor control register (POPLU : x'03F40', R/W)

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

SCOODC register
SCOODCO flag

Pull-up resistor control

1/0 direction control

Port output data

Port input data

Serial interface 0 reception data input

Serial interface 0 transmission data output/
UARTO transmission data output

SCOMDL1 register
SCOSBOS flag

Pull-up resistor control

1/0 direction control

Port output data

Port input data

Serial interface 0 reception data input
/UART 0 reception data input

’\, Reset
=] POPLUO |
D Q > |
Write —i {7— Read
Repet T
R | PODIRO ‘
D Q| ‘
Write —{CK Read
=]y —{]poo
2 ] M
2 oo POOUTO 0 4{
8 . {% 1 |V
Write —{CK Read
— X
A
_1 POINO i
W N
Read
NJ
Figure 4-2-2 Block diagram (P00)
’\ Reset
7 POPLU1 |
D Q Dc
Write —& {7— Read ]
Reset
-
R | PODIR1 |
D Q| .
é’ Write —(CK_| {} Read
: — Por
5 o POOUTL 4{
Write —i Y%— Read
1 POIN1 A
W N
/\/ Read

Figure 4-2-3 Block diagram (P01)
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SCOODC register

SCOODC1 flag
’\ Reset
-
_ R | POPLU2
Pull-up resistor control D Q Do ‘
Write —{CK {7— Read
Reset
L
o R | PODIR2 I | T
1/0 direction control D Q o ‘
Write —(CK {Z— Read
[%2]
K N
z POOUT? 0_|M 4{ |
Port output data © D Q g
a 1 U
Write —(CK Read ——— p»
— X
A
. _ POIN2 P
Port input data j\] <
Read
,\/

Serial interface 0 clock input

Serial interface 0 clock output

SCOMDL1 register

SCOSBTS flag

SC20DC register

Figure 4-2-4 Block diagram (P02)

SC20DCO flag
"\’ Reset
_ =] POPLU3
Pull-up resistor control DQ Do
Write —CK {7— Read
Reset
L
. R | PODIR3 \ ]
1/0 direction control D Q ‘
Write —|CK {7— Read
[%2}
3
o
55 —_—
3 POOUT3 0_|M ‘
Port output data D Q - U
Write —{CK {Z— Read
— X
A
' _1 POIN3 P
Port input data 7\1 N
Read
Serial interface 2 receive data input
Serial interface 2 transmit data output
SC2MD1 register
SC2SBOS flag
Figure 4-2-5 Block diagram (P03)
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’\, Reset
_ ®| POPLU4 ‘
Pull-up resistor control D Q Do
Write —{CK {% Read
Reset
L
. R | PODIR4
1/O direction control D Q
4 Write —CK {7— Read
K- [
]
<
a —_—
POOUT4
Port output data D Q|
Write —{CK {7— Read
POIN4
Port input data ﬂ <J
,\/ Read

Serial interface 2 transmit data input

Figure 4-2-6 Block Diagram (P04)

SC20DC register
SC20DC1 flag

Pull-up resistor control

1/0 direction control

Port output data

Port input data

Data bus

Serial interface 2 clock input

Serial interface 2 clock output

SC2MD1 register
SC2SBTS flag

r | POPLUS
D Q| Dc
Write —i %— Read
Reset
.
rR | PODIR5S L
D Q
Write —CL {Z— Read
[ ] POOUT5 M
D Q
. YT} u
Write —{CK Read
S X
A

POINS

/\

AN

Read

Figure 4-2-7 Block Diagram (P05)
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’\ Reset
POPLUG6
R
Pull-up resistor control D Q Dﬂ }
Write —{CK {7— Read
Reset
.
r | PODIR6 T
1/0 direction control D Q DO—{
Write —CK {7— Read
s — [ pos
[%2]
2 N
s POOUT6 0 | M ‘
Port output data 8 D Q| | L
U
Write —{cK Y% Read 1
B X
A
POIN6
Port input data ﬂ <]
Read
. ’d
Data acknowled! |
ala acknowledge signa * In processor mode, and memory mode,
Expansion control input mode is always selected.
Buzzer output

DLYCTR register bp7

Figure 4-2-8 Block Diagram (P06)

,\ Reset
(7] POPLU7 - |

Pull-up resistor control D Q|
Write —(CK {7— Read

Reset
.

R | PODIR7

1/0 direction control D Q u—{
\ /— Read

Write —{CK

(%2}
=] —_—
- POOUT7
Port output data = D Q| [
o
Write —{CK
A
POIN7
Port input data ﬂ <]
Read
* In processor mode, and memory mode
output mode is always selected.
Systemclock output

Expansion control

Figure 4-2-9 Block Diagram (P07)
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4-3 Port 1

4-3-1 Description

BGeneral 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 pin can be set individually if 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 to P14, P16 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, P16 output mode by each bit.
When the port 1 output mode register (PLOMD) is "1", special function data is output, and when it is "0",
they are used as general port.

Also, P10, P12 and P14 has real time output control function. They can switch pin output to 3 type; "0",
"1", and "high-impedance state (Hi-z)", in synchronization with the falling edge of the external interrupt 0
pin (P20/IRQO0). Real time control changes the timer output signal (PWM output, timer pulse output,
remote control carrier output) in synchronization with external event, without programing software. For
more information, refer to 4-14 Real Time Output Control Function [p.IV-56].
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Chapter 4 1/0O Ports
4-3-2  Registers
7 6 5 4 3 2 1 0
P1OUT P10UT7 |P10UT6 |P1OUT5 [P10UT4 [P1OUT3 |P10UT2 |P10OUT1 |P1OUTO (Atreset: X X X X X X X X)
‘ P1OUT Output data
0 Low (Vss level)
1 High (VoD level)
Port 1 output register (P1OUT : x'03F11', R/W)
7 6 5 4 3 2 1 0
P1IN P1IN7 | P1IN6 | P1IN5 | P1IN4 | P1IN3 [ P1IN2 | P1IN1 | P1INO (Atreset: X X X X XX X X)
‘ P1IN Input data
Pin is low(Vss level).
1 Pin is high(Vop level).

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

7 6 5 4 3 2 1 0

P1DIR ‘ P1DIR7 ‘ P1DIR6 ‘ P1DIRS ‘ P1DIR4 ‘ P1DIR3 ‘ P1DIR2 ‘ P1DIR1 ‘ P1DIRO ‘ (Atreset:00000000)

‘ P1DIR 1/0 mode selection
Input mode
1 Output mode

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

P1PLU

7

6

5

4

3

2

1

0

P1PLU7

P1PLU6

P1PLUS

P1PLU4

P1PLU3

P1PLU2

P1PLUL

P1PLUO

IV-14 Portl

(Atreset:00000000)

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)




P10OMD

6

5

4

3

2

1

0

P10OMD6

P10MD4

P10MD3

P10MD2

P10MD1

P10OMDO

Chapter 4 1/0 Ports

(Atreset:- 0 -00000)

P10OMDO 1/0 port, timer 0 output selection
0 1/0 port
1 Timer 0 output

P10MD1 1/0 port, timer 1 output selection
0 1/0 port
1 Timer 1 output

P10OMD2 1/0 port, timer 2 output selection
0 1/0 port
1 Timer 2 output

P10MD3 1/0 port, timer 3 output selection
0 1/0 port
1 Timer 3 output

P10MD4 1/0 port, timer 7 output selection
0 1/0 port
1 Timer 7 output

P10OMD6 1/0 port, timer 4 output selection
0 1/0 port
1 Timer 4 output

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

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

4

3

2

1

0

PITCNT | —

P1CNT5

P1CNT4

PICNT3

P1CNT2

PICNT1

P1CNTO

IV-16 Portl

(Atreset:- - 000000)

PICNTL | PICNTO | P10 output control
0 0 1/O port (Disable real time control)
0 1 "1"(High) output
1 0 "0"(Low) output
1 1 "Hi-z" output
PICNT3 | PICNT2 | P12 output control
0 0 I/0 port (Disable real time control)
0 1 "1"(High) output
1 0 "0"(Low) output
1 1 "Hi-z" output
PICNT5 | PICNT4 | P14 output control
0 0 1/O port (Disable real time control)
0 1 "1"(High) output
1 0 "0"(Low) output
1 1 "Hi-z" output

Port 1 output control register (PLTCNT : xX'03F7E', R/W)

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




4-3-3  Block Diagram

External interrupt O(IRQO)

Edge event
save function

Chapter 4 1/0 Ports

% P11, P13, P16

"\-’ Fieﬁt
) R | P1PLUO,2,4
Pull-up resistor control D Q| {>c
Write —CL f /— Read +
- ,
— R | P1DIRO,2,4 U
1/0 direction control D Q| X
Write—ﬁ Read
J 1 \
g ] P1OUTO,2,4 M
Port output data a Q
= U
©
e X
R | P1OMDO,2,4
Output mode control D Q|
Write —cK | f /— Read
2 R | PLTCNTO-5 2
Output control D Q
Write —cK | f /— Read
Port input data ﬂ P1IN0.2.3 <}
/\/ Read
Timer input
Timer output
/ Remote control carrier output
Figure 4-3-4 Block Diagram (P10, P12, P14)
RS iy %
Pull-up resistor control DRQ P1PLU1,3,6 Do } ’:
Wrile—& Read |
Reset
L
A R | P1DIR1,3,6 |
1/0 direction control D Q ‘
Write —cK | Read
a [ ] P10OUT1,3,6 0 M
Port output data % D Q
e Write —CK Read 1 U
— X
r | P1LOMD1,3,6
Output mode control D Q
Write—& Read
P1IN1,3,6
Port input data <] <}
’\ Read
Timer input
Timer output

Figure 4-3-5 Block Diagram (P11, P13, P16)
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Pull-up resistor control

1/0 direction control

Port output data

Port input data

IV-18 Portl

Data bus

Reset
-

R | PIPLUS,7
Do

D Q
Write —{CK %— Read

Reset
—

P1DIRS,7

R
D Q
Write —CK {% Read

[ ] P1OUTS5,7

D Q
Write —{CK Y% Read

P1IN5,7

/\

S

X P15, P17

Figure 4-3-6 Block Diagram (P15, P17)
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4-4 Port 2

4-4-1  Description

EGeneral Port Setup
Port 2 is input port, except P27. To read input data of pin, read out the value of the port 2 input register
(P2IN).

P27 is reset pin. When the software is reset, write the bp7 of the port 2 output register (P20UT) to "0".
The port 2 pull-up resistor control register (P2PLU) can select if port 2 is added pull-up resistor or not, by
each bit. 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, P22 to P25 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 (NFCTR) to "1" and read the value of the port 2 input register
(P2IN).
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4-4-2

P20UT

P2IN

P2PLU

1/0 Ports

Registers

7

p20UT?

(Atreset:1- - - - - - - )
P20UT Output data
0 Low (Vss level)
1 High (VoD level)

Port 2 output register(P20UT : x'03F12', R/W)

(Atreset: L XXX XXX X)

7 6 5 4 3 2 1 0
P2IN7 | P2IN6 | P2IN5 [ P2IN4 | P2IN3 | P2IN2 | P2IN1 | P2INO
Port 2 input register(P2IN : x'03F22', R)

7 6 5 4 3 2 1 0
- P2PLUG6 | P2PLUS | P2PLU4 | P2PLU3 | P2PLU2 | P2PLUL | P2PLUO

IV-20 Port2

P2IN Input data
0 Pin is Low (Vss level).
1 Pin is High (VDD level).

(Atreset:- 0000000)

P2PLU Pull-up resistor selection
0 No pull-up resistor
1 Pull-up resistor

Port 2 pull-up resistor control register(P2PLU : x'03F42', R/W)

Figure 4-4-1 Port 2 Registers




4-4-3

Block Diagram

Chapter 4

1/0 Ports

[X] P20, P22-P26

R
Pull-up resistor control ’;‘Fg P2PLU0’2_6 {>c }
Write 4(:}( Read
2
I
8
_ P2INO,2-6 A
Port input data <
/-\ Schmitt trigger input
External interrupt
P26 is not used as an external interrupt pin
*
Figure 4-4-2 Block Diagram (P20, P22 to P26)
N 2
Pull-up resistor control P2PLU1 Do } b
Wnte# \ /— Read
4
Qa
8
<
[a)
M 1 AC zero-cross |
detection circuif
Port input data ,\/ < PZIN1 U 0 A
Read X ~J

NFCTR register bp7

AC zero-cross input

Schmitt trigger input

External intrerrupt

Port output data

Port input data

Reset

Figure 4-4-3 Block Diagram (P21)

+—X]P27

M\
Reset
s P20UT7
D Q 9{
§ Wr|te
{% Read
a
P2IN7 O< 94
Schmitt trigger input
~NJ

Figure 4-4-4 Block Diagram (P27)

Port 2

vV-21
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4-5 Port 3

4-5-1 Description

EGeneral Port Setup

Each bit of the port 3 control I/O direction register (P3DIR) can be set individually to set pins as input or
output. The control flag of the port 3 direction control register (P3DIR) 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 3 direction control register (P3DIR) to "0" and
read the value of the port 3 input register (P3IN).

To output data to pin, set the control flag of the port 3 direction control register (P3DIR) to "1" and write
the value of the port 3 output register (P30UT).

Each pin can be set individually if pull-up resistor is added or not, by the port 3 pull-up resistor control
register (P3PLU). Set the control flag of the port 3 pull-up resistor control register (P3PLU) to "1" to add
pull-up resistor.

ESpecial Function Pin Setup

P30 to P32 are used as serial interface 1 1/0O pins, as well. P30 is a output pin for serial interface 1
transmission data and UART 1 transmission data. When the SC1SBOS flag of the serial interface 1
mode register 1 (SC1MD1) is set to "1", serial data output pin is selected. P31 is an input pin for serial 1
received data and UART 1 received data. P32 is a serial interface 1 clock 1/0O pin. When the SC1SBTS
flag of the serial interface 1 mode register 1 (SC1MD1) is set to "1", serial clock output pin is selected.
P30 and P32 can be selected as either an push-pull output of Nch open-drain output by the serial
interface 1 port control register (SC1ODC). [ €~ Chapter 12 12-2. Control registers ]

P33 to P35 are used as I/O pins for serial interface 3 and external DMA, as well. P33 is an output pin for
serial interface 3 transmission data and an input pin for bus release request. When the SC2SBOS flag of
the serial interface interface 3 mode register 1 (SC3MD1) is set to "1", serial data output pin is selected.
P34 is an output pin for bus use approval signal and an output pin for serial interface 3 received data.
When the ATEXT flag of the ATC1 control register 0 (AT1CNTO) is set to "1", bus use approval signal
output pin is selected. P35 is an 1/O pin for serial interface 3 clock and an input pin for external DMA load
request signal. When the SC3SBTS flag of the serial interface 3 mode register 1 (SC3MD1) is setto "1",
serial clock output pin is selected.

P33 and P35 can be selected as either an push-pull output of Nch open-drain output by the serial
interface 3 port control register (SC30DC). [ € Chapter 14 14-2. Control registers ]
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4-5-2  Registers

7 6 5 4 3 2 1 0

P30UT P30UTY7 [P30UT6 | P30UTS5 [P30UT4 | P30UT3 |P30UT2 |P30UTL |P30UTO | (Atreset: X X X X X X X X))

‘ P30UT Output data

Low (Vss level)

1 High (VoD level)
Port 3 output register (P30UT : x'03F13', R/W)
7 6 5 4 3 2 1 0
P3IN P3IN7 | P3IN6 | P3IN5 | P3IN4 | P3IN3 | P3IN2 | P3INL | P3INO | (Atreset: X XX XXX XX)
‘ P3IN Input data
0 Pin is Low (Vss level).
1 Pin is High (VoD level).

Port 3 input register (P3IN : xX'03F23', R)

7 6 5 4 3 2 1 0

P3DIR P3DIR7 | P3DIR6 | P3DIR5 | P3DIR4 [ P3DIR3 | P3DIR2 | P3DIRL | P3DIRO | (Atreset:00000000)

P3DIR 1/0 mode selection
Input mode
1 Output mode

Port 3 direction control register (P3DIR : x'03F33', R/W)

7 6 5 4 3 2 1 0

P3PLU P3PLU7 | P3PLUG | P3PLUS | P3PLU4 | P3PLU3 | P3PLU2 | P3PLUL |P3PLUO | (Atreset:00000000)

P3PLU Pull-up resistor selection

No pull-up resistor

1 Pull-up resistor

Port 3 pull-up resistor control register (P3PLU : x'03F43', R/W)

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

SC10DC register P
SC10DCO flag
S i
) r | P3PLUO
Pull-up resistor control D Q| Do ‘
Write —CK Read
Reset
L
.. R | P3DIRO T
1/0 direction control D Q ‘
Write —CK f /— Read
2 % P30
Qo
] I
g P30UTO 0_|M
Port output data | © D Q| U
Write —(CK Read 1 >
— X
A
‘ 1 _P3INO P
Port input data j\l <
Read
Serial interface 1 reception data input
Serial interface 1 transmission data output
JUART1 transmission data output
SCI1MD1 register
SC1SBOS flag
Figure 4-5-2 Block Diagram (P30)
’\, Reset
_ [®] P3PLUL ‘
Pull-up resistor control D Q| Do ‘
Write —{cK {% Read
Reset
L
i R | P3DIR1 |
1/O direction control D Q o
2 Write —CK {7— Read
: - P
©
o —_—
P30UT1
Port output data D Q
Write —{CK Y%— Read
P3IN1
Port input data ﬂ <J
/\/ Read

Serial interface 1 receive data input
/UART1receive data input

Figure 4-5-3 Block Diagram (P31)
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SC10DC register T
SC10DC1 flag
’\ Reset
_ &1 P3PLU2
Pull-up resistor control D Q| Do ‘
Write —{CK {7— Read
Reset
L
- R | P3DIR2 ‘ ]
1/O direction control D Q » o ‘
Write —{CK {7— Read
2 — — x| P32
>
e
2 - M
& P30UT2 0 ‘
Portoutput data | © D Q it
Write —{CK Y}— Read 4>1 XJ
A
Port input data \N <
Read
Serial interfacel clock input
Serial interface 1 clock output
SC1MDL1 register
SC1SBTS flag
Figure 4-5-4 Block Diagram (P32)
SC30DC resister T
SC30DCO flag
’\ Reset
, &1 P3PLU3 ‘
Pull-up resistor control D Q Dc
Write —{CK {7— Read
Reset
.
. R | P3DIR3 ‘ 1
1/O direction control D Q * ‘
Write —{CK {7— Read
2 — —X| P33
=}
Qo
g — M
g P30UT3 0 4{ |
Port output data D Q| U
Write —|CK Y%— Read 1 >
— X
A
P3IN3
Port input data ﬂ <]
Read
Serial interface 3 receive data input
Serial interface 3 transmit data output

SC3MD1 register
SC3SBOS flag

Figure 4-5-5 Block Diagram (P33)
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Pull-up resistor control

1/0 direction control

Port output data

Port input data

Serial interface 3 reception data input

SC30DC resister
SC30DC1 falg

Pull-up resistor control

1/O direction control

Port output data

Port input data

Serial interface 3 clock input,

Serial interface 3 clock output

SC3MDL1 register
SC3SBTS flag

IV-26 Port3

Data bus

Reset
L

P3PLU4

R
D Q [>o |
Write —CK {7— Read

Repet T
| P3DIR4 \
D Q . ‘
Write —CK Read
— i % F{E P34

oo P30UT4 4{ ‘
Write —CK :%— Read

P3IN4

/N

Figure 4-5-6 Block Diagram (P34)

Data bus

Reset
.

R | P3PLU5S Dﬂ |

DQ
Write —{CK {% Read

o 1

R | P3DIRS
Q

° \
Write —CK {7— Read
= [P

] P30UT5 0_[M i

D Q
) Y%‘ 1 U
Write —{CK Read
— X
A

P3IN5

/\

—Z\

Read

Figure 4-5-7 Block Diagram (P35)



Pull-up resistor control

1/0 direction control

Port output data

Port input data

Data bus

Chapter 4 1/0 Ports

—{ <] P36.37

rR | P3PLUG,7
D Q Dﬂ ‘
Write —i {7— Read ]
Reset
.
R | P3DIR6,7 \
D Q
Write —& {7— Read
[ ] P30OUT6,7
D Q
Write —& %‘ Read

P3ING,7

/\

Figure 4-5-8 Block Diagram (P36,37)
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4-6 Port 4

4-6-1  Description

EGeneral Port Setup

Each bit of the port 4 control I/O direction register (P4DIR) can be set individually to set pins as input or
output. The control flag of the port 4 direction control register (P4DIR) 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 4 direction control register (P4DIR) to "0" and
read the value of the port 4 input register (P4IN).

To output data to pin, set the control flag of the port 4 direction control register (P4DIR) to "1" and write
the value of the port 4 output register (P40UT).

Each pin can be set individually if pull-up / pull-down resistor is added or not, by the port 4 pull-up / pull-
down resistor control register (P4PLUD). Set the control flag of the port 4 pull-up / pull-down resistor
control register (P4PLUD) to "1" to add pull-up or pull-down resistor. The pull-up / pull-down resistor
selection register (FLOAT) select if pull-up resistor or pull-down resistor is added. The bp3 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
P40 to P47 are used as input pins for KEY interrupt.
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4-6-2  Registers

7 6 5 4 3 2 1 0

P40OUT P40UT7 | PAOUT6 | PAOUTS | PAOUT4 | PAOUT3 |PAOUT2 [P4OUTL [P4OUTO | (Atreset : X X X X X X X X)

‘ P4OUT Output data
0 Low (Vss level)
1 High (VoD level)

Port 4 output register (P40UT : x'03F14', R/W)

7 6 5 4 3 2 1 0

P4IN P4IN7 | P4ING | P4INS | P4IN4 | P4IN3 | P4IN2 | PAIN1 | PAINO | (Atreset: X X XX XX X X)

‘ P4IN Input data

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

Port 4 input register (P4IN : x'03F24', R)

7 6 5 4 3 2 1 0

P4DIR P4ADIR7 | PADIR6 | P4DIRS | P4DIR4 | PADIR3 | PADIR2 | P4DIR1 |P4DIR0 | (Atreset:00000000)

P4DIR 1/0 mode selection
Input mode
1 Output mode

Port 4 direction control register (P4DIR : x'03F34', R/W)

7 6 5 4 3 2 1 0

PAPLUD  [P4PLUD7 [PAPLUDG6|PAPLUD5(P4PLUD4P4PLUD3(P4PLUD2 [P4PLUD1 [PAPLUDO| (Atreset:00000000)

Pull-up ( or Pull-down)
P4PLUD resistor selection
No pullup (or pull-down) resistor
1 Pull-up (or Pul-down) resistor

Port 4 pull-up / pull-down resistor control register (P4PLUD : x'03F44', R/W)

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

FLOAT — |PARDWN| — |P7TRDWN[PARDWN| —  [SYOEVSISYOEVSO| (Atreset:- 0-00-00)
SYOEVS1/SYOEVSO PD synchronous output
event selection
0 0 External interrupt IRQ2
0 1 Timer 7 interrupt
1 0 Timer 2 interrupt
1 1 Timer 1 interrupt
P4 pull-up / pull-down
P4RDWN resistor selection
0 Pull-up resistor
1 Pull-down resistor
P7RDWN P7 'puII—up / pu_II—down
resistor selection
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 4-6-2 Port 4 Registers (2/2)
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Pull-up / down resistor selection
(FLOAT register bp3)

Pull-up / Pull-down resistor control

1/0 direction control

Port output data

Port input data

Chapter 4 1/0 Ports

Py
1]
)
o

/-\/ Reset
R | P4APLUDO-7
D Q| ‘ lo- 4{
Write—i Read D F»
Reset j/
5% P4DIRO-7 . )o_{
_g Write —{CK Read
2 e« |
8
5 o P40UTO-7 D_{
Write—i Read
1 P4INO-7 4
~ N

Figure 4-6-3 Block Diagram (P40 to P47)
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4-7 Port 5

4-7-1  Description

EGeneral 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 if pull-up resistor is added or not, by the port 5 pull-up resistor control
register (P5PLU). Set the control flag of the port 5 pull-up resistor control register (P5PLU) to "1" to add
pull-up resistor.

ESpecial Function Pin Setup
In processor mode or memory expansion mode, P50 to P52 are output pins for control signal to the
expansion memory. In those mode, output mode is always selected.

In processor mode or memory expansion mode, P53 and P54 are output pins for address to the expan-

sion memory. But in memory expansion mode, the bp7 of the address output control register (EXADV)
set if they are used as address output pins or general 1/O pins.

Table 4-7-1 Expansion Pins (P50 to P54)

. In processor mode
Pins .
In memory expansion mode *

P50 NWE

P51 NRE

P52 NCS

P53 A16 (External memory address bp16)
P54 A17 (External memory address bpl7)

* In memory expansion mode, the bp 7 of the EXADV register
should be set to "1" for P53,54 output address.
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4-7-2  Registers

7 6 5 4 3 2 1 0

P50UT - — — |P50UT4|P50UT3 [P50UT2 [PSOUTL |PSOUTO | (Atreset:- - - X X X X X)

P50UT Output data

Low (Vss level)

1 High (Vop 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 : x'03F25', R)
7 6 5 4 3 2 1 0
P5DIR — — — | P5DIR4 | PSDIR3 | PSDIR2 | PSDIRL | PSDIRO | (Atreset:- - - 00000)
P5DIR 1/0 mode selection
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 | P5PLU3 | P5PLU2 | P5PLUL |P5PLUO | (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 4-7-1 Port 5 Registers (1/2)
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6 5 4 3 2 1 0
EXADV ‘EXADVS‘EXADVZ‘ EXADV1‘ - ‘ - ‘ - ' - ‘ - ‘ (Atreset:000----- )
EXADV ;ﬁ;;t]c;g:':gjfss output during memory

0 General port
1 "Al1l to A8" address output enable

EXADV2 eAX;L-; :;gnlfn :Jigress output during memory
0 General port
1 "A15 to A12" address output

EXADV3 ;ﬁ)\ql);,nig'nag]%rgzs output during memory
0 General port

1 "A17, 16" address output

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

Pull-up resistor control

1/0 direction control

Port output data

Port input data

Write enable signal
/Read enable signal
/Chip select signal

Expansion control

Pull-up resistor control

1/O direction control

Port output data

Port input data

Address output

Expansion control

W

Block Diagram

Chapter 4 1/0 Ports

Reset

"] PSPLUO-2

D Q o |
Write —& %— Read

Reset

.

r | P5DIRO-2 j

0Q ‘ )o_{

Write —CL {Z— Read

% P50-P52

§«; 5 o PSOUTO-2 4{
Write—cL
A
1 P5INO-2
j\J
Read
~NJ

* In processor mode, memory expansion mode
output mode is always selected.

Figure 4-7-3 Block Diagram (P50 to P52)

Reset

"] PSPLU3,4

DQ > | E
Write —& Read

Reset

# ] P5DIR3,4 T

D Q)

%— Read

Write —CK

% P53, P54

[

S ] PSOUT3,4
g 0 Q
Write—cL
A

__ P5IN34

j\J

Read
~NJ

* |n processor mode, output mode is
always selected.

Figure 4-7-4 Block Diagram (P53, P54)
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4-8 Port 6

4-8-1  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 pin can be set individually if 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.

ESpecial Function Pin Setup

In processor mode or memory expansion mode, P60 to P67 are output pins to the expansion memory. In
those mode, any register cannot control input or output. Only at access to the expansion memory,
address is output, and during other period (at NCS = "H") it is high impedance state (input mode).

Table 4-8-1 Expansion pins (P60 to P67)

Pins In processor mode
In memory expansion mode

P60 A0 (External memory address bp0)
P61 Al (External memory address bpl)
P62 A2 (External memory address bp2)
P63 A3 (External memory address bp3)
P64 A4 (External memory address bp4)
P65 A5 (External memory address bp5)
P66 A6 (External memory address bp6)
P67 A7 (External memory address bp7)
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4-8-2  Registers

7 6 5 4 3 2 1 0

P6OUT P6OUT7 | P60OUT6 | PEOUTS | P6OUT4 | P60OUT3 | P6OUT2 [PEOUTL [PEOUTO | ( Atreset: X X X X X X X X))

‘ P6OUT Output data
0 Low (Vss level)
1 High (VoD 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 | P6INL | P6INO | (Atreset: X X X X X X X X)

‘ P6IN Input data

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

Port 6 intput register (P6IN : x'03F26', R)

7 6 5 4 3 2 1 0

P6DIR P6DIR7 | PEDIRG | PEDIRS | P6DIR4 | P6DIR3 | P6DIR2 | P6DIR1 | P6DIRO | (Atreset:00000000)

P6DIR 1/0 mode selection
Input mode
1 Output mode

Port 6 direction control register (P6DIR : x'03F36', R/W)

7 6 5 4 3 2 1 0

P6PLU  |P6PLUT | P6PLUG | P6PLUS | P6PLU4 | PGPLU3 | PGPLU2 | P6PLUL |PEPLUO | ( Atreset:00000000)

P6PLU Pull-up resistor selection

No pull-up resistor
1 Pull-up resistor

Port 6 pull-up resistor control register (P6PLU : xX'03F46', R/W)

Figure 4-8-1 Port 6 Registers
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4-8-3  Block Diagram

™ [ PePLUG.7
"] -
> =

Pull-up resistor control D Q|
Write —{CK %— Read
Reset
o r | P6DIRO-7 j
1/0 direction control D Q o—{
Write —CK {} Read
— X Pe0-Pe7
[%2]
3
o —_—
I P60OUTO-7
Port output data g D Q
Write —{CK
A
P6INO-7
Port input data \AN
Read
* In processor mode, memory expansion mode
Address output output mode is always selected.

Expansion control

Figure 4-8-2 Block Diagram (P60 to P67)
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4-9 Port 7

4-9-1 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 (P70OUT).

Each pin can be set individually if pull-up / pull-down resistor is added or not, by the port 7 pull-up / pull-
down resistor control register (P7PLUD). Set the control flag of the port 7 pull-up / pull-down resistor
control register (P7PLUD) to "1" to add pull-up or pull-down resistor. The pull-up / pull-down resistor
selection 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.

WSpecial Function Pin Setup

In processor mode or memory expansion mode, P70 to P77 are output pins to the expansion memory.
But in memory expansion mode, the bp5 or bp6 of the address output control register (EXADV) set if they
are used as address output pins or general 1/O pins.

Table 4-9-1 Expansion pins (P70 to P77)

Pins In processor mode
In memory expansion mode *

P70 A8 (External memory address bp8)
P71 A9 (External memory address bp9)
P72 A10 (External memory address bp10)
P73 All (External memory address bp11)
P74 Al12 (External memory address bp12)
P75 A13 (External memory address bp13)
P76 Al4 (External memory address bp14)
P77 A15 (External memory address bp15)

* In memory expansion mode, the bp5, 6 of the EXADV register
should be set to "1" for P70 to P77 output address.
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4-9-2  Registers

7 6 5 4 3 2 1 0

P70OUT P70UTT | PTOUT6 [ P7OUT5 | P70UT4 [P70UT3 [P70UT2 [P7OUT1 [P7OUTO | (Atreset: X X X X X X X X))

‘ P70UT Output data
0 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 | P7IN6 | P7INS [ P7IN4 | P7IN3 | P7IN2 | P7IN1 | P7INO (Atreset: X X X X X X X X)

‘ P7IN Input data
0 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 | P7DIRS5 | P7DIR4 | P7DIR3 | P7DIR2 | P7DIRL |P7TDIR0 | (Atreset:00000000)

P7DIR I/0O 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|P7PLUDG6|P7PLUD5|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 4-9-1 Port 7 Registers (1/2)
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7 6 5 4 3 2 1 0

EXADV  |EXADV3|EXADV2|EXADVI| — — — — — | (Atreset:000----- )

"A11 to A8" address output during memory
expansion mode.

EXADV1

General port
1 "A11 to A8" address output enable

"A15 to A12" address output during memory
expansion mode.

EXADV2

0 General port
1 "A15 to A12" address output

"A17, 16" address output during memory
expansion mode.

EXADV3

General port
1 "A17, 16" address output

Address output control register (EXADV : X'03FOE', R/W)

7 6 5 4 3 2 1 0

FLOAT — |PARDWN| — |P7RDWN|PARDWN| —  |SYOEVSLSYOEVSO| (Atreset:-0- 00-00)

PD Synchronous output
event selection

SYOEVS1|SYOEVS0

External interrupt IRQ2
Timer 7 interrupt
Timer 2 interrupt

Rk |Oo|o
~|o|r|o

Timer 1 interrupt

P4 pull-up / pull-down
resistor selection

PARDWN

Pull-up resistor
1 Pull-down resistor

P7 pull-up / pull-down
resistor selection

P7RDWN

Pull-up resistor
1 Pull-down resistor

PA pull-up / pull-down
resistor selection

PARDWN

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 7 Registers (2/2)

Port7 1V -41



Chapter 4 1/0O Ports

4-9-3  Block Diagram

Expansion control

Address output

Pull-up / Pull-down resistor control

Pull-up / Pull-down resistor selection

1/0 direction control

Port output data

Port input data

IV-42 Pport7

m Rt
rR | P7TPLUDO-7
° ¢ ? O——F
Wrile—& Read
Reset
R | FLOAT(bp4
50 (bp4) {>c
Write —& E /— Read
Reset
2 R | P7DIRO-7 4[}_{
© DQ ’
g Write —{CK Read
e o VL‘ <] P70-P77
1
M
?Q P70UTO-7 0_|U \—D_‘
o] 7 :
Write —& Read
_1 _P7INO-7

* In processor mode, I/O control by register is disable.
* In memory expansion mode, if bp5, 6 of the EXADV register
is "1", 1/0 control by register is disable.

Figure 4-9-3 Block Diagram (P70 to P77)
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4-10 Port8

4-10-1 Description

BGeneral 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 if 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.

In processor mode or memory expansion mode, P80 to P87 are 1/O pins to the expansion memory. In
those mode, any register cannot control input or output.

Table 4-10-1 Expansion pins (P80 to P87)

Pins In processor mode
In memory expansion mode

P80 DO (External memory data bp0)
P81 D1 (External memory data bp1l)
P82 D2 (External memory data bp2)
P83 D3 (External memory data bp3)
P84 D4 (External memory data bp4)
P85 D5 (External memory data bp5)
P86 D6 (External memory data bp6)
P87 D7 (External memory data bp7)
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4-10-2 Registers

P8OUT

P8IN

P8DIR

P8PLU

(Atreset : X X X X X X X X))

P8OUT Output data
0 Low (Vss level)
1 High (VoD level)

(Atreset : X X X XX X X X)

P8IN Input data
0 Pin is Low (Vss level).
1 Pin is High (VDD level).

(Atreset:00000000)

7 6 5 4 3 2 1 0
P8OUT7 |PBOUT6 | PBOUTS | PBOUT4 [PBOUT3 [P8BOUT2 |P8OUTL |PBOUTO
Port 8 output register (P80OUT : x'03F18', R/W)
7 6 5 4 3 2 1 0
P8IN7 | P8IN6 | P8INS [ P8IN4 | P8IN3 | P8IN2 | P8IN1 | P8INO
Port 8 input register (P8IN : x'03F28', R)
7 6 5 4 3 2 1 0
P8DIR7 | P8DIR6 | PSDIRS | P8DIR4 | P8DIR3 | PSDIR2 | P8DIR1 | P8DIRO
Port 8 direction control register (P8DIR : x'03F38', R/W)
7 6 5 4 3 2 1 0
P8PLU7 | P8PLU6 | PSPLUS | P8PLU4 | P8PLU3 | PSPLU2 | P8PLUL | PBPLUO

IV -44 Ports

P8DIR 1/0 mode selection
Input mode
1 Output mode

(Atreset:00000000)

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

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

Figure 4-10-1 Port 8 Registers




4-10-3 Block Diagram

Pull-up resistor control

1/O direction control

Port output data

Port input data

Data input

Data output

Expansion control

Chapter 4 1/0 Ports

’\/ ijt
rR | PBPLUO-7
D Q > }
Write —{CK %— Read
Reset
-
R | P8DIRO-7 j
D Q ‘ )O
Write —CL {7— Read
2 I
g 5 o P8OUTO-7 4{
Write —&
A
1 P8INO-7
Read
N

* In processor mode, memory expansion mode,
1/0 control by register is disable.

Figure 4-10-2 Block Diagram (P80 to P87)
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4-11 PortA

4-11-1 Description

EGeneral Port Setup
Port A is input port. To read input data of pin, read the value of the port A input register (PAIN).

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

WSpecial Function Pin Setup

PAO to PA7 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 "1".

‘ By setting the control flag of the PAIMD register to "1", the through current is not occurred
. when input voltage is at intermediate level.
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4-11-2 Registers

7 6 5 4 3 2 1 0

PAIN PAIN7 | PAING | PAIN5 | PAIN4 | PAIN3 | PAIN2 | PAIN1 | PAINO (Atreset : X XX XX XXX )
‘ PAIN Input data
Pin is Low (Vss level).
1 Pin is High (VoD level).
Port A input register (PAIN : X'03F2A", R)
7 6 5 4 3 2 1 0
PAIMD PAIMD7 | PAIMD6 | PAIMDS | PAIMD4 | PAIMD3 | PAIMD2 | PAIMD1 | PAIMDO
PAIMD 1/0 port, analog n input pin selection

1/O port
Analog n input pin

Port A input control register (PAIMD : x'03F3A", R/W)

7 6 5 4 3 2 1 0

PAPLUD  |PAPLUD7|PAPLUDG|PAPLUDS5|PAPLUD4|PAPLUD3 [PAPLUD2 [PAPLUD1 [PAPLUDO| (Atreset:00000000)

Pull-up (or Pull-down)
PAPLUD resistor selection
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 4-11-1 Port A Registers (1/2)
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7 6 5 4 3 2 1 0

FLOAT — |PARDWN| — [P7RDWN[P4RDWN| —  |SYOEVSLSYOEVSO| (Atreset:- 0-00-00)

PD synchronous output
event selection

SYOEVS1|SYOEVSO

External interrupt IRQ2
Timer 7 interrupt
Timer 2 interrupt
Timer 1 interrupt

~|r|Oo|o
~lo|r|o

P4 pull-up / pull-down

PARDWN resistor selection

Pull-up resistor
1 Pull-down resistor

P7 pull-up / pull-down
resistor selection

P7RDWN

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 4-11-2 Port A Registers (2/2)
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4-11-3 Block Diagram

Pull-up / Pull-down resistor selection
(FLOAT register bp6)

"\/ Reset %
]_‘R_‘ PAPLUDO-7
Pull-up / Pull-down resistor control D
WrileM f /— Read
Read

]

Data bus

7 PAINO-7

Port input data Y /_{’—l
Re‘set
R | PAIMDO-7
Input mode control D Q

/\/ Write M Read

Analog input

Figure 4-11-3 Block Diagram (PAO to PA7)

PortA |V -49



Chapter 4 1/0O Ports

4-12 PortC

4-12-1 Description

EGeneral Port Setup

Each bit of the port C control I/O direction register (PCDIR) can be set individually to set pins as input or
output. The control flag of the port C direction control register (PCDIR) 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 C direction control register (PCDIR) to "0" and
read the value of the port C input register (PCIN).

To output data to pin, set the control flag of the port C direction control register (PCDIR) to "1" and write
the value of the port C output register (PCOUT).

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

ESpecial Function Pin Setup
PCO0 to PC3 are used as DA output pins, as well. During DA converting, the port C input register (PCIN)
indicates "1".

‘ For not to occur the through current, add the pull-up resistor when PCO to PC3 are used as
. output pin for DA and analog output is not used.
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4-12-2 Registers

7 6 5 4 3 2 1 0

PCOUT - - - — |PCouT3|PCOUTZ|PCOUTL |PCOUTO| (Atreset:- - - - X XX X)

PCOUT Output data

Low (Vss level)

1 High (VoD level)
Port C output register (PCOUT : x'03F1C', R/W)
7 6 5 4 3 2 1 0
PCIN - - - - PCIN3 | PCIN2 | PCIN1 | PCINO (Atreset:- - - - XXXX)
PCIN Input data
0 Pin is Low (Vss level).
1 Pin is High (VoD level).
Port C input register (PCIN : x'03F2C', R)
7 6 5 4 3 2 1 0
PCDIR - - - - PCDIR3 | PCDIR2 |PCDIRL [PCDIRO | (Atreset:- - --0000)
PCDIR 1/0 mode selection
Input mode
1 Output mode

Port C direction control register (PCDIR : xX'03F3C', R/W)

7 6 5 4 3 2 1 0

PCPLU - - — — PCPLU3 [PCPLU2 |PCPLUL |PCPLUO| (Atreset:- - - - 0000)

PCPLU Pull-up resistor selection

No pull-up resistor

1 Pull-up resistor

Port C pull-up resistor control resister (PCPLU : x'03F4C', R/W)

Figure 4-12-1 Port C Registers
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4-12-3 Block Diagram

% PCO-PC3

’\ Reset
) rR | PCPLUO-3
Pull-up resistor control D Q Do
Write —CK {7— Read
Reset
L
— R | PCDIRO-3
1/0 direction control D Q *
g Write —{CK {7— Read
2 [
o]
©
o —_—
PCOUTO-3
Port output data D Q|
Write —{CK :%— Read
PCINO-
Port input data 1 PCINO-3 \—&
,\/ Read

DA output control

DA output

Figure 4-12-2 Block Diagram (PCO to PC3)
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4-13 PortD

4-13-1 Description

EGeneral port Setup

Each bit of the port D control I/O direction register (PDDIR) can be set individually to set pins as input or
output. The control flag of the port D direction control register (PDDIR) 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 D direction control register (PDDIR) to "0" and
read the value of the port D input register (PDIN).

To output data to pin, set the control flag of the port D direction control register (PDDIR) to "1" and write
the value of the port D output register (PDOUT).

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

BSpecial Function Pin Setup (Synchronous output of port)

Each bit can be set individually as synchronous output by the port D synchronous output control register
(PDSYO). The port D synchronous output control register (PDSYO) is set to "1" for synchronous output,
and "0" for general port. The pin control register (FLOAT) can select the event that generates synchro-
nous output. When the bp 1, bp 0 of the pin control register (FLOAT) is "00", the external interrupt 2
(IRQ2) is selected. And "01" for the timer 7 interrupt, "10" for the timer 2 interrupt, "11" for the timer 1
interrupt. For more detail, refer to 4-15. Synchronous output function [p.IV-59].
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4-13-2 Registers

7 6 5 4 3 2 1 0

PDOUT  |PDOUT7 [PDOUT6PDOUTS [PDOUT4 [PDOUT3 [PDOUT2 [PDOUTL [PDOUTO| (Atreset: X X X X X X X X))

|

PDOUT Output data

0 Low (Vss level)
1 High (VoD level)
Port D output register (PDOUT : x'03F1D', R/W)
7 6 5 4 3 2 1 0
PDIN PDIN7 | PDIN6 | PDINS | PDIN4 | PDIN3 | PDIN2 | PDIN1 | PDINO (Atreset: X X X X X X X X)
‘ PDIN Input data

Pin is Low (Vss level).

1 Pin is High (VDD level).

Port D input register (PDIN : x'03F2D', R)

7 6 5 4 3 2 1 0

PDDIR PDDIR7 | PDDIR6 | PDDIRS | PDDIR4 | PDDIR3 | PDDIR2 | PDDIR1 | PDDIRO (Atreset:00000000)

PDDIR I/0 mode selection
Input mode
1 Output mode

Port D direction control register (PDDIR : X'03F3D', R/W)

7 6 5 4 3 2 1 0

PDPLU PDPLU7 |PDPLUG | PDPLUS | PDPLU4 | PDPLU3 |PDPLU2 | PDPLU1 [PDPLUO (Atreset:00000000)

PDPLU Pull-up resistor selection

No pull-up resistor

1 Pull-up resistor

Port D pull-up resistor control register (PDPLU : x'03F4D', R/W)

Figure 4-13-1 Port D Registers (1/2)
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7 6 5 4 3 2 1 0

PDSYO |PDSYO7|PDSYO6|PDSYO5 |PDSYO4|PDSYO3|PDSYO2 [PDSYO1|PDSYO0| (Atreset:00000000)

1/0 port, synchronous output pin
PDSYO selection

0 I/O port
(Disable synchronous output)
1 Synchronous output pin

(Enable synchronous output)

Port D synchronous output control register (PDSYO : x'03F1F', R/W)

7 6 5 4 3 2 1 0

FLOAT — |PARDWN| — |P7RDWN|PARDWN| — [SYOEVS1|SYOEVSO| (Atreset:- 0 -00 -0 0)

PD synchronous output
event selection

SYOEVS1|SYOEVS0

External interrupt IRQ2
Timer 7 interrupt
Timer 2 interrupt
Timer 1 interrupt

~|r|Oo|o
R |o|r|o

P4 pull-up / pull-down resistor
selection

PARDWN

Pull-up resistor
1 Pull-down resistor

P7 pull-up / pull-down resistor
selection

P7RDWN

Pull-up resistor
1 Pull-down resistor

PA pull-up / pull-down resistor
selection

PARDWN

0 Pull-up resistor
1 Pull-down resistor

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

Figure 4-13-2 Port D Registers (2/2)
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4-13-3 Block Diagram

—[X|Pp0-PD7

Reset
r | PDPLUO-7
Pull-up resistor control D Q| {>0 i
Write —{CK Read ]
Reset
R | PDDIRO-7 4[}_{
110 direction control 2 D Q *
Q
% Write —{CK Read
a
0 M
PDOUTO-7
U ' S
Port output data D Q D Q—»l
X
Write M f /~Read [—[°K, L
A
Synchronous output
valug store register
PDINO-7
Port input data ﬁ
Read Synchronous output event
Reset
R | PDSYOO0-7
Synchronous output control D Q|
Write CK

IV -56 PortD

Read

Figure 4-13-3 Block Diagram (PDO to PD7)



Chapter 4 1/0 Ports

4-14 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)".

4-14-1 Regqisters
Table 4-14-1 shows the real time output control register of port 1.

Table 4-14-1 Real Time Output Control Registers

Register Address RW Function Page
P10OUT X03F11' R/W [Port 1 output register V-14
P10MD X03F2F' R/W |Port 1 output mode register IV -15
Port 1 P1DIR X03F31' R/W |Port 1 direction control register V-14
P1PLU X03F41' R/W |Port 1 pull-up control register V-14
P1TCNT X03F7E' R/W |Port 1 output control register IV -16

Real Time Output Control (Port 1) 1V - 57
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4-14-2 Operation

EReal Time Output Pin Setup

The real time output pin is set by the port 1 output control register(PLTCNT). 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
(PL1TCNT), the output level is not changed even if the switching event is generated. When it is used as
general port, set this mode.

EReal Time Output Control Operation

After the port 1 output control register (PLTCNT) is set, the function selected by the port 1 output mode
register (P1LOMD) is output from the pin until the falling edge at the external interrupt 0 pin (P20/IRQO) 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 (P1TCNT) is output until
the event data is cleared.

BRelease 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
(PLTCNT) 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 (P1OUT) to clear the event data of the edge event save
[ ]

function, before the real time output control function is used.
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ETiming

P1TCNT set level : "0" (Low) output

Timer output

External interrupt O :
(IRQO) J : J

Timer output i PITCNT set level : Timer output : PITCNT set value

P1n output
(n=0,2,4)

}

Writing to P1OUT register

Figure 4-14-1 Real Time Output Control Timing

Real Time Output Control (Port 1) 1V - 59
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4-15 Synchronous output (Port D)

Port D 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 2 interrupt or timer 7 interrupt signal.

4-15-1 Block Diagram

0
PDOUTO-7 I—P‘ M

— Output data
Port output data DQ D Q 1 > U
Write —CK \ / —CK X
/' Read LD ﬁ
Synchronous
output value
11 store register
Timer 1 interrupt ————»| [
N 10 | M
Timer 2 interrupt ———— P
S
Timer 7 interrupt ————pp Synchronous output
00 X event
External interrupt 2 ————»
Pin control register *
FLOAT bp1,bp0
Reset
L PDSY00-7
Synchronous output control DQ *
Write —CK
Read

Figure 4-15-1 Synchronous Output Control Block Diagram
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Chapter 4 1/0O Ports

Table 4-15-1 shows the synchronous output control registers of port D.

Table 4-15-1 Synchronous Output Control Registers

Register Address R/W Function Page
FLOAT X03F2E' R/W |Pin control register 1 IV - 55
PDSYO X03F1F' R/W | Synchronous output control register IV - 55
Port D PDDIR X03F3D' R/W |Port D direction control register IV -54
PDPLU X03F4D' R/W [Port D Pull-up control register IV -54
PDOUT X03F1D' R/W |Port D output register IV -54
Synchronous Output (Port D) 1V - 61
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4-15-3 Operation

ESynchronous Output Setup

The synchronous output control register (PDSYO) selects the synchronous output pin of the port D, in
each bit.

The synchronous output event is selected by the pin control register (FLOAT).

Table 4-15-2 Synchronous Output Event

Page
Synchronous output port Port D IV -52
External interrupt 2

(RQ2) - 19, 45

Timer 1 VI-33
Output event

Timer 2 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 (PDSYO) is set to disable the synchronous output (I/O
port), the port D is functioned as a general port. When the port D is set to disable the synchronous output,
the same value to the port D output register (PDOUT) is always loaded to the synchronous output value
stored register. (Figure 4-15-1. Block Diagram)

After the output mode is selected by the port D direction control register (PDDIR), if the synchronous
output is enabled by the synchronous output control register (PDSYOQO), 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 D output register (PDOUT). 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 D output register (PDOUT), and the output value from pin is changed.

Before the synchronous output is enabled by the synchronous output control register
(PDSYO), set the initial value of the synchronous output to the port D output register

(PDOUT), in advance.
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mPort D 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 D is output in synchronization with the
falling edge of the IRQ2.

Port D output

latched data X >< Y X z X X X Y
External interrupt

(IRQ2)

Port D output X X Y X z X Y

Figure 4-15-2 Synchronous Output Timing by Event Generation (IRQ2)

mPort D Synchronous Output (Timers 1,2 and 7)

The timer interrupt flag TMnIRQ is generated when binary counter and compare register are matched.
The latched data on port D is output from the port D 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 I R

Timer compare N
register : : : : : :

Binary Counter mnﬂﬂ o mnﬂ o mnﬂ ____[ N-l
Port D output X x % Z X Y
latched data . . .

Interrupt request
flag

Port D output X X Y X z X Y

Figure 4-15-3 Synchronous Output Timing by Event Generation (Timers 1, 2 and 7)

Synchronous Output (Port D) 1V - 63
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4-15-4 Setup Example

A setup example of the port D synchronous output by the external interrupt 2 (IRQ2) is shown as follows.
As it is operated, the initial output data of port D 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) Set the initial output data "55" to the PDOUT
PDOUT(x'3F1D") register. Port D outputs "55".

bp7-0 : PDOUT7-0 = x'55'

(4) Set the synchronous output pin. (4) Set port D to synchronous output pin by setting
PDSYO(X'3F1F") the PDSYO7-0 flag of the PDSYO register to
bp7-0 : PDSYO7-0 = X'FF' "FF". Select the output mode by setting the
PDDIR(x'3F3D") PDDIR7-0 flag of the PDDIR register to "FF".

bp7-0 : PDDIR7-0 = X'FF'

(5) Set the synchronous output data. (5) Setthe synchronous output data "AA" to the
PDOUT(x'3F1D") PDOUT register.
bp7-0 : PDOUT7-0 = x'AA'

(6) Eventis generated. (6) Port D outputs "AA" at the rising edge of
Rising edge is generated at P22. IRQ2.

IV - 64  Synchronous Output (Port D)
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5-1

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 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

Overview

Prescaler 0 (fosc count) 7 bits prescaler
Prescaler 1 (fs count) 3 bits prescaler

following peripheral functions ;

External interrupt O interface (with noise filter)

External interrupt 1 interface (with noise filter)

Timer 0 (8-bit timer counter)

Timer 1 (8-bit timer counter)

Timer 2 (8-bit timer counter)

Timer 3 (8-bit timer counter)

Timer 4 (8-bit timer counter)

Serial interface 0 (Clock synchronous / Duplex UART)
Serial interface 1 (Clock synchronous / Half-duplex UART)
Serial interface 2 (Clock synchronous)

Serial interface 3 (Clock synchronous / Single master IIC)
D/A converter

About fosc, fs, refer to chapter 2. 2-5 Clock Switching [p.lI-29].

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

Clock source Peripheral functions

SCICION | ot | e | Tmero | Tmers | Tmer2 | Tmers | Tmera | coo )| S8 | SO | enace 3 | comerer
fosc/2 - - - - - - - v v v v

fosc/4 - - v v v v v v v v v
fosc/16 - - v v v v v v v v v
fosc/32 - - v v - v - v v
fosc/64 - - v v v v v v v -

fosc/128 v v - v - v - -

fs/2 - - v Vv v v v v v v v

fsl4 - - Vv - v - v v v v v

fs/8 - - - v - v - - - - - v
ouput. - |- |- Y]

Overview V-3
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5-1-2

V-4

Block Diagram

0 O~—+¢

7bits Prescaler S 3bits Prescaler -
fosc ck PSCO fs ck PSC1 _
CKOMD
TMoBAs ]P0 3
TMOPSCO }
TMOPSC1 _L
N 2 M .
- X
= bp7
CKIMD
TMiBAs 1570 3
TM1PSCO }
TM1PSCL _L
- A p
- X
- bp7
CK2MD
Tvzeas | 5P° 3
TM2PSCO }
TM2PSC1
- 2
N M
- 4 U
B X
- bp7
CK3MD
TM3BAS tipo 3
TM3PSCO] |
TM3PSC1 _L
= 2 Y
- 4 o—[__Tmers ]
- X
= b7 ol
CKAMD
TMaBAS | 2P0 3
TM4PSCQ }
TM4PSC1 _L
- 2
: ; ]
- X
- bp7
SCOCKS
scopsco |oP°
SCOPSC1 4
SCOPSC2 [}
SCOTMSEL > —
- 4 M
- Timer2 Out g —| Serial interface 0
bp7 Timer4 Out
SC1CKS —
Cipsco |30
CIPSCL ] 4
C1PSC2 J [}
RESERVED 2 /)
- 4 M
- Timer4 Out I;(J Serial interface 1
PP7SCacKS g "]
SC2PSCO
SC2PSCL 4
C2PSC _L
RESERVED 2
- 4 M
- Timer3 Out ” Serial interface 2
bp7
SC3CKS g L
SC3PSCO
SC3PSC1 4
SC3PSC2
RESERVED 2 -L
- 4 M
. ] U —| Serial interface 3
- Timer3 Out
bp7 X
2 ©
S 38 Joxw oo
000 0000 QLean
23823223
Le8e8e8
Figure 5-1-1 Prescaler Block Diagram
Overview

bpO

bp7



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

Chapter 5 Prescaler

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
CK2MD X03F5E" R/\W | Timer 2 prescaler selection register V-8
CK3MD X03F5F' R/W | Timer 3 prescaler selection register V-8
CK4MD X03F66' R/W | Timer 4 prescaler selection register V-9
SCOCKS X03F97' R/\W |Serial interface O transfer clock selection register V-10
SCI1CKS X03F9F' R/\W |Serial interfacel transfer clock selection register V-10
SC2CKS X03FAT' R/W |Serial interface 2 transfer clock selection register V-11
SC3CKS X03FAF' R/W |Serial interface 3 transfer clock selection register V-11

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)
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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

H
Rrlo|lr|o|lr|lo

Figure 5-2-2 Timer O Prescaler Selection Register (CKOMD : x'03F56', R/W)

ETimer 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

Rrlo|lr|o|lr|lo

Figure 5-2-3 Timer 1 Prescaler Selection Register (CK1MD : x'03F57', R/W)
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BTimer 2 Prescaler Selection Register (CK2MD)

7 6 5 4 3 2 1 0

CK2MD — — — — — | TM2PSC1| TM2PSCO| TM2BAS (Atreset:----- XXX)

TM2PSC1[TM2PSC0| TM2BAS |Clock source selection

fosc/4

fosc/16

fosc/32

fosc/64

fs/2

Rr|lOo|rRr|Oo| RO

fsl4

Figure 5-2-4 Timer 2 Prescaler Selection Register (CK2MD : x'03F5E', R/W)

ETimer 3 Prescaler Selection Register (CK3MD)

7 6 5 4 3 2 1 0

CK3MD — — — — —  |TM3PSC1| TM3PSCO| TM3BAS (Atreset:----- XXX)

TM3PSC1|TM3PSCO| TM3BAS | Clock source selection

fosc/4

fosc/16

fosc/64

fosc/128
fs/2

Rrlo|lr|o|lr|oO

fs/8

Figure 5-2-5 Timer 3 Prescaler Selection Register (CK3MD : x'03F5F', R/W)
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HTimer 4 Prescaler Selection Register (CK4MD)

CK4MD

7 6 5 4 3 2

1

0

— | TM4PSCL

TM4PSCO

TM4BAS

Chapter 5 Prescaler

(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 5-2-6 Timer 4 Prescaler Selection Register (CK4MD : x'03F66', R/W)
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The serial interface transfer clock selection register (SCnCKS) selects the transfer clock used for serial
data transfer.

M Serial Interface 0 Transfer Clock Selection Register (SCOCKS)

7 6 5 4 3 2 1 0

SCOCKS - - - —  |SCOTMSEL| SCOPSC2 | SCOPSC1|SCOPSCO (Atreset:----XXXX)

SCOTMSEL| SCoPSC2 | SCoPSCt |scopsco| C10ck source
selection
0 fosc/2
0 0 1 fosc/4
L 0 fosc/16
1 fosc/64
0 fs/2
0
1 1 fs/4
1 - Timer 2 output
1 - Timer 4 output

Figure 5-2-7 Serial Interface 0 Transfer Clock Selection Register (SCOCKS : x'03F97', R/W)

HMSerial Interface 1 Transfer Clock Selection Register (SC1CKS)

7 6 5 4 3 2 1 0
SC1CKS - - - —  |RESERVED| SC1PSC2 | SC1PSCL{SCIPSCO (Atreset:----XXXX )
SC1PSC2 | SC1PSC1| SC1PSCO | Clock source selection
0 fosc/2
0 0 1 fosc/4
1 0 fosc/16
1 fosc/64
0 fs/2
0
1 1 fs/a
1 0 Timer 4 output
{ RESERVED ‘ Set always "1". ‘

Figure 5-2-8 Serial Interface 1 Transfer Clock Selection Register (SC1CKS : x'03F9F', R/W)
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W Serial Interface 2 Transfer Clock Selection Register (SC2CKS)

7 6 5 4 3 2 1 0
SC2CKS — — — —  |RESERVED| SC2PSC2 | SC2PSCL|SC2PSCO (Atreset:----XXXX)
SC2PSC2 | SC2PSC1| SC2PSCO | Clock source selection
0 fosc/2
0 0 1 fosc/4
1 0 fosc/16
1 fosc/32
0 fs/2
1 0 1 fsl4
1 Timer 3 output
{ RESERVED ‘ Set always "0". ‘

Figure 5-2-9  Serial Interface 2 Transfer Clock Selection Register (SC2CKS : x'03FA7', R/W)

W Serial Interface 3 Transfer Clock Selection Register (SC3CKS)

7 6 5 4 3 2 1 0
SC3CKS — — — —  |RESERVED| SC3PSC2 | SC3PSC1|SC3PSCO (Atreset:----XXXX)
SC3PSC2 | SC3PSC1| SC3PSCO | Clock source selection
0 fosc/2
0 0 1 fosc/4
. 0 fosc/16
1 fosc/32
0 fs/2
1 0 1 fsl4
1 Timer 3 output
{ RESERVED ‘ Set always "0". ‘

Figure 5-2-10 Serial Interface 3 Transfer Clock Selection Register (SC3CKS : x'03FAF', R/W)
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5-3  Operation

5-3-1  Operation

BPrescaler 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).

BCount Timing of Prescaler Operation (Prescalers 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 O Count clock CKOMD
Timer 1 Count clock CK1MD
Timer 2 Count clock CK2MD
Timer 3 Count clock CK3MD
Timer 4 Count clock CK4MD
Serial 0 Transfer clock SCOCKS
Serial 1 Transfer clock SC1CKS
Serial 2 Transfer clock SC2CKS
Serial 3 Transfer clock SC3CKS
D/A conversion D/A conversion base clock -

‘ When the prescaler output clock source is used, counting of prescaler should be enabled
C before starting the peripheral functions.

V -12 Operation
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EPrescaler Setup Example (Timer O count clock)

Chapter 5 Prescaler

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.
CKOMD (x'3F56")
bp2-1 : TMOPSC1-0
bpO : TMOBAS
(2) Enable the prescaler output.
PSCMD (x'3F6F")
bpO : PSCEN

=01
=0

=1

(1)

(@)

Select the prescaler output to fosc/16 by the
TMOPSC1-0, TMOBAS flag of the timer O
prescaler selection register (CKOMD).

Enable the prescaler counting by setting the
PSCEN flag of the prescaler control register
(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.

Operation V - 13
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6-1

This LSI contains three general purpose 8-bit timers (Timers 0, 1 and 3) and two 8-bit timers (Timers 2
and 4) that can be also used as baud rate timer. The general purpose 8-bit timers can be used as 16-bit

timers with cascade connection.
In a cascade connecion, timers 0, 2 and 4 form the "timer 0", or the lower 8 bits of 16-bit counter, and

Overview

timers 1 and 3 form the "timer 1", or the upper 8 bits. Timer 4 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 O Timer 1 Timer 2 Timer 3 Timer 4
(8 bit) (8 bit) (8 bit) (8 bit) (8 bit)
Interrupt source TMOIRQ TM1IRQ TM2IRQ TM3IRQ TM4IRQ
Timer operation v v v v v
Event count v v v v v
Timer pulse output v v v v v
PWM output v - v - v
Synchronous output - v v - -
Serial transfer clock output - - v v v
Pulse width measurement v - v - v
Cascade connection -
Remote control carrier
output v ) ) v )
fosc fosc fosc fosc fosc
fosc/4 fosc/4 fosc/4 foscl4 foscl4
fosc/16 fosc/16 fosc/16 fosc/16 fosc/16
fosc/32 fosc/64 fosc/32 fosc/64 fosc/32
Clock source fosc/64 fosc/128 fosc/64 fosc/128 fosc/64
fs/2 fs/2 fs/2 fs/2 fs/2
fsl4 fs/8 fs/4 fs/8 fsl4
X fx fx fx fx
TMOIO input | TM1IO input | TM2IO input | TM3IO input | TM4IO input

fosc : Machine clock (High speed oscillation )
fx : Machine clock (Low speed oscillation )
fs : System clock [ €~ Chapter 2 2-5 Clock Switching ]
- When timers 2 and 4 are used as a baud rate timer for serial interface | function, it is not
used as a general timer.

Overview
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Block Diagram

6-1-2
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Figure 6-1-1 Timers 0 and 1 Block Diagram
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ERemote Control Carrier Output Block Diagram
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Figure 6-1-4 Remote Control Carrier Output Block Diagram
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6-2  Control Registers

Timers 0 to 4 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 to 4, they should be con-
trolled by the prescaler control register (PSCMD) and the prescaler selection register (CKnMD). Remote
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 to 4 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-10

TMO0OC X03F52' R/W | Timer O compare register VI-9

TMOMD X03F54' R/W | Timer O mode register VIF11

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/W | Timer O interrupt control register -24

P10OMD X03F2F' R/W |Port 1 output mode register IvV-15

P1DIR X03F31' R/W |Port 1 direction control register vV-14

TM1BC X03F51' R | Timer 1 binary counter VI-10

TM10C X03F53' R/W | Timer 1 compare register VI9

TM1MD X03F55' R/W | Timer 1 mode register VI-12

CK1MD X03F57' R/W | Timer 1 prescaler selection register V-7

fimer PSCMD X03F6F' R/W | Prescaler control register V-6
TM1ICR X03FEA’ R/W | Timer 1 interrupt control register lI-25

P10OMD X03F2F' R/W |Port 1 output mode register IvV-15

P1DIR X03F31' R/W |Port 1 direction control register vV-14

TM2BC X03F58' R | Timer 2 binary counter VI-10

TM20C X03F5A R/W | Timer 2 compare register VI-9

TM2MD X03F5C' R/W | Timer 2 mode register VI-13

Timer 2 CK2MD X03F5E" R/W | Timer 2 prescaler selection register V-8
PSCMD X03F6F' R/W |Prescaler control register V-6

TM2ICR X03FEB' R/W | Timer 2 interrupt control register lI-26

P1OMD X03F2F' R/W | Port 1 output mode register IvV-15

P1DIR X03F31' R/W | Port 1 direction control register IvV-14

Control Registers VI -7
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carrier output

Register Address RW Function Page
TM3BC X03F59' R | Timer 3 binary counter VI-10
TM30C X03F5B' R/W | Timer 3 compare register VI-9
TM3MD X03F5D' R/W | Timer 3 mode register VI-14
Timer 3 CK3MD X03F5F R/W | Timer 3 prescaler selection register V-8
PSCMD X03F6F' R/W | Prescaler control register V-6
TM3ICR X03FEC' R/W | Timer 3 interrupt control register -27
P10OMD X03F2F R/W |Port 1 output mode register IV-15
P1DIR X03F31' R/W |Port 1 direction control register IvV-14
TM4BC X'03F60' R | Timer 4 binary counter VI-10
TM40C X03F62' R/W | Timer 4 compare register VI
TM4MD X03F64' R/W | Timer 4 mode register VI-15
Timer 4 CK4MD X03F66' R/W | Timer 4 prescaler selection register V-9
PSCMD X03F6F' R/W |Prescaler control register V-6
TM4ICR X03FED' | RMW |Timer 4 interrupt control register lI-28
P10OMD X03F2F' R/W |Port 1 output mode register IvV-15
P1DIR X03F31' R/W |Port 1 direction control register IvV-14
Remote control RMCTR X03F6E' R/W |Remote control carrier output control register VI-16

R/W : Readable / Writable

R : Readable only

VI -8  Control Registers
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6-2-2  Programmable Timer Registers

Each of timers 0 to 4 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 TMOOC7 | TMOOC6 | TMOOCS| 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 | TM1OC1|TM1OCO|  (Atreset: X X X X X X X X))

Figure 6-2-2 Timer 1 Compare Register (TM1OC : x'03F53', R/W)

ETimer 2 Compare Register (TM20C)

7 6 5 4 3 2 1 0

TM20C TM20C7| TM20C6 | TM20C5 | TM20C4 [ TM20C3 | TM20C2 | TM20C1 | TM20C0 (Atreset: X X X X X X X X)

Figure 6-2-3 Timer 2 Compare Register (TM20C : x'03F5A", R/W)

ETimer 3 Compare Register (TM30C)

7 6 5 4 3 2 1 0

TM30C TM30C7|TM30C6 | TM30C5| TM30C4| TM30C3 | TM30C2 | TM30C1|{TM30C0|  (Atreset: X X X X X X X X)

Figure 6-2-4 Timer 3 Compare Register (TM30C : x'03F5B', R/W)

HTimer 4 Compare Register (TM40C)

7 6 5 4 3 2 1 0

TM40C TM40C7| TM40C6 | TMAOC5 | TMAOC4 [ TMAOC3 | TM4OC2 | TM4OC1 | TM40CO (Atreset : X X X X X X X X))

Figure 6-2-5 Timer 4 Compare Register (TM40C : x'03F62', 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| TMOBC6 | TMOBCS | TMOBC4 | TMOBC3 | TMOBC2| TMOBC1 | TMOBCO|  (Atreset: X X X X X X X X))

Figure 6-2-6 Timer 0 Binary Counter (TMOBC : x'03F50', R)

ETimer 1 Binary Counter (TM1BC)

7 6 5 4 3 2 1 0

TM1BC TM1BC7|TM1BC6 | TM1BC5 | TM1BC4 [TM1BC3 [ TM1BC2 | TM1BC1 | TM1BCO (Atreset : X X X X X XX X)

Figure 6-2-7 Timer 1 Binary Counter (TM1BC : x'03F51', R)

ETimer 2 Binary Counter (TM2BC)
7 6 5 4 3 2 1 0

TM2BC TM2BC7 | TM2BC6 | TM2BC5 | TM2BC4 | TM2BC3 | TM2BC2 | TM2BC1 | TM2BCO (Atreset: X X X X X X X X)

Figure 6-2-8 Timer 2 Binary Counter (TM2BC : x'03F58', R)

ETimer 3 Binary Counter (TM3BC)
7 6 5 4 3 2 1 0

TM3BC TM3BC7|TM3BC6 | TM3BC5 | TM3BC4 | TM3BC3 [ TM3BC2 | TM3BC1 | TM3BCO (Atreset: X X X X X X X X)

Figure 6-2-9 Timer 3 Binary Counter (TM3BC : x'03F59', R)

ETimer 4 Binary Counter (TM4BC)
7 6 5 4 3 2 1 0

TM4BC TM4BC7|TM4BC6 | TMABCS | TM4ABC4 | TM4BC3 | TM4BC2 | TM4BC1 | TM4BCO (Atreset: X X X X X X X X)

Figure 6-2-10 Timer 4 Binary Counter (TM4BC : x'03F60', R)
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Timer Mode Registers

Timer mode register is readable/writable register that controls timers O to 4.

ETimer 0 Mode Register (TMOMD)

TMOMD

6 5

4

2

1

0

- |TMOMOD

TMOPWM

TMOEN

TMOCK2

TMOCK1

TMOCKO

Chapter 6  8-bit Timers

(Atreset: --000000)

TMOCK2

TMOCK1

TMOCKO | Clock source

fosc

tmOpscC (prescaler output)

fx

Synchronous fx

TMOIO input

RO |Fk|O|[Fkr|O

Synchronous TMOIO input

TMOEN

Timer 0 count control

Disable the count

Enable the count

TMOPWM

Timer O operation mode

Normal timer operation

PWM operation

TMOMOD

Pulse width
measurement control

Normal timer operation

Measure the pulse width of P22/IRQ2

Figure 6-2-11 Timer 0 Mode Register (TMOMD : x'03F54', R/W)
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ETimer 1 Mode Register (TM1MD)

4

2

1

0

TM1MD - -

TM1CAS

TMIEN

TM1CK2

TM1CK1

TM1CKO

(Atreset: ---00000)

TMICK2 | TM1CK1

TMICKO | Clock source

fosc

tm1psc (Prescaler output)

fx

Synchronous fx

TM1IO input

RO |k|O|[Fkr|O

Synchronous TMLIO input

TM1EN

Timer 1 count control

Disable the count

Enable the count

TM1CAS

Timer 1 operation mode

Normal timer operation

Cascade connection

Figure 6-2-12 Timer 1 Mode Register (TM1MD : x'03F55', R/W)
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ETimer 2 Mode Register (TM2MD)

7 6 5 4 3 2 1 0
TM2MD - - [TM2MOD{TM2PWM| TM2EN | TM2CK2 | TM2CK1 | TM2CKO (Atreset: --000000)
TM2CK2 | TM2CK1 | TM2CKO | Clock source
0 0 fosc
1 tm2psc(Prescaler output)
0 fx
0
1 1 Synchronous fx
1 0 TM2IO input
1 |Synchronous TM2IOinput]
TM2EN Timer 2 count control
0 Disable the count
1 Enable the count

TM2PWM Timer 2 operation mode

0 Normal timer operation
1 PWM operation
TM2MOD Pulse width

measurement control

Normal timer operation

1 Measure the pulse width of P23/IRQ3

Figure 6-2-13 Timer 2 Mode Register (TM2MD : x'03F5C', R/W)
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ETimer 3 Mode Register (TM3MD)

7 6 5 4 3 2 1 0
TM3MD - - - TM3CAS| TM3EN | TM3CK2 | TM3CK1 | TM3CKO (Atreset: ---00000)
TM3CK2 | TM3CK1 | TM3CKO | Clock source
0 0 fosc
1 tm3psc(Prescaler output)
0 fx
0
1 1 Synchronous fx
1 0 TM3IO input
1 Synchronous TM3IO input
TM3EN Timer 3 count control
Disable the count
1 Enable the count

TM3CAS Timer 3 operation mode

Normal timer operation

1 Cascade connection

Figure 6-2-14 Timer 3 Mode Register (TM3MD : x'03F5D', 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)
TM4CK2 | TMACK1 | TM4CKO | Clock source
0 0 fosc
1 tm4psc(Prescaler output)
0 fx
0
1 1 Synchronous fx
1 0 TM4I0 input
1 Synchronous TM410 input
TM4EN Timer 4 count control
Disable the count
1 Enable the count

TM4PWM Timer 4 operation mode

0 Normal timer operation
1 PWM operation
TM4AMOD Pulse width

measurement control

Normal timer operation

1 Measure the pulse width of P24/IRQ4

Figure 6-2-15 Timer 4 Mode Register (TM4MD : x'03F64', 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 3 output selection
Remote control carrier output
A 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 spemal function output
selection
TMOIO
1 RMOUT

Figure 6-2-16 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.

W8-bit Timer Operation (Timers 0, 1, 2, 3 and 4)

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, 2, 3 and 4) at Timer Operation

Clock source 1 count time Tlme_r 0 Tlme_r ! “mef 2 “mef 3 “mef 4
(8 Bit) (8 Bit) (8 Bit) (8 Bit) (8 Bit)
fosc 50 ns v v v v v
fosc/4 200 ns v v v v v
fosc/16 800 ns v v v v v
fosc/32 1.6 us v - v - v
fosc/64 3.2 us v v v v v
fosc/128 6.4 us - v - v -
fs/2 200 ns v v v v
fsl4 400 ns v - - v
fs/8 800 ns - v - v -
fx 30.5 us v v v v v
Notes : as fosc = 20 MHz fx = 32.768 kHz fs = fosc/2 = 10 MHz

8-bit Timer Count VI - 17
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ECount Timing of Timer Operation (Timers 0, 1, 2, 3 and 4)
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 R R X P M
register : : : : : : : :
(D)

Blnary X 00 ---- 03
counter
@ @) © ®

Interrupt
request flag

Figure 6-3-1 Count Timing of Timer Operation (Timers 0, 1, 2, 3 and 4)

(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.

(C) If the binary counter reaches the value of the compare register, the interrupt request flag is
set at the next count clock, then the binary counter is cleared to 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) Ifthe TMnEN flag is "0", the binary counter is stopped.

o When the binary counter reaches the value in the compare register, the interrupt request flag
" is set and the binary counter is cleared, at the next count clock. So set the compare register as:
Compare register setting = (count till the interrupt request - 1)

© If the compare register is set 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".

V1 -18 8-hit Timer Count
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Setup Example

Chapter 6  8-bit Timers

ETimer Operation Setup Example (Timers 0, 1, 2, 3 and 4)

Timer function can be set by using timer 0 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 ps).

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

1)

@)

©)

(4)

®)

(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)

)

®3)

(4)

(5)

(6)

Set the TMOEN flag of the timer 0 mode
register (TMOMD) to "0" to stop the counting of
timer 0.

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 (x'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) Setthe TMOIE flag of the TMOICR register to
TMOICR (X'3FE9") "1" to enable the interrupt.
bpl :-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 0 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.
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6-4 8-bit Event Count

6-4-1  Operation

Event count operation has 2 types ; TMnIO input and synchronous TMnIO input can be selected as the
count clock.

W 8-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 0 Timer 1 Timer 2 Timer 3 Timer 4
TMOIO input TM1IO input TM2IO input TM3IO input TMA4IO input
Event input (P10) (P11) (P12) (P13) (P16)
Synchronous Synchronous Synchronous Synchronous Synchronous
TMOIO input TM1IO input TM2IO input TM3IO input TMA4IO input

BCount Timing of TMnIO Input (Timers 0, 1, 2, 3 and 4)
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 TMnlO input signal.

TMnIO

input

TMnEN : : : : : :
flag : : : : : :
Compare M X s LN s o
register ' ' ' ' ' '
counter

Interrupt
request flag

Figure 6-4-1 Count Timing of TMnIO Input (Timers 0 to 4)

When the TMnIO 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 TMnlO Input (Timers 0, 1, 2, 3 and 4)

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 TMnIO input signal is changed.

TMnIO
input
\ \ \ \ N ™M \ \ \ \ \

~ Y
System
clock (fs)
Synchronizing : : : : :
circuit output J
(Count clock) Y Y Yoo

TMnEN

flag

Compare 1\ | N | C
reglster E E H E E E
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 to 4)

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 TMnlIO is selected as the count clock source, CPU mode cannot
return from STOP/HALT mode.
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6-4-2  Setup Example

EEvent Count Setup Example (Timers 0, 1, 2, 3 and 4)

If the falling edge of the TMOIO input pin signal is detected 5 times with using timer 0, 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 P1DIRO flag of the port 1 direction
P1DIR (x'3F31") control register (P1DIR) to "0" to set P10 pin to
bp0O :P1DIRO =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 0O 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.
bp1 :TMOIE =1
(8) Start the event counting. (8) Setthe TMOEN flag of the TMOMD register to
TMOMD (x'3F54") 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.

EOperation of Timer Pulse Output (Timers 0, 1, 2, 3 and 4)
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 2 Timer 3 Timer 4
Pulse outout pin TMOIO output | TM1IO output | TM2IO output | TM3IO output | TM4IO output
putp (P10) (P11) (P12) (P13) (P16)

ECount Timing of Timer Pulse Output (Timers 0, 1, 2, 3 and 4)

TMnEN
flag

Compare
register

Blnary ﬂ ---- o mﬂ ---- OO
counter

Interrupt

request flag

TMnIO L
output

Figure 6-5-1 Count Timing of Timer Pulse Output (Timers 0 to 4)

N

The TMnlIO 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.

8-bit Timer Pulse Output V1 - 25



Chapter 6  8-hit Timers

6-5-2  Setup Example

ETimer Pulse Output Setup Example (Timers 0, 1, 2, 3 and 4)
TMOIO 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 O 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")

bp0 'PIOMDO =1
P1DIR (X'3F31))
bp0 ‘PIDIRO =1

(3) Select the normal timer operation.
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)

(4)

(5)

(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 0 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".
©
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
"L
() Set the compare register value as follows.

The timer pulse output cycle

The compare register value = -1
P g The count clock cycle x 2
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6-6

The TMnIO pin outputs the PWM waveform, which is determined by the match timing for the compare

8-bit PWM Output

register and the overflow timing of the binary counter.

6-6-1

Operation

EOperation of 8-bit PWM Output (Timers 0, 2 and 4)

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 2 Timer 4
.| TMOIO output pin | TM2IO output pin| TM4IO output pin
PWM output pin (P10) (P12) (P16)

ECount Timing of PWM Output (at normal) (Timers 0, 2 and 4)

Count
clock

TMnEN
flag

Compare
register

Binary
counter

PWM source
wave form

TMnIO output
(PWM output)

a o

m ---- ---- Nt

]

)

B) ©

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)
(B)

©

is "H" while counting up from x'00' to the value stored in the compare register.

is "L" after the match to the value in the compare register, then the binary counter
continues counting up till the overflow.

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, 2 and 4)
Here is the count timing when the compare register is set to x'00" ;

Count clock
o R R o
flag H H H H H H H H H H H H

Compare

register i i i i i 00 ¢ i i : : : :
Binary ﬂ ---- o Eﬂ ---- e
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, 2 and 4)
Here is the count timing when the compare register is set to X'FF';

TMnEN
flag

Compare
register

Bmary M o m ---- ---- i
counter

TMnIO output

(PWM output)

Figure 6-6-3 Count Timing of PWM Output (when compare register is xX'FF")

L FF
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6-6-2  Setup Example

EPWM Output Setup Example (Timers 0, 2 and 4)

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 P1LOMDO flag of the port 1 output mode

the output mode.
P1OMD (x'3F2F")

register (P1OMD) to "1" to set P10 pin to the
special function pin.

bp0O ‘PIOMDO =1 Set the P1DIRO flag of the port 1 direction
P1DIR (x'3F31") control register (P1DIR) to "1" for the output
bp0 :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')
bp2-0  :TMOCK2-0 =010

TMOCK2-0 flag of the TMOMD register.
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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 O.
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 TMnPWM 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 D at the next count clock.

ESynchronous Output Operation by 8-bit timer (Timer 1, Timer 2)

The port D 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 D can perform synchronous output operation, and individual pins can be set. 8-bit timers that
have synchronous output operation are timer 1 and timer 2.

Table 6-7-1 Synchronous Output Port (Timer 1, Timer 2)

Timer 1 Timer 2

Synchronous
output port Port D Port D

ECount Timing of Synchronous Output (Timer 1, Timer 2)

TMnEN
flag

Compare
register 1

Port D output NS 1 1\ F

latch data Xx; Y X 2 X X X A

Blnary ﬂ ---- ---- o N_l
counter :

Interrupt
request flag

Port D N X v X 5 X v
synchronous

output data

Figure 6-7-1 Count Timing of Synchronous Output (Timer 1, Timer2)

The port D 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
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B Synchronous Output Setup Example (Timer 1, Timer 2)

Setup example that latch data of port D is output constantly (100 ps) by using timer 2 from the synchro-
nous output pin is shown below. The clock source of timer 2 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)

)

®3)

(4)

(5)

(6)

Start the counter.
TM2MD (x'3F5C")
bp3 :TM2EN =0

Select the synchronous output
event.
FLOAT (x'3F2E’)
bp1-0 :SYOEVS1-0=10

Set the synchronous output pin.
PDSYO (x'3F1F") = X'FF'
PDDIR (x'3F3D") = X'FF'

Select the normal timer operation.

TM2MD (xX'3F5C)
bp4 TM2PWM =0
bp5 :TM2MOD =0

Select the count clock source.
TM2MD (x'3F5C")
bp2-0 :TM2CK2-0 =001

Select the prescaler output and
enable counting.
CK2MD (x'3F5E’)

bp2-1  :TM2PSC1-0 = 01

bpO ‘TM2BAS =1
PSCMD (x'3F6F)

bpO ‘PSCEN =1

1)

)

®3)

(4)

(5)

(6)

Set the TM2EN flag of the timer 2 mode
register (TM2MD) to "0" to stop the timer 2
counting.

Set the SYOEVS1-0 flag of the pin control
register (FLOAT) to "10" to set the
synchronous output event to timer 2 interrupt.

Set the port D synchronous output control
register (PDSYO) to X'FF' to set the
synchronous output pin.

(PD7 to PD 0 are synchronous output pin.)
Set the port D direction control register
(PDDIR) to x'FF' to set port D to output mode.

If it needs, pull up resistor should be added.
[ €7 Chapter 4. 1/0O Ports ]

Set the TM2PWM flag and TM2MOD flag of
the TM2MD register to "0" to select the
normal timer operation.

Select the prescaler output for clock source by
TM2CK2-0 flag of the TM2MD register.

Select fs/4 for the prescaler output by
TM2BAS flag, TM2PSC1-0 of the timer 2
prescaler selection register (CK2MD).

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 2 compare register (TM20C).
TM20C (x'3F5A) = x'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 2 binary counter
(TM2BC) is initialized to x'00'.

(8) Start the timer operation. (8) Setthe TM2EN flag of the TM2MD register to
TM2MD (x'3F5C") "1" to start timer 2.
bp3 :-TM2EN =1

TM2BC counts up from x'00'. If any data is written to the port D output register (PDOUT), the data of
port D is output from the synchronous output pin in every time an interrupt request is generated by
the match of TM2BC and the set value of the TM20OC 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.

B Serial InterfaceTransfer Clock Operation by 8-bit Timer (Timers 2, 3 and 4)

Timer 2 output can be used as a transfer clock source for serial interface 0. Timer 3 output can be used
as a transfer clock source for serial interface 2, serial interface 3. Timer 4 output can be used as a
transfer clock source for serial interface 0, serial interface 1.

Table 6-8-1 Timer for Serial Interface Transfer Clock

Serial transfer clock Timer 2 Timer 3 Timer 4
Serial interface 0 v - v
Serial interface 1 - - v
Serial interface 2 - v -
Serial interface 3 - v -

source of the timer. If other clock is selected, normal transfer of serial interface data is not

‘ When timer output is selected as serial interface 0, 2 or 3 transfer clock, select fosc as a clock
| |
guaranteed.

ETiming of Serial Interface Transfer Clock (Timers 2, 3 and 4)

TMnEN
flag

Compare
register

Blnary ﬂ ---- o ﬂﬂ ---- OO
counter

Interrupt

request flag

Timer output L

Serial transfer
clock

N

Figure 6-8-1 Timing of Serial Interface Transfer Clock (Timers 2, 3 and 4)

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 chapter 12. Serial Interface 1.
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6-8-2 Setup Example

WSerial 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 :TM4EN =0

(2) Select the normal timer operation.
TM4AMD (x'3F64")
bp4 :TM4APWM =0
bp5 :-TMAMOD =0

(3) Select the count clock source.
TM4MD (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) Set the baud rate.

TM40C (x'3F62") =x'CF'
(6) Start the timer operation
TM4MD (x'3F64")
bp3 :-TM4EN =1

)

()

®3)

(4)

(5)

(6)

Set the TM4EN flag of the timer 4 mode
register (TM4MD) to "0" to stop timer 4
counting.

Set the TM4PWM 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 12. Serial
Interface 1.
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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, 2 and 4)

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, 2 and 4.

Table 6-9-1 Simple Pulse Width Measurement Able Pins (Timers 0, 2 and 4)

Timer O Timer 2 Timer 4

Simple pulse width External interrupt 2 | External interrupt 3 | External interrupt 4
measurement enable pin (P22/IRQ2) (P23/IRQ3) (P24/IRQ4)

ECount Timing of Simple Pulse Width Measurement (Timer 0, Timer 2, Timer 4)

e [ LIVVTLTLT Zif Z; Z; wyj

External
interrupt
IRQ(n/2+2)

TMnEN
flag

Compare
regster

counter

Figure 6-9-1 Count Timing at Measurement of Simple Pulse Width (Timer 0, Timer 2, Timer 4)

FFi

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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6-9-2  Setup Example

ESet up Example of Simple Pulse Width Measurement by 8-bit Timer (Timers 0, 2 and 4)

The pulse width of 'L" period of the external interrupt 2 (IRQZ2) 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) Stop the counter. (1) Setthe TMOEN flag of the timer O mode
TMOMD (x'3F54") register (TMOMD) to stop timer O counting.
bp3 :TMOEN =0
(2) Setthe pulse width measurement (2) Setthe TMOPWM flag of the TMOMD register
operation. to "0" and TMOMOD flag to "1" to enable the
TMOMD (x'3F54") timer operation during "L" period to be
bp4 :TMOPWM =0 measured.
bp5 :-TMOMOD =1
(3) Select the count clock source. (3) Set the clock source to fosc by the TMOCK2-0
TMOMD (x'3F54") flag of the TMOMD register.

bp2-0 : TMOCK2-0 = 000

(4) Setthe compare register. (4) Setthe timer O compare register (TMOOC) to
TMOOC (X'3F52") =xXFF 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'.

(5) Set the interrupt level (5) Setthe interrupt level by the IRQ2LV1-0 flag
IRQ2ICR (x'3FE4") of the external interrupt 2 control register
bp7-6 :IRQ2LV1-0 =10 (IRQ2ICR).

If interrupt request flag is already set, clear all
interrupt request flags.
[ €7 Chapter 3. 3-1-4 Interrupt Flag Setup ]

(6) Set the interrupt valid edge. (6) Setthe REDG2 flag of the IRQ2ICR register to
IRQ2ICR (x'3FE4") "1" to specify the interrupt valid edge to the
bp5 ‘REDG2 =1 rising edge.
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Setup Procedure Description
(7) Enable the interrupt. (7) Set the IRQ2IE flag of the IRQ2ICR register to
IRQ2ICR (x'3FE4’) "1" to enable the interrupt.
bp1 IRQ2IE =1
(8) Enable the timer operation. (8) Setthe TMOEN flag of the TMOMD register to
TMOMD (x'3F54) "1" to enable timer 0 operation.
bp3 ‘“TMOEN =1

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 IRQ2 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, or timer 2 and 3 form a 16-bit timer.

W8-bit Timer Cascade Connection Operation (Timer O + Timer 1, Timer 2 + Timer 3)

Chapter 6  8-bit Timers

Timer 0 and timer 1, or timer 2 and timer 3 are combined to be a 16-bit timer. Cascading timer is operated

at clock source of timer 0 or timer 2 which are lower 8 bits.

Table 6-10-1 Timer Functions at Cascade Connection

Timer O + Timer 1

Timer 2 + Timer 3

(16 Bit) (16 Bit)
Interrupt source TM1IRQ TM3IRQ
Timer operation v v
Event count v v
(TMOIO input) (TM2IO input)
v v

Timer pulse output

(TM1IO output)

(TM3IO output)

PWM output - -
Synchronous output v -
Serial Interface transfer _ v
clock output (TM3IO output)
Pulse width measurement v v
Remote control carrier ) J
output
fosc fosc
fosc/4 fosc/4
fosc/16 fosc/16
fosc/32 fosc/32
Clock source fosc/64 fosc/64
fs/2 fs/2
fs/4 fs/4
fx fx
TMOIO input TM2IO input

fosc : Machine clock (High speed oscillation )
fx : Machine clock (Low speed oscillation )
fs : System clock [ € Chapter 2 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 O is not generated, and the timer 0 interrupt should be disabled.

When timer 2 and timer 3 are used in cascade connection, timer 3 interrupt request flag is
used. Timer pulse output of timer 2 is "L" fixed output.
An interrupt request of timer 2 is not generated, and the timer 2 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

BCascade Connection Timer Setup Example (Timer O + Timer 1, Timer 2 + Timer 3)

Setting example of timer function that an interrupt is constantly generated by cascade connection of
timer O 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 0.
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) Setthe 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.
bp0 :PSCEN =1
(6) Set the interrupt generation cycle (6) Setthe timer 1 compare register + timer O
TMnOC(x'3F53', x'3F52")=x'09C3' compare register (TM10OC + TMOOC) 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 (X'3FEA)
bpl TMLIE =1

(10) Start the upper timer operation.
TM1MD (x'3F55")
bp3 :TM1EN =1

(11) Start the lower timer operation.
TMOMD (x'3F54')
bp3 :TMOEN =1

(@)

®)

©)

(10)

11)

Set the TMOIE flag of the timer 0 interrupt
control register (TMOICR) to "0" to disable the
interrupt.

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.
[ €7 Chapter 3 3-1-4. Interrupt Flag Setup ]

Set the TM1IE flag of the TM1ICR register to
"1" to enable the interrupt.

Set the TM1EN flag of the TM1MD register to
"1" to start timer 1.

Set the 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.

1]

Use a 16-bit access instruction to set the (TM10C + TMOOC) register.

k4

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.

BOperation of Remote Control Carrier Output (Timer 0, Timer 3)
Remote control carrier pulse is based on output signal of timer O or timer 3. Duty cycle is selected from
1/2, 1/3. RMOUT (P10) outputs remote control carrier output signal.

Base period set by timer
—p

s | LU UL

RMOUT
(2/2 duty)

RMOUT
(1/3 duty)

Figure 6-11-1 Duty Cycle of Remote Control Carrier Output Signal

BCount Timing of Remote Control Carrier Output (Timer 0, Timer 3)

Base
timer output

Output ON
RMOEN

Output OFF
RMOUT
(2/3 duty)

G

Figure 6-11-2 Count Timing of Remote Control Carrier Output Function (Timer 0, Timer 3)

(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 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.

Remote Control Carrier Output V1 - 45



Chapter 6  8-hit Timers

6-11-2 Setup Example

EmRemote Control Carrier Output Setup Example (Timer 0, Timer 3)

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 0O 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)
—d

JUtuuUUUL

Figure 6-11-3 Output Wave Form of RMOUT Output Pin

Setup Procedure

Description

Disable the remote control carrier
output.
RMCTR (x'3F6E")
bp3 :RMOEN =0

@)

(2) Select the base cycle setting timer.
RMCTR (x'3F6E")
bp0 :RMBTMS =0
(3) Select the carrier output duty.
RMCTR (x'3F6E")
bpl :RMDTYO =1
(4) Stop the counter.
TMOMD (x'3F54")
bp3 :TMOEN =0
(5) Set the remote control carrier output of
the special function pin.
P1OMD (x'3F2F")
bp0 :P1IOMDO =1
P1DIR (x'3F31")
bp0 :PIDIRO =1
RMCTR (x'3F6E")
bp4 :-TMORM =1

1)

()

®3)

(4)

(5)

Set the RMOEN flag of the remote control
carrier output control register (RMCTR) to "0"
to disable the remote control carrier output.

Set the RMBTMS flag of the RMCTR register
to "0" to set the timer as a base cycle setting
timer.

Set the RMDTYO flag of the RMCTR register to
"1" to select 1/3 duty.

Set the TMOEN flag of the timer 0 mode
register (TMOMD) to stop the timer O counting.

Set the PLOMDO flag of the port 1 output mode
register (P1OMD) to "1" to set P10 pin as a
special function pin.

Set the P1DIRO flag of the port 1 direction
control register (P1DIR) to "1" for output mode.
Set the TMORM flag of the RMCTR register to
"1" to select the remote control carrier output.
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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 (xX'3F6E')
bp3 :RMOEN =1

(6)

()

(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). Its 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-bit timer)
TM7IRQ
Interrupt source T70C2IRQ
Timer operation v
Event count v
Timer pulse output v
PWM output (duty is changeable) v
High precision PWM output (duty and cycle are v
changeable)
Synchronous output v
Capture function v
Pulse width measurement v
fosc
fosc/2
fosc/4
fosc/16
fs
fs/2
Clock source fs/a
fs/16
TM7IO input
TM7I0 input/2
TM7IO input/4
TM7IO input/16
fosc : Machine clock (High speed oscillation )
fs : System clock [ g—= Chapter 2 2-5 Clock Switching ]
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Block Diagram
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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) VII-7
TM7BCH X03F71' R | Timer 7 binary counter (upper 8 bits) VII-7
TM70C1L X03F72' R | Timer 7 compare register 1 (lower 8 bits) VII-5
TM70C1H X03F73' R | Timer 7 compare register 1 (upper 8 bits) VII-5
TM7PR1L X03F74' R/W | Timer 7 preset register 1 (lower 8 bits) VI -6
TM7PR1H X03F75' R/W | Timer 7 preset register 1 (upper 8 bits) VI -6

TM7ICL X03F76' R | Timer 7 capture regsiter (lower 8 hits) VII-7

TM7ICH X03F77' R | Timer 7 capture register (upper 8 bits) VII-7
TM7MD1 X03F78' R/W | Timer 7 mode register 1 VII-8

Timer 7 TM7MD2 X03F79' R/W | Timer 7 mode register 2 VII-9
TM70C2L X03F7A' R | Timer 7 compare register 2 (lower 8 bits) VII-5
TM70C2H X03F7B' R | Timer 7 compare register 2 (upper 8 bits) VII-5
TM7PR2L X03F7C' R/W | Timer 7 preset register 2 (lower 8 bits) VI -6
TM7PR2H X03F7D' R/W | Timer 7 preset register 2 (upper 8 bits) VI -6

TM7ICR X03FF1' R/W | Timer 7 interrupt control register II-31
T70C2ICR X03FF2' R/W | Timer 7 compare register 2 match interrupt control register - 32

P10OMD X03F2F R/W |Port 1 output mode register IV -15

P1DIR X03F31' R/W |Port 1 direction control register vV -14

R/W : Readable/Writable
R : Readable only
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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-hit 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

TM70C1L |TM70CIL7 | TM7OCLLG | TM7OCILS | TM7OCIL4 | TM70CIL3 | TM7OCLL2 | TM7OCIL1 | TM7OCILO (Atreset: X X X X X X X X)

Figure 7-2-1 Timer 7 Compare Register 1 Lower 8 bits (TM7OCILL : x'03F72', R)

7 6 5 4 3 2 1 0

TM70C1H |TM7OCIH7 | TM70CIH6 | TM7OC1HS5 | TM7OCIH4 | TM7OCIH3 | TM7OCIH2 | TM7OCIHL | TM7OCIHO (Atreset: X XX XX 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

TM70C2L | TM70C2L7 | TM7OC2L6 | TM70C2L5 | TM70C2L4 | TM70C2L3 | TM7OC2L2 | TM7OC2L1 | TM70C2L0 (Atreset: X XX X XX 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

TM70C2H | TM70C2H7 | TM70C2HG | TM7OC2H5 | TM7OC2H4 | TM7OC2H3 | TM70C2H2 | TM70C2H1 | TM7OC2HO (Atreset : X X XXX XXX )

Figure 7-2-4 Timer 7 Compare Register 2 Upper 8 bits (TM70OC2H : x'03F7B', R)
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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

TM7PRI1L | TM7PRIL7 | TM7PRIL6 | TM7PRILS | TM7PRIL4 | TM7PRIL3 | TM7PRIL2 | TM7PRILL | TM7PRILO (Atreset : X X X X X X 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 | TM7PRIHG | TM7PRIHS | TM7PRIH4 | TM7PRIH3 | TM7PRIH2 | TM7PRIHL | TM7PRIHO (Atreset : X X X X X X X X)

Figure 7-2-6 Timer 7 Preset Register 1 Upper 8 bits (TM7PR1H : x'03F75', R/W)

ETimer 7 Preset Register 2 (TM7PR2)

7 6 5 4 3 2 1 0

TM7PR2L | TM7PR2L7 | 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|TM7PR2HE | TM7PR2H5 [TM7PR2H4 | TM7PR2H3| TM7PR2H2| TM7PR2H1| TM7PR2HO (Atreset: X XX XX XXX )

Figure 7-2-8 Timer 7 Preset Register 2 Upper 8 bits (TM7PR2H : x'03F7D’, R/W)
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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 | TM7BCL5 | TM7BCL4 | TM7BCL3 | TM7BCL2 | TM7BCL1 | TM7BCLO (Atreset: X X X X X X 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 [ TM7BCHG [TM7BCHS [TM7BCH4 [TM7BCH3 | TM7BCH2 | TM7BCH1| TM7BCHO (Atreset : X X X X X XX 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 | TM7ICL1 | TM7ICLO (Atreset : X X X X X X 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 | TM7ICH1 | TM7ICHO (Atreset: X XX X X X X X)

Figure 7-2-12 Timer 7 Input Capture Register Upper 8 bits (TM7ICH : x'03F77', R)
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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)

7 6 5 4 3 2 1 0

TM7MD1  |RESERVED|RESERVED| TM7CL | TM7EN | TM7PSL | TM7PSO | TMTCKL | TM7CKO (Atreset:00100000)

TM7CK1 | TM7CKO | Clock source selection

0 fosc
0
1 fs
1 0 TM710 input
1 Synchronous TM710 input

TM7PS1 | TM7PS0 | Count clock selection

1/1 of clock

1/2 of clock

1/4 of clock

P |O |k |O

1/16 of clock

TM7EN Timer 7 count control

Disable the count

1 Enable the count

TM7CL Timer output reset control

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)
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ETimer 7 Mode Register 2 (TM7MD2)

TM7MD2

7

6

5

4

3

2

1

0

TNICEDG | TTPWMSL

TM7BCR

TM7PWM

TM7IRSL

TTICEN

TICT1

T7CTO

Chapter 7 16-bit Timer

(Atreset: 00000000)

T7ICTL | T7ICTO | Capture trigger selection
0 0 IRQO (External interrupt 0)
1 IRQ1 (External interrupt 1)
1 0 IRQ2 (External interrupt 2)
1 IRQ3 (External interrupt 3)
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
0 Timer output
1 PWM output
Timer 7 counter clear
TM7BCR source selection
0 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)
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7-3 16-bit Timer Count

7-3-1  Operation
The timer operation can constantly generate interrupts.

W16-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 (TM70C1), 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 TM70C1 compare match TM70C1 compare match
0 1 TM70C1 compare match TM70C1 compare match
1 0 TM70C1 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-36) ]
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Chapter 7 16-bit Timer

Clock

TMxBC

TMxOC1

TMxPR1H

TMxPRI1L

Data el2a is loaded to OC1 as PR1rewrting (e1lb5 -> 8e2a) and loading to OC1 are operated at the same time.

When a data is written to 16-bit timer preset register (TM7PR1, TM7PR2), it is recognized as
a 8-bit unit data inside LSl even if it is a 16-bit access MOVW instruction. After lower 8 bits of
preset register is written, if data loading from preset register to compare register is started
before the upper 8 bits is written, data which is not rewritten is loaded to the upper 8 bits and
rewritten data is loaded to the lower 8 bits.

Therefore, writing data to the preset register (TM7PR1, TM7PR2) need to be completed
before data loading from the preset register to the compare register is started.

Shown below is timing chart of TM7PR1 and TM7OC1 data rewriting and the data loading.
When data is written to TM7PR2 wrong data could be loaded due to the same problem.

TM7BC and TM70C1 compare match and load timing of TM7PR1

S s A O A O

elb0 ‘ elbl‘ elbz‘ elb3 ‘ e1b4‘ elb5 ‘ 0000 ‘ 0001‘ 0002 ‘ 0003 ‘ 0004‘ 0005
Data loading from PR1 to OCL1 is started
(Data loading from PR2 to OC2 is started
at the same time)

elb5 ‘ el?a

el ‘ 8e
\\
b5 ‘ 2a

A

Data is rewritten by instruction

16-bit Timer Count  VII - 11
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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 count time

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

as fosc = 20 MHz, fs = fosc/2 = 10 MHz

ECount 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 ;

VIl - 12

Count
clock

TM7EN
flag

Preset
register

Compare
register

Binary
counter

Interrupt
request flag

(A)

(B)

X N

©):

(A)X

N

(")

Q)

: : : : (D) : :
X 0000 0001} 0002 0000) 0001§0002f 0003
(B) (B)

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
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(C) Even if the preset register is rewritten as the TM7EN flag is "1", the binary counter is not
changed.

(D) 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
flag is set at the next count clock, and the binary counter is cleared to x'0000' to restart
counting up.

(E) If the 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.

When more than 2 waits is set at access to the special register area by the IOW1, IOWO flag
of the MEMCTR register, write the same value 2 times at setup of the preset register as the
timer is stopped. When 1 wait or no wait is set, there is no need to do this.

(This is for all functions of a 16-bit timer.) [ € Chapter 2 2-3-2. Control Registers]
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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 ps).

An example setup procedure, with a description of each step is shown below.

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 timer clear source. (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 binary counter clear
source.
(3) Select the count clock source. (3) Selectfosc as a clock source by the TM7CK1-
TM7MD1 (x'3F78") 0 flag of the TM7MD1 register. Also select 1/2
bp1-0 : TM7CK1-0 = 00 fosc as a count clock source by TM7PS1-0
bp3-2 : TM7PS1-0 =01 flag.
(4) Set the interrupt generation cycle. (4) Setthe interrupt generation cycle to the timer 7
TM7PR1 (X'3F75', X'3F74")=x'03E7 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'.
(5) Setthe interrupt level. (5) 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 the interrupt request flag may be already set,

clear the request flag.
[ €5 Chapter 3 3-1-4. Interrupt Flag Setup ]

(6) Enable the interrupt. (6) Setthe TMYIE flag of the TM7ICR register to
TM7ICR (X'3FF1") "1" to enable the interrupt.
bpl : TM7IE =1

VIl - 14  16-bit Timer Count
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Setup Procedure Description
(7) Start the timer operation. (7) Setthe TM7EN flag of the TM7MDL1 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 TM70CL1 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.

16-bit Timer Count ~ VII - 15
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7-4 16-bit Event Count

7-4-1

Operation

Event count operation has 2 types ; TM7IO 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

Timer 7

Event input

TM7IO input
(P14)

Synchronous TM7IO input

ECount Timing of TM7IO Input (Timer 7)
When TM7IO input is selected, TM710 input signal is directly input to the count clock of the timer 7. The
binary counter counts up at the falling edge of the TM7I0O input signal or at the falling edge of the TM710
input signal that passed the divider.

TM7I10
input

TM7EN
flag

Compare
register 1

Binary
counter

Interrupt
request flag

S

As an actual count clock, a
signal divided 1, 2, 4, or 16 is
selected.

N

0000 X 0001 --- - N 0000} 0001

Figure 7-4-1

Count Timing TM710 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 TM71O input as the following page.
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B Count Timing of Synchronous TM710O Input (Timer 7)

If the synchronous TM7IO 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
TM7I10 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.

| R L L

NN N Y N ™M N\

- N\
System
clock (fs)
Synchronizing circuit I
output (countclock) | ¢ | ¢y |y

TM7EN
flag

Compare ) 5 N 5 i 5
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 TM7IO 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 TM7IO is selected as the count clock source, CPU mode can-
not return from STOP/HALT mode.

16-hit Event Count VI - 17
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7-4-2

Setup Example

EEvent Count Setup Example (Timer 7)
If the falling edge of the TM7IO 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.

Setup Procedure

Description

)

)

®3)

(4)

(5)

Stop the counter.
TM7MD1 (x'3F78")
bp4 :TM7EN =0

Set the special function pin to input
mode.
P1DIR (x'3F31")
bp4 :PIDIR4 =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', x'3F74")=x'0004"

1)

)

®3)

(4)

(5)

Set the TM7EN flag of the timer 7 mode register
1 (TM7MD1) to "0" to stop timer 7 counting.

Set the P1DIRA4 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/O 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 TM7IO input as a clock source by the
TM7CK1-0 flag of the TM7MDL1 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'.

VIl - 18 16-bit Event Count
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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.
[ €5 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.
bpl : 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 TM7OC1 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.
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7-5  16-bit Timer Pulse Output

7-5-1  Operation
TM7IO pin can output a pulse signal with an arbitrary frequency.

W16-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

Timer 7

TM7IO 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)

TM7MD?2 register
Interrupt source Timer pulse output cycle
TM7IRS1 flag TM7BCR flag
1 1 TM70C1 compare match set value of TM70C1 x 2
0 1 TM70C1 compare match set value of TM70C1 x 2
1 0 TM70C1 compare match full count of TM7BC x 2
0 0 full count over flow full count of TM7BC x 2
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BCount Timing of Timer Pulse Output (Timer 7)

TM7EN
flag

Compare
register 1

Blnary OOOO 0001 o - OOOO @ o ﬂ 0000 OOOl o - OOOO
counter

Interrupt

request flag

TM7IO output L

Figure 7-5-1 Count Timing of Timer Pulse Output (Timer 7)

N

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.

Therefore, release the reset of the timer pulse output by setting the TM7CL flag of the

@ In the initial state after releasing reset, the timer pulse output is reset, and low output is fixed.
TM7MD1 register to "0".
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7-5-2  Setup Example

ETimer Pulse Output Setup Example (Timer 7)

TM7I10 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. (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) Set the special function pin to output (2) Setthe PLOMD4 flag of the port 1 output mode

mode. register (P1LOMD) to "1" to set P14 pin as the
P1OMD (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.
bp4 :P1IDIR4 =1 If it needs, pull-up resistor should be added.

[ €5 Chapter4 1/O Ports ]

(3) Set the timer pulse output. (3) Setthe TM7PWM flag of the timer 7 mode
TM7MD2 (x'3F79") register 2 (TM7MD2) to "0" to select the timer
bp4 : TM7PWM =0 pulse output.
(4) Select the condition for timer clear. (4) Setthe TM7BCR flag of the TM7MD?2 register
TM7MD2 (x'3F79") to "1" to select the compare match as a clear
bp5 :TM7BCR =1 source of a binary counter .
(5) Select the count clock source. (5) Select fosc as an clock source by the
TM7MD1 (x'3F78") TM7CK1-0 flag of the TM7MDL1 register.
bpl-0 : TM7CK1-0 = 00 Also, select 1/1 frequency as an count clock
bp3-2 : TM7PS1-0 = 00 source by the TM7PS1-0 flag.
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Setup Procedure

Description

(6) Set the timer pulse output cycle.
TM7PRL1 (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) Setthe 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 TM7MDL1 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.

At TM70C1 = x'0000" and x'0001', the timer pulse output has the same waveform.

TM7MD2 register is set to "1".

‘0‘ Either binary counter stops or operates, the timer output is "L", when the TM7CL flag of the

E] Set the compare register value as follows.
The compare register value = The timer pulse output cycle 1

The count clock cycle x 2
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7-6  16-bit Standard PWM Output

(Only duty can be changed consecutively)

The TM7I0 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

Timer 7

TM7IO output pin
(P14)

PWM output pin

ECount Timing of Standard PWM Output (at Normal)(Timer 7)

TM7EN
flag

Compare
register 1

Binary oooo M - - - {FFFEFFFFJ 0000 0001 N+1
counter

PWM source J
waveform

i

) (B) ©

TM710 output
(PWM output)

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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ECount 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 H H H H H H H H H H

Compare
regsiter 1

Blnary OOOO 0001 ---- o FFFF 0000 0001 ---- N+l
counter
H —

TM71O 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 X' FFFF")(Timer 7)
Here is the count timing at setting X'FFFF' to the compare register 1.

TM7EN
flag

Compare
register 1

Binary 0099 o m A T N M o - N+
counter

TM7IO output

(PWM output)

Figure 7-6-3 Count Timing of Standard PWM Output (when Compare Register 1 is xX'FFFF")

{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.

TM7I10 output ‘

-

305.18 Hz

Figure 7-6-4 Output Waveform of TM710 Output Pin

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) Set the special function pin to output (2) Setthe P1OMDA4 flag of the port 1 output mode
mode. register (P1LOMD) to "1" to set the P14 pin as a
P1OMD (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.
[ € Chapter 4 1/0O 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) Setthe 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
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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 =00

(6) Set"H" period of the PWM output.
TM7PR1 (x'3F75', X'3F74")=x'4000'

(7) Start the timer operation.
TM7MD1 (x'3F78")
bp4 :TM7EN =1

(5)

(6)

()

Select fosc at clock source by the TM7CK1-0
flag of the TM7MDL1 register. Also, select 1/1
frequency (no division) at count clock source
by the TM7PS1-0 flag.

Set "H" period of the PWM output to the timer 7
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'".

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 reaches the
set value of the TM70OCL1 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 TM7MD?2 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.

7-7-1  Operation

W16-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

oo e e
counter

PWM source J
waveform

M

Q) (B) ©

TM7I1O output
(PWM output)

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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BCount 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

register 1 N
Compare 0000
register 2

Binary 0000} 0001} - = = == === wmwww e 00000001} == === =====nnnnmnm
counter

TM710 output
(PWM output)
L

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".

BCount 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 0000) 0001} == = = = === == = = = === mmww e 00000001} === ============-=
counter

TM7IO 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 ‘

ol

400 Hz

Figure 7-7-4 Output Waveform of TM710 Output Pin

Setup Procedure

Description

1)

@)

®)

(4)

Stop the counter.
TM7MD1 (x'3F78")
bp4 :TM7EN =0

Set the special function pin to output

mode.
P1OMD (x'3F2F")
bp4 :P1IOMD4 =1
P4DIR (x'3F31")
bp4 :P1IDIR4 =1

Set the PWM output.
TM7MD2 (x'3F79")

bp4 : TM7PWM =1

Set the high precision PWM output

operation.
TM7MD2 (x'3F79")
bp5 :TM7BCR =1
bp6 : T7TPWMSL=1

1)

)

®3)

(4)

[ € Chapter 4

Set the TM7EN flag of the timer 7 mode
register 1 (TM7MD1) to "0" to stop timer 7
counting.

Set the PLOMD4 flag of the port 1 output mode
register (P1LOMD) 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.

/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. (5) Select fosc as clock source by the TM7CK1-0
TM7MD1 (x'3F78") flag of the TM7MD1 register. Also, select 1/2
bp1-0 * TM7CK1-0 = 00 dividing as count clock source by the TM7PS1-
bp3-2  : TM7PS1-0 =01 0 flag.
(6) Set the PWM output cycle. (6) Setthe PWM output cycle to the timer 7 preset
TM7PR1 (x'3F75'x'3F74") = x'61a7' 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'.
(7) Set the "H" period of the PWM (7) Setthe "H" period of the PWM output to the
output. timer 7 preset register 2 (TM7PR2). To be a
TM7PR2 (x'3F7D',x'3F7C")=x'186a’ 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).

(8) Start the timer operation. (8) Setthe TM7EN flag of the TM7MDL1 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 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. TM7IO pin outputs one count clock
delay of the PWM source waveform.

© 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.

E‘)‘ Set as the set value of TM70C2 < the set value of TM7OCL1. If it is set as the set value of
TM70C2 > the set value of TM70C1, the PWM output is a "H" fixed output.
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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 D at the next count clock.

ESynchronous Output Operation by 16-bit Timer (Timer 7)

The port D latched data is output from the output pin at the interrupt request generation by the match of
the binary counter (TM70C1) or by the full count overflow.

Only port D can perform synchronous output operation, and individual pins can be set.

ECount Timing of Synchronous Output (Timer 7)

TM7EN
flag

Compare
register 1

Port D output x : : : : : : : : : : : :

latched data X H H Y H X H H z H H X H X H H H Y H

Blnary OOOO 0001 o - OOOO @ o ﬂ 0000 o N-l
counter <

Interrupt
request flag

Port D X X v X 7 X v
synchronous

output data

Figure 7-8-1 Count Timing of Synchronous Output (Timer 7)

The port D 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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BSynchronous Output Setup Example (Timer 7)

Chapter 7 16-bit Timer

Setup example that latched data of port 7 is output constantly (100 us) 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')
bpl-0  :SYOEVS1-0=01

(3) Set the synchronous output pin.
PDSYO (x'3F1F") = x'FF'
PDDIR (x'3F3D") = 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)

)

®3)

(4)

(5)

(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 D synchronous output control
register (PDSYO) to X'FF' to set the
synchronous output pin.

(PD7 to PDO : Synchronous output pin)
Set the port D direction control register
(PDDIR) to x'FF' to set port D to output pin.
If it needs, pull-up resistor should be added.

[ €7 Chapter 4 1/0 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.
TM7MD1 (x'3F78")
bp4 : TM7EN

1

(7) Setthe TM7EN flag of the TM7MDL1 register to
"1" to start timer 7.

TM7BC counts up from x'0000'. If any data is written to the port D output register (PDOUT), TM7BC
reaches the set value of TM70OC1 register and the synchronous output pin outputs data of port D in

every time an interrupt request is generated.
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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

Timer 7 mode External interrupt n control | Both edges interrupt Interrupt starting edge
Capture trigger source |register 2 register (IRQnICR) control register (EDGDT) |of external interrupt n
T7ICT1-0| 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
IRQO both edge 00(IRQO) 0 0 IRQO falling edge
1 IRQO rising edge
IRQ1 falling edge 01(IRQ1) 1 0 IRQ1 falling edge
IRQ1 rising edge 01(IRQ1) 1 1 IRQL1 rising edge
IRQ1 both edge 01(IRQ1) 0 0 IRQ1 falling edge
1 IRQL1 rising edge
IRQ2 falling edge 10(IRQ2) 1 0 0 IRQ2 falling edge
IRQ2 rising edge 10(IRQ2) 1 1 0 IRQ2 rising edge
IRQ2 both edge(*) 10(IRQ2) 0 0 0 IRQ2 falling edge
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
IRQ3 both edge(*) 11(IRQ3) 0 0 0 IRQ3 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) atswitching 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.
[ € 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 oooo 0112 0113) 0114} - - - {5555) 5556 5557 EXE
counter

External

interrupt m

N |_| |_| |_| |_| |_|

trigger

Capture

regster X 0000 X 0111 X 0114 X 5555 X 5558

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 TM7MD?2 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.

= =
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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.

BCapture 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 H H H H H H
. H H H H H N
register

Binary 0000) 0001} ----011140112}0113 --- @ 5556 f 5557} 5558 ---- N
counter

System

clock

Capture trigger

(Synchronous to

writing signal)

Capture X 0000 X 0114 X 55%8

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
TM7MD?2 register.

=
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7-9-2

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.

External interrupt O
IRQ 0 input

interrupt interrupt

Pulse width to be measured

Figure 7-9-3  Pulse Width Measurement of External Interrupt O

Setup Procedure

Description

)

)

®3)

(4)

(5)

Stop the counter.
TM7MD1 (x'3F78")
bp4 :TM7EN =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 =00
bp3-2 : TM7PS1-0 =00

Select the capture trigger generation
interrupt source.
TM7MD2 (x'3F79")
bp1-0 :T7ICT1-0 =00

Select the interrupt generation valid

edge.
IRQOICR (x'3FE2")
bp5 :REDGO =1

@)

)

®)

(4)

(®)

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 clear source of binary
counter.

Select fosc as clock source by the TM7CK1-0
flag of the TM7MDL1 register. And select 1/1
(no dividing) of fosc as count clock source by
the TM7PS1-0 flag.

Select the external interrupt 0 (IRQO) input as
a generation source of capture trigger by the
T7ICT1-0 flag of the TM7MD2 register.

Set the REDGO flag of the external interrupt O
control register (IRQOICR) to "1" to select the
rising edge as the interrupt generation valid
edge.
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Setup Procedure

Description

(6)

@)

®)

9)

(10)

11)

Select the capture trigger generation

edge.
TM7MD2 (x'3F79")
bp7 : T7ICEDG =1

Set the compare register.
TM7PR1(x'3F75' x'3F74") = X'FFFF'

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

Enable the interrupt.
IRQOICR (x'3FE2")
bpl IRQOIE =1

Enable the capture trigger

generation.
TM7MD2 (x'3F79")
bp2 :T7ICEN =1

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.

[ € Chapter 3 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 TM7MDL1 register to
"1" to start timer 7.

TM7BC counts up from x'0000'. At the timing of the rising edge of the external interrupt O 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).

16-bit Timer Capture VII - 39







Chapter 8  Time Base Timer / m
8-bit Free-running Timer



Chapter 8 Time Base Timer / 8-bit Free-running Timer

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 1/212 ()

fx fosc X 1/213 (%)
KX 1212 ()
X 1218 ()

fosc X 1/27 (*)
fosc X 1/28 (*)
fosc X 1/2° (*)
fosc X 1/2% (*1)

fosc X 172 () The interrupt generation
Interrupt generation fosc X 1/2%5 (*1) cycle is decided by the
cycle fx X 1/27 *2) arbitrary value written to

fx X 1/28 *?) TM60C.
fxX 1/2° ()
fx X 1/210 (%2
fx X 1/212 (%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.

VI -2 Overview
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Block Diagram

8-1-2

ETimer 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 (TM60C), 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
TM6ICR X03FEF' | R/W | Timer 6 interrupt control register - 29
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 - 30

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 | TM6BCG6 | TM6BCS5 | 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)

ETimer 6 Compare Register (TM60C)

7 6 5 4 3 2 1 0

TM60C TMB0OC7 | TM6OC6| TM6OCS | TMGOC4| TMBOC3 | TMBOC2 | TM6OC1 | TMBOCO|  (Atreset: X X X X X X X X )

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).

BTime 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 VIl -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 | TMBIR1 | TM6IRO [TM6CK3 [TMBCK2 | TMBCK1| TMBCKO (Atreset:00000000 )

TM6CKSO Time base timer clock source

0 fosc

1 fx

TMBCK3 | TM6CK2 | TM6CK1 | Timer 6 clock source

0 fosc
0
0 1 fs
1 0 x
1 Synchronous fx
0 0  |Time base selection clock x 1/2°
1 1| Synchronous fime base selecion clock x 1/2°
1 0 | Time base selection clock x1/2"
1 | Synchronous time base selection clock x 1/2*2

Time base timer
interrupt cycle selection

TM6IR2 | TM6IRL | 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 0 ] 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 TM60OC 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)

VIII - 6 Control Registers
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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 1/212 204.8 ps
fosc X 1/213 409.6 ps
fx X 1/212 125 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-bit 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 TM60OC 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)

Interrupésjgeratlon Clock Source TM60C Register
1 min fx x 1/213 X'EF'
fx x 1/212 X'07'
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
bpl

"1 Hz(1s)’

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)

(E)

JUUUL JUUUU UL U

R
S T T ® SR
DzooRCnooooRrEoa

(A) (D)

©) E)

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 VI -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
(1) Enable the binary counter (1) Setthe TM6LRS flag of the timer 6 mode
initialization. register (TM6MD) to "0". At that time, the
TM6MD (x'3F6A") initialization of the timer 6 binary counter
bp7 : TM6CLRS =0 (TM6BC) is enabled.
(2) Select the clock source. (2) Clock source can be selected by the TM6CK3-1
TM6MD (x'3F6A") flag of the TM6MD register. Actually, fs is
bp3-1 : TMB6CK3-1 =001 selected.
(3) Set the interrupt generation cycle. (3) Set the interrupt generation cycle to the timer
TM60C (X'3F69") = x'F9' 6 compare register (TM60OC). At that timer,

TM6BC is initialized to x'00".

(4) Enable the interrupt request (4) Setthe TM6CLRS flag of the TM6MD register to
generation. "1" to enable the interrupt request generation.
TM6EMD (x'3F6A")
bp7 : TM6CLRS =1
(5) Set the interrupt level. (5) Setthe interrupt level by the TM6LV1-0 flag of
TM6ICR (X'3FEF") the timer 6 interrupt control register (TM6ICR).
bp7-6 : TM6LV1-0 =01 If the interrupt request flag may be already set,
clear them.
(6) Enable the interrupt. [ € Chapter 3 3-1-4. Interrupt Flag Setup ]
TMG6ICR (x'3FEF")
bpl : TM6IE =1 (6) Setthe 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 TM60C, 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.

VIIl - 10  8-bit Free-running Timer
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If the TM6CLRS flag of the TM6MD register is set to "0", TM6BC can be initialized in every
rewriting of TM60OC 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 TM6OC 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 ps
fosc
fosc X 1/2%° 51.2 us
fosc X 1/213 409.6 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%5 1s
fosc = 20(MHz)
fx = 32.768(kHz)

VIl -12 TimeBase Timer
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BCount 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 0 Mfcsc

[<—1MUX
fx

<1

12"

| | | | |
! S

13 9 7
1/2 12 12 12 112
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.

=2

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

)

)

®3)

(4)

(5)

Select the clock source.
TM6MD (x'3F6A")
bp0 :TM6CKO =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

@)

)

®)

(4)

®)

Select fosc as a clock source by the TM6CKO
flag of the timer 6 mode register (TM6MD).

Select the selected clock x 1/21% 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".

VIl -14 TimeBase Timer
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0-1 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

NRSTE}:j1:> _
STOP
writeWDCTR
Y y

HALT R R
fS:O[>—> 12 t01/2% | 1/2%510 1/22°

T fs/214
’ fs/210 |
fs/26
fs/22

—® internal reset release

() i

MUX

Yyvy

DLYCTR

fs/220 -
18
L 82 X > WDIRQ

fs/216
woTso Y ?
_WpTS1 |/
_WDTCO |
WDTCH |

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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Chapter 9 Watchdog Timer

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

WDCTR - - |WDTC2|WDTC1

WDTCOWDTS1

WDTSO

WDEN

(Atreset:--000110)

WDEN Watchdog timer

0 Watchdog timer is disabled/cleared

1 Watchdog timer is enebled

WDTS1

WDTS0 | Watchdog time-out period setup

0 216 of system clock
218 of system clock

220 of system clock

WDTC2

wpTc1 lwoTeo \Watchdog tj_mer can be cleared
at the following cycle or more

can be cleared 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

Rplo|r|lo|lr|lo|~|o

219 of system clock

Figure 9-2-1 Watchdog Timer Control Register (WDCTR : x'03F02', R/W)
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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-
guence, 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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EmHow 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.

E\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 X 220 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.

BThe 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 tm_1er can be cleared at the
following cycle or more

no limit

27 X system clock

2° X system clock

21 X system clock

213 X system clock

215 X system clock

217 X system clock

|||, |O|lOC|lO|O
R |, | O O|Rr |, |O|O
R | Q| |O|RLr |O |k |O

219 X system clock

Operation IX -5
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BWatchdog 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  Operation
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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 218 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 2?8 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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Chapter 10 Buzzer

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

EBuzzer Block Diagram

fosc —»
MUX > 1/2t0 1/214
X —— (R)
i i | foscrzte |
fosc/2®®
12
fosc/2'2 —_|:>_> BUZZER
fosc/21t
fosc/21°  |MUX
9
DLYCTR fosc/2
- 10 fx/2*
ool e
DLV, | LESN
DLYS1
_________ A
_BUZSO ]\
_BUZS1 |
_B_U_Z_SZ__J
BUZOE |—

Figure 10-1-1 Block Diagram (Buzzer)
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10-2 Control Register

HOscillation Stabilization Wait Timer Control Register

7 6 5 4 3 2 1 0

DLYCTR [BUZOE|BUZS2|BUZS1|BUZSO0 [DLYS1 |DLYSO - - (Atreset: 000000--)

Oscillation stabilization
wait period selection

DLYS1 | DLYSO

o 0 214/ fs
1 210/ fs

1 0 25/ fs
1 22/ fs

Note : After reset is released, the oscillation stabilization
wait period is fixed at 2%/ fs.

Buzzer output frequency
BUZS2 | BUZSL | BUZSO | gglection
0 0 fosc/214
1 fosc/213
0
1 0 fosc/212
1 fosc/21t
0 0 fosc/210
1 1 fosc/29
0 fx/24
1
1 fx/23
BUZOE P06 output selection

P06 port data output
P06 buzzer output

Figure 10-2-1 Oscillation Stabilization Wait Time Control Register
(DLYCTR : x'03F03', 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'3F03')
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'3F03")
bp7 :BUZOE =1

Buzzer output OFF.
DLYCTR (x'3F03")
bp7 :BUZOE =0

@)

)

®3)

(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 POOUT6 of P06 pin to "0",
and set the direction control PODIR6 of P06 pin
to "1" to select output mode.
Port 06 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.

Operaton X -5
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11-1 Overview

This LSI contains a serial interface 0 that can be used for both communication types of clock synchro-

nous and UART (duplex).

11-1-1 Functions

Table 11-1-1 shows functions of serial interface 0.

Xl -2

Overview

Table 11-1-1 Serial Interface 0 Functions

Communication style clock synchronous UART (duplex)
SCOTIRQ

Interrupt SCOTRQ (on transr’gl(s:solng\Rgmpletlon)

(on reception completion)

Used pins SBO0,SBI0,SBTO TXDO,RXDO

3 channels type v -

2 channels type v (SBOO0, SBT0) v

1 channel type - v (TXDO)

Specification of transfer bit

7 bits + 1stop
7 bits + 2stops

count / Frame selection 110 8 bits 8 bits + 1stop
8 bits + 2stops
Selection of parity bit - v
0 parity
o ) 1 parity
Parity bit control odd parity
even parity
Selection of start condition v only ene_\ble st_art condition
is available
Specification of the first
. v v
transfer bit
Specification of input edge / J )
output edge
Continuous operation v v
Continuous operation N N
(with ATC1)
Internal clock 1/8 dividing v only 1/8 dividing is available
fosc/2
foscl4 fosc/2
foscl4
fosc/16
fosc/64 fosc/16
Clock source fosc/64
fs/2
fs/a fsi2
fsl/4

Timer 2 output
Timer 4 output
External clock

Timer 2 output
Timer 4 output

Maximum transfer rate

2.5 MHz

300 kbps
(standard 300 bps
to 38.4 kbps)
(timer 4 output)

fosc : Machine clock (High speed oscillation)
fs: Systemclock [ @__> Chapter2 2-5. Clock Switching ]
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11-1-2 Block Diagram

B Serial Interface 0 Block Diagram

0

L L /
TINH0DS W T3000S NOI0OS
ONd02S paniasay S19S00S
TNd0OS W panissay S19S00S
ONd02S d1000S S09sS00S
3dN0OS 315005 510005
— ¢ON100S 1SIN0DS
IIH00S | TON100S w‘ =
INY900S 09N7100S € dIND02S
0  zdAWoos 0 oawoos .J 0 tawoos
NI
0uIN00S - |01U0D 191UN0J 11
oul | ﬁv uoissiwsuel |
OYIL00S = A yorew
H—\/_H_Oom JEIek]
uondal8p 10418 UnBAQ|0INd0DS 1q co_ﬁwomw_
AS81008 | wnouo uonesauab|
ASgd00S Asng|™
dN3L100S 10}uowW dAI923l
dNTH0OS [e— snyels yealg
43400S 1IN2J19 UoIo318p
33d00S | 1q dois TINd0OS
3H000S |« WN2UD | QNd0DS
39300S jonuod yq Aied [« 3dN0OS
TINH00S i
915005 0W302S ,
3INY900S H
) Y vy

00d/0049S %A‘l‘

S04gs00s

1N2119 uoneIauah
uonipuoo pelg [ 4aIsiBal yys uoissiwsue |

d4d100s

day00s
13181691 Yiys uondasay

>Dx|=D

AWD00S 3LS00S

o }

'

04nax.L

0d4Ngxy
1aynq panivday

1NDJIO UONDBIBP
uoNIPUOD LIS

J3yng uojssiwsuel | ﬁ

y

d1d00S —» aS71<->dSsN

dVMS

awm/peaY

31S00S
el
UN211D (indino isjeasaud)
[O1UOD [ osdpos
201D
8/T
XN fe—— AXD00S
1
1
(o]
d
A - c0d/oLds
130008 $19S00S
\f
X
ﬁ Nol0ogs

SI19S00S

f
v
- x [+ 0odiooss
( 'H_ n
W

T&Sa\o_mw

Figure 11-1-1 Serial Interface 0 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.

Table 11-2-1  Serial Interface 0 Control Registers

Register Address RW Function Page

SCOMDO X03F90' R/\W | Serial interface 0 mode register 0 XI-6

SCOMD1 X03F91' R/W |Serial interface 0 mode register 1 XI-7

SCOMD2 X03F92' R/W |Serial interface 0 mode register 2 XI-8

SCOSTR X03F93' R |[Serial interface O state register XI-9

RXBUFO X03F94' R |Serial interface O reception data buffer XI-5

TXBUFO X03F95' R/W |Serial interface 0 transmission data buffer XI-5

_Serial SCoODC X03F96' R/W |Serial interface O port control register XI-10
interface 0

SCOCKS X03F97' R/W |Serial interface O transfer clock selection register XI-11

PSCMD X03F6F' R/W |Prescaler control register V-6

PODIR X03F30' R/W |Port 0 direction control register V-8

POPLU X03F40' R/W |Port 0 pull-up control register V-8

SCORICR X03FF5' R\ |Serial interface 0 UART reception interrupt control register - 33

SCOTICR X03FF6' R/W |Serial interface O interrupt control register - 34

R/W : Readable / Writable
R : Readable only

Xl -4  Control Registers
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11-2-2 Data Buffer Registers

Serial Interface 0 has each 8-bit data buffer register for transmission, and for reception.

EmSerial 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'03F94', R)

BmSerial Interface 0 Transmissin Data Buffer (TXBUFO)

7 6 5 4 3 2 1 0

TXBUFO | TXBUFO7| TXBUFO6| TXBUFOS| TXBUFO4|TXBUFO3 [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'03F95', R/W)

Control Registers X1 -5
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11-2-3 Mode Registers

BSerial Interface 0 Mode Register 0 (SCOMDO)

SCOMDO

Xl -6

7 6

5

4

3

2

1

0

SCOCEL

RESERVED|RESERVED]

SCODIR

SCOSTE

SCOLNG2

SCOLNG1

SCOLNGO

(Atreset:00000111)

Synchronous serial
SCOLNG2 | SCOLNG1 | SCOLNGO transfer bit count
0 1 bit
0 1 2 bits
0
0 3 bits
1 -
1 4 hits
0 5 bits
0 -
1 1 6 bits
0 7 bits
1 -
1 8 bits
SCOSTE Synchronc_n_Js serial transfer
start condition
0 Disable start condition
1 Enable start condition
SCODIR First bit to be transferred
0 MSB first
1 LSB first
RESERVED Set always to "0".
RESERVED Set always to "0".
SCICEL Transmission datal Receptlon data
output edge input edge
0 falling rising
1 rising falling

Figure 11-2-3 Serial Interface 0 Mode Register 0 (SCOMDO : x'03F90', R/W)

Control Registers




W Serial Interface 0 Mode Register 1 (SCOMD1)

SCOMD1

7

6

5

4

3

2

0

SCOIOM

SCOSBTS

SCOSBIS

SC0SBOS

SCOCKM

SCOMST

SCOCMD

Chapter 11 Serial Interface O

(Atreset:00000000)

SCOCMD

Synchronous serial /
Duplex UART selection

Synchronous serial

Duplex UART

SCOMST

Clock master /
slave selection

Clock slave

Clock master

SCOCKM

1/8 dividing of transfer clock
selection

0

Do not divide by 8

Divide by 8

SCO0SBOS

SBOO(TXDO) pin function
selection

Port

Serial data output

SCOSBIS

Serial input control

"1" input

Serial input

SCOSBTS

SBTO pin function selection

Port

Transfer clock I/O

SCOIOM

Serial data /0O selection

Data input from SBIO(RXDO)

Data input from SBOO(TXDO)

Figure 11-2-4  Serial Interface 0 Mode Register 1 (SCOMD1 : x'03F91', R/W)

Control Registers ~ XI -7
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M Serial Interface 0 Mode Register 2 (SCOMD2)
SCOBRKF flag is only for reading.

’ 6 5 4 3 2 1 0
SCOBRKE (Atreset:00000-00)

SCOMD2 SCOFML | SCOFMO | SCOPML | SCOPMO | SCONPE - SCOBRKF

SCOBRKE Break status transmit control

0 Data
1 Break

SCO?)RKF Break status receive monitor
0 Data Tramsmit
1 Break transmit

(*) Only read access is available.

SCONPE Parity enable

Enable parity bit
1 Disable parity bit

Added bit specification
Transmission | Reception

SCOPM1 | SCOPMO

0 Add "0" Check for "0"
Add "1" Check for "1"
0 | Addodd parity | Checkforodd pariy
1

1 Add even parity |Check for even parity/

SCOFM1 | SCOFM0 | 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

* Do not set the SCOFM1, SCOFMO ="0,1"
(7 data bits + 2 stop bits) at the SCONPE ="1"
(disable parity bit).

Figure 11-2-5 Serial Interface 0 Mode Register 2 (SCOMD2 : x'03F92', R/W)
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ESerial Interface 0 State Register (SCOSTR)
All flags are only for reading.

SCOSTR

7

6

5

4

3

2

1

0

SCOTBSY

SCORBSY

SCOTEMP

SCOREMP

SCOFEF

SCOPEK

SCOORE

SCOERE

Chapter 11 Serial Interface O

(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
0 No error
1 Error
SCOREMP Receive buffer empty flag
0 Empty
1 Full
SCOTEMP Transfer buffer empty flag
0 Empty
1 Full
SCORBSY Serial bus status
0 Other use
1 Serial reception in progress
SCOTBSY Serial bus status
0 Other use
1 Serial transmission in progress

Figure 11-2-6 Serial Interface 0 State Register (SCOSTR : x'03F93', R)

Control Registers X1 -9
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M Serial Interface 0 Port Control Register (SCOODC)

1

0

SC0ODC - -

SCOODCL

SC00DCO

(Atreset: ------ 00)
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

Figure 11-2-7 Serial Interface 0 Port Control Register (SCOODC : x'03F96', R/W)

XI-10 Control Registers
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B Serial Interface 0 Transfer Clock Selection Register (SCOCKS)

7 6 5 4 3 2 1 0

SCOCKS — — — SCOTMSEL| SCOPSC2 | SCOPSC1| SCOPSCO (Atreset:----XXXX)

SCOTMSEL|SCOPSC2 | SCOPSC1 | SCOPSCO| Clock selection
0 0 fosc/2
1 fosc/4
0 0 fosc/16
i 1 1 fosc/64
0 fs/2
0 1| fs/4
0 ! - Timer 2 output
1 1 - Timer 4 output

Figure 11-2-8 Serial Interface 0 Tranfer Clock Selection Register (SCOCKS : x'03F97', R/W)

When timer output is selected as serial interface transfer clock, select fosc as a clock source
‘ of the timer. If other clock is selected, normal transfer of serial interface data is not guaran-
teed.

Control Registers X - 11
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11-3 Operation

Serial Interface 0 can be used for both clock synchronous and duplex UART.

11-3-1 Clock Synchronous Serial Interface

W Activation 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 TXBUFO, 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 TXBUFO(access to the TXBUFO register), or by
inputting a start condition to the data input pin. Therefore, at slave, set data to TXBUFO, or input an
external clock after a start condition is input.

Table 11-3-1 Synchronous Serial Interface Activation Factor

Activation factor

Transmission Reception

Set dummy data

at master Set transmission data
Input start condition
Input clock
Input clock after after dummy data is set
at slave ission d ;
transmission data is 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 SCOLNG 2 to O flag of the SCOMDO
register (at reset : 111). The SCOLNG 2 to 0 flag holds the former set value until it is set again.

‘ Except during communication, SBTO pin is masked to prevent errors by noise. At slave com-
- munication, set data to TXBUFO or input a clock to SBTO pin after a start condition is input.

XI-12 Operation
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EStart Condition Setup

The SCOSTE flag of the SCOMDO 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 SCOCEL flag of the SCOMDO register is set to "0", is regarded when a data line (SBIO pin
(with 3 channels) or SBOO pin (with 2 channels) is changed from "H" to "L" as a clock line (SBTO pin) is
"H". Also, the start condition, if the SCOCE1 flag of the SCOMDO register is set to "1", is regarded when
a data line (SBIO pin (with 3 channels) or SBOO pin (with 2 channels) is changed from "H" to "L" as a
clock line (SBTO pin) is "L". Both the SCOSBOS flag and the SCOSBIS flag of the SCOMDL1 register
should be set to "0", before the start condition setup is changed

mFirst Transfer Bit Setup
The SCODIR flag of the SCOMDO register can set the first transfer bit. MSB first or LSB first can be
selected.

ETransmission Data Buffer

The transmission data buffer, TXBUFO 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, TXBUFO 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 TXBUFO.

EReceived Data Buffer

The received data buffer RXBUFO is the sub buffer that pushed the received data in the internal shift
register. After the communication complete interrupt SCOIRQ is generated, data stored in the internal
shift register is stored to the received data buffer RXBUFO automatically. RXBUFO can store data up to
1 byte. RXBUFO is rewritten in every communication complete, so read out data of RXBUFO till the next
receive complete. The received data buffer empty flag SCOREMP is set to "1" at the same time
SCOTIRQ is generated. SCOREMP is cleared to "0" after RXBUFO 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 TXBUFO, again.

SCOMD1 register are set to "0". If they are not set to "0", the switching is not valid.

G Start condition should be switched after both the SCOSBOS and the SCOSBIS flags of the
[ |

RXBUFO is rewritten in every communication complete. At continuous communication, data
of RXBUFO should be read out till the next reception complete.

Operation X - 13
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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 TXBUFO
is different, depending on the first transfer bit selection. At MSB first, use the upper bits of TXBUFO 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 TXBUFO, the transmission is operated from "F" to "A". At LSB first, use the lower bits of
TXBUFO 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 bpO0 to bp5 of TXBUFO, the transmission is operated from "A" to "F".

TXBUFO F E D C B A

Figure 11-3-1 Transfer Bit Count and First Transfer Bit (starting with MSB)

TXBUFO F E D C B A

Figure 11-3-2 Transfer Bit Count and First Transfer Bit (starting with LSB)

EReceive 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 RXBUFO
is different depending on the first transfer bit selection. At MSB first, data are stored to the lower bits of
RXBUFO. When there are 6 bits to be transfered, as shown on figure 11-3-3, if data "F" to "A" are stored
to bp0 to bp5 of RXBUFO. At LSB first, data are stored to the upper bits of RXBUFO. 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 RXBUFO.

RXBUFO F E D C B A

Figure 11-3-3 Receive Bit Count and Transfer First Bit (starting with MSB bit)

RXBUFO F E D C B A

Figure 11-3-4 Receive Bit Count and Transfer First Bit (starting with LSB bit)

XI - 14 Operation
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EContinuous Communication

This serial has a function for continuous communication. If data is set to the transmission data buffer
TXBUFO during communication, the transmission buffer empty flag SCOTEMP is automatically set to
communicate continuously. Data setup to TXBUFO should be done till the communication complete
interrupt SCOIRQ is generated after the former data is set. At master communication, there is a suspen-
sion of communication for 3 transfer clocks till the next transmission clock is output after the SCOIRQ
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 SCOCE 1 to 0 flag of the SCOMDO register set an output edge of the transmission data, an input
edge of the received data. As the SCOCEL1 flag = "0", the transmission data is output at the falling edge,
and as "1", output at the rising edge. As SCOCE1="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

SCOCE1 Transmission data output edge | Received data input edge

0 Yy A

Operation X - 15
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EClock Setup

The SCOCKS 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
SCOMST flag of the SCOMD1 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 SCOCKS register. That is happened, because the interrupt flag
SCOTIRQ is generated by the internal clock. Here is the internal clock source that can be set by the
SCOCKS register. Also, the SCOCKM flag of the SCOMD1 register can divide the internal clock by 8.

Table 11-3-3 Synchronous Serial Interface Internal Clock Source

fosc/2

fosc/a

fosc/16

fosc/64
fs/2
fs/4

Internal clock

Timer 2 output

Timer 4 output

of the timer. If other clock is selected, normal transfer of serial interface data is not guaran-

G When timer output is selected as serial interface transfer clock, select fosc as a clock source
teed.

EData Input Pin Setup

3 channels type (clock pin (SBTO pin), data output pin (SBOO pin), data input pin (SBIO pin)) or 2 chan-
nels type (clock pin (SBTO pin), data I/0 pin (SBOO pin)) can be selected as the communication. SBIO pin
can be used for only serial data input. SBOO pin can be used for serial data input or output. The SCOIOM
flag of the SCOMDL1 register can select if the serial data is input from SBIO pin or SBOO pin. When "data
input from SBOO pin" is selected to set the 2 channels type, the PODIRO flag of the PODIR register
controls direction of SBOO pin to switch transmission / reception. At that time, SBIO 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 SCOIOM of the SCOMD1 register is set to "1" and "serial data input from
SBOOQ" is selected, SBIO pin is used as a general port.

XI-16 Operation
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EReceived Buffer Empty Flag

When the reception is completed (the last data reception edge of the clock is input), data is stored to
RXBUFO from the internal shift register, automatically. If data is stored to the shift register RXBUFO, the
received buffer empty flag SCOREMP of the SCOSTR register is set to "1". That indicates that the
received data is going to be read. SCOREMP is cleared to "0" by reading out the data of RXBUFO.

ETransmission Buffer Empty Flag

If any data is set to TXBUFO again, during communication (after setting data to TXBUFO before generat-
ing the communication complete interrupt SCOIRQ), the transmission buffer empty flag SCOTEMP of the
SCOSTR 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 TXBUFO by generation of SCOTIRQ, and the next transfer is
started as SCOTEMP is cleared to "0".

mOverrun 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 RXBUFO, overrun error is generated and the SCOORE flag of the SCOSTR register
is setto "1". And at the same time, the error monitor flag SCOERE is set to indicate that something wrong
on reception. The SCOORE flag holds the status unless the data of RXBUFO is read out. SCOERE is
cleared as SCOORE flag is cleared. These error flags are nothing to do with communication operation.

BReception BUSY Flag

When any data is set to TXBUFO or when the SCOSBIS flag of the SCOMDL1 register is "1" as start
condition is input, the SCORBSY flag of the SCOSTR register is set to "1". And, on the generation of the
communication complete interrupt SCOTIRQ, the flag is cleared to "0". And, during continuous commu-
nication, the SCORBSY falg is always set. If the transmission buffer empty flag SCOTEMP is cleared to
"0" as the communication complete interrupt SCOTIRQ is generated, SCORBSY is cleared to "0". If the
SCOSBIS flag is set to "0" during communication, the SCORBSY flag is cleared to "0".

ETransmission BUSY Flag

When any data is set to TXBUFO or when the SCOSBOS flag of the SCOMD1 register is "1" as start
condition is input, the SCOTBSY flag of the SCOSTR register is set to "1". And, on the generation of the
communication complete interrupt SCOTIRQ, the flag is cleared to "0". And, during continuous commu-
nication, the SCOTBSY flag is always set. If the transmission buffer empty flag SCOTEMP is cleared to
"0" as the communication complete interrupt SCOTIRQ is generated, SCOTBSY is cleared to "0". If the
SCOSBOS flag is set to "0" during communication, the SCOTBSY flag is cleared to "0".

Operation X - 17
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BEmergency Reset
It is possible to shut down communication. For a forced reset, the SCOSBOS flag and the SCOSBIOS

flag of the SCOMDL1 register should be set to "0" (SBOO pin : port, input data : "1" input). At forced reset,
the status registers (the SCOBRKEF flag of the SCOMD2 register, all flags of the SCOSTR register) are
initialized as they are set at reset, but the control register holds the setting value.

L ast 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 The last data input period
at transmission at reception
At master 1 bit data length 1 bit data length (Minimum)
At slave [1 bit data length of external clock x 1/2]
+ [Internal clock frequency x (1/2 tol) ]

BOther 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
SCOBRKF Brake status reception monitor
SCONPE Parity is enabled
SCOMD2 - ——
SCOPM1to O Added bit specification
SCOFM1to O Frame mode specification
SCOPEK Parity error detection
SCOSTR
SCOFEF Frame error detection

XI - 18 Operation



Chapter 11 Serial Interface O

ETrasnmission Timing

(at master) (at slave)
Tmax=25T T | ) ) } } ) Tmax=2T

Clock ‘ Lo
(SBTO pin) . o
Output data i 3 3 3 3 3 ! 3 T
(White 00 pin) : A 3 A A /

Transfer it counter XO Xl X 2 X 3 X 4 X 5 XG X 7
SCoTBSY A

(Write data to TXBUFO) 3 3 3 3 3 3
Interrupt : : : ‘ ‘ : : : : H

(SCOTIRQ)

Figure 11-3-5 Transmission Timing (falling edge, start condition is enabled)

(at master) (at slave)
Tmax=1.5T T | ) ) ) ) ) Tmax=2T

— — B —_—_—]

Clock
(SBTO pin)

S eeenenes
e OGO
| _

A ‘ ‘
(Write data to TXBUFO) 3 3 3 3 3 3 3
Interrupt ! ! ! ! ! ! ! ! ! H

(SCOTIRQ)

Figure 11-3-6 Transmission Timing (falling edge, start condition is disabled)
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(at master) (at slave)
Tmax=25T T ) ) ) ) Tmax=2T

Clock
(SBTO pin)

| 000000
e OGO
- B

A .
(Write data to TXBUFO) 3 3 3 3 3 3
Interrupt . . . . . . . . H
(SCOTIRQ)

Figure 11-3-7 Transmission Timing (rising edge, start condition is enabled)

(at slave)
Tmax:2 ‘T )
-—

(at master)
Tmax=1.5T T
-————

Clock
(SBTO pin)

= 000000
g 00000006

SCOTBSY ? ? ? ? ? ? ? ? S

(Write data to TXBUFO) 3 3 3 3 3 3 H

Interrupt
(SCOTIRQ)

Figure 11-3-8 Transmission Timing (rising edge, start condition is disabled)
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BReception Timing

(at master)
Tmax=25T T

i~

Clock
(SBTO pin)

== LOOO0000)
= XEEEEE0
e [

S
(Write data to TXBUFO) 3 3 3 3 3 3 3 3 H

Interrupt
(SCOTIRQ)

Figure 11-3-9 Reception Timing (rising edge, start condition is enabled)

(at master)
Tmax=15T T
-————

Clock
(SBTO pin)

== 000000
i 000000 Gk
e [

S
(Write data to TXBUF) 3 3 3 3 3 3 3 3
Interrupt : : : : : : : : : H

(SCOTIRQ)

Figure 11-3-10 Reception Timing (rising edge, start condition is disabled)
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(at master)
Tmax=25T T

Clock
(SBTO pin)

s 7| 0000000
e OEOEEEE
en =

A
(Write data to TXBUFO) ! ! ! ! ! ! ! ! H

Interrupt
(SCOTIRQ)

Figure 11-3-11 Reception Timing (falling edge, start condition is enabled)

(at master)
Tmax=15T T

Clock
(SBTO pin)

P o )
== JOEE00000
| N

A ‘
(Write data to TXBUFO) ! ! ! ! ! ! : : H

Interrupt
(SCOTIRQ)

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 SCOCEL1 flag of the SCOMDO

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.

SBTO pin

Data is received at the rising edge of clock.

RN

Data is output at the falling edge of clock.

oo A

Figure 11-3-13 Transmission / Reception Timing
(Reception : rising edge, Transmission : falling edge)

SBIO pin

SBTO pin

Data is received at the falling edge of clock.

BN

Data is output at the rising edge of clock.

oo\ A

Figure 11-3-14 Transmission / Reception Timing
(Reception : falling edge, Transmission : rising edge)

SBIO pin
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BPins 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 Pin (3 channels, at transmission)

Data output pin Data input pin Clock /O pin
Setup item SBTO pin
SBOO pin SBIO pin
Internal clock External clock
Pin P00 POl P02
SBIO / SBOO independent
SBI0 / SBOO pin -
SCOMD1(SC1IOM)
Serial data output "1" input Serial clock VO Serial clock IO
Function
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS)
Push-pull / Push-pull / Push-pull /
Style Nch open-drain R Nch open-drain Nch open-drain
SCOODC(SC00DCO0) SCO0ODC(SC00DC1)
Output mode Output mode | Input mode
le} -
PODIR(PODIRO) PODIR(PODIR2)
Added / Not added Added / Not added | Added / Not added
Pull-up -
POPLU(POPLUO) POPLU(POPLU2)

BPins 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 Pin (3 channels, at reception)
Data output pin Data input pin Clock VO pin
Setup item SBTO pin
SBOO pin SBIO pin
Internal clock External clock
Pin POO PO1 P02
SBI0 / SBOO independent
SBI0 / SBOO pin -
SCOMD1(SCOIOM)
Port Serial data input Serial clock VO Serial clock IO
Function
SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS)
Push-pull / Push-pull /
Style R R Nch open-drain Nch open-drain
SCOODC(SC00ODC1)
Input mode Output mode | Input mode
/O -
PODIR(PODIR1) PODIR(PODIR2)
Added / Not added | Added / Not added
Pull-up - -

POPLU(POPLU2)
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EPins 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 Pin
(3 channels, at transmission / reception)

Data output pin Data input pin Clock VO pin
Setup item SBTO pin
SBOO pin SBIO pin
Internal clock | External clock
Pin POO PO1 P02
SBIO / SBOO independent
SBIO / SBOO pin -
SCOMD1(SCOIOM)
Serial data output Serial data input Serial clock VO Serial clock VO

Function

SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS)

Push-pull / Push-pull / Push-pull /

Style Nch open-drain R Nch open-drain Nch open-drain

SCOODC(SC00DCO0) SCO0ODC(SC00DC1)

Output mode Input mode Output mode | Input mode
/o
PODIR(PODIRO) PODIR(PODIR1) PODIR(PODIR2)
Added / Not added Added / Not added | Added / Not added
Pull-up -
POPLU(POPLUO) POPLU(POPLU2)
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BPins 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.

Table 11-3-9 Setup for Synchronous Serial Interface Pin (2 channels, at transmission)

Data output pin Clock /O pin
Setup item SBTO pin
SBOO pin SBIO pin
Internal clock External clock
Pin P00 P02
SBI0/SBOO0 connected
SBIO / SBOO pin -
SCOMD1(SCOIOM)
Serial data output "1" input Serial clock VO Serial clock VO

Function

SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS)

Push-pull / Push-pull / Push-pull /

Style Nch open-drain ) Nch open-drain Nch open-drain

SCO0ODC(SC00ODCO0) SCO0ODC(SC00DC1)

Output mode Output mode | Input mode
/o -
PODIR(PODIRO) PODIR(PODIR2)
Added / Not added Added / Not added | Added / Not added
Pull-up -
POPLU(POPLUO) POPLU(POPLU2)

EPins 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 Pin (2 channels, at reception)

Data input pin Clock /O pin
Setup item SBTO pin
SBOO pin SBIO pin
Internal clock External clock
Pin P00 P02
SBI0 / SBOO connected
SBIO / SBOO pin -
SCOMD1(SCOIOM)
Port Serial data input Serial clock VO Serial clock VO
Function
SCOMD1(SC0SBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS)
Push-pull / Push-pull /
Stype ) ) Nch open-drain Nch open-drain
SCOODC(SC00DC1)
Input mode Output mode | Input mode
/o -
PODIR(PODIRO) PODIR(PODIR2)
Added / Not added | Added / Not added
Pull-up - -
POPLU(POPLU2)
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ETransmission / Reception Setup Example
The setup example for clock synchronous serial communication with serial 0 is shown. Table 11-3-11

shows the conditions at transmission / reception.

Chapter 11 Serial Interface O

Table 11-3-11  Setup Examples for Synchronous Serial Interface Transmission / Reception

Setup item

set to

Setup item

set to

SBIO / SBOO pin

Independent
(with 3 channels)

Clock source

fs/2

Transfer bit count 8 bits Clock source 1/8 dividing divided by 8
Start condition none SBTO / SBOO pin style Nch open-drain
First transfer bit MSB SBTO pin pull-up resistor Added

Input clock edge falling edge SBOO pin pull-up resistor Added
Output clock edge rising edge Serial 0 communication Enable

complete interrupt

Clock

Internal clock

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

1)

)

®3)

(4)

(5)

Select the prescaler operation.
PSCMD (x'3F6F")
bp0: PSCEN=1

Select the clock source.
SCOCKS (x'3F97")
bp2-0 : SCOPSC2-0 = 100
bp3 : SCOTMSEL =0

Control the pin type.
SCOODC (x'3F96")
bp1-0: SCOODC1-0 =11
POPLU (x'3F40")
bp2,0: P3PLU2,0=1,1

Control the pin direction.
PODIR (x'3F30")
bp2-0 : PODIR2-0 =101

Set the SCOMDO register.
Select the transfer bit count.
SCOMDO (x'3F90")

1)

@)

®)

Q)

®)

Set the PSCEN flag of the PSCMD register to
"1" to select "prescaler operation”.

Select the clcok source by the SCOCKS
register.
Set bp3-0 to "0100" to select "fs/2".

Set the SCOODC1-0 flag of the SCOODC
register to "11" to select "N-ch open drain" to
the SBOO/SBTO pin. Set the POPLU2, 0 flag of
the POPLU register to "1, 1" to add pull-up
resistor.

Set the PODIR2-0 flag of the port O pin's
direction control register (PODIR) to "101" to set
P00, PO2 "output mode", and to set PO1 "input
mode".

Set the SCOLNG2-0 flag of the serial 0 mode
register (SCOMDO) to "111" to set the transfer
bit count "8 bits".

Operation  XI - 27




Chapter 11 Serial Interface O

Setup Procedure

Description

(6)

@)

®)

Select the start condition.
SCOMDO (x'3F90")
bp3 : SCOSTE =0

Select the first bit to be transfered.

SCOMDO (x'3F90")
bp4 : SCODIR =0

Select the transfer edge.
SCOMDO (x'3F90")
bp7 : SCOCE1 =1

Set the SCOMD2 register.
Control the output data.
SCOMD2 (x'3F92")
bp0 : SCOBRKE =0

Set other mode registers.
SCOMD2 (x'3F92")
bp7-3

Set the SCOMD1 register.
Select the communication type.
SCOMD1 (x'3F91")
bp0 : SCOCMD =0

Select the transfer clock.
SCOMD1 (x'3F91")
bp2 : SCOMST =1
bp3 : SCOCKM =1

Control the pin function.
SCOMD1 (x'3F91")
bp4 : SCOSBOS =1
bp5 : SCOSBIS =1
bp6 : SCOSBTS =1
bp7 : SCOIOM =0

Set the interrupt level.
SCOTICR (x'3FF6")
bp7-6 : SCOTLV1-0 = 10

(6)

()

(8)

Set the SCOSTE flag of the SCOMDO register to
"0" to disable start condition.

Set the SCODIR flag of the SCOMDO register to
"0" to set MSB as a transfer first bit.

Set the SCOCEL flag of the SCOMDO register to
"1" to set the transmission data output edge
"rising" and the received data input edge "falling".

Set the SCOBRKE flag of the SCOMD2 register to
"0" to select "serial data transmission".

No need at synchronous serial communication.

Set the SCOCMD flag of the SCOMD1 register to
"0" to select "synchronous serial".

Set the SCOMST flag of the SCOMDL1 register to
"1" to select clock master (inside clock).

Set the SCOCKM flag to "1" to select "divide by 8"
for source clock.

Set the SCOSBOS, SCOSBIS, SCOSBTS flag of
the SCOMDL1 register to "1" to set SBOO pin "serial
data output”, SBIO pin "serial data input”, and
SBTO pin "serial clock 1/0".

Set the SCOIOM flag "0" to set serial data input
from SBIO pin.

Set the interrupt level by the SCOTLV1-0 flag of
the serial 0 transmission interrupt control register
(SCOTICR). (Set level 2.)
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Setup Procedure Description
(9) Enable the interrupt. (9) Setthe SCOTIE flag of the SCOTICR register to
SCOTICR (x'3FF6") "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 ]

(10) Start serial transmission. (10) Set the transmission data to the serial
Transmission data - TXBUFO (x'3F95") transmission data buffer TXBUFO. Then, an
Received data - input to SBIO pin. internal clock is generated to start transmission /

reception. After the transmission is finished,
serial0 transmission interrupt SCOTIRQ is
generated.

Note : In (5) to (7), each settings can be set at once.

When only reception with 3 channels is operated, set SCOSBOS of the SCOMD1 register to
"0" and select a port. The SBOO pin can be used as a general port.

When SBOO / SBIO pin are connected for communication with 2 lines, the SBOO pin inputs /
outputs serial data. The port direction control register PODIR switches 1/0. At reception, set
SCOSBIS of the SCOMDL1 register to "1", always, to select "serial data input”. The SBIO pin
can be used as a general port.

It is possible to shut down communication. If the communication should be stopped by force,
set SCOSBOS and SCOSBIS of the SCOMDL1 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 : TXBUFO, RXBUFO) are set.

Transfer rate of transfer clock that set by SCOCKS register should be under 2.5 MHz.

When timer output is selected as serial interface transfer clock, select fosc as a clock source
of the timer. If other clock is selected, normal transfer of serial interface data is not guaran-
teed.
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11-3-3 UART Serial Interface

Serial 0 can be used for duplex UART communication. Table 11-3-12 shows UART serial interface
functions.

Table 11-3-12 UART Serial Interface Functions

XI-30 Operation

Communication style UART(duplex)
SCOTIRQ(transmission),
interrupt SCORIRQ(reception)
. TXDO(output, input)
Used pins RXDO(input)
Specn‘lcapon the first MSB / LSB
transfer bit
Selection of parity bit v
0 parity
o 1 parity
Parity bit control odd parity
even parity

Frame selection

7 bits + 1 stop
7 bits + 2 stops
8 bits + 1 stop
8 bits + 2 stops

Continuous operation v
Continuous operation (with J
ATC)

300 kbps

Maximum transfer rate

(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 TXBUFO, 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 TXBUFO. When the
transmission has completed, the serial 0 transmission interrupt SCOTIRQ 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 O reception interrupt SCORIRQ 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 (refer to the cautions on XI-48).

ETransfer Bit Count Setup

The transfer bit count is automatically set after the frame mode is specified by the SCOFM1 to O flag of
the SCOMD?2 register. If the SCOCMD flag of the SCOMD1 register is set to "1", and UART communica-
tion is selected, the setup by the synchronous serial data transfer bit count selection flag SCOLNG2 to 0
is no more valid.

EData Input Pin Setup

The communication mode can be selected from with 2 channels (data output pin (TXDO pin), data input
pin (RXDO pin)), or with 1 channel (data I/O pin TXDO pin). The RXDO pin can be used only for serial data
input. The TXDO pin can be used for serial data input or output. The SCOIOM flag of the SCOMD1
register can specify which pin, RXDO or TXDO to input the serial data. "Data input from TXDO pin" is
selected to be with 1 channel communication, transmission / reception is switched by controlling TXDO
pin's direction by the PODIRO flag of the PODIR register. At that time, the RXDO pin can be used as a
general port.

HReceived Buffer Empty Flag

When the communication complete interrupt SCORIRQ is generated, data is stored to RXBUFO from the
internal shift register, automatically. If data is stored to the shift register RXBUFO, the recieved buffer
empty flag SCOREMP of the SCOSTR register is set to "1". This indicates that the reception data is going
to be read. SCOREMP is cleared to "0" by reading data in RXBUFO.
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HReception BUSY flag

When the start condition is reagarded, the SCORBSY flag of the SCOSTR register is set to "1". That is
cleared to "0" by the generation of the reception complete interrupt SCORIRQ. If, during reception, the

SCOSBIS flag is set to "0", the SCORBSY flag is reset to "0".

ETransmission BUSY flag

When any data is set to TXBUFO, the SCOTBSY flag of the SCOSTR register is set to "1". That is cleared
to "0" by the generation of the transmission complete interrupt SCOTIRQ. During continuous communi-
cation the SCOTBSY flag is always set. If the transmission buffer empty flag SOTEMP is set to "0" as the
transmission complete interrupt SCOTIRQ is generated, the SCOTBSY is cleared to "0". If the SCOSBOS

flag is set to "0", the SCOTBSY flag is reset to "0".

EFrame Mode and Parity Check Setup

Figure 11-3-15 shows the data format at UART communication.

1 data frame

A

|

start
bit

parity
bit

-

character bits

_

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 11-3-13 shows its kinds to be set.

Table 11-3-13 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 SCOFML1 to 0 flag of the SCOMD?2 register sets the frame mode. Table 11-3-14 is shown the UART
Serial Interface Frame Mode setting. If the SCOCMD flag of the SCOMD1 register is set to "1", and UART

communication is selected, the transfer bit count on the SCOLNG2 to 0 flag of the SCOMDO register is no
more valid.
Table 11-3-14 UART Serial Interface Frame Mode

SCOMD2 register
Frame mode
SCOFM1 | SCOFMO
0 0 Character bit 7 bits + Stop bit 1 bit
0 1 Character bit 7 bits + Stop bit 2 bits
1 0 Character bit 8 bits + Stop bit 1 bit
1 1 Character bit 8 bits + Stop bit 2 bits

Parity bit is to detect wrong bits with transmission / reception data.

Table 11-3-15 shows kinds of parity bit. The SCONPE, SCOPML1 to 0 flag of the SCOMD2 register set
parity bit.

Table 11-3-15 Parity Bit of UART Serial Interface

SCOMD2 register

Parity bit Setup
SCONPE | SCOPML1 | SCOPMO
0 0 0 fixed to O Set parity bit to "0".
0 0 1 fixed to 1 Set parity bit to "1".
0 1 0 odd parity Control that the total of "1" of parity bit and character

bit should be odd.

Control that the total of "1" of parity bit and character

0 1 1 even parity bit should be even.

1 - - none Do not add parity bit.

G Do not set following flame modes when SCONPE flag is "1" and parity bit is disabled,
= Character 7 bits + Stop 2 bits of the flame mode

(Set the SCOFM1, SCOFMO flags to "0, 1".)

Character 7 bits + Stop 1 bit of the flame mode

(Set the SCOFM1, SCOFMO flags to "0, 0".)

WBreak Status Transmission Control Setup

The SCOBRKE flag of the SCOMD?2 register generates the break status. If SCOBRKE 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 SCOORE, SCOPEK, SCOFEF flag of the SCOSTR register. Even one of those
errors is detected, the SCOERE flag of the SCOSTR register is set to "1". The SCOPEK, the SCOFEF
flags in recepption error flag are renewed at generation of the reception complete interrupt SCORIRQ.
The SCOORE flag is holded the status unless data of RXBUFO 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 11-3-16 shows the list of reception error
source.

Table 11-3-16 Reception Error Source of UART Serial Interface

Flag Error Error source

SCOORE Overrun error Next data is received before reading the receive buffer.

at fixed to O when parity bit is "1"

atfixed to 1 when parity bit is "0"

SCOPEK Parity error

odd parity The total of "1" of parity bit and character bit is even.
even parity The total of "1" of parity bit and character bit is odd.
SCOFEF Framing error Stop bit is not detected.

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 SCOBRKF
flag of the SCOMD2 register is set and regard the break status. The SCOBRKF flag is set at generation
of the reception complete interrupt SCORIRQ.

ESequence Communication

It is possible to transfer continuously. If data is set to the transmission data buffer TXBUFO during
communication, the transmission buffer empty flag SCOTEMP is set to continue the communication,
automatically. In this case, there is no pause on communication. Data should be set to TXBUFO after
data is loaded to the inside shift register before the communication complete interrupt SCOTIRQ is
generated.

Also, this LSI 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 ATC1, refer to chapter
15. automatic transfer controller, transfer mode 6 to 9.
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EClock 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 SCOCKS register, and set the SCOMST flag of
the SCOMDL1 register to "1" to select the internal clock (clock master).

‘ At UART communication, set the SCOMST flag of the SCOMD1 register to "1". If that is set to
H "0", the communication is impossible.

of the timer. If other clock is selected, normal transfer of serial interface data is not guaran-

‘ When timer output is selected as serial interface transfer clock, select fosc as a clock source
| |
teed.
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ETranfer Bit Count and First Transfer Bit

When the transfer bit is 7 bits, the data storing method to the transmission data buffer TXBUFO is
different, depending on the first transfer bit selection. At MSB first, use the upper bits of TXBUFO for
storing. When there are 7 bits to be transfered, as shown on figure 11-3-16, if data "A" to "G" are stored
to bpl to bp7 of TXBUFO, the transmission is operated from "G" to "A". At LSB first, use the lower bits of
TXBUFO for storing. When there are 7 bits to be transfered, as shown on figure 11-3-17, if data "A" to "G"
are stored to bpO to bp6 of TXBUFO, the transmission is operated from "A" to "G".

TXBUFO| G F E D C B A

Figure 11-3-16 Transfer Bit Count and First Transfer Bit (starting with MSB)

TXBUFO G F E D C B A

Figure 11-3-17 Transfer Bit Count and First Transfer Bit (starting with LSB)

EReceive Bit Count and First Transfer Bit

When the transfer bit count is 7 bits, the data storing method to the received data buffer RXBUFO is
different depending on the first transfer bit selection. At MSB first, data are stored to the upper bits of
RXBUFO. When there are 7 bits to be transfered, as shown on figure 11-3-18, if data "G" to "A" are stored
to bp7 to bpl of RXBUFO. At LSB first, data are stored to the lower bits of RXBUF0. When there are 7
bits to be transfered, as shown on figure 11-3-19, if data "A" to "G" are stored to bp0 to bp6 of RXBUFO.

RXBUFO G F E D C B A A

Figure 11-3-18 Receive Bit Count and Transfer First Bit (starting with MSB bit)

RXBUFO G G F E D C B A

Figure 11-3-19 Receive Bit Count and Transfer First Bit (starting with LSB bit)
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The following items are same to clock synchronous serial.
Reference as follows ;

mFirst Transfer Bit Setup
Refer to : XI-13

ETransmission Data Buffer
Refer to : XI-13

EReceived Data Buffer
Refer to : XI-13

BTransfer Bit Count and First Transfer Bit
Refer to : XI-14

EReceive Bit Count and First Transfer Bit
Refer to : XI-14

ETransmission Buffer Empty Flag
Refer to : XI-17

BEmergency Reset
Refer to : XI-18
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ETransmission Timing

T
-—

. BEEEEEREE T

SCOTBSY

A .

write data té TXBUFO
Interrupt .
(SCOTIRQ)

Figure 11-3-20 Transmission Timing (parity bit is enabled)

. T .
-~

-~ "L O0000C00F =

SCOTBSY

A . . . . . . . . . .

write data to TXBUFO f f f f f f f f : ‘
Interrupt . . . . . . . . : . H
(SCOTIRQ)

Figure 11-3-21 Transmission Timing (parity bit is disabled)
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BReception Timing

Tmin=05T T
—

T Fooronoer

SCORBSY

T f f f f f f f f f f f
input start ¢ondition : : : ; ; ; ; f f f ‘
Interrupt Lo f f f f f f f f f f
(SCORIRQ) . S S S ] L

Figure 11-3-22 Reception Timing (parity bit is enabled)

Tmin=0.5T T

T Fororoe

SCORBSY

L : : : : : : : : : :
input start condition : : . . . . . . .
Interrupt o : : : : : : : : : H
(SCORIRQ)

Figure 11-3-23 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.

Table 11-3-17 shows the setup example of the transfer rate. For detail of the baud rate timer setup, refer
to chapter 6. 6-8 serial transfer cock output operation.

Table 11-3-17 UART Serial Interface Transfer Rate Setup Register

Setup Register Page
Serial 0 clock source (timer 2, 4 output) SCOCKS XI-11
Timer 2 clock source TM2MD VI-13
Timer 2 compare register TM20C VI-9
Timer 4 clock source TM4MD VI-15
Timer 4 compare register TM40C VI-9

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

= Xx'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.
[ ]

When timer output is selected as serial interface transfer clock, select fosc as a clock source
‘ of the timer. If other clock is selected, normal transfer of serial interface data is not guaran-
| |

teed.
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Table 11-3-18-1 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
fs/4 - - 162 959 129 1202 64 2404 - -
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Table 11-3-18-2 UART Serial Interface Transfer Rate (decimal)

Transfer rate (bps)

fosc
(MHz)

Clock source
(timer)

9600

19200

28800

31250

38400

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

fosc/4

1

31250

fosc/16

fosc/32

fosc/64

fs/2

fs/4

4.19

fosc

fosc/4

fosc/16

fosc/32

fosc/64

fs/2

fsl4

8.00

fosc

fosc/4

fosc/16

fosc/32

fosc/64

fs/2

fsl/4

=W

8.38

fosc

fosc/4

fosc/16

fosc/32

fosc/64

fs/2

fsl4

12.00

fosc

fosc/4

fosc/16

fosc/32

fosc/64

fs/2

fsl/4

16.00

fosc

fosc/4

fosc/16

fosc/32

fosc/64

fs/2

fsl/4

16.76

fosc

108

fosc/4

fosc/16

fosc/32

fosc/64

fs/2

fsl/4

20.00

fosc

fosc/4

fosc/16

fosc/32

fosc/64

fs/2

fsl/4
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EPin Setup (1, 2 channels, at transmission)
Table 11-3-19 shows the pins setup at UART serial interface transmission. The pins setup is common to
the TXDO pin, RXDO pin, regardless of those pins are independent / connected.

Chapter 11 Serial Interface O

Table 11-3-19 UART Serial Interface Pin Setup (1, 2 channels, at transmission)

Setup item

Data output pin

Data input pin

TXDO pin

RXDO pin

Pin

P00

PO1

TXDO / RXDO pins

TXDO / RXDO pins connected or independent

POPLU(POPLUO)

SCOMD1(SCOIOM)
Serial data output "1" input
Function
SCOMD1(SC0SBOS) SCOMD1(SCOSBIS)
Push-pull /
Style Nch open-drain R
SCOODC(SC00DCO0)
Output mode
le} -
PODIR(PODIRO)
Added / Not added
Pul-up -

HPin Setup (2 channels, at reception)
Table 11-3-20 shows the pins setup at UART serial interface reception with 2 channels (TXDO pin, RXDO

pin).

Table 11-3-20 UART Serial Interface Pin Setup (2 channels, at reception)

Setup item

Data output pin

Data input pin

TXDO pin

RXDO pin

Pin

P00

PO1

TXDO / RXDO pin

TXDO / RXDO pins connected or independent

SCOMD1(SCOIOM)
port serial data input
Function
SCOMD1(SCO0SBOS) SCOMD1(SCOSBIS)

Style - -

- input mode
e}

- PODIR(PODIR1)
Pull-up - -
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HPin Setup (1 channel, at reception)

Table 11-3-21 shows the pin setup at UART serial interface reception with 1 channel (TXDO pin). The

RXDO pin is not used, so can be used as a port.

Table 11-3-21 UART Serial Interface Pin Setup (1 channel, at reception)

Data output pin

Data input pin

Setup item

TXDO pin RXDO pin

Pin P00 PO1
TXDO / RXDO pins connected
TXDO / RXDO pin
SCOMD1(SCOIOM)
Port Serial data input
Function
SCOMD1(SC0SBOS) SCOMD1(SCOSBIS)

Style - -

Input mode -
/o

PODIR(PODIRO) -

Pull-up - -

EPin Setup (2 channels, at transmission / reception)

Table 11-3-22 shows the pin setup at UART serial interface transmission / reception with 2 channels

(TXDO pin, RXDO).

Table 11-3-22 UART Serial Interface Pin Setup (2 channels, at transmission / reception)
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Setup item

Data output pin

Data input pin

TXDO pin

RXDO pin

Pin

P00

PO1

TXDO / RXDO pins

TDXO0 / RXDO pins independent

SCOMD1(SCOIOM)
Serial data output Serial data input
Function
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS)
Push-pull /
Style Nch open-drain B
SCOODC(SC00DCO0)
Output mode Input mode
e}
PODIR(PODIRO0) PODIR(PODIR1)
Added / Not added
Pull-up -
POPLU(POPLUO)
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11-3-4 Setup Example

ETransmission / Reception Setup
The setup example at UART transmission / reception with serial 0 is shown.
Table 11-3-23 shows the conditions at transmission / reception.

Table 11-3-23 UART Interface Transmision Reception Setup

Setup item set to
TXDO / RXDO pin

Frame mode specification

independent (with 2 channels)

8 bits + 2 stop bits

First transfer bit MSB

Clock source timer 4

TXDO / RXDO pin type

Nch open-drain
added
"0"add / check

Pull-up resistor of TXDO pin
Parity bit add / check

Serial interface 0 transmission

. Enable.
complete interrupt

Serial interface 0 reception Enable.

complete interrupt

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
PSCMD (x'3F6F") "1" to select prescaler operation.
bp0: PSCEN =1
(2) Select the clock source. (2) Set the bp3-0 flag of the SCOCKS
SCOCKS (x'3F97") register to "1110" to select timer 4 output as a
bp2-0 : SCOPSC2-0 =110 clock source.
bp3 : SCOTMSEL =1
(3) Control the pin type. (3) Setthe SCOODCO flag of the SCOODC
SCOODC (x'3F96") register to "1" to select N-ch open drain for the
bp0 : SCOODCO0 =1 TXDO pin. Set the POPLUO flag of the POPLU
POPLU (x'3F40" register to "1" to add pull-up resistor.
bp0 : POPLUO =1
(4) Control the pin direction. (4) Setthe PODIR1-0 flag of the port O pin direction
PODIR (x'3F30") control register (PODIR) to "01" to set POO to
bp1-0: PODIR1-0 = 01 output mode, and P01 to input mode.
(5) Setthe SCOMDO register. (5)
Select the start condition. Set the SCOSTE flag of the SCOMDO register
SCOMDO (x'3F90") to "1" to enable start condition.
bp3: SCOSTE=1
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Setup Procedure

Description

(6)

()

(8)

Select the first bit to be transfered.

SCOMDO (x'3F90")
bp4 : SCODIR =0

Set the SCOMD2 register.
Control the output data.
SCOMD2 (x'3F92")
bp0 : SCOBRKE =0

Select the added parity bit.
SCOMD2 (x'3F92")
bp3 : SCONPE =0
bp5-4 : SCOPM1-0 = 00

Specify the frame mode.
SCOMD2 (x'3F92")
bp7-6 : SCOFM1-0 =11

Set the SCOMDL1 register.
Select the communication type.
SCOMD1 (x'3F91")
bp0 : SCOCMD =1

Select the clock frequency.
SCOMD1 (x'3F91")
bp3 : SCOCKM =1
bp2 : SCOMST =1

Control the pin function.
SCOMD1 (x'3F91")
bp4 : SCOSBOS =1
bp5 : SCOSBIS =1
bp7 : SCOIOM =0

Enable the interrupt.
SCORICR (x'3FF5")
bpl: SCORIE =1
SCOTICR (x'3FF6")
bpl: SCOTIE=1

(6)

()

(8)

Set the SCODIR flag of the SCOMDO register
to "0" to select MSB as first transfer bit.

Set the SCOBRKE flag of the SCOMD2 register
to "0" to select serial data transmission.

Set the SCOPM1-0 flag of the SCOMD2
register to "00" to select 0 parity, and set the
SCONPE flag to "0" to add parity bit.

Set the SCOFM1-0 flag of the SCOMD2
register to "11" to select 8 bits + 2 stop bits at
the frame mode.

Set the SCOCMD flag of the SCOMDL1 register
to "1" to select duplex UART.

Set the SCOCKM flag of the SCOMDL1 register
to "1" to select "divided by 8" at source clock.
And, the SCOMST flag should be always set to
"1" to select colck master.

Set the SCOSBOS, SCOSBIS flag of the
SCOMD1 register to "1" to set the TXDO pin to
serial data output and the RXDO pin to serial
data input.

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 ]
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Setup Procedure Description

(14) Set the baud rate timer. (14) Set the baud rate timer by the TM4MD register,
the TM40C register. Set the TM4EN flag to "1" to

start timer 4.
[ € Chapter 6. 6-8 Serial Transfer Clock ]

(15) Start serial communication. (15) The transmission is started by setting the
The transmission data - TXBUFO transmission data to the serial transmission data
(x'3F95") buffer (TXBUFO0). When the transmission has
The received data — input to RXDO finished, the serial O transmission interrupt

(SCOTIRQ) is generated. After the serial data is
input from the RXDO 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 : (5) to (6), (7) to (9), (10) to (12) can be set at once.

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
can be used as a general port.

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".

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.

Only timer 2 and timer4 can be used as a baud rate timer.
For baud rate setup, refer to Chapter 6. 6-8 Serial Transfer Clock Output.

When timer output is selected as serial interface transfer clock, select fosc as a clock source
of the timer. If other clock is selected, normal transfer of serial interface data is not guaran-
teed.

===~
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In full-duplex UART communication using serial interface 0, abnormal reception may occur if data
transmission is started during data reception (transmission data is set to transmission data buffer).
Therefore, run the following program under the condition that data reception may occur.
However, do not use full-duplex UART communication for sequence communication, as the software
countermeasure cannot be used.
[Basic flow of countermeasure program]

(1) Confirm reception status by SCORBSY flag of SCOSTR register before transmission data is

set.
(2) At SCORBSY = O(other use), set transmission data to TXBUFO.
(3) At SCORBSY = 1(serial reception in progress), wait untill SCORBSY = 0(other use).

[Examples of recommended program]

Label 1 tbnz (x'03F93') 6, Label 2 (1) Branches to Label2 at SCORBSY =1
mov '55', (x'03F95") :(2) Set transfer data (x'55') to TXBUFO
jmp Label 3 : Branches to Label3

Label 2tbz (x'03F93') 6, Label 1 :(3) Branches to Labell at SCORBSY =0

loop Label 2

Label 3

[*1] To prevent abnormal operation, UART transfer rate must be set as follows even when data
reception is started after reception status is confirmed (1) before transmission data is set (2).
transfer rate = selected clock frequency/8 < fs/10 (fs:system clock frequency)

Selectable transfer clock sources are shown in following table.

[*2] Operation (2) needs to be exected right after the operation (1) is completed. During these

procedure, prevent branching by disable interrupts or other methods.

System clock(fs)| Selectable serial interface 0 transfer clock source

fs=fosc All clock sources

fs=fosc/2 fosc/4,fosc/16,fosc/64,fs/2,fs/4, baud rate timer output fulfill (*1)

fs=fosc/4 fosc/16,fosc/64,fs/4, baud rate timer output fulfill (*1)

fs=fosc/8 fosc/16,fosc/64, baud rate timer output fulfill (*1)

fs=fosc/16 |fosc/64, baud rate timer output fulfill (*1)

fs=fosc/32 |fosc/64, baud rate timer output fulfill (*1)

fs=fosc/64 | baud rate timer output fulfill (*1)
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12-1 Overview

This LSI contains a serial interface 1 can be used for both communication types of clock synchronous
and UART (normal UART communication, and IC card communication).

12-1-1 Functions

Table 12-1-1 shows functions of serial interface 1.

Table 12-1-1 Serial Interface 1 Functions

Communication style clock synchronous UART (half-duplex) IC card (UART)
Interrupt SC1IRQ SC1IRQ SC1IRQ
Used pins SBO1,SBI1,SBT1 TXD1,RXD1 TXD1
3 channels type v - -
2 channels type Vv (SBO1, SBT1) v -
1 channel type - vV (TXD1) v (TXD1)
7 bits + 1stop
Specification of transfer bit . 7 bits + 2stops .
count / Frame selection 110 8 bits 8 bits + 1stop 8 bits + 2stops
8 bits + 2stops
Selection of parity bit - v only "pavity b.lt Is added" is
available
0 parity 0 parity
Lo ) 1 parity 1 parity
Parity bit control odd parity odd parity
even parity even parity
Selection of start condition N only "engble st.art condition" | only "engble st'art condition"
is available is available
Spemflcayon of the first N N J
transfer bit
Specification of input edge /
v - v
output edge
Continuous operation v v v
Continuous operation
(with ATC1) v v v
Internal clock 1/8 dividing v only 1/8 dividing is available | only 1/8 dividing is available
fosc/2 fosc/2 fosc/2
fosc/4
fosc/4 fosc/4
fosc/16
fosc/16 fosc/16
Clock source fosc/64
fosc/64 fosc/64
fs/2
fs/2 fs/2
fsl4
Timer 4 output fsl4 fs/4
External clock Timer 4 output Timer 4 output
300 kbps 300 kbps
. (standard 300 bps (standard 300 bps
Maximum transfer rate 2.5 MHz 0 38.4 kbps) 0 38.4 Kbps)
(timer 4 output) (timer 4 output)

fosc : Machine clock (High speed oscillation)
fs: Systemclock [ §_>~ Chapter2 2-5. Clock Switching ]
Select "disable start condition”, when the reception and the transmission are operated at the same time on the
clock synchronous communication.
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12-1-2 Block Diagram

M Serial Interface 1 Block Diagram
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Figure 12-1-1 Serial Interface 1 Block Diagram
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12-2 Control Registers

12-2-1 Registers

Table 12-2-1 shows registers to control serial interface 1.

Table 12-2-1  Serial Interface 1 Control Registers

Register Address RW Function Page

SC1MDO X03F9A' R/W |Serial interface 1 mode register 0 Xl -6

SC1MD1 X03F9B' R/W |Serial interface 1 mode register 1 Xl-7

SC1MD2 X03F9C' R/ |Serial interface 1 mode register 2 XIl-8

SC1STR X03F9D' R [Serial interface 1 state register XI-9

RXBUF1 X03F98' R |Serial interface 1 reception data buffer Xl -5

Serial TXBUF1 X03F99' R/W | Serial interface 1 transmission data buffer XI-5
Interface 1 Sci10DC X03F9E' | R/W |Serial interface 1 port control register Xl -10
SC1CKS X03F9F' R/ |Serial interface 1 transfer clock selection register Xl -10

PSCMD X03F6F' R/W |Prescaler control register V-6

P3DIR X03F33' R/W |Port 3 direction control register IV -23

P3PLU X03F43' R/W |Port 3 pull-up control register IV -23

SCI1ICR X03FF7' R/W |Serial interface 1 interrupt control register - 35

R/W : Readable / Writable
R : Readable only

XIl -4  Control Registers




Chapter 12 Serial Interface 1

12-2-2 Data Buffer Registers

Serial Interface 1 has two 8-bit data buffer register for transmission, and for reception.

B Serial Interface 1 Reception Data Buffer (RXBUF1)
7 6 5 4 3 2 1 0

RXBUF1 RXBUF17[RXBUF16|RXBUF15|RXBUF14|RXBUF13 |[RXBUF12 [RXBUF11|RXBUF10| (Atreset: X X X X X X X X)

Figure 12-2-1 Serial Interface 1 Reception Data Buffer (RXBUFL1 : x'03F98', R)

B Serial Interface 1 Transmission Data Buffer (TXBUF1)

7 6 5 4 3 2 1 0

TXBUFL | TXBUFL7|TXBUF16| TXBUFL5| TXBUF14|TXBUFL3 | TXBUF12 |TXBUFLL|TXBUFIO| (At reset : X X X X X X X X )

Figure 12-2-2  Serial Interface 1 Transmission Data Buffer (TXBUF1 : x'03F99', R/W)
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12-2-3 Mode Registers

BSerial Interface 1 Mode Register 0 (SC1MDO0)

7 6 5 4 3 2 1

0

SC1MDO SCICEL | SCICEQ - SCIDIR | SCISTE |SCILNG2 | SCILNG1

SCILNGO

(Atreset:00-00111)

Synchronous serial
SC1LNG2 | SCILNG1 | SCILNGO transfer bit count
0 1bit
0 1 2bits
0 .
1 0 3bits
1 4bits
0 Sbits
0 -
1 1 6bits
1 0 Tbits
1 8bits
SC1STE Synchrono'u.s serial transfer
start comdition
0 Disable start condition
1 Enable start condition
SC1DIR First bit to be transferred
0 MSB first
1 LSB first
sc1cel| sciceo Transmission datal Receptlon data
output edge input edge
0 0 falling rising
1 falling falling
1 0 rising falling
1 rising rising

Figure 12-2-3 Serial Interface 1 Mode Register 0 (SC1MDO : x'03F9A', R/W)
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B Serial Interface 1 Mode Register 1 (SC1MD1)

7 6 5 4 3 2 1 0

SCIMD1 | SCLOM | SCISBTS | SCISBIS | SCISBOS| SCICKM | SCIMST | SCLICC | SCICMD (Atreset:00000000)

Synchronous serial /
SCICMD | Half-duplex UART selection

Synchronous serial
Half-duplex UART

SClICcC IC card I/F selection
0 Half-duplex UART
1 IC card I/F

SCIMST Clock master /

slave selection

Clock slave

Clock master

1/8 dividing of transfer clock

SC1CKM .
selection
0 Do not divide by 8
Divide by 8
SC1SBOS SBOl'(TXDl) pin function
selection
Port
1 Serial data output

SC1SBIS Serial input control

0 "1" input
1 Serial input

SC1SBTS SBT1 pin function selection

Port
Transfer clock I/O

SC1lioOM Serial data 1/0O selection

Data input from SBI1(RXD1)
1 Data input from SBO1(TXD1)

Figure 12-2-4 Serial Interface 1 Mode Register 1 (SC1MD1 : x'03F9B', R/W)
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M Serial Interface 1 Mode Register 2 (SC1MD2)
SCI1BRKF flag is only for reading.

7 6 5 4 3 2 1 0

SC1MD2 SCIFML | SCIFMO | SCIPML | SCIPMO | SCINPE - SCIBRKF | SC1BRKE

(Atreset:00000-00)
SC1BRKE Break status transmit control
0 Data
1 Break
SCl?)RKF Break status receive monitor
0 Data transmit
1 Break transmit

(*) Only read access is available.

SCINPE Parity enable
0 Enable parity bit
1 Disable parity bit
Added bit specification
SCIPM1 | SCIPMO - -
Transmission | Reception
0 Add "0" Check for "0"
Add "1" Check for "1"
0 | Addodd parity | Checkforodd parity
1
1 Add even parity | Check for even parity|
SCIFM1 | SCIFMO | 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 12-2-5 Serial Interface 1 Mode Register 2 (SC1MD2 : x'03F9C', R/W)
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B Serial Interface 1 State Register (SC1STR)
All flags are only for reading.

7 6 5 4 3 2 1 0

SCISTR | SCIBSY | - | SCITEMP| SCIREMP| SCIFEF | SCIPEK | SCIORE | SCIERE (Atreset:0-000000)

SC1ERE Error monitor flag

0 No error

1 Error

SC10RE Overrun error detection

No error

1 Error

SC1PEK Parity error detection

No error
1 Error
SC1FEF Framing error detection
0 No error
1 Error

SC1REMP Receive buffer empty flag

0 Empty
1 Full

SC1TEMP Transfer buffer empty flag

Empty
1 Full

SC1BSY Serial bus status

Other use

1 Serial transmission in progress

Figure 12-2-6 Serial Interface 1 State Register (SC1STR : x'03F9D', R)
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M Serial Interface 1 Port Control Register (SC10DC)

7 6 5 4 3 2 1 0

Sc10bC - - - - - - | sctonct| sc1onco (Atreset: ------ 00)

SC10DCO0 P30 N ch open-drain control

Push-pull

1 N ch open-drain

SC10DC1 P32 N ch open-drain control

Push-pull

1 N ch open-drain

Figure 12-2-7 Serial Interface 1 Port Control Register (SC10DC : x'03F9E', R/W)

B Serial Interface 1 Transfer Clock Selection Register (SC1CKS)

7 6 5 4 3 2 1 0
SC1CKS — — — —  |RESERVED| SCIPSC2 | SC1IPSC1|SCLPSCO (Atreset:----XXXX)
SC1PSC2 | SC1PSC1| SC1PSCO | Clock selection
0 fosc/2
0 0 1 fosc/4
1 0 fosc/16
1 fosc/64
0 fs/2
0
1 1 fs/a
1 0 Timer 4 output
{ RESERVED ‘ Always set to "1".

Figure 12-2-8 Serial Interface 1 Transfer Clock Selection Register (SC1CKS : x'03F9F', R/W)
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12-3 Operation

Serial Interface 1 can be used for both clock synchronous and half-duplex UART.

12-3-1 Clock Synchronous Serial Interface

W Activation Factor for Communication
Table 12-3-1 shows activation factors for communication. At master, the transfer clock is generated by
setting data to the transmission data buffer TXBUF1, or by receiving a start condition. Except during
communication, the input signal from SBT1 pin is masked to prevent errors by noise or so. This mask
can be released automatically by setting a data to TXBUF1(access to the TXBUFL1 register), or by
inputting a start condition to the data input pin. Therefore, at slave, set data to TXBUF1, or input an
external clock after a start condition is input. Just make sure that more than 2.5 transfer clocks after a
start condition is input, is necessary before the external clock is input. This period is necessary for
loading a data from TXBUF1 to the internal shift register.

Chapter 12 Serial Interface 1

Table 12-3-1 Synchronous Serial Interface Activation Factor

Activation Factor

Transmission

Reception

Master
communication

Set transmission data

Set dummy data

Input start condition

Slave
communication

Input clock after
transmission data is set

Input clock
after dummy data is set

Input clock

after start condition is input

ETransfer Bit Count
The transfer bit count is selected from 1 bit to 8 bits. Set it by the SC1LNG 2 to 0 flag of the SC1MDO
register (at reset : 111). The SC1LNG 2 to 0O flag holds the former set value until it is set again.

(1

Except during communication, SBT1 pin is masked to prevent errors by noise. At slave com-
munication, set data to TXBUF1 or input a clock to SBT1 pin after a start condition is input.

(

Before an external clock is input, take more than 2.5 transfer clocks after setting data to

TXBUF1. That is necessary for accurate communication.

Operation XII -11



Chapter 12 Serial Interface 1

EStart Condition Setup

The SC1STE flag of the SC1IMDO 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 is regarded when a data line (SBI1 pin (3 channels type) or SBO1 pin (2 channels type)) is
changed from "H" to "L" as a clock line (SBT1 pin) is "H". Also, when the transmission and reception are
operated at once, disable the start condition to accurate operation.

mFirst Transfer Bit Setup
The SC1DIR flag of the SC1MDO register can set the first transfer bit. MSB first or LSB first can be

selected.

ETransmission Data Buffer

The transmission data buffer, TXBUFL1 is the reserve buffer that stores data to load the internal shift
register. Data to be transferred should be set to the transmission data buffer, TXBUFL1 load the internal
shift register automatically. There should be 2.5 transfer-clocks period to load data. If data set to
TXBUF1 twice during loading, the setup may not be done. By monitoring the transmission buffer empty
flag SC1ITEMP of SC1STR can determine if data is loading or not. If data is loading to TXBUF1,
SCI1TEMP flag is set to "1", and if data loading is finished, it is cleared to "0" automatically.

(Write data to TXBUF1)
.V . .

Clock
(Prescaler output) 3 3

SC1TEMP

cok - 1111 r1
(SBT1 pin) I : : |

Data loading

Figure 12-3-1 Data Loading Period and Transmission Buffer Empty Flag

‘ At clock synchronous communication, transmission and reception should not be operated at
- once as "Enable start condition" is selected. The operation may be wrong.

© 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 TXBUF1, again.

© RXBUF1 is rewritten in every communication complete. At sequence communication, data
of RXBUF1 should be read 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 at transmission, the data storing method to the transmission data
buffer TXBUF1 is different, depending on the first transfer bit. At MSB first, use the upper bits of TXBUF1
for storing. When there are 6 bits to be transferred, as shown on figure 12-3-2-1, if data "A" to "F" are
stored to bp2 to bp7 of TXBUF1, the transmission is operated from "F" to "A". At LSB first, use the lower
bits of TXBUF1 for storing. When there are 6 bits to be transferred, as shown on figure 12-3-2-2, if data
"A" to "F" are stored to bpO0 to bp5 of TXBUF1, the transmission is operated from "A" to "F".

7 6 5 4 3 2 1 0

TXBUF1 F E D C B A

Figure 12-3-2-1 Transfer Bit Count and First Transfer Bit (starting with MSB)

7 6 5 4 3 2 1 0

TXBUF1 F E D C B A

Figure 12-3-2-2 Transfer Bit Count and First Transfer Bit (starting with LSB)

EReceived Data Buffer

The received data buffer RXBIF1 is the sub-buffer that pushed the received data in the internal shift
register. After the communication complete interrupt SC1IRQ is generated, data (regardless of transmis-
sion or received) stored in the internal shift register is stored to the received data buffer RXBUF1 auto-
matically. RXBUF1 can store data up to 1 byte. RXBUF1 is rewritten in every communication complete,
so read out data of RXBUFL till the next receive complete. When the SC1SBIS flag of the SC1MD 1
register is set to "serial input", the received data buffer empty flag SC1IREMP is set to "1" at the same
time SC1IRQ is generated. SC1REMP is cleared to "0" after RXBUF1 is read.

BReceive Bit Count and First Transfer Bit

When the transfer bit count is 1 bit to 7 bits at reception, the data storing method to the received data
buffer RXBUF1 is different depending on the first transfer bit selection. At MSB first, data are stored to
the lower bits of RXBUF1. When there are 6 bits to be transferred, as shown on figure 12-3-3-1, if data
"F"to "A" are stored to bp 0 to bp5 of RXBUF1. At LSB first, data are stored to the upper bits of RXBUFL1.
When there are 6 bits to be transferred, as shown on figure 12-3-3-2, if data "A" to "F" are stored to BP
2 to bp7 of RXBUF1.

RXBUF1 F E D C B A

Figure 12-3-3-1 Receive Bit Count and Transfer First Bit (starting with MSB bit)

7 6 5 4 3 2 1 0

RXBUF1 F E D C B A

Figure 12-3-3-2 Receive Bit Count and Transfer First Bit (starting with LSB bit)
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ESequence Communication

This serial interface has a function for sequence communication. If data is set to the transmission data
buffer TXBUF1 during communication, the transmission buffer empty flag SC1TEMP is automatically set
to communicate continuously. Data setup to TXBUF1 should be done till the communication complete
interrupt SC1IRQ is generated after data is loaded to the internal shift register. At master communica-
tion, there is a suspension of communication for 3 transfer clocks till the next transmission clock is output
after the SC1IRQ generation.

Also, the built-in automatic data transfer function ATC1 can activate. Data can be transferred continu-
ously up to 255 bytes by ATC1 activation. In this case, there is a suspension of communication for up to
18 machine cycles + 3.5 transfer clocks. Refer to the transfer mode 8 to 9 in chapter 15, automatic
transfer controller for ATC1 activation.

Hinput Edge / Output Edge Setup

The SC1CE 1 to 0 flag of the SC1MDO register set an output edge of the transmission data, an input
edge of the received data. As the SC1CEL1 flag = "0", the transmission data is output at the falling edge
of SBT1, and as "1", output at the rising edge. As SC1CE0="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 12-3-2 Transmission Data Output Edge and Received Data Input Edge

SCICE1| SC1CE0| Transmission data output edge | Received data input edge
0 0 \ )\
0 1 r ,
1 0 1 ,
1 1 1 \
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EClock Setup

The SC1CKS register (X'03F9F") selects a clock source from the special prescaler or timer 4 output. The
special prescaler starts its operation after the PSCMD (x'03F6F") register selects "prescaler operation”.
The SC1MST flag of the SC1MDL1 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 SC1CKS register. That is happened, because the interrupt
flag SC1IRQ is generated by the internal clock. Here is the internal clock source that can be set by the
SCI1CKS register. Also, the SC1CKM flag of the SC1IMDL1 register can divide the internal clock by 8.

Table 12-3-3 Synchronous Serial Interface Internal Clock Source

Serial interface 1

fosc/2

foscl/4d
fosc/16
fosc/64

Clock source
(Internal clock)

fs/2

fs/4

Timer 4 output

EData Input Pin Setup

3 channels type (clock pin (SBT1 pin), data output pin (SBO1 pin), data input pin (SBI1 pin)) or 2 chan-
nels type (clock pin (SBTL1 pin), data I/O pin (SBO1 pin)) can be selected as the communication. SBI1 pin
can be used for only serial data input. SBO1 pin can select serial data input or output. The SC1IOM flag
of the SC1MD1 register can select if the serial data is input to SBI1 pin or SBO1 pin. When "data input
from SBOL1 pin" is selected to set the 2 channels type, the P3DIRO flag of the P3DIR register controls
direction of SBO1 pin to switch transmission / reception. At that time, SBI1 pin is free to be used as a
general port.

‘ The transfer rate should be up to 2.5 MHz. If the transfer clock is over 2.5 MHz, the transmis-
- sion data may not be sent correctly.

At reception, if SC1I0OM of the SC1MD1 register is set to "1" and "serial data input from
SBO1" is selected, SBI1 pin is used as a general port.
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EReceived Buffer Empty Flag

When the communication complete interrupt SC1IRQ is generated, data is stored to RXBUF1 from the
internal shift register, automatically. If data is stored to the shift register RXBUF1 leaving the SC1SBIS
flag of the SC1MD1 register "serial input"”, the received buffer empty flag SCIREMP of the SC1STR
register is set to "1". This indicates that the reception data is going to be read. SC1REMP is cleared to "0"
by reading data in RXBUF1.

ETransmission Buffer Empty Flag

If any data is set to TXBUF1 during communication (after loading data to the inside shift register before
generating the communication complete interrupt SC1IRQ ), the transmission buffer empty flag
SC1TEMP of the SC1STR register is set to "1". That indicates that the next transmission data is going to
be transmitted. Data is loaded from the inside shift register to TXBUF1 by generation of SC1IRQ. The
next transfer is started as SC1TEMP is cleared to "0".

mOverrun Error and Error Monitor Flag

During reception, the next data has been already received before reading out of the data of the received
data buffer RXBUF1, overrun error is generated and the SC1ORE flag of the SC1STR register is set to
"1". And at the same time, the error monitor flag SC1ERE is set to indicate that something wrong on
reception. The SC1ORE flag is cleared at the generation of the next communication complete interrupt
SC1IRQ, after the data of RXBUF1 is read out. SC1ERE is cleared as SC1ORE flag is cleared. These
error flags have nothing to do with communication operation.

If the overrun error flag (SC1ORE flag) should be cleared immediately, set both of the
SC1SBIS flag and the SC1SBOS flag of the SC1MDL1 register to "0". The serial function can

be reset by switching P30, P31 pins from the serial pins to the general port pins.

(When the communication has finished, all monitor flag is cleared)

EBUSY Flag

When any data is set to TXBUF1 or start condition is enabled, the busy flag SC1BSY of the SC1STR
register is set to "1", and cleared to "0" on the generation of the communication complete interrupt
SC1IRQ. And, during communication SC1BSY is always set. If the transmission buffer empty flag
SC1TEMP is cleared to "0" the communication complete interrupt SC1IRQ is generated, SC1BSY is
cleared to "0".
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BEmergency Reset

It is possible to shut down communication. For a forced reset, the SC1SBOS flag and the SC1SBIS flag
of the SC1MDL1 register should be set to "0" (SBO1 pin : port, input data : "1" input). At forced reset, the
status registers (the SC1BRKF flag of the SC1MD?2 register, all flags of the SC1STR register) are initial-
ized as they are set at reset, but the control register holds the set value.

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, the inside clock should be set, because a little time is
necessary to hold data at data transmission. After data output holding period of the last bit, "H" is output.

Table 12-3-4 Last Bit Data Length of Transfer Data

The last bit data holding period The last data input period
at transmission at reception
At master 1 bit data length 1 bit data length (Minimum)
At slave [1 bit data length of external clock x 1/2]
+ [Internal clock frequency x (1/2 tol) ]

EOther Control Flag Setup
Table 12-3-5 shows flags that are not used at clock synchronous communication. So, they are not

needed to set or monitor.
Table 12-3-5 Other Control Flag

Register Flag Detail
SC1MD1 SClicC UART /IC card IIF selection
SC1BRKF Brake status reception monitor
SCINPE Parity is enabled
SC1MD2
SC1PM1to O Added bit specification
SC1FM1to O Frame mode specification
SC1PEK Parity error detection
SC1STR -
SC1FEF Frame error detection
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ETransmission Timing

(at master) (at slave)
Tmax=25T T . T | . . . . . Tmax=1.5T

Clock
(SBT1 pin)

SC1BSY

E:\ . . : : : : : : : .
(Write data to TXBUF1) : : : : : : : :
Interrupt : . : : : . . . . . .
(SC1IRQ)

Figure 12-3-4 Transmission Timing (falling edge, start condition is enabled)

(at master) (at slave)
Tmax=35T T Tmax=15T

. . . . . . —— -

Clock
(SBT1 pin)

SC1BSY

A : : : : : : : o
(Write data to TXBUF1) : : : : : : : :
Interrupt : : : : . . . . . .
(SC1IRQ)

Figure 12-3-5 Transmission Timing (falling edge, start condition is disabled)
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(at master) (at slave)
Tmax=2.5T T = T . Tmax=1.5T

et —— - . . . . . —-———

Clock
(SBT1 pin)

SC1BSY

—a 5 . . . . . . . .
(Write data to TXBUF1) : : : : : : : H

Interrupt
(SC1IRQ)

Figure 12-3-6 Transmission Timing (rising edge, start condition is enabled)

(at master) (at slave)
Tmax=35T T | . . . . . Tmax=1.5T

e

e ——

Clock
(SBT1 pin)

SC1BSY

A 5 : . . . . . .
(Write data to TXBUF1) ! ; ; ; ; ; ; 5
Interrupt : : : : : : : : : :

(SC1IRQ)

Figure 12-3-7 Transmission Timing (rising edge, start condition is disabled)
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EReception Timing

(at master)
Tmax:Z.ST T T

. — -

Clock
(SBT1 pin)

SC1BSY

A . . . . . . . . . .
(Write dat to TXBUF1) D
(SC1IRQ)

Figure 12-3-8 Reception Timing (rising edge, start condition is enabled)

(at master)
Tmax=35T T

Clock
(SBT1 pin)

SC1BSY

— : : : : : : : S
(Write data to TXBUF1) : : : : : S
Interrupt . . . . . . . . H

(SC1IRQ)

Figure 12-3-9 Reception Timing (rising edge, start condition is disabled)
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(at master)
Tmax=25T T | T

Clock
(SBT1 pin)

SC1BSY

S S S S S S S S
(Write data to TXBUF1) : : : : : : : :
(SC1IRQ)

Figure 12-3-10 Reception Timing (falling edge, start condition is enabled)

(at master)
Tmax=35T T

- B

Clock . l . l l l . l '
(SBT1 pin) :

Input data : : : : : : : : AV
= COO00C0E
Transfer bit counter 0 X 1 X 2 X 3 X 4 X 5 X 6 X 7 X

SC1BSY

A : : : : : : : :
(Write data to TXBUF1) : : : : : : :
Interrupt : : : : : : : : H
(SC1IRQ)

Figure 12-3-11 Reception Timing (falling edge, start condition is disabled)

Operation XII - 21



Chapter 12 Serial Interface 1

ETransmission / Reception Timing
When transmission and reception are operated at the same time, set the SC1CE1 and SC1CEO flag of
the SC1MDO register to "00" or "10". Data is received and transmitted at the opposite clock edge.

SBT1 pin

Data is received at the rising edge of clock.

BEEE

Data is output at the falling edge of clock.

o LA

Figure 12-3-12 Transmission / Reception Timing
(Reception : rising edge, Transmission : falling edge)

SBI1 pin

SBT1 pin

Data is received at the falling edge of clock.

RN

Data is output at the rising edge of clock.

o L

Figure 12-3-13 Transmission / Reception Timing
(Reception : falling edge, Transmission : rising edge)

SBI1 pin
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BPins Setup (3 channels, at transmission)
Table 12-3-6 shows the setup for synchronous serial interface pin for 3 channels (SBO1 pin, SBI1 pin,
SBT1 pin) at transmission.

Table 12-3-6  Setup for Synchronous Serial Interface Pin (3 channels, at transmission)

Data output pin Data input pin Clock /O pin
Setup item SBT1 pin
SBOL1 pin SBI1 pin
Internal clock External clock
Pin P30 P31 P32
SBI1/SBO1 independent
SBI1/SBO1 pin -
SC1MD1(SC1IOM)
Serial data output "1" input Serial clock /O Serial clock VO
Function
SC1MD1(SC1SBOS) | SCIMD1(SC1SBIS) SC1IMD1(SC1SBTS)
Push pull / Push pull / Push pull /
Style Nch open-drain _ Nch open-drain Nch open-drain
SC10DC(SC10DCO0) SC10DC(SC10DC1)
y Output mode Output mode | Input mode
O -
P3DIR(P3DIRO0) P3DIR(P3DIR2)
Added / Not added Added / Not added | Added / Not added
Pull-up -
P3PLU(P3PLUO) P3PLU(P3PLU2)

BPins Setup (3 channels, at reception)
Table 12-3-7 shows the setup for synchronous serial interface pin for 3 channels (SBO1 pin, SBI1 pin,
SBT1 pin).

Table 12-3-7 Setup for Synchronous Serial Interface Pin (3 channels, at reception)

Data output pin Data input pin Clock VO pin
Setup item SBT1 pin
SBOL1 pin SBI1 pin
Internal clock External clock

Pin P30 P31 P32

SBI1/SBO1 independent
SBI1/SBO1 pin -

SC1MD1(SC1IOM)

Port Serial data input Serial clock VO Serial clock VO

Function
SC1MD1(SC1SBOS)| SC1IMD1(SC1SBIS) SC1MD1(SC1SBTS)
Push pull / Push pull /
Style _ . Nch open-drain Nch open-drain
SC10ODC(SC10DC1)
Input mode Output mode | Input mode
e} -
P3DIR(P3DIR1) P3DIR(P3DIR2)
Added / Not added | Added / Not added
Pull-up - -
P3PLU(P3PLU2)
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EPins Setup (3 channels, at transmission / reception)
Table 12-3-8 shows the setup for synchronous serial interface pin for 3 channels (SBO1 pin, SBI1 pin,
SBT1 pin) at transmission / reception.

Table 12-3-8 Setup for Synchronous Serial Interface Pin
(3 channels, at transmission / reception)

Data output pin Data input pin Clock VO pin
Setup item SBT1 pin
SBOL1 pin SBI1 pin
Internal clock | External clock
Pin P30 P31 P32
SBI1/SBOL1 independent
SBI1/SBO1 pin -
SC1MD1(SC1IOM)

Serial data output Serial data input Serial clock VO Serial clock VO

Function
SC1MD1(SC1SBOS) | SCIMD1(SC1SBIS) SC1MD1(SC1SBTS)
Push pull / Push pull / Push pull /
Style Nch open-drain . Nch open-drain Nch open-drain
SC10DC(SC10DCO0) SC10DC(SC10DC1)
y Output mode Input mode Output mode | Input mode
O
P3DIR(P3DIRO) P3DIR(P3DIR1) P3DIR(P3DIR2)

Added / Not added Added / Not added | Added / Not added
Pull-up -

P3PLU(P3PLUO) P3PLU(P3PLU2)
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BPins Setup (2 channels, at transmission)
Table 12-3-9 shows the setup for synchronous serial interface pin for 2 channels (SBOL1 pin, SBT1 pin)
at transmission. SBI1 pin can be used as a port.

Chapter 12 Serial Interface 1

Table 12-3-9 Setup for Synchronous Serial Interface Pin (2 channels, at transmission)

Data /O pin Serial unused pin Clock VO pin
Setup item SBT1 pin
SBO1 pin SBI1 pin
Internal clock External clock
Pin P30 P31 P32
SBI1/SBO1 connected
SBI1/SBOL1 pin -
SC1MD1(SC1IOM)

Serial data output "1" input Serial clock /O Serial clock /O

Function
SC1MD1(SC1SBOS) | SC1IMD1(SC1SBIS) SC1MD1(SC1SBTS)
Push pull / Push pull / Push pull /
Style Nch open-drain R Nch open-drain Nch open-drain
SC10DC(SC10DCO0) SC10ODC(SC10DC1)
y Output mode Output mode | Input mode
O -
P3DIR(P3DIR0) P3DIR(P3DIR2)

Added / Not added Added / Not added | Added / Not added
Pull-up -

P3PLU(P3PLUO) P3PLU(P3PLU2)

BPins Setup (2 channels, at reception)
Table 12-3-10 shows the setup for synchronous serial interface pin for 2 channels (SBOL1 pin, SBT1 pin)
at reception. SBI1 pin can be used as a port.

Table 12-3-10 Setup for Synchronous Serial Interface Pin (2 channels, at reception)
Data /O pin Serial unused pin Clock VO pin
Setup item SBT1 pin
SBOL1 pin SBI1 pin
Internal clock External clock
Pin P30 P31 P32

SBI1/SBO1 pin

SBI1/SBO1 connected

SC1MD1(SC1IOM)
Port Serial data input Serial clock VO Serial clock VO
Function
SC1MD1(SC1SBOS) | SCIMD1(SC1SBIS) SC1MD1(SC1SBTS)
Push-pull Push-pull
Style . . / Nch open-drain / Nch open-drain
SC10ODC(SC10DC1)
y Input mode Output mode | Input mode
O -
P3DIR(P3DIR0) P3DIR(P3DIR2)
Added / Not added | Added / Not added
Pull-up - -
P3PLU(P3PLU2)
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12-3-2 Setup Example

ETransmission / Reception Setup Example

The setup example for clock synchronous serial communication with serial interface 1 is shown. Table

12-3-11 shows the conditions at transmission / reception.

Table 12-3-11  Setup Examples for Synchronous Serial Interface Transmission / Reception

Setup item

set to

Setup item

set to

SBIL/SBO1 pin

Independent

(with 3 channels)

Clock source

fs/2

interrupt

Transfer bit count 8 bits Clock source 1/8 dividing not divided by 8
Start condition none SBT1/SBOL pin style N-ch open-drain
First transfer bit MSB SBT1 pin pull-up resistor Added
Input clock edge faling edge SBOL1 pin pull-up resistor Added

Serial interface 1
Output clock edge rising edge communication complete Enable

Clock

Internal clock

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

1)

@)

®)

(4)

®)

Select the prescaler operation.

PSCMD (X'3F6F)
bp0 : PSCEN = 1

Select the clock source.
SC1CKS (x'3F9F")

bp2-0 : SC1PSC2-0 = 100

bp3=1

Control the pin type.
SC10DC (x'3F9E’)

bp1-0: SC10DC1-0 =11

P3PLU (x'3F43)

bp2,0: P3PLU2,0=1,1

Control the pin direction.
P3DIR (x'3F33")

bp2-0 : P3DIR2-0 = 101

Set the SC1MDO register.

Select the transfer bit count.

SC1MDO (X'3F9A)

bp2-0 : SC1LNG2-0 =111

1)

)

®3)

4)

(5)

Set the PSCEN flag of the PSCMD register to
"1" to select "prescaler operation".

Set the SC1PSC2-0 flag of the SC1CKS
register to "100" to select "fs/2" as a clock
source .

Set bp3 of the SC1CKS register to "1", always.

Set the SC10DC1-0 flag of the SC10DC
register to "11" to select "N-ch open drain" to
the SBO1/SBT1 pin. Set the P3PLU2, 0 flag of
the P3PLU register to "1, 1" to add pull-up
resistor.

Set the P3DIR2-0 flag of the port 3 pin's
direction control register (P3DIR) to "101" to set
P30, P32 "output mode", and to set P31 "input
mode".

Set the SC1LNG2-0 flag of the serial 1 mode
register (SC1MDO) to "111" to set the transfer
bit count "8 bits".
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Setup Procedure Description
Select the start condition. Set the SC1STE flag of the SC1MDO register to
SC1MDO (x'03F9A") "0" to disable start condition.

bp3 : SCISTE = 0

Select the first bit to be transferred. Set the SC1DIR flag of the SC1MDO register to
SC1MDO (x'03F9A") "0" to set MSB as a transfer first bit.
bp4 : SCIDIR=0

Select the transfer edge. Set the SC1CE1, 0 flag of the SC1MDO register to
SC1MDO (x'03F9A") "1,0" to set the transmission data output edge
bp6 : SCICE0 =0 "rising" and the received data input edge "falling".

bp7 : SC1CE1 =1

(6) Setthe SC1MD?2 register. (6)
Control the output data. Set the SCOBRKE flag of the SC1MD2 register to
SC1MD?2 (x'03F9C" "0" to select "serial data communication".

bpO : SC1IBRKE =0

Set other mode registers. No need at synchronous serial communication.
SC1MD2 (x'03F9C")
bp7-3
(7) Setthe SC1MD1 register. @)
Select the communication type. Set the SC1CMD flag of the SC1MD1 register to
SC1MD1 (x'03F9B") "0" to select "synchronous serial".

bp0 : SC1ICMD =0

Select the transfer clock. Set the SC1MST flag of the SC1MD1 register to
SC1MD1 (x'03F9B") "1" to select clock master (inside clock).
bp2 : SCIMST =1 Set the SC1CKM flag to "1" to select "do not
bp3: SCICKM =0 divide by 8" for source clock.
Control the pin function. Set the SC1SBOS, SC1SBIS, SC1SBTS flag of
SC1MD1 (x'03F9B") the SC1MDL1 register to "1" to set SBO1 pin "serial
bp4 : SC1SBOS =1 data output”, SBI1 pin "serial data input", and
bp5 : SC1SBIS=1 SBT1 pin "serial clock 1/0".
bp6 : SC1SBTS =1 Set the SC1IOM flag "0" to set serial data input
bp7 : SC1LIOM =0 from SBI1 pin.
(8) Set the interrupt level. (8) Setthe interrupt level by the SC1LV1-0 flag of the
SCI1ICR (X'03FF7" serial 1 interrupt control register (SC1ICR).

bp7-6 : SC1LV1-0 =10
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Setup Procedure Description

(9) Setthe SC1IE flag of the SC1ICR register to "1"
to enable interrupts.
If any interrupt request flag (SC1IR of the
SCI1ICR register) has already been set, clear
SC1IR before an interrupt is enabled.
[ €5 Chapter 3 3-1-4. Interrupt Flag Setup ]
(10) Set the transmission data to the serial
communication data buffer TXBUF1. Then, an
internal clock is generated to start transmission /
reception. After communication has finished, se-
rial 1 interrupt SC1IRQ is generated.

(9) Enable the interrupt.
SC1ICR (x'3FF7')
bpl:SClIE=1

(10) Start serial transmission.
Transmission data - TXBUF1 (x'3F99")
Received data - input to SBI1 pin.

Note : In (5) to (7), each settings can be set at once.

When only reception with 3 channels is operated, set SC1SBOS of the SC1MD1 register to
"0" and select a port. The SBO1 pin can be used as a general port.

When SBO1 / SBI1 pin are connected for communication with 2 channels , the SBO1 pin
inputs / outputs serial data. The port direction control register P3DIR switches I/O. At recep-
tion, set SC1SBIS of the SC1MD1 register to "1", always, to select "serial data input”". The
SBI1 pin can be used as a general port.

It is possible to shut down communication. If the communication should be stopped by force,
set SC1SBOS and SC1SBIS of the SC1MDL1 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 12-2-1 : TXBUF1, RXBUF1) are set.

Transfer rate of transfer clock that set by SC1CKS register should be under 2.5 MHz.

S - -
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Serial 1 can be used for half-duplex UART communication. Table 12-3-12 shows UART serial interface

functions.

Table 12-3-12 UART Serial Interface Functions

Communication style UART (half-duplex)

Interrupt SC1IRQ
(transmission, reception)

Pin TXD1 (output, input)

RXD1 (input)

Specification the first MSB / LSB
transfer bit
Selection of parity bit v
Parity bit control 0 parity
1 parity
odd parity
even parity

Frame selection

7 bits + 1stop
7 bits + 2stops
8 bits + 1stop
8 bits + 2stops

Continuous operation v
Continuous operation v
(with ATC1)

300 kbps

Maximum transfer rate

(standard 300 bps
to 38.4 kbps)
(with baud rate timer (timer 4))
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EActivation Factor for Communication

At transmission, if any data is written to the transmission data buffer TXBUF1, a start condition is gener-
ated to start transfer. At reception, if a start condition is received, communication is started. At reception,
if the "L" duration for start bit is longer than 0.5 transfer bit duration, that can be regarded as a start
condition.

ETransmission
Data transfer is automatically started by writing data to the transmission data buffer TXBUF1. During
transmission, no reception, no input start condition available.

HReception

Once a start condition is received, reception is started after the transfer bit counter is cleared. If a start
condition is received during communication, the transfer bit counter is cleared, then communication is
automatically restarted. During reception, transfer is disabled.

ETransfer Bit Count Setup

The transfer bit count is automatically set after the frame mode is specified by the SC1FM1 to 0 flag of
the SC1MD?2 register. If the SC1CMD flag of the SC1MD1 register is set to "1", and UART communica-
tion is selected, the setup by the synchronous serial data transfer bit count selection flag SC1LNG2 to 0
is no longer valid.

Hinput Edge / Output Edge Setup

The SC1CEZ1 to 0 flag of the SC1MDO register sets an output edge of the transmission data and an input
edge of the received data. At UART communication, a transfer clock is not needed, but to decide trans-
mission / reception timing in this serial interface inside, the SC1CEL1 to O flag is needed to be set. At
UART communication, set the SC1CEL1 to 0 flag always "00", and select the transmission data output
edge "falling", the received data input edge "rising".

For more detail about setup for input edge / output edge, refer to Table 12-3-2 (Xll-p14).

EData Input Pin Setup

The communication mode can be selected from with 2 channels (data output pin (TXD1 pin), data input
pin (RXDI pin)), or with 1 channel (data I/O pin TXD1 pin). The RXD1 pin can be used only for serial data
input. The TXD1 pin can be used for serial data input or output. The SC1I0M flag of the SC1MD1
register can specify which pin, RXD1 or TXD1 to input the serial data. "Data input from TXD1 pin" is
selected to be with 1 channel communication, transmission / reception is switched by controlling TXD1
pin's direction by the P3DIR O flag of the P3DIR register. At that time, the RXD1 pin can be used as a
general port.

‘ The SC1CEL1 to 0 flag of the SC1MDO register should be always "00", because the timing of
" data transmission / reception is decided at serial interface 1 inside.
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EFrame Mode and Parity Check Setup
Figure 12-3-14 shows the data format at UART communication.

1 data frame

\

A

Start Parity Stop
bit bit bit

-4———  Character bits ———

Figure 12-3-14 UART Serial Interface Transmission / Reception Data Format

The transmission / reception data consists of start bit, character bit, parity bit and stop bit.
Table 12-3-13 shows its kinds to be set.

Table 12-3-13 UART Serial Interface Transmission / Reception Data

Start bit 1 bit

Character bit 7, 8 bits

Parity bit 0 fixed, 1 fixed, even, odd, none
Stop bit 1, 2 bits

The SC1FML1 to O flag of the SC1MD?2 register sets the frame mode as shown in table 12-3-14. If the
SC1CMD flag of the SC1MDL1 register is set to "1", and UART communication is selected, the transfer bit
count on the SC1LNG2 to O flag of the SC1MDO register is no more valid.

Table 12-3-14 UART Serial Interface Frame Mode

SC1MD2 register
Frame mode
SC1FM1 | SC1FMO
0 0 Characterbit 7 bits + Stop bit 1 bit
0 1 Characterbit 7 bits + Stop bit 2 bits
1 0 Characterbit 8 bits + Stop bit 1 bit
1 1 Characterbit 8 bits + Stop bit 2 bits
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Parity bit is to detect wrong bits with transmission / reception data.
Table 12-3-15 shows kinds of parity bit. The SC1INPE, SC1PML1 to 0 flag of the SC1MD2 register set
parity bit.

Table 12-3-15 Parity Bit of UART Serial Interface

SC1MD2 register

Parity bit Setup
SCINPE| SC1PM1| SC1PMO
0 0 0 Fixed to O Set parity bit to "0".
0 0 1 Fixed to 1 Set parity bit to "1".
0 1 0 odd parity Control the total number of "1" of parity bit and

character bit should be odd.

Control the total number of "1" of parity bit and

0 1 1 Even parity character bit should be even.

1 - - none Do not add parity bit.

EBreak Status Transmission Control Setup
The SC1BRKE flag of the SC1MD2 register generates the break status. If SC1BRKE is set to "1" to
select the break transmission, all bits from start bits to stop bits transfer "0".

EReception Error

At reception , there are 3 types of error ; overrun error, parity error and framing error. Reception error can
be determined by the SC10RE, SC1PEK, SC1FEF flag of the SC1STR register. Even one of those
errors is detected, the SCL1ERE flag of the SC1STR register is set to "1". The SC1PEK, the SC1FEF
flags are reception error flag are renewed at generation of the communication complete interrupt
SC1IRQ. The SC10RE flag is cleared when the next communication complete interrupt SC1IRQ is
generated after data of RXBUF1 is read out. The judgement of the received error flag should be operated
until the next communication has finished. The communication operation does not have any effect on
those error flags. Table 12-3-16 shows the list of reception error source.

If the overrun error flag (SC10ORE flag) should be cleared immediately, set both of the
SC1SBIS flag and the SC1SBOS flag of the SC1MD1 register to "0". The serial function can

be reset by switching P30, P31 pins from the serial pins to the general port pins.

(When the communication has finished, all monitor flags are cleared)
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Table 12-3-16 Reception Error Source of UART Serial Interface

Flag Error Source of error

SC10ORE |Overrun error Next data is received before reading the receive buffer.
Atfixed to O |Parity bitis "1"
Atfixedto 1 |Parity bitis "0"

The total of "1" of parity bit and
character bit is odd.

Even parity

SC1FEF |Framing error Stop bit is 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 SC1BRKF
flag of the SC1MD?2 register is set and regard the break status. The SC1BRKF flag is set at generation
of the reception complete interrupt SC1IRQ.

ESequence Communication

It is possible to transfer continuously. If data is set to the transmission data buffer TXBUF1 during
communication, the transmission buffer empty flag SC1TEMP is set to continue the communication,
automatically. In this case, there is no pause on communication. Data should be set to TXBUF1 after
data is loaded to the inside shift register before the communication complete interrupt SC1IRQ is gener-
ated.

Also, this LSI has an automatic data transfer function ATC1 that can be one of an activation factor. At
activation by ATC1, data can be transferred up to 255 bytes, continuously. In this case, there is a
communication blank ; up to 18 machine cycles + 3.5 bit data duration. For an activation by ATC1, refer
to chapter 15. Automatic transfer controller, transfer mode 8 to 9.

mOther Control Flag
Table 12-3-17 shows the other control flags that are not used at UART communication. So, they are not

needed to be set.

Table 12-3-17 Other Control Flag

Symbol Flag Selection
SC1MDO SCI1LNG2to 0 Transfer bit count
SCIMST Clock master / slave
SC1MD1
SC1SBTS SBT pin function
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The following items are same to synchronous serial interface.
Reference as follows ;

mFirst Transfer Bit Setup
Refer to : XII-12

ETransmission Data Buffer
Refer to : XII-12

ETransfer Bit Count and First Transfer Bit
Refer to : XII-13

BmReceived Data Buffer
Refer to : XII-13

EReceive Bit Count and First Transfer Bit
Refer to : XII-13

EReceived Buffer Empty Flag
Refer to : XII-16

ETransmission Buffer Empty Flag
Refer to : XII-16

EBUSY Flag
Refer to : XII-16

BEmergency Reset
Refer to : XII-16
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ETransmission Timing

Tmax=3.5T T

o HESSEEEENGaE

SC1BSY

Iy ‘ : : ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Write data to TXBUFL 3 3 3 3 3 3 3 3 3 D
Interrupt i i i i i i i i i i i i i

(SC1IRQ)

Figure 12-3-15 Transmission Timing (parity bit is enabled)
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-~ L0000

SC1BSY
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Write data to TXBUFL ]

Interrupt : : ; ; . . . . . . .

(SC1IRQ)

Figure 12-3-16 Transmission Timing (parity bit is disabled)

Operation XII - 35



Chapter 12 Serial Interface 1

EReception Timing

Tmin=05T T
> —
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SC1BSY
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Figure 12-3-17 Reception Timing (parity bit is enabled)
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Figure 12-3-18 Reception Timing (parity bit is disabled)
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ETransfer Rate

Baud rate timer (timer 4) can set any transfer rate.

Table 12-3-18 shows the setup example of the transfer rate. For detail of the baud rate timer setup, refer
to chapter 6. 6-8 serial transfer clock output operation.

Table 12-3-18 UART Serial Interface Transfer Rate Setup Register

Setup Register Page
Serial 1 clock source (Timer 4 output) SC1CKS Xl -10
Timer 4 clock source TM4MD VI-15
Timer 4 compare register TM40C VI-9

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 4 clock source fs/4 (fosc = 8 MHz, fs = fosc/2), set
value should be as follows ;
Set value of compare register =(8x10%/2/4)/(300x2x8)-1

=207

= Xx'CF'

Timer 4 clock source and the set values of timer 4 compare register at the standard transfer rate are
shown on the following page.

G Transfer rate should be selected under 300 kbps.
| |

select "divided by 8".

G At UART communication, the SC1CKM flag of the SC1MDL1 register should be set to "1" to
| |
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Table 12-3-19-1 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 3 } 6 2338 - -
fosc/32 - } - - - - - - - -
fosc/64 - - - - 3 B - B 3 B
fs/2 217 300 67 963 B B - - - -
fs/4 108 300 33 963 - - 13 2338 - -
8.00 fosc - - - - - - 207 2404 103 4808
fosc/4 - 3 129 962 103 1202 51 2404 25 4808
fosc/16 103 300 - - 25 1202 12 2404 - -
fosc/32 51 300 - 3 12 1202 - - - -
fosc/64 25 300 - - - - - B - -
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 B - 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 - 3 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
fs/4. - - 162 959 129 1202 64 2404 - -
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Table 12-3-19-2 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 - B 7 31250 - -
fosc/4 - - - - - - 1 31250 - -
fosc/16 - - R R N z N - -
fosc/32 - - - - - - - - -
fosc/64 - - R R N z N - -
fs/2 - - - - - - 1 31250 - -
fs/4 - - - - - - - - - -

4.19 fosc 26 9699 - - - - - B - -
fosc/4 - - - - - - R -
fosc/16 - - - - - - - - - -
fosc/32 - - - - _ B - N _ -
fosc/64 - - - - - - - - R _
fs/2 - - - - - - - - - -
fsl4 - - - - - - - - - -

8.00 fosc 51 9615 25 19231 - - 15 31250 12 38462
fosc/4 12 9615 - - - - 3 31250 - -
fosc/16 - B - B - - 3 R -
fosc/32 - B - - - - B -
fosc/64 - 3 - - - - R -
fs/2 12 9615 - - - - 3 31250 - -
fs/4 - - - - - 1

8.38 fosc 54 9523 26 19398 - - - - - -
fosc/4 - - - - _ -
fosc/16 - - - - - - - _ R
fosc/32 - - - - - - - - -
fosc/64 - - - - - - - _ R
fs/2 - - - - - B - _ _
fsl4 - - - - - - R N

12.00 fosc 77 9615 38 19231 25 28846 23 31250 - -
fosc/4 - - - - - - 5 31250 - -
fosc/16 - - - - - - - B -

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 - B 7 31250 - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - -
fosc/64 - - - - - - - - -
fs/2 25 9615 - - - -

7

fsl4 12 9615 - - - - 3 31250 - -
16.76 fosc 108 9610 54 19045 - 3 - -

fosc/4 26 9699 - - - - - - - -
fosc/16 - - - - - - - - - -
fosc/32 - - - - - - - - - -
fosc/64 B - - - - - - - -
fs/2 26 9699 - - - - - - N N
fsl4 - - - - - - - - - -

20.00 fosc 129 9615 64 19231 - 3 39 31250 -
fosc/4 - - - - - B 9 31250 -
fosc/16 - - - - - - - -
fosc/32 - - - - - - -
fosc/64 - - - - - - - -
fs/2 - - - - - B 9 31250 -
fs/4 - - - - - B 4 31250 -
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BPin Setup (1, 2 channels, at transmission)
Table 12-3-20 shows the pins setup at UART serial interface transmission. The pins setup is common to
the TXD1 pin, RXD1 pin, regardless of RXD1 pin is independent / connected.

Table 12-3-20 UART Serial Interface Pin Setup (1, 2 channels, at transmission)

) Data output pin Data input pin
Setup item
TXD1 pin RXD1 pin
Pin P30 P31

TXD1/RXD1 pin independent / connected
SC1MD1(SC1IOM)

TXD1/RXD1 pin

Serial data output "1" input
SC1MD1(SC1SBOS) | SC1IMD1(SC1SBIS)

Push-pull / N-ch open-
Style drain _
SC10DC(SC10DCO0)

Function

Output mode
P3DIR(P3DIR0)
Added / Not added

Pull-up -
P3PLU(P3PLUO)

HPin Setup (2 channels, at reception)
Table 12-3-21 shows the pins setup at UART serial interface reception for 2 channels (TXD1 pin, RXD1

pin).

Table 12-3-21 UART Serial Interface Pin Setup (2 channels, at reception)

Data output pin Data input pin
Setup item
TXD1 pin RXD1 pin
Pin P30 P31
TXD1/RXD1 pin independent
TXD1/RXD1 pin
SC1MD1(SC1IOM)
Port Serial data input
Function
SC1MD1(SC1SBOS) |[SC1MD1(SC1SBIS)
Style - -
- Input mode
/o
- P3DIR(P3DIR1)
Pull-up - -
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Table 12-3-22 shows the pin setup at UART serial interface reception for 1 channel (TXD1 pin). The
RXD1 pin is not used, so can be used as a port.

Table 12-3-22 UART Serial Interface Pin Setup (1 channel, at reception)

Setup item

Data output pin

Serial unused pin

TXD1 pin

RXD1 pin

Pin

P30

P31

TXD1/RXD1 pin

TXD1/RXD1 pin connected

SC1MD1(SC1I0OM)

Port Serial data input

Function
SC1MD1(SC1SBOS) | SCIMD1(SC1SBIS)

Style - -

Input -
/o

P3DIR(P3DIR0) -

Pull-up - -
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12-3-4 Setup Example

ETransmission Setup

The setup example at UART transmission with serial interface 1 is shown.

Table 12-3-23 shows the conditions at transmission.

Table 12-3-23 UART Interface Transmission Setup

Setup item

set to

TXD1/RXD1 pin

Connection (with 1 line)

Frame mode

8bits + 2 stop bit

First transfer bit

MSB

Clock source

Timer 4 output

Type of TXD1 pin

N-ch open-drain

Pull-up resistor of TXD1 pin

added

Parity bit add / check

"0" add / check

Serial interface 1
communication complete
interrupt

Enable

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

Select the clock source.
SC1CKS (x'3F9F")
bp2-0 : SC1PSC2-0 =110
bp3=1

@)

(3) Control the pin type.
SC10DC (x'3F9E")
bp0: SC10DCO =1
P3PLU (x'3F43")
bp0 : P3PLUO =1
(4) Control the pin direction.
P3DIR (x'3F33")
bp0 : P3DIR0O =1
(5) Setthe SC1MDO register.
Select the start condition.
SC1MDO (x'3F9A")
bp3:SCISTE=1

1)

()

®3)

(4)

(5)

Set the PSCEN flag of the PSCMD register to
"1" to select prescaler operation.

Set the SC1PSC2-0 flag of the SC1CKS
register to "110" to select timer 4 output as a
clock source. Set bp3 of the SC1CKS register
to "1", always.

Set the SC10DCO flag of the SC10DC
register to "1" to select N-ch open drain for the
TXD1 pin. Set the P3PLUO flag of the P3PLU
register to "1" to add pull-up resistor.

Set the P3DIRO flag of the port 3 pin direction
control register (P3DIR) to "1" to set P30 to out
put mode.

Set the SC1STE flag of the SC1MDO register
to "1" to enable start condition.
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Setup Procedure Description
Select the first bit to be transferred. Set the SC1DIR flag of the SC1MDO register
SC1MDO (x'3F9A") to "0" to select MSB as first transfer bit.

bp4 : SCIDIR=0

(6) Setthe SC1MD?2 register. (6)
Control the output data. Set the SC1BRKE flag of the SC1MD2 register
SC1MD2 (x'3F9C") to "0" to select serial data transmission.

bp0 : SC1BRKE =0

Select the added parity bit. Set the SC1PM1-0 flag of the SC1MD2
SC1MD2 (x'3F9C") register to "00" to select 0 parity, and set the
bp3: SCINPE =0 SCINPE flag to "0" to add parity bit.

bp5-4 : SC1PM1-0 = 00

Specify the frame mode. Set the SC1FM1-0 flag of the SC1MD2
SC1MD2 (x'3F9C") register to "11" to select 8 bits + 2 stop bits at
bp7-6 : SC1FM1-0 = 11 the frame mode.

(7) Setthe SC1MD1 register.
Select the communication type. Set the SC1CMD flag of the SC1MD1 register
SC1MD1 (x'3F9B') to "1" to select half-duplex UART.
bp0: SCICMD =1
bpl:SCliICC=0

Select the clock frequency. Set the SC1CKM flag of the SC1MDL1 register
SC1MD1 (x'3F9B") to "1" to select "divided by 8" at source clock.
bp3: SC1ICKM =1

Control the pin function. Set the SC1SBOS flag of the SC1MD1
SC1MD1 (x'3F9B") register to "1" to set the TXD1 pin to serial data
bp4 : SC1SBOS =1 output. The RXD1 pin can be used as a
bp5 : SC1SBIS=0 general port by setting the SC1SBIS flag to
bp7 : SClIOM =1 "0", the SC1IOM flag to "1".
(8) Set the interrupt level. (8) Set the interrupt level by the SC1LV1-0 flag of
SC1ICR (X'03FF7") the serial 1 interrupt control register (SC1ICR).

bp7-6 : SC1LV1-0 =10

(9) Enable the interrupt. (9) Setthe SC1IE flag of the SC1ICR register to
SCI1ICR (x'3FF7") "1" to enable the interrupt request. If any
bpl:SClIE=1 interrupt request flag is already set, clear
them.

[ € Chapter 3. 3-1-4 Interrupt Flag Setup ]
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Setup Procedure

Description

(10) Set the baud rate timer.

(11) Start serial transmission.
The sending data - TXBUF1
(x'3F99")

(10) Set the baud rate timer by the TM4MD register,
the TM40C register, and set the TM4EN flag to
"1" to start timer 4.
[€—= Chapter 6. 6-8 Serial Transfer Clock Output ]

(11) Transfer is started by setting the transmission
data to the serial transmission data buffer
(TXBUF1).

After transmission has finished, the serial 1
interrupt (SC1IRQ) is generated.

Note : In (5) to (7), each settings can be set at once.

When the TXD1 / RXD1 pin are connected for communication with 1 channel, the TXD1 pin
inputs / outputs serial data. The port direction control register P3DIR switches /0.

It is possible to shut down the communication. If the communication should be stopped by
force, set SC1SBOS and SC1SBIS of the SC1MD1 register to "0".

Each flag should be set as its procedure in order. Activation for communication should be
operated after all control registers (except Table 12-2-1 : TXBUF1, RXBUF1) are set.

== -

Only timer 4 can be used as a baud rate timer.
For baud rate setup, refer to Chapter 6. 6-8 Serial Transfer Clock Output.
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Chapter 12 Serial Interface 1

Here is the setting example for UART reception with serial interface 1. Table 12-3-24 shows the condi-

tions for reception.

Table 12-3-24 UART Interface Reception Setup

Setup item

set to

TXD1/RXD1 pin

Connection (with 1 line)

Frame mode

8bits + 2 stop bit

First transfer bit

MSB

Clock source

Timer 4 output

Type of TXD1 pin

N-ch open-drain

Pull-up resistor of TXD1 pin

added

Parity bit add / check

"0" add / check

Serial interface 1
communication complete
interrupt

Enable

An example setup procedure, with a description of each step is shown below.

Setup Procedure

Description

(1) Select prescaler operation.
PSCMD (x'3F6F")
bpO: PSCEN =1

(2) Select the clock source.
SC1CKS (x'3F9F")
bp2-0 : SC1PSC2-0 = 110
bp3=1

(3) Control the pin type.
SC10DC (x'3F9E")
bp0 : SC10DCO=1
P3PLU (x'3F43")
bp0 : P3PLUO =1

(4) Control the pin direction.
P3DIR (x'3F33")
bp0 : P3DIR0O =0

(5) Setthe SC1MDO register.
Select the start condition.
SC1MDO (x'3F9A")
bp3: SCISTE=1

Select the first bit to be transferred.
SC1MDO (x'3F9A")
bp4 : SCIDIR=0

(1) Setthe PSCEN flag of the PSCMD register to
"1" to select prescaler operation.

(2) Set the SC1PSC2-0 flag of the SC1CKS
register to "110" to select timer 4 output at
clock source. Set bp3 of the SC1CKS register
to "1", always.

(3) Setthe SC10ODCO flag of the SC10DC register
to "1" to select N-ch open drain for the TXD1 pin.
Set the P3PLUO flag of the P3PLU register to
"1" to add pull-up resistor.

(4) Setthe P3DIR flag of the port 3 pin direction
control register (P3DIR) to "0" to set P30
(TXD1 pin) to input mode.

5
Set the SC1STE flag of the SC1MDO register
to "1" to enable start condition.

Set the SC1DIR flag of the SC1MDO register to
"0" to set MSB as the first transfer bit.
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Setup Procedure

Description

(6)

()

(8)

9)

Set the SCOMD?2 register.
Select the added parity bit.
SC1MD2 (x'3F9C")
bp3 : SCINPE =0
bp5-4 : SC1PM1-0 =00

Set the frame mode.
SC1MD2 (x'3F9C")
bp7-6 : SC1IFM1-0 = 11

Set the SC1MD1 register.

Select the communication type.

SC1MD1 (x'3F9B')
bp0 : SCICMD =1
bpl:SClICC=0

Select the clock frequency.
SC1MD1 (x'3F9B")
bp3: SCICKM =1

Control the pin function.
SC1MD1 (x'3F9B")
bp4 : SC1SBOS =0
bp5 : SC1SBIS=1
bp7 : SC1IOM =1

Set the interrupt level.
SC1ICR (X'03FF7")
bp7-6 : SC1LV1-0 =10

Enable the interrupt.
SC1ICR (X'3FF7")
bpl:SClIE=1

(10) Set the baud rate timer.

(6)

()

(8)

9)

(10)

Set the SC1PM1-0 flag of the SC1MD2
register to "00" to select 0 parity, and set the
SCINPE flag to "0" to enable the added parity
bit.

Set the SC1FM1-0 flag of the SC1MD2
register to "11" to select data 8 bits + 2 stop
bits.

Set the SC1CMD flag of the SC1MD1 register
to "1" and the SC1ICC flag to "0", to select
half-duplex UART.

Set the SC1CKM flag of the SC1MD1 register
to "1" to select "divided by 8" at source clock.

Set the SC1SBOS flag of the SC1MD1
register to "0" to set TXD1 pin to port output.
Set the SC1SBIS flag to "1" to select serial
data input. The RXD1 pin can be used as a
general port by setting the SC1I0M flag to "1".

The SC1LV1-0 flag of the serial 1 interrupt
control register (SC1ICR) sets interrupt level.

Set the SCL1IE flag of the SC1ICR register to
"1" to enable interrupt request. If interrupt
request flag has already been set, clear them.

[ €~ Chapter 3. 3-1-4 Interrupt Flag Setup ]

The TM4MD register, TM40OC register set the
baud rate. And the TM4EN flag is set to "1" to
start timer 4.

(Refer to Chapter 6. 6-8 Serial Transfer Clock
Output.)
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Setup Procedure Description
(11) Start serial reception. (11) After TXDL1 pin inputs serial data to recognize
The received data - input to TXD1 start condition, the received data is stored to the

received data buffer RXBUF1.
When reception has finished, the serial 1 inter-
rupt SC1IRQ is generated.

Note : In (5) to (7), each settings can be set at once.

When the TXD1 / RXD1 pin are connected for communication with 1 channel, the TXD1 pin
inputs / outputs serial data. The port direction control register P3DIR switches 1/O. At recep-
tion, set SC1SBIS of the SC1MDL1 register to "1" to select serial data input. The RXD1 pin can
be used as a general port.

It is possible to shut down the communication. If the communication should be stopped by
force, set SC1SBOS and SC1SBIS of the SC1MD1 register to "0".

Each flag should be set as its procedure in order. Activation for communication should be
operated after all control registers (except Table 12-2-1 : TXBUF1, RXBUF1) are set.

Only timer 4 can be used as a baud rate timer.
For baud rate setup, refer to Chapter 6. 6-8 Serial Transfer Clock Output.
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12-3-5 IC Card I/F

This serial interface 1 can be used for IC card communication with UART function. For more detail about
protocol of IC card communication, refer to ISO / IEC 7816 series, 10373.

ECondition for Standard Use of IC Card Communication
Table 12-3-25 shows the general condition for IC card communication. Each value and format are rec-
ommended at I1SO.

Table 12-3-25 Condition for Standard IC Card Communication

Communication protocol / as IC card operated : ATR
data format at normal communication : T=0, 1
Clock frequency fosc =1to 5 MHz
Recommended transfer 9600 bps

rate (at fosc = 3.5712 MHz)
Frame 8 data bits + parity bit
Commu'nlcatlon error 1 to 2 bits data length
report signal

EFunctions
IC card communication on this serial interface is available by limiting the condition at half-duplex UART.
Table 12-3-26 shows the IC card communication functions.

Table 12-3-26 IC Card Communication Functions

Data transmission . .

ATR and reception - (only transfer is available)
OMMUICATION | Aviatle commincaion 1 t0 2 bits data length
T=0 data communication Vv (transmission, reception)
T=1 data communication Vv (transmission, reception)
Maximum clock frequency fosc=20 MHz
Disparity in transfer rate Transfer rate in real : 9704 bps ¢V
(recommended rate : 9600 bps) disparity : 1.1 %
Maximum transfer rate 300 kbps

*1 : Setup of baud rate by timer 4.
condition : fosc=3.5712 MHz
Timer 4 clock source : fosc
Timer 4 compare register setup value : X'16'
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BATR Data Format

ATR data is transferred from IC card to the reader/writer in protocol ATR, at activation of IC card. The
character waiting time of ATR data generally consists of 8-bit character data, parity bit and guardtime, up
to 2-bit data length.

Y

1 data frame

A

Start Parity Guarding
bit bit time

-4———  Character bits ——

Figure 12-3-19 ATR Communication Data Format

MError Report at ATR Data Communication

At ATR data communication, if the reader/writer cannot receive data, IC card receive an error report.
Communication error is determined by parity bit in the character waiting time. If the communication error
is generated, the reader/writer outputs "L" data with 1 bit or 2 bit data length, during guardtime. At normal
communication, guardtime in the character waiting time is always "H". This serial interface can deter-
mine and receive the communication error by hard disk, but cannot report the reception error. Table 12-
3-20 shows the reception timing of communication error report.

T 05T T } T

Parity

at normal communication b7 bit Guardtime
at communication with error b7 Parity Errqr
(the length of bit report signal

eroor report : 1 bit) - |
signal is received

at communication with error b7 Parity Error
(the length of bit report signal
eroor report : 2 hits) \ ; =

signal is received

Figure 12-3-20 Report Timing of Communication Error Signal
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ETransmission / Reception of T=0, T=1 Data using with Protocol T=0, T=1

The character waiting time of T = 0, 1 data has the same constitution to ATR data. But, the receiver does
not report a communication error. At communication of T = 0, 1 data, set the same setup to ATR data for
mode register.

|

1 data frame

A

Start Parity Guarding
bit bit time

-4———  Character bits —————p

Figure 12-3-21 Communication Data Format (T=0, 1)

EControl of Error Report Signal Reception and the Timing at ATR Data Communication

This serial interface can receive an error report signal with 1 bit or 2 bits data length. The reception use
the error flag (the SC1FEF flag of the SC1STR register) at UART communication. When an error report
is received, the SC1FEF flag is set to "1" by generation of the communication complete interrupt
SC1IRQ. The SC1FEF flag should be determined before the next communication is finished, because
the SC1FEF flag is renewed at generation of SC1IRQ.

The reception timing of an error report signal should be switched depending on the length of the recep-
tion error report signal. The SC1CE1-0 flag of the SC1MDO register can set that reception timing. For
more detail of the SC1CE1-0 flag setup, refer to "XII-14 Setup for input edge / output edge".

Table 12-3-27 Control of Error Report Signal Reception Timing

the length of error report signal Setup of the SC1CE1-0 flag
1 bit SC1CE1-0 ="01"
2 bits SC1CE1-0 ="00"

EmSignal Pin Setup

At IC card communication, connect the TXD1 / RXD1 pin (1 channel) for data I/O from TXD1 pin. For
connection of TXD1 / RXD1, set the SC1I0OM flag of the SC1MD1 register. Also, at ATR data transmis-
sion, set the SC1SBIS flag of the SC1MDL1 register to "serial input” to receive the communication error
report. Select Nch-open drain type for TXD1.
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EMode Register Setup

Select IC card mode or half-duplex UART at communication mode. The SC1CMD flag and SC1ICC flag
of the SC1MDL1 register can set the mode selection. Table 12-3-28 shows the setup for mode register at
IC card communication, and at UART communication. Other control registers and flags should be set as
same at UART communication.

Table 12-3-28 Control at UART Communication, and at IC Card Communication

Setup
Register Flag — —
UART communication (half-duplex) IC card communication
< at ATR transmission >
Error report signal length = 1 bit: "0, 1"
(transmission: at falling,
"0, 0" reception : at falling)
SC1MDO SCI1CE1-0 (transmission : at falling edge, |< at ATR transmission,
reception : at rising edge) at transmission and reception as T=0,1 >
Error report signal length = 2 bit: "0, 0"
(transmission : at falling,
reception : at rising)
SC1CMD "1"(half-duplex UART) "1"(half-duplex UART)
ScCiicC "1"(half-duplex UART) "1"(IC card mode)
SC1MD1 —
SC1SBIS selectable "1"(serial input)
SC1lIiOM selectable "1"(serial input from TXD1)
SCINPE selectable "0"(with parity)
SC1MD2 ", 1"
SC1FM1-0 selectable (data 8 bits + stop 2 bits)
SC1l0DC/ SC10DCO0 / selectable "1"(Nch-open-drain) /
P3PLU P3PLUO "1"(added pull-up resistor)
Other registers and flags should be set the same as UART communication.
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The following items are the same to half-duplex UART communication.
Reference as follows ;

mFirst Transfer Bit Setup

Refer to : XII-12

ETransmission Data Buffer

Refer to : XII-12

ETransfer Bit Count and First Transfer Bit
Refer to : XII-13

MReceived Data Buffer

Refer to : XII-13

EReceive Bit Count and First Transfer Bit
Refer to : XII-13

ESequence Communication
Refer to : XII-33

mReceived Buffer Empty Flag
Refer to : XII-16

ETransmission Buffer Empty Flag
Refer to : XII-16

EBUSY Flag

Refer to : XII-16

BEmergency Reset

Refer to : XII-16

WActivation Factor

Refer to : XII-30

ETransmission

Refer to : XII-30

MReception

Refer to : XII-30

MReception Error

Refer to : XII-32

ETransfer Rate Setup

Refer to : XII-36
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ETransmission Timing (ATR Data Communication, T=0, 1 Data Communication)

Tmax=3.5T T ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ . Tmin=2T |
- : : : : : : : : —

OO0 e
i

A

Write data to TXBUFL
Interrupt i i i i i i i i i i i i i

(SC1IRQ)

Figure 12-3-22 Transmission Timing (ATR Data, T=0, 1 Data Communication)

BReception Timing (T=0, 1 Data Communication)

Tmin=05T T Tmin=2T
— — . . . : : : : —

e | OO0 =
|

A o : : : : : : : : : :

Input start condition ; ! ! ; ; ; ; ; : 3
A U U O U U O N U O O |
(SC1IRQ) —_— : : - - - - - - - "

Figure 12-3-23 Reception Timing (T=0, 1 Data Communication)
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EPin Setup (setup of TXD1 / RXD1 pin connection for transmission)
Table 12-3-29 shows the pins setup at IC card communication by connection of the TXD1 pin and the
RXD1 pin. The RXD1 pin can be used as a general port.

Table 12-3-29 Pin Setup at IC Card Communication (at transmission)

Data output pin Data input pin
Setup item
TXD1 pin RXD1 pin
Pin P30 P31
Connection of TXD1/RXD1 pin
TXD1/RXD1 pin
SC1MD1(SC1IOM)
: t ATR ication : ial data input
Function Serial data output o gt ¥
SC1MD1(SC1SBOS) |SC1MD1(SC1SBIS)
Nch-open-drain
Style -
SC10DC(SC10DCO0)
Output mode
/o -
P3DIR(P3DIRO)
Added
Pull-up -
P3PLU(P3PLUO)

BPin Setup (setup of TXD1 / RXD1 pin connection for reception)
Table 12-3-30 shows the pins setup at IC card communication by connection of the TXD1 pin and the
RXD1 pin. The RXD1 pin can be used as a general port.

Table 12-3-30 Pin Setup at IC Card Communication (at reception)

Data output pin Data input pin
Setup item
TXD1 pin RXD1 pin
Pin P30 P31
Connection of TXD1/RXD1 pin
TXD1/RXD1 pin
SC1MD1(SC1IOM)
port serial data input
Function
SC1MD1(SC1SBOS) | SCIMD1(SC1SBIS)
Nch-open-drain
Style -
SC10DC(SC10DCO0)
Input mode -
/o
P3DIR(P3DIR0) -
Added
Pull-up -
P3PLU(P3PLUO)
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ETransmission Setup Example

Chapter 12 Serial Interface 1

Here is the setting example for ATR data and T = 0, 1 data transmission at IC card communication with
serial 1. Table 12-3-31 shows the conditions for transmission .

Table 12-3-31 Transmission Setup

Setup item

selected to

TXD1/RXD1 pin

Connection (with 1 Channel)

Frame mode

8 bits + 2 stop bits

First transfer bit

LSB

Clock source

Timer 4 output

Pin type of TXD1

N-ch open-drain

Pull-up resistor of TXD1 pin

Added

Parity bit add / check

"0" add / check

Communication error report
signal (at ATR transmission)

2 bits data length

Serial interface 1
communication complete
interrupt

Enable

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.
SCI1CKS (x'3F9F")
bp2-0 : SC1PSC2-0 =110
bp3=1

(3) Control the pin type.
SC10DC (x'3F9E')
bp0 : SC10DCO0 =1
P3PLU (x'3F43")
bp0 : P3PLUO =1

(4) Control the pin direction.
P3DIR (x'3F33")
bpO : P3DIR0O =1

(5) Setthe SC1MDO register.
Select the start condition.
SC1MDO (x'3F9A")
bp3:SCI1STE=1

1)

@)

®)

(4)

®)

Set the PSCEN flag of the PSCMD register to
"1" to select prescaler operation.

Set the SC1PSC2-0 flag of the SC1CKS
register to "110" to select timer 4 output at
clock source. Set bp3 of the SC1CKS register
to "1", always.

Set the SC10DCO flag of the SC10ODC register
to "1" to select N-ch open drain for TXDL1 pin type.
Set the P3PLUO flag of the P3PLU register to
"1" to add pull-up resistor.

Set the P3DIRO flag of the port 3 pin direction
control register (P3DIR) to "1" to set P30 to
output mode.

Set the SC1STE flag of the SC1MDO register
to "1" to enable start condition.
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Setup Procedure

Description

(6)

@)

Select the first bit to be transferred.

SC1MDO (X'3F9A)
bp4 : SCIDIR = 1

Select the transfer edge.
SC1MDO (x'3F9A")
bp7-6 : SC1CE1-0 = 00

Set the SCOMD2 register.
Control the output data.
SC1MD2 (x'3F9C")
bp0 : SC1IBRKE =0

Select the added parity bit.
SC1MD2 (x'3F9C")
bp3 : SCINPE =0
bp5-4 : SC1PM1-0 =00

Specify the frame mode.
SC1MD2 (x'3F9C")
bp7-6 : SC1IFM1-0 =11

Set the SC1MDL1 register.

Select the communication style.

SC1MD1 (x'3F9B")
bp0:SCICMD =1
bpl:SCliCC=1

Select the clock frequency.
SC1MD1 (x'3F9B")
bp3 : SCICKM =1

Control the pin function.
SC1MD1 (x'3F9B")
bp4 : SC1SBOS =1
bp5:SC1SBIS=1
bp7 : SC1IOM =1

(6)

@)

Set the SC1DIR flag of the SC1MDO register
to "1" to set LSB as a first transfer bit.

Set the SC1CE1-0 flag of the SC1MDO
register to "00" to set the transmission data
output edge to "falling”, and the received data
input edge "rising".

At ATR data transfer, the communication error
report signal with 2 bits data length can be
received.

At T=0, 1 data communication, set the
SC1CE1-0 flag to "00", always.

Set the SC1BRKE flag of the SC1MD2 register
to "0" to select serial data transfer.

Set the SC1PM1-0 flag of the SC1MD2
register to "00" to select 0 parity, and set the
SCI1NPE flag to "00" to enable the added
parity bit.

Set the SC1FM1-0 flag of the SC1MD2
register to "11" to set the frame mode to 8 bits
+ 2 stop bits.

Set the SC1CMD flag of the SC1MD1 register
to "1", and the SC1ICC flag to "1" to select IC
card mode of half-duplex UART.

Set the SC1CKM flag of the SC1MDL1 register
to "1" to select source clock divided by 8.

Set the SC1SBOS flag of the SC1MD1
register to "1" to set TXD1 pin "serial data
output”. Set the SC1SBIS flag to "1" to select
"serial data input". The RXD1 pin can be used
as a general port by setting the SC1IOM flag
to "1".
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Setup Procedure Description
(8) Set the interrupt level. (8) Set the interrupt level by the SC1LV1-0 flag of
SC1ICR (X'03FF7") the serial 1 interrupt control register (SC1ICR).

bp7-6 : SC1LV1-0 =10

(9) Enable the interrupt. (9) Setthe SCL1IE flag of the SC1ICR register to "1"
SC1ICR (X'3FF7") to enable the interrupt request. If interrupt
bpl:SClIE=1 request flag has already been set, clear them.

[ Chapter 3 3-1-4. Interrupt Flag Setup ]

(10) Set the baud rate timer. (10) Set the baud rate timer by the TM4MD register,
TMA4O0C register to set the TM4EN flag to "1" to
start timer 4.

[ Chapter 6 6-8. Serial Interface Transfer Clock

Output ]
(11) Start serial interface transfer. (11) The transfer is started by setting the
The transmission data transmission data to the serial transmit data
- TXBUF1 (x'3F99") buffer (TXBUF1).

The serial 1 interrupt (SC1IRQ) is generated
after the transfer has finished.

At ATR data transfer, if the SC1FEF flag of the
SCI1STR register is "0", that means the
communication has finished without error, and if
the SC1FEF flag is "1", that means a com
munication error is generated, and the transfer
should be operated again.

Note : In (5) to (7), each settings can be set at once.

© At IC card communication, the TXD1 pin set to TXD1/RXD1 pins inputs/outputs serial data.
The RXD1 pin can be used as a general port.

force, set SC1SBOS and SC1SBIS of the SC1MD1 register to "0".

EO’ It is possible to shut down the communication. If the communication should be stopped by

‘ Each flag should be set as its procedure in order. Activation for communication should be
H operated after all control registers (except Table 12-2-1 : TXBUF1, RXBUF1) are set.

‘ Only timer 4 can be used as a baud rate timer.
: For the baud rate setup, refer to Chapter 6. 6-8 Serial Transfer Clock Output.
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ESetup Example for T=0, 1 Data Reception

Setup example for T-0,1 data transfer of IC card communication with serial 1 is shown below.
Table 12-3-32 shows the conditions at reception.

Table 12-3-32

Reception Setup

Setup item

selected to

TXD1/RXD1 pin

Connection (with 1 Channel)

Frame mode

8 bits + 2 stop bits

First transfer bit

LSB

Clock source

Timer 4 output

Pin type of TXD1

N-ch open-drain

Pull-up resistor of TXD1 pin

Added

Parity bit add / check

"0" add / check

Serial interface 1

interrupt

communication complete

Enable

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.
SC1CKS (x'3F9F")
bp2-0 : SC1PSC2-0 = 110
bp3=1

(3) Control the pin type.
SC10DC (x'3F9E')
bp0: SC10DCO=1
P3PLU (x'3F43")
bp0 : P3PLUO =1

(4) Control the pin direction.
P3DIR (x'3F33")
bpO : P3DIR0O =0

(5) Setthe SC1MDO register.
Select the start condition.
SC1MDO (x'3F9A")
bp3:SCISTE=1

1)

@)

®)

(4)

®)

Set the PSCEN flag of the PSCMD register to
"1" to select prescaler operation.

Set the SC1PSC2-0 flag of the SC1CKS
register to select timer 4 for clock source.
Set bp3 of the SC1CKS register to "1", always.

Set the SC10DCO flag of the SC10DC
register to "1" to select N-ch open drain for the
TXD pin. Set the P3PLUO flag of the P3PLU
register to "1" to add pull-up resistor.

Set the P3DIRO flag of the port 3 pin direction
control register (P3DIR) to "0" to set P30 to
input mode.

Set the SC1STE flag of the SC1MDO register
to"1" to enable start condition.
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Description

(6)

@)

Select the first bit to be transferred.

SC1MDO (X'3F9A)
bp4 : SCIDIR = 1

Select the transfer edge.
SC1MDO (x'3F9A")
bp7-6 : SC1CE1-0 = 00

Set the SC1MD?2 register.
Control the output data.
SC1MD2 (x'3F9C")
bp0 : SCIBRKE =0

Select the added parity bit.
SC1MD2 (x'3F9C')
bp3 : SCINPE =0
bp5-4 : SC1PM1-0 = 00

Specify the frame mode.
SC1MD2 (x'3F9C")
bp7-6 : SC1IFM1-0 = 11

Set the SC1MD1 register.

Select the communication style.

SC1MDL1 (x'3F9B')
bp0 : SCICMD =1
bpl:SCliCC=1

Select the clock frequency.
SC1MD1 (x'3F9B")
bp3: SCICKM =1

Control the pin function.
SC1MD1 (x'3F9B")
bp4 : SC1SBOS =0
bp5 : SC1SBIS=1
bp7 : SC1IOM =1

(6)

()

Set the SC1DIR flag of the SC1MDO register
to "1" to set LSB as the first transfer bit.

Set the SC1CE1-0 flag of the SC1MDO
register to "00" to set the transmission data
output edge to "falling", the received data input
edge to "rising".

Set the SC1BRKE flag of the SC1MD2 register
to "0" to select serial data transfer.

Set the SC1PM1-0 flag of the SC1IMD2
register to "00" to select O parity, and set the
SCINPE flag to "0" to enable the added parity
bit.

Set the SC1FM1-0 flag of the SC1IMD2
register to "11" to select 8 bits + 2 stop bits for
frame mode.

Set the SC1CMD flag of the SC1MD1 register
to "1", the SC1ICC flag to "1" to select IC card
mode of half-duplex UART.

Set the SC1CKM flag of the SC1MD1 register
to select source clock divided by 8.

Set the SC1SBOS flag of the SC1MD1
register to "0" to set the TXDL1 pin to "port".
Set the SC1SBIS flag to "1" to select "serial
data input". Set the SC1I0OM flag to "1" to
select "data input from the TXD1 pin". Then,
the RXD1 pin can be used as a general port.
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Description

(8) Set the interrupt level.
SC1ICR (x'03FF7")
bp7-6 : SC1LV1-0 = 10

(9) Enable the interrupt.

SC1ICR (X'3FF7)
bpl:SCI1IE =1

(10) Set the baud rate timer.

(11) Start serial reception.
The reception data - RXBUF1 (x'3F98")

(8) Set the interrupt level by the SC1LV1-0 flag of
the serial 1 interrupt control register (SC1ICR).

(9) Setthe SC1IE flag of the SC1ICR register to "1"
to enable the interrupt request. If interrupt
request flag is already set, clear them.

[€Z>" Chapter 3 3-1-4. Interrupt Flag Setup ]

(10) Set the baud rate timer by the TM4MD register,
TM40C register to set the TM4EN flag to "1" to
start timer 4.

[€" Chapter 6 6-8. Serial Transfer Clock Output ]

(11) After TXD1 pin inputs serial data to recognize
start condition, the received data is stored to the
received data buffer RXBUF1.

When reception finishes, the serial 1 interrupt
(SC1IRQ) is generated.

Note : In (5) to (7), each settings can be set at once.

© At IC card communication, the TXD1 pin connected with TXD1/RXD1 pins inputs/outputs
serial data. The RXD1 pin can be used as a general port.

© It is possible to shut down the communication. If the communication should be stopped by
force, set SC1SBOS and SC1SBIS of the SC1MD1 register to "0".

‘ Each flag should be set as its procedure in order. Activation for communication should be
2 operated after all control registers (except Table 12-2-1 : TXBUF1, RXBUF1) are set.

‘ Only timer 4 can be used as a baud rate timer.
. For the baud rate setup, refer to Chapter 6. 6-8 Serial Transfer Clock Output.

XIl - 60 Operation




Chapter 13  Serial Interface 2



Chapter 13 Serial Interface 2

13-1 Overview

This LSI contains a serial interface 2 can be used for clock synchronous serial communication.

13-1-1 Functions

Table 13-1-1 shows the serial interface 2 functions.

Table 13-1-1 Serial Interface 2 Functions

Communication style Clock synchronous
Interrupt SC2IRQ
Used pins SBO2,SBI2,SBT2
3 channels type v
2 channels type V(SBO2,SBT2)
Start condition v
Transfer bit count 1 to 8 bit
First transfer bit v
Input edge / Output edge v
Continuous operation (with ATC1) v
fosc/2
fosc/4
fosc/16
fosc/32
Clock source ts/2
fs/4
timer 3 output
external clock
Maximum transfer rate 2.5 MHz
fosc : machine clock (for high speed ocillation)
fs : system clock [ €~ Chapter 2 2-5. Clock Switching ]
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13-1-2 Block Diagram

B Serial Interface 2 Block Diagram
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Figure 13-1-1 Serial Interface 2 Block Diagram
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13-2 Control Registers

13-2-1 Registers List

Table 13-2-1 shows the registers to control serial interface 2.

Table 13-2-1  Serial Interface 2 Control Registers List

Register Address | R/W Function Page
SC2MDO X03FAQ' | R/W |Serial interface 2 mode register 0 Xl - 6
SC2MD1 X03FAl1l" | R/W |Serial interface 2 mode register 1 Xl-7
SC2TRB X03FA2' | R/W |Serial interface 2 transmit/receive shift register XIIF-5
SC20DC X03FA6' | R/W |Serial interface 2 port control register Xl -8
ﬁgir?;ce 2 SC2CKS X03FA7' | R/W |Serial interface 2 transfer clock selection register XIIr-8
PSCMD X03F6F' | R/W |Prescaler control register V-6
PODIR X03F30' | R/W |Port 0 direction control register V-8
POPLU X03F40' | R/W |Port O pull-up control register V-8
SC2ICR X03FF8' | R/W |Serial interface 2 interrupt control register Il - 36

R /W : Readable / Writable
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13-2-2 Data Register

Serial interface 2 has a 8-bit serial data register.

B Serial Interface 2 Transmission / Reception Shift Register (SC2TRB)

7 6 5 4 3 2 1 0

SC2TRB SC2TRB7|SC2TRB6| SC2TRB5|SC2TRB4|SC2TRB3|SC2TRB2|SC2TRBLSC2TRBO| ( at reset: XXXXXXXX)

Figure 13-2-1 Serial Interface 2 Transmission / Reception Shift Register
(SC2TRB : x'03FA2', R/W)
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13-2-3 Mode Registers

B Serial Interface 2 Mode Register 0 (SC2MDO)
SC2BSY flag is only for reading

7 6 5 4 3 2 1 0

SC2MDO | SCaBSY | SC2CEL - SC2DIR | SC2STE | SC2LNG2 | SC2LNGL | SC2LNGO (Atreset:00-00111)

Synchronous serial
SC2LNG2 | SC2LNGL | SC2LNGO transfer bit count

0 1 bit

0 1 2 bits
0 .

1 0 3 bits

1 4 hits

0 5 bits
0 -

1 1 6 bits

1 0 7 bits

1 8 bits

SC2STE Synchronqgs serial data transfer
start condition

Disable start condition
Enable start condition

SC2DIR First bit to be transferred
MSB first
1 LSB first
SC2CE1 Transmission data Receptlon data
output edge input edge
Falling Rising
! Rising Falling

SC2BSY Serial bus status

0 Other use
1 Serial transmission in progress

Figure 13-2-2 Serial Interface 2 Mode Register 0
(SC2MDO : x'03FA0', R/W)
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B Serial Interface 2 Mode Register 1 (SC2MD1)

7 6 5 4 3 2 1 0
SC2MD1 | SC20M | SC2SBTS | SC2SBIS | SC25BOS| - | SCoMST | - - (Atreset: 0000-0--)
SC2MST Clock master / slave selection
Slave
1 Master
SC2SBOS Selection of the SBO2
pin function
Port
1 Serial data output

SC2SBIS Serial input control

0 "1" input
1 Serial data input

Selection of the SBT2

SC2SBTS pin function
Port
1 Transfer clock input / output
SC2I0M Serial data input selection
Data input from SBI2
1 Data input from SBO2

Figure 13-2-3 Serial Interface 2 Mode Register 1
(SC2MDL1 : x'03FAL', R/W)
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B Serial Interface 2 Port Control Register (SC20DC)

7 6 5 4 3 2 1 0

SC20bC - - - - - - | scaonct| scaonco (atreset:------ 00)

SC20DCO0 P03 N-ch open-drain control

Push-pull

1 N-ch open-drain

SC20DC1 P05 N-ch open-drain control

Push-pull

1 N-ch open-drain

Figure 13-2-4 Serial Interface 2 Port Control Register
(SC20DC : x'03FA6', R/IW)

WSerial Interface 2 Transfer Clock Selection Register (SC2CKS)

7 6 5 4 3 2 1 0
SC2CKS — — — —  |RESERVED| SC2PSC2 | SC2PSC1|SC2PSCO (atreset: ----XxXxx)
SC2PSC2 | SC2PSC1| SC2PSCO Selection clock
0 fosc/2
0 0 1 foscl/4
1 0 fosc/16
1 fosc/32
0 fs/2
1 0 1 fs/4
1 Timer 3 output
{ RESERVED ‘ Set always to "0".

Figure 13-2-5 Serial Interface 2 Transfer Clock Selection Register
(SC2CKS : x'03FAT7', R/W)

When timer output is selected as serial interface transfer clock, select fosc as a clock source
‘ of the timer. If other clock is selected, normal transfer of serial interface data is not guaran-
teed.
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13-3 Operation

Serial interface 2 is clock synchronous serial interface.

13-3-1 Clock Synchronous Serial Interface

EActivation Factor for Communication

Table 13-3-1 shows the activation source for communication. At master, a transfer clock is generated by
setting data to the transmit / receive shift register SC2TRB, or by start condition. Signals input from
SBT2 pin inside of serial interface are masked to prevent errors by noise, except during communication.
This mask is automatically released by setting data to SC2TRB (writing to the SC2TRB register), or
inputting start condition to the data input pin. Therefore, at slave communication, input external clock
after setting data to SC2TRB, or inputting start condition.

Table 13-3-1 Synchronous Serial Interface Activation Factor

Activation factor

Transmission Reception
Master Set the transmission Set dummy data
communication data Input start condition
Input clock after dummy
Slave Input clock data is set
after the transmission

communication 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 the SC2LNG 2 to 0 flag of the SC2MDO0O
register (at reset : 111). The SC2LNG 2 to 0 flag holds the former value, until it is set again.

The SBT2 pin is masked inside of serial interface, to prevent errors by noise, except during
communication. At slave, input clock to the SBT2 pin after setting data to SC2TRB or input-

ting start condition.
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EStart Condition Setup

Start condition can be selected, enable or disable. Set the SC2STE flag of the SC2MDO register. When
the start condition is enabled, the bit counter is cleared as start condition is input during communication,
then, the communication is automatically restarted. When the data line (SBI2 pin (with 3 channels) or
SBO2 pin (with 2 channels)) changes from "H" to "L" as clock line(SBT2 pin) is "H", start condition is
enabled.

mFirst Transfer Bit Setup
The SC2DIR flag of the SC2MDO register can set the first bit to be transferred. LSB or MSB can be
selected.

ETransmit, Receive Data Buffer

The common data register, the transmit /receive shift register SC2TRB is used at reception and trans-
mission. The transmission data should be set to SC2TRB. Data by 1 bit is transferred in shifts by transfer
clock. And the received data by 1 bit is stored to SC2TRB in shifts.

ETransfer Bit Count and First Transfer Bit

When the transfer bit count is 1 to 7 bits, data storage way to the transmit/receive shift register SC2TRB
depends on the first transfer bit. When MSB is the first bit to be transferred, use the upper bits of
SC2TRB for storage. In figure 13-3-1-1, if data "A" to "F" are stored to bp2 to bp7 of SC2TRB 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 SC2TRB for storage. In figure 13-3-1-2, if data "A" to "F" are stored to bpO0 to bp5 of
SC2TRB, as the transfer bit count is 6 bits, data is transferred from "A" to "F".

SC2TRB F E D C B A

Figure 13-3-1-1 Transfer Bit Count and First Transfer Bit (MSB First)

SC2TRB F E D C B A

Figure 13-3-1-2 Transfer Bit Count and First Transfer Bit (LSB First)
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EReceive Bit Count and First Transfer Bit

When the transfer bit count is 1 to 7 bits, data storage way to the transmit/receive shift register SC2TRB
depends on the first transfer bit. When MSB is the first bit to be transferred, the lower bits of SC2TRB are
used for storage. In figure 13-3-1-3, as the transfer bit count is 6 bits, data "A" to "F" are stored to bpO0 to
bp5 of SC2TRB, and they are transferred from "F" to "A". When LSB is the first bit to be transferred, use
the upper bits of SC2TRB for storage. In figure 13-3-1-4, data "A" to "F" are stored to bp2 to bp7 of
SC2TRB, as the transfer bit count is 6 bits, and they are transferred from "A" to "F".

SC2TRB F E D C B A

Figure 13-3-1-3 Receive Bit Count and First Transfer Bit (MSB First)

SC2TRB F E D C B A

Figure 13-3-1-4 Receive Bit Count and First Transfer Bit (LSB First)

EContinuous Communication

Serial interface 2 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 SC2IRQ to the generation of the next transfer
clock, is up to 18 machine cycles + 2 transfer clocks. For activation by ATCL1, refer to chapter 15 Auto-
matic Transfer Controller, Transfer mode 6 to 7.

If start condition is input for activation again, during communication, the transmission data
becomes invalid. If the transmission should be operated again, set the transmission data to

SC2TRB, again.
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EClock Setup

Clock source is selected from the dedicated prescaler by the SC2CKS register and timer 3 output. The
dedicated prescaler is started by selecting "prescaler operation" by the PSCMD (x'03F6F") register. The
SC2MST flag of the SC2MD1 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 SC2CKS register, because the internal clock generates the interrupt flag
SC2IRQ. Table 13-3-2 shows the internal clock source which can be set by the SC2CKS register.

Table 13-3-2 Synchronous Serial Interface<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>