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TOSHIBA TMP89CM46

Considerations for Using Both Mask ROM and Flash Products

+  Flash Memory Control Registers

Mask ROM products do not contain the flash memory control registers shown in the table below. Therefore,
a program that accesses these registers operates differently between mask ROM and flash products. If you
use a flash product to check the operation of a program written for a mask ROM product, be sure not to write
instructions that access these registers in the program.

Mask ROM Product Flash Product
Register Name Address
89CM46, 89CH46 89FM46, 89FH46
FLSCR1 0xOFDO
FLSCR2/ FLSCRM 0x0FD1
Not available Available
FLSSTB 0xOFD2
SPCR 0xOFD3




TMP89CM46

Precaution for Using the Emulation Chip (Development Tool)

Precaution for debugging the voltage detection circuit

In debug using the RTE870/C1 In-Circuit Emulator (ICE mode) with the TMP89C900 mounted on it, no
interrupt is generated when the supply voltage rises to the detection voltage. Since the #!Undefined!# may
operate differently, take account of this difference when debugging programs:

For detail, refer to the chapter of Voltage Detection Circuit.
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To SH I BA TMP89CM46
CMOS 8-Bit Microcontroller

TMP89CMA46

The TMP89CM46 is a single-chip 8-bit high-speed and high-functionality microcomputer incorporating 32768 bytes

of Mask ROM.
ROM ) )
Product No. RAM Package Flash MCU Emulation Chip
(Mask ROM)
TMP89CM46DUG 32768 bytes 2048 bytes LQFP48-P-0707-0.50D TMP89FM46DUG * TMP89C900XBG

Note : * ; Under development

1.1 Features

1. 8-bit single chip microcomputer TLCS-870/C1 series
- Instruction execution time :

100 ns (at 10 MHz)

122 ps (at 32.768 kHz)
- 133 types & 732 basic instructions
25 interrupt sources (External : 6 Internal : 19, Except reset)
Input / Output ports (42 pins)

Note : Two of above pins can not be used for the I/O port, because they should-be connected with the high frequency OSC input.

- Large current output: 8 pins (Typ. 20mA)
4. Watchdog timer
- Interrupt or reset can be selected by the program:
Power-on reset circuit
Voltage detection circuit
Divider output function
Time base timer
16-bit timer counter (TCA) : 2 ch
- Timer, External trigger, Event Counter, Window, Pulse width measurement, PPG OUTPUT modes
10. 8-bit timer counter (TCO) : 4 ch
+ | Timer, Event Counter, PWM, PPG OUTPUT modes

- - Usable as a 16-bit timer,.12-bit PWM output and 16-bit PPG output by the cascade connection of two
channels.

e

11. Real time clock
12. UART : 1ch
13. UART/SIO : 1ch Note : One SIO channel can be used at the same time.
14. I*)C/SIO : 1ch
15. Key-on wake-up : 8 ch
16. 10-bit successive approximation type AD converter

- Analog input : 8ch
17. Clock operation mode control circuit : 2 circuit

Single clock mode / Dual clock mode

18. Low power consumption operation (8 mode)

Page 1
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1.1

Features

TMP89CM46

STOP mode:

Oscillation stops. (Battery/Capacitor back-up.)
SLOWI1 mode:

Low power consumption operation using low-frequency clock.(High-frequency clock stop.)
SLOW?2 mode:

Low power consumption operation using low-frequency clock.(High-frequency clock oscillate.)
IDLEO mode:

CPU stops, and only the Time-Based-Timer(TBT) on peripherals operate using high frequency clock.
Released when the reference time set to TBT has elapsed.
IDLE1 mode:

The CPU stops, and peripherals operate using high frequency clock. Release by interruputs(CPU
restarts).
IDLE2 mode:

CPU stops and peripherals operate using high and low frequency clock. Release by interruputs. (CPU
restarts).
SLEEPO mode:

CPU stops, and only the Time-Based-Timer(TBT) on peripheralsoperate using low frequency clock.
Released when the reference time set to TBT has elapsed.
SLEEP1 mode:

CPU stops, and peripherals operate using low frequency clock./Release by interruput.(CPU restarts).

19. Wide operation voltage:

4.3V to5.5V at 10MHz /32.768 kHz
2.7Vto 5.5V at4.2 MHz /32.768 kHz
2.2V 1to 5.5V at 2MHz /32.768 kHz

RAOQ000
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TOSHIBA

TMP89CM46

1.2 Pin Assignment

(PWM02/PPG02/TC02) P80 —TT]
(PWMO3/PPG03/TC03) P81 —TT]
P82 ]

P83

(PWMOO0/PPG00/TC00) P70 T
(PWMO1/PPGO1/TCO1) P71 T
(PPGAO/TCAO) P72 T
(PPGAT/TCA1) P73 T
(SO0/RXDO/TXDO) PB4 CTT]
(SI0/TXDO/RXDO) PB5 TT]
(SCLKO) PB6 TT]
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HT1 P41/ (AINT/KWIT)
HT—1 P40 (AINO/KWI0)
FT— VAREF
TT1AVDD
TAVSS

TTP27

(TT1P26

FTTP25 (SCLKO)
[TT1P24 (SCLO/SI0)

[MT—1P22 (SCLKO)

(
(
[T—1P23 (SDA0/SO0)
(
(

[T 1P21 (RXDO/TXDO/SIO)

Figure 1-1 Pin Assignment
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1.3 Block Diagram

TMP89CM46

1.3 Block Diagram

High—frequency clock
oscillator

Low—frequency clock
oscillator

Timing Generator

Standby Controller

Interrupt Controller

Pawer On Reset

Time Base Timer

10-bit AD Converter(8ch)

12G/SI0 (1eh}

Key On Wakeup (8ch)

Real Time Clock

UART/SIO (i ¢h)

8bit Timer / Counteridch)

Yoltage Detecting Circuit

Watch Dog Timer

PO

P1

P2

P4

P17

P8

PS5

FB

166t Timer /
Counter(Zch)

UART (1ch)

CPU (T LoS-870/01)
Register BAMNK
Bk Bk
WA W & iy &
BG B [ B G
DE i E i} E
HL H L H L
B X %
e I I
& 16bit — 3
bit
RAM{2048bytes)
MaskROM(32 T68bytes)

Figure 1-2 Block Diagram
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TOSHIBA TMP89CM46

1.4 Pin Names and Functions

Table 1-1 Pin Names and Functions (1/3)

Pin Name Input/Output Functions
P03 10 PORTO03
XTOUT o Low frequency OSC output
P02 10 PORTO02
XTIN | Low frequency OSC input
P01 10 PORTO1
XOouT O High frequency OSC output
P00 10 PORT00
XIN | High frequency OSC input
P13 10 PORT13
INT1 | External interrupt 1-input
P12 10 PORT12
INTO | External interrupt O input
P11 10 PORT11
INT5 | External interrupt 5 input
STOP | STOP mode release input
P10 10 PORT10
RESET | Reset signal input
P27 10 PORT27
P26 10 PORT26
P25 10 PORT25
SCLKO 10 Serial clock input/output 0
P24 10 PORT24
SCLO 10 12C bus cloek input/output 0
SI0 | Serial data input 0
P23 10 PORT23
SDAO 10 12C bus data input/output 0
SO0 o Serial data output 0
P22 10 PORT22
SCLKO 10 Serial clock input/output 0
P21 10 PORT21
RXDO | UART data input 0
TXDO O UART data output 0
SI0 | Serial data input 0
P20 10 PORT20
TXDO O UART data output 0
RXDO | UART data input 0
SO0 o Serial data output 0

Page 5
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1.4 Pin Names and Functions

TMP89CM46

Table 1-2 Pin Names and Functions (2/3)

Pin Name Input/Output Functions
P47 10 PORT47
AIN7 | Analog input 7
KWI7 | Key-on wake-up input 7
P46 10 PORT46
AING6 | Analog input 6
KWI6 | Key-on wake-up input 6
P45 10 PORT45
AIN5 | Analog input 5
KWI5 | Key-on wake-up input 5
P44 10 PORT44
AIN4 | Analog input 4
KWI14 | Key-on wake-up input 4
P43 10 PORT43
AIN3 | Analog input 3
KWI3 | Key-on-wake-up input 3
P42 10 PORT42
AIN2 | Analog input 2
KWI2 | Key-on wake-up input 2
P41 10 PORT41
AIN1 | Analog input 1
KWI1 | Key-on wake-up input 1
P40 10 PORT40
AINO | Analog input 0
KWIO | Key-on wake-up input 0
P77 10 PORT77
INT4 I External interrupt.4 input
P76 10 PORT76
INT3 | External interrupt 3 input
P75 10 PORT75
INT2 | External interrupt 2 input
P74 10 PORT74
DVO (6] Divider output
P73 10 PORT73
TCA1 | TCA1 input
PPGA1 (0] PPGA1 output
P72 10 PORT72
TCAO | TCAO input
PPGAO O PPGAO output
P71 10 PORT71
TCO1 | TCO1 input
PPGO1 O PPGO01 output
PWMO1 (6] PWMO01 output

RAOQ000
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TOSHIBA TMP89CM46

Table 1-2 Pin Names and Functions (3/3)

Pin Name Input/Output Functions
P70 10 PORT70
TC00 | TCO0O0 input
PPGO00 (0] PPGO00 output
PWMO00 O PWMOO output
P83 10 PORT83
P82 10 PORT82
P81 10 PORT81
TCO3 | TCO3 input
PPGO3 O PPGO03 output
PWMO03 o PWMO3 output
P80 10 PORT80
TC02 | TCO02 input
PPG02 (6] PPGO02 output
PWMO02 (e} PWMO2 output
P91 10 PORT91
RXD1 | UART data input 1
TXD1 O UART data output 1
P90 10 PORT90
TXD1 O UART data output 1
RXD1 | UART data input 1
PB7 10 PORTB7
PB6 10 PORTB6
SCLKO 10 Serial clock input/output 0
PB5 10 PORTB5
RXDO | UART data-input 0
TXDO (¢} UART data output 0
SI0 | Serial-data input 0
PB4 10 PORTB4
TXDO O UART data output 0
RXDO l UART data input 0
SO0 (0] Serial data output 0
MODE | Test pin for out-going test (fix to Low level).
VAREF | Analog reference voltage input pin for A/D conversion.
AVDD | Analog power supply pin.
AVSS 1 Analog GND pin
VDD, 1 VDD pin
VSS | GND pin

Page 7
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TOSHIBA TMP89CM46

2. CPU Core

2.1 Configuration
The CPU core consists of a CPU, a system clock controller and a reset circuit.

This chapter describes the CPU core address space, the system clock controller and the reset circuit.

2.2 Memory space

The 870/C1 CPU memory space consists of a code area to be accessed as instruction operation codes and operands
and a data area to be accessed as sources and destinations of transfer and calculation instructions.

Both the code and data areas have independent 64-Kbyte address spaces.

221 Code area

The code area stores operation codes, operands, vector tables for vector call instructions-and interrupt vector
tables.

The RAM and the MaskROM are mapped in the code area.

0x0000
SWI instruction
(OxFF) is fetched.
0x003F
0x0040
X RAM
204
0x083F (2048 bytes)
SWI instruction SWI instruction
(OxFF) is fetched. (OxFF).is fetched.
0x7FFF
%8000 Mask ROM Mask ROM
(32768 bytes) (32768 bytes)
OXFFAD, [\vector table for vec- Vector table for vec-
tor call instructions tor call instructions
OXFEBE (32 bytes) (32 bytes)
O0xFFCC
X Interrupt vector table Interrupt vector table
2 2
OXFEFF (52 bytes) (52 bytes)
Immediately after re- When the RAM is
set release mapped in the code

area

Figure 2-1 Memory Map in the Code Area
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2. CPU Core
2.2 Memory space

TMP89CM46

2211

RAM

The RAM is mapped in the data area immediately after reset release.

By setting SYSCR3<RAREA> to "1" and writing 0xD4 to SYSCR4, RAM can be mapped to 0x0040to

0x083F in the code area to execute the program.

At this time, by setting SYSCR<RVCTR> to "1" and writing 0xD4 to SYSCR4, vector table for vector call

instructions and interrupt except reset can be mapped to RAM.

Note 1:
Note2:

When the RAM is not mapped in the code area, the SWI instruction is fetched from 0x0040 to 0x083F.

The contents of the RAM become unstable when the power is turned on-and immediately after a reset

is released. To execute the program by using the RAM, transfer the’‘program to be executed in the

initialization routine.

System control register 3

SYSCR3 7 6 5 4 3 2 1 0
(OxOFDE) Bit Symbol - - - - - RVCTR RAREA (RSTDIS)
Read/Write R R R R R R/W RIW R/W
After reset 0 0 0 0 0 (¢] 0
RAREA Specifies mapping of the RAM in 0 |-The RAM is not mapped from 0x0040 to 0x083F in the code area.
the code area 1:| The RAM is mapped from 0x0040 to 0x083F in the code area.
- - \(ector table for vector call-instruc- Vector table for interrupt
Specifies mapping of the vector ta- tions
RVCTR ble for vector call instructions and K K
interrupts 0+/] OXFFAOQ to OxFFBF.in the code area | OXFFCC to OxFFFF in the code area
1:| 0x01AO0 to 0x01BF in'the ‘code area | 0x01CC to 0x01FD in the code area
Note 1: The value of SYSCR3<RAREA> is invalid until 0xD4 is written into SYSCRA4.
Note 2: To assign vector address areas.to RAM, set SYSCR3<RVCTR> to "1" and SYSCR3<RAREA> to "1".
Note 3: Bits 7 to 3 of SYSCR3 are read as "0".

System control register 4

SYSCR4 7 6 5 4 3 2 1 0
(OxOFDF) Bit Symbol SYSCR4
Read/Write w
After reset 0 0 0 0 0 0 0 0
0xB2 : | Enables the contents of SYSCR3<RSTDIS>.
2VsoRa Writes the SYSCR3 data control 0xD4 : | Enables the contents of SYSCR3<RAREA> and SYSCR3 <RVCTR>.
code. 0x71 : | Enables the contents of IRSTSR<FCLR>

Others : Invalid

Note 1: SYSCR4 is a write-only register, and must not be accessed by using a read-modify-write instruction, such as a bit oper-

Note 2:

Note 3:

ation.

After SYSCR3<RSTDIS> is modified, SYSCR4 should be written 0xB2 (Enable code for SYSCR3<RSTDIS>) in NORMAL
mode when fcgck is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, SYSCR3<RSTDIS> may be enabled at unexpected tim-

ing.

After IRSTSR<FCLR> is modified, SYSCR4 should be written 0x71 (Enable code for IRSTSR<FCLR> in NORMAL mode

when fcgek is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, IRSTSR<FCLR> may be enabled at unexpected timing.

RB000O
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TMP89CM46

System control status register 4

SYSSR4 7 6 5 4 3 2 1 0
(OxOFDF) Bit Symbol - - - - - RVCTRS RAREAS (RSTDIS)
Read/Write R R R R R R R R
After reset 0 0 0 0
RAREAS Status of mapping of the RAM inthe | 0: | The enabled SYSCR3<RAREA> data is "0".
code area 1: | The enabled SYSCR3<RAREA>data is "1".
i - | 0: | The enabled SYSCR3<RVCTR> data is "0".
RVCTRS Status of mapping of the vector ad .

dress in the area

The enabled SYSCR3<RVCTR> data is "1".

Note:Bits 7 to 3 of SYSSR4 are read as "0".

Example: Program transfer (Transfer the program saved in the-data area-to the RAM.)

LD HL, TRANSFER_START_ADDRESS ;Destination RAM address

LD DE, PROGRAM_START_ADDRESS ;Source-ROM address

LD BC, BYTE_OF_PROGRAM ;Number of bytes of the program to be executed -1
TRANS_RAM: LD A, (DE) ;Reading the program to be transferred

LD (HL), A ;Writing the program to be transferred

INC HL ;Destination address-increment

INC DE ;Source address increment

DEC BC ;Have all the programs been transferred?

F, TRANS_RAM

2212 MaskROM

The MaskROM jis mapped to 0x8000 to OXFFFF in the code area after reset release.

RB000O
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2. CPU Core

2.2 Memory space TMP89CM46

2.2.2 Data area

The data area stores the data to be accessed as sources and destinations of transfer and calculation instructions.

The SFR, the RAM and MaskROM are mapped in the data area.

0x0000 SFR1
0x003F (64 bytes)
0x0040 RAM
0x083F (2048 bytes)

OxFF is read
0x0E40 SFR3
OXOEFF (192 bytes)
0x0F00 SFR2
OXOFEE (256 bytes)
0x1000

OxFF.is read
Ox7FFF
0x8009 Mask ROM

(32768 bytes)

OXFFFF

Figure 2-2 Memory Map in the Data Area

2221 SFR

The SFRis mapped to 0x0000to 0x003F (SFR1), 0x0F00 to 0xOFFF (SFR2) and 0x0E40 to 0xOEFF (SFR3)
in the data area after reset release.

Note:Don't access the reserved SFR.

2222 RAM

The RAM is mapped to 0x0040 to 0x083F in the data area after reset release.

Note: The contents of the RAM become unstable when the power is turned on and immediately after a reset
is released. To execute the program by using the RAM, transfer the program to be executed in the
initialization routine.

RB000O
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Example: RAM initialization program

LD HL, RAM_TOP_ADDRESS ;Head of address of the RAM to be initialized

LD A, 0x00 ;Initialization data

LD BC, BYTE_OF_CLEAR_BYTES ;Number of bytes of RAM to be initialized -1
CLR_RAM: LD (HL), A ;Initialization of the RAM

INC HL ;Initialization address increment

DEC BC ;Have all the RAMs been initialized?

J F, CLR_RAM

2.2.2.3 MaskROM

The MaskROM is mapped to 0x8000 to OXFFFF in the data area after reset release.

Page 13
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2. CPU Core
2.3 System clock controller TMP89CM46

2.3 System clock controller

2.3.1 Configuration

The system clock controller consists of a clock generator, a clock gear, a timing generator, a warm-up counter
and an operation mode control circuit.

CGCR | TBTCR | |SYSCR1| SYSCR2

FCGCKSEL DVOCK
Clock generator
XIN 4 4
—] 1 > fc o fcgck o
0 otk cecilation Clock gear Timing Operation mode
- circuit (x1/4, x1/2, x1) genherator control circuit
_I‘ —_—
XOUT l _________ l
XTIN L fs | N . )
’_| Low-frequency — 1/4 System clock o E
O clock oscillation Oscillation/stop control o K
’_| ] circuit '(5 E
XTOUT v =
> —> INTWUC interrupt request
Warm-up
counter
| WUCCR | | WUCDR |
Figure 2-3 System Clock Controller
2.3.2 Control

The system clock controller is controlled by system control register 1 (SYSCRI1), system control register 2
(SYSCR?2), the warm-up countercontrol register (WUCCR), the warm-up counter data register (WUCDR) and
the clock gear control register (CGCR).

System control register 1

SYSCR1 7 6 5 4 3 2 1 0
(0xOFDC) Bit Symbol STOP RELM OUTEN DVICK - - - -
Read/Write R/W RW R/W R/W R R R R
After reset 0 0 0 0 1 0 0 0

. 0 : | Operate the CPU and the peripheral circuits
STOP Activates the STOP mode . o )
Stop the CPU and the peripheral circuits (activate the STOP mode)
0 : | Edge-sensitive release mode (Release the STOP mode at the rising edge
RELM Selects the STOP mode release of the STOP mode release signal)
method 1: | Level-sensitive release mode (Release the STOP mode at the "H" level of
the STOP mode release signal)
Selects the port output state in the 0 : | High impedance
OUTEN
STOP mode 1:| Output hold
i 0: | fcgck/2®
DVOCK Seleqt§ the input clock to stage 9 of g
the divider 1:] fs/4

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]
Note 2: Bits 2, 1 and 0 of SYSCR1 are read as "0". Bit 3 is read as "1".

Page 14
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Note 3: If the STOP mode is activated with SYSCR1<OUTEN> set at "0", the port internal input is fixed to "0". Therefore, an
external interrupt may be set at the falling edge, depending on the pin state when the STOP mode is activated.

Note 4: The P11 pin is also used as the STOP pin. When the STOP mode is activated, the pin reverts to high impedance state
and is put in input mode, regardless of the state of SYSCR1<OUTEN>.

Note 5: Writing of the second byte data will be executed improperly if the operation is switched to the STOP state by an instruction,
such as LDW, which executes 2-byte data transfer at a time.

Note 6: Don't set SYSCK1<DVICK> to "1" before the oscillation of the low-frequency clock oscillation circuit becomes stable.
Note 7: In the SLOW1/2 or SLEEP1 mode, fs/4 is input to stage 9 of the divider, regardless of the state of SYSCR1< DVIOCK >.

System control register 2

SYSCR2 7 6 5 4 3 2 1 0
(0xOFDD) Bit Symbol - XEN XTEN SYSCK IDLE TGHALT - -
Read/Write R R/W R/W R/W R/W R/W R R
After reset 0 1 0 0 0 0 0 0
XEN Controls the high-frequency clock 0:| Stop oscillation
oscillation circuit 1: | Continue orstart-oscillation
XTEN Controls the low-frequency clock os- | 0 : | Stop oscillation
cillation circuit 1: | Continue or start oscillation
0 : | Gear clock (fcgck) (NORMAL1/2 or IDLE1/2 mode)
SYSCK Selects a system clock
1| Low-frequency clock (fs/4) (SLOW1/2 or SLEEP1 mode)
IDLE CPU and WDT control 0 : | Operate the CPU and the WDT
(IDLE1/2 or SLEEP1 mode) 1.: |- Stop the CPU and the WDT (Activate IDLE1/2 or SLEEP1 mode)
TG control 0 : | Enable the clock supply from the TG to all the peripheral circuits
TGHALT 1| Disable the clock supply from the TG to the peripheral circuits except the
(IDLEO or SLEEPO mode) TBT (Activate IDLEO-or SLEEPO mode)

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]
Note 2: WDT: Watchdog timer, TG: Timing generator
Note 3: Don't set both SYSCR2<IDLE>and SYSCR2<TGHALT>.to"1" simultaneously.

Note 4: Writing of the second byte data will be executed improperly.if the operation is switched to the IDLE state by an instruction,
such as LDW, which executes 2-byte data transfer at a time.

Note 5: When the IDLE1/2 or SLEEP1 mode is released, SYSCR2<IDLE> is cleared to "0" automatically.
Note 6: When the IDLEO or SLEEPQ mode is released, SYSCR2<TGHALT> is cleared to "0" automatically.
Note 7: Bits 7, 1 and.0 of SYSCR2 are read as "0".

Warm-up counter’'control register

WUCCR 7 6 5 4 3 2 1 0
(0xOFCD) Bit Symbol WUCRST - - - WUCDIV WUCSEL -
Read/Write W R R R R/W R/W R
Afterreset 0 0 0 0 1 1 0 1

- S 0 -
WUCRST Resets and stops the warm-up coun
ter 1:| Clear and stop the counter
00 : | Source clock
Selects the frequency division of the | 01 : | Source clock / 2
WUCDIV
warm-up counter source clock 10 : | Source clock / 22
11 : | Source clock / 2°
WUCSEL | Selects the warm-up counter source 0: | Select the high-frequency clock (fc)
clock 1:| Select the low-frequency clock (fs)

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz]
Note 2: WUCCR<WUCRST> is cleared to "0" automatically, and need not be cleared to "0" after being set to "1".
Note 3: Bits 7 to 4 of WUCCR are read as "0". Bit 0 is read as "1".
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Note 4: Before starting the warm-up counter operation, set the source clock and the frequency division rate at WUCCR and set

the warm-up time at WUCDR.

Warm-up counter data register

WUCDR
(0OxOFCE)

7 6 5 4 3 2 1 0
Bit Symbol WUCDR
Read/Write R/W
After reset 0 1 1 0 0 1 1 0
WUCDR Warm-up time setting

Note 1: Don't start the warm-up counter operation with WUCDR set at "0x00":

Clock gear control register

CGCR
(0XOFCF)

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - FCGCKSEL
Read/Write R R R R R R R/IW
After reset 0 0 0 0 0 0 0 0

00| fegck =fc /4
01:| fcgck =fc/2
102 fcgck = fc
11 : | Reserved

FCGCKSEL | Clock gear setting

Note 1: fcgck: Gear clock [Hz], fc: High-frequency clock [Hz]
Note 2: Don't change CGCR<FCGCKSEL> in the SLOW mode.
Note 3: Bits 7 to 2 of CGCR are read as "0".

2.3.3 Functions

2.3.3.1

Clock generator

The clock generator generates the basic clock for the system clocks to be supplied to the CPU core and
peripheral circuits.

It contains two oscillation circuits: one for the high-frequency clock and the other for the low-frequency
clock.

The oscillation circuit pins are also used as ports PO. For the setting to use them as ports, refer to the chapter
of I/O Ports.

To use ports POO and PO1 as the high-frequency clock oscillation circuits (the XIN and XOUT pins), set
POFCO to "1" and then set SYSCR2<XEN>to "1".

To use ports P02 and P03 as the low-frequency clock oscillation circuits (the XTIN and XTOUT pins), set
POFC2 to "1" and then set SYSCR2<XTEN>to "1".

The high-frequency (fc) clock and the low-frequency (fs) clock can easily be obtained by connecting an
oscillator between the XIN and XOUT pins and between the XTIN and XTOUT pins respectively.

Clock input from an external oscillator is also possible. In this case, external clocks are applied to the XIN/
XTIN pins and the XOUT/XTOUT pins are kept open.

RB000O
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Enabling/disabling the oscillation of the high-frequency clock oscillation circuit and the low-frequency
clock oscillation circuit and switching the pin function to ports are controlled by the software and hardware.

The software control is executed by SYSCR2<XEN>, SYSCR2<XTEN> and the PO port function control
register POFC.

The hardware control is executed by reset release and the operation mode control circuit when the operation
is switched to the STOP mode as described in "2.3.5 Operation mode control circuit".

Note:No hardware function is available for external direct monitoring of the basic clock. The oscillation fre-
quency can be adjusted by programming the system to output pulses at a certain frequency to a port
(for example, a clock output) with interrupts disabled and the watchdog timer disabled and monitoring
the output. An adjustment program must be created in advance for a system-that requires adjustment
of the oscillation frequency.

To prevent the dead lock of the CPU core due to the software-controlled enabling/disabling of the oscil-
lation, an internal factor reset is generated depending on the combination of values of the clock selected as
the main system clock, SYSCR2<XEN>, SYSCR2<XTEN>and the PO port function control register POFCO.

Table 2-1 Prohibited Combinations of Oscillation Enable Register Conditions

SYSCR2 SYSCR2 SYSCR2
POFCO <XEN> | <XTEN> | <SYSCK> State

Don't Care 0 0 Don’t Care | All-the oscillation circuits are stopped.
The low-frequency clock (fs) is selected as the’'main system

Don’'t Care | Don’t Care 0 1 clock, but-the low-frequency clock oscillation circuit is stop-
ped.
The high-frequency. clock (fc).is selected as the main system

Don’t Care 0 Don’t Care 0 clock, but the high-frequency. clock oscillation circuit is stop-
ped.

0 1 Don’t Care | Don't Care Tlhe h|gh-frequenc¥ clock oscillation circuit is allowed to os-

cillate, but the port is set-as a general-purpose port.

Note: |t takes a certain period of time after SYSCR2<SYSCK> is changed before the main system clock is
switched. If the currently operating oscillation circuit is-stopped before the main system clock is switch-
ed, the internal condition becomes as shown in Table 2-1-and a system clock reset occurs. For details
of clock switching, referito "2.3.6 Operation Mode Control".

R RRRELELEEEEEELED High-frequency clock-r-------=----=2--=---~ ' 15740 RRRLELELLLLELELE Low-frequency clock ----=-=-=-=-=-=-=-x-x--- :
fOXIN XOouT XIN XOUT ! XTIN XTOUT XTIN XTOUT 5

(Open). | i (Open) !
(a) Crystal or ceramic (b)-External oscillator (c) Crystal oscillator (d) External oscillator

oscillator

Figure 2-4 Examples of Oscillator Connection

2.3.3.2 Clock gear

The clock gear is a circuit that selects a gear clock (fcgek) obtained by dividing the high-frequency clock
(fc) and inputs it to the timing generator.

Selects a divided clock at CGCR<FCGCKSEL>.

Two machine cycles are needed after CGCR<FCGCKSEL> is changed before the gear clock (fcgek) is
changed.
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The gear clock (fcgck) may be longer than the set clock width, immediately after CGCR<FCGCKSEL> is
changed.

Immediately after reset release, the gear clock (fcgck) becomes the clock that is a quarter of the high-
frequency clock (fc).

Table 2-2 Gear Clock (fcgck)

CGCR<FCGCKSEL> fcgek
00 fc/4
01 fc/2
10 fc
1" Reserved

Note:Don't change CGCR<FCGCKSEL> in the SLOW mode. This may stop the gear clock (fcgck) frombeing
changed.

2.3.3.3 Timing generator
The timing generator is a circuit that generates system clocks to be supplied-to the CPU core and the

peripheral circuits, from the gear clock (fcgck) or the clock that is a quarterof the low-frequency clock (f5).
The timing generator has the following functions:

1. Generation of the main system clock (fm)

2. Generation of clocks for the timer counter, the time base timer and other peripheral circuits

Main system clock
fm

Y.

Main system clock generator »{ Machine cycle counter

Y

SYSCR2<SYSCK> )
SYSCR1<DV9CK>

Prescaler Divider Divider

Gear clock fcgek > 1> 1[2[3]4]5]6][71]8]> Asv—ﬁg [10[11]12]13[14]15]16[17]18]19]20]21]

B
Multiplexer
A quarter of the basic clock

for the low-frequency clock

Y \L Y YYYYVYYYVYY YYYYYYYYYYY
| Timer counter, time base timer and other peripheral circuits

Figure 2-5 Configuration of Timing Generator

(1)  Configuration of timing generator

The timing generator consists of a main system clock generator, a prescaler, a 21-stage divider and
a machine cycle counter.

1. Main system clock generator

This circuit selects the gear clock (fcgek) or the clock that is a quarter of the low-frequency
clock (fs) for the main system clock (fm) to operate the CPU core.

Clearing SYSCR2<SYSCK> to "0" selects the gear clock (fcgck). Setting it to "1" selects
the clock that is a quarter of the low-frequency clock (fs).
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It takes a certain period of time after SYSCR2<SYSCK> is changed before the main system
clock is switched. If the currently operating oscillation circuit is stopped before the main system
clock is switched, the internal condition becomes as shown in Table 2-1 and a system clock
reset occurs. For details of clock switching, refer to "2.3.6 Operation Mode Control".

2. Prescaler and divider

These circuits divide fcgek. The divided clocks are supplied to the timer counter, the time
base timer and other peripheral circuits.

When both SYSCR1<DV9CK> and SYSCR2<SYSCK>are "(0", the input clock to stage 9
of the divider becomes the output of stage 8 of the divider,

When SYSCR1<DVI9CK> or SYSCR2<SYSCK> is "1", the'input clock to stage 9 of the
divider becomes fs/4. When SYSCR2<SYSCK> is/"1", the outputs of stages 1 to 8 of the
divider and prescaler are stopped.

The prescaler and divider are cleared to "0" at a reset and at the end ofthe warm-up operation
that follows the release of STOP mode.

3. Machine cycle
Instruction execution is synchronized with the main system clock (fm).

The minimum instruction execution unit is called a "machine cycle". One machine cycle
corresponds to one main system (clock.

There are a total of 11 different types of instructions for,the TLCS-870/C1 Series: 10 types
ranging from 1-cycle instructions, which require one machine cycle for execution, to 10-cycle
instructions, which require 10-machine cycles for execution, and 13-cycle instructions, which
require 13 machine cycles for execution,

2.3.4 Warm-up counter

The warm-up counter is a circuit that counts the high-frequency clock (fc) and the low-frequency clock (fs),
and it consists of a source clock selection circuit, a 3-stage frequency division circuit and a 14-stage counter.

The warm-up/counter is.used to secure the time after a power-on reset is released before the supply voltage
becomes stable and secure the time after'the STOP mode is released or the operation mode is changed before the
oscillation by the oscillation circuit becomes stable.

[ WUCCR | [ SYSCR2 | ] SYSCR1

WUCSEL | WUCDIY| WUCRST XEN| XTEN
STOP
Y Y Y INTWUC interrupt
e

Warm-upcounter |
controller < Enable CPU operation

\ 2 Enable/disable counting up

Clock for high-frequency clock
oscillation circuit (fc) ——

Clock for low-frequency clock ——
oscillation circuit (fs)

D ¥
czt—>|1[2]3]4]5]6[7]8]9]i0j11}12]13f14]

Y
>

01,234,567
WUCDR

Figure 2-6 Warm-up Counter Circuit
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2.3.41 Warm-up counter operation when the oscillation is enabled by the hardware

(1)  When a power-on reset is released or a reset is released

The warm-up counter serves to secure the time after a power-on reset is released before the supply
voltage becomes stable and the time after a reset is released before the oscillation by the high-frequency
clock oscillation circuit becomes stable.

When the power is turned on and the supply voltage exceeds the power-on'reset release voltage, the
warm-up counter reset signal is released. At this time, the CPU and the peripheral circuits are held in
the reset state.

A reset signal initializes WUCCR<WUCSEL> to "0" and WUCCR<WUCDIV> to "11", which se-
lects the high-frequency clock (fc) as the input clock to the warm-up-counter.

When a reset is released for the warm-up counter, the high-frequency clock (fc)-is input to the warm-
up counter, and the 14-stage counter starts counting the high-frequency clock/(fc).

When the upper 8 bits of the warm-up counter become equal to WUCDR;-counting is stopped and a
reset is released for the CPU and the peripheral circuits.

WUCDR is initialized to 0x66 after reset release, which makes the warm-up time 0x66 x 2°/fc[s].

Note: The clock output from the oscillation circuit is-used as the input clock to the warm-up counter.
The warm-up time contains errors-because the oscillation frequency is‘unstable until the oscil-
lation circuit becomes stable.

(2) When the STOP mode is released

The warm-up counter serves to secure the time after the oscillation is enabled by the hardware before
the oscillation becomes-stable at the release of the STOP mode.

The high-frequency clock (fc) or the low-frequency clock (fs), which generates the main system clock
when the STOP mode is activated, is selected as the-input clock for frequency division circuit, regardless
of WUCCR<WUCSEL>.

Before the, STOP-mode is activated, select the division rate of the input clock to the warm-up counter
at WUCCR<WUCDIV> and set the warm-up time at WUCDR.

When the STOP mode is released, the 14-stage counter starts counting the input clock selected in the
frequency division circuit.

When the upper 8 bits of the warm-up counter become equal to WUCDR, counting is stopped and
the operation is restarted by an instruction that follows the STOP mode activation instruction.

Clock that generates the main WUCCR WUCCR .
system clock when the STOP Counter input Warm-up time
mode is activated <WUCSEL> <WUCDIV> clock
00 fc 2%/ fcto 255 x 2%/ fc
01 fc/2 27 [fcto 255 x 27 / fc
fc Don’t Care
10 fc /22 28 /fcto 255 x 28 / fc
11 fc /28 2°/fcto 255x 2°/ fc
00 fs 2% /fsto 255x 25/ fs
01 fs /2 27 /fsto 255x 27/ fs
fs Don't Care
10 fs /22 28 [fsto 255x 28 / fs
11 fs /23 2°/fsto 255 x2°/fs

Note 1: When the operation is switched to the STOP mode during the warm-up for the oscillation enabled by the software, the
warm-up counter holds the value at the time, and restarts counting after the STOP mode is released. In this case, the
warm-up time at the release of the STOP mode becomes insufficient. Don't switch the operation to the STOP mode during
the warm-up for the oscillation enabled by the software.
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Note 2: The clock output from the oscillation circuit is used as the input clock to the warm-up counter. The warm-up time contains
errors because the oscillation frequency is unstable until the oscillation circuit becomes stable. Set the sufficient time for
the oscillation start property of the oscillator.

2.3.4.2 Warm-up counter operation when the oscillation is enabled by the software

The warm-up counter serves to secure the time after the oscillation is enabled by the software before the
oscillation becomes stable, at a mode change from NORMALI1 to NORMAL2 or from SLOW1 to SLOW?2.

Select the input clock to the frequency division circuit at WUCCR<WUCSEL>.
Select the input clock to the 14-stage counter at WUCCR<WUCDIV>.

After the warm-up time is set at WUCDR, setting SYSCR2<XEN> or SYSCR2<XTEN>to "1" allows the
stopped oscillation circuit to start oscillation and the 14-stage-counter to start counting-the selected input
clock.

When the upper 8 bits of the counter become equal to- WUCDR, an INTWUC interrupt occurs, counting
is stopped and the counter is cleared.

Set WUCCR<WUCRST> to "1" to discontinue the warm-up operation.

By setting it to "1", the count-up operation is_ stopped, the warm-up, counter is cleared, and
WUCCR<WUCRST> is cleared to "0".

SYSCR2<XEN> and SYSCR2<XTEN> hold the values when WUCCR<WUCRST> is set to "1". To
restart the warm-up operation, SYSCR2<XEN> or SYSCR2<XTEN> must be cleared to "0".

Note: The warm-up counter starts counting when SYSCR2<XEN> or SYSCR2<XTEN> is changed from "0"
to "1". The counter will not start counting by writing "1" to SYSCR2<XEN> or SYSCR2<XTEN> when
it is in the state of "1".

WUCCR WUCCR Counter input .
<WUCSEL> |, <WucDIV> clock yrarm-up time
00 fc 25/ fc to 255 x 26/ fc
01 fc/2 27/ fcto 255 x 27 / fc
0 10 fc /22 28/ fc to 255 x 28 / fc
11 fe/ 23 29/ fc to 255 x 2°/ fc
00 fs 25/fs to 255 x 2°/ fs
01 fs /2 27 /fs to 255 x 27 / fs
! 10 fs /22 28 /fs to 255 x 28/ fs
11 fs /23 2%/ fsto 255 x2°/fs

Note: The clock output from the oscillation circuit is used as the input clock to the warm-up counter. The
warm-up time contains errors because the oscillation frequency is unstable until the oscillation circuit
becomes stable. Set the sufficient time for the oscillation start property of the oscillator.

2.3.5 Operation mode control circuit

The operation mode control circuit starts and stops the oscillation circuits for the high-frequency and low-
frequency clocks, and switches the main system clock (fm).

There are three operating modes: the single-clock mode, the dual-clock mode and the STOP mode. These
modes are controlled by the system control registers (SYSCR1 and SYSCR2).

Figure 2-7 shows the operating mode transition diagram.
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2.3.5.1  Single-clock mode
Only the gear clock (fcgck) is used for the operation in the single-clock mode.

The main system clock (fm) is generated from the gear clock (fcgek). Therefore, the machine cycle time
is 1/fcgek [s].

The gear clock (fcgck) is generated from the high-frequency clock (fc).

In the single-clock mode, the low-frequency clock generation circuit pins P02 (XTIN) and P03 (XTOUT)
can be used as the 1/O ports.

(1)  NORMAL1 mode
In this mode, the CPU core and the peripheral circuits operate using the gear clock (fcgek).

The NORMAL1 mode becomes active after reset release.

(2) IDLE1 mode

In this mode, the CPU and the watchdog timer stop and the peripheral circuits operate using the gear
clock (fcgck).

The IDLE1 mode is activated by setting. SYSCR2<IDLE> to"1" in the NORMAL1 mode.
When the IDLE1 mode is activated, the CPU and the watchdog timer stop.

When the interrupt latch enabled by the interrupt enable register EFR becomes "1", the IDLE1 mode
is released to the NORMALT mode.

When the IMF (interrupt master enable flag) is "1" (interrupts enabled), the operation returns normal
after the interrupt processing.is completed.

When the IMF is "0" (interrupts disabled), the operation is restarted by the instruction that follows
the IDLE1 mode activation instruction.

(3) IDLEO mode

In this mode, the CPU and_the peripheral circuits stop, except the oscillation circuits and the time
base timer.

In the IDLEO mode, the peripheral circuits stop in the states when the IDLEO mode is activated or
become the same as the states when a reset is released. For operations of the peripheral circuits in the
IDLEO mode, refer to the section of each peripheral circuit.

The IDLEO.mode/is activated by setting SYSCR2<TGHALT> to "1" in the NORMAL1 mode.

When the IDLEO mode-is activated, the CPU stops and the timing generator stops the clock supply
to the peripheral circuits except the time base timer.

When the falling edge of the source clock selected at TBTCR<TBTCK> is detected, the IDLEO mode
is released, the timing generator starts the clock supply to all the peripheral circuits and the NORMAL1
mode is restored.

Note that the IDLEO mode is activated and restarted, regardless of the setting of TBTCR<TBTEN>.

When the IDLEO mode is activated with TBTCR<TBTEN>set at "1", the INTTBT interrupt latch is
set after the NORMAL mode is restored.

When the IMF is "1" and the EF5 (the individual interrupt enable flag for the time base timer) is "1",
the operation returns normal after the interrupt processing is completed.
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When the IMF is "0" or when the IMF is "1" and the EF5 (the individual interrupt enable flag for the
time base timer) is "0", the operation is restarted by the instruction that follows the IDLEO mode acti-
vation instruction.

2.3.5.2 Dual-clock mode
The gear clock (fcgek) and the low-frequency clock (fs) are used for the opération in the dual-clock mode.

The main system clock (fm) is generated from the gear clock (fcgck) in the NORMAL2 or IDLE2 mode,
and generated from the clock that is a quarter of the low-frequency clock (fs) in the SLOW1/2 or SLEEP0/1
mode. Therefore, the machine cycle time is 1/fcgck [s] in the NORMAL2 or IDLE2 mode and is 4/fs [s] in
the SLOW1/2 or SLEEP0/1 mode.

P02 (XTIN) and P03 (XTOUT) are used as the low-frequency clock oscillation circuit pins. (These pins
cannot be used as I/0O ports in the dual-clock mode.)

The operation of the TLCS-870/C1 Series becomes the single-clock mode after teset release. To operate it
in the dual-clock mode, allow the low-frequency clock to oscillate at the beginning of the program.

(1)  NORMALZ2 mode

In this mode, the CPU core operates using the gear clock (fcgck);-and the peripheral circuits operate
using the gear clock (fcgck) or the clock thatisa quarter of the low-frequency clock (fs).

(2) SLOW2 mode

In this mode, the CPU core and the peripheral circuits operate using the clock that is a quarter of the
low-frequency clock (fs).

In the SLOW mode, some peripheral circuits become the same as the states when a reset is released.
For operations of the peripheral circuits in the:SLOW mode, refer to the section of each peripheral
circuit.

Set SYSCR2<SYSCK> to switch the/operation mode from NORMAL2 to SLOW2 or from SLOW?2
to NORMAL2.

In the SLOW2 mode, outputs of the-prescaler and stages 1 to 8 of the divider stop.

(3)~SLOW1 mode

In this mode, the high-frequency clock oscillation circuit stops operation and the CPU core and the
peripheral circuits operate using the clock that is a quarter of the low-frequency clock (fs).

This mode requires less power to operate the high-frequency clock oscillation circuit than in the
SLOW2 mode.

In the SLOW mode; some peripheral circuits become the same as the states when a reset is released.
For operations of the peripheral circuits in the SLOW mode, refer to the section of each peripheral
circuit.

Set SYSCR2<XEN> to switch the operation between the SLOW1 and SLOW2 modes.

In the SLOW1 or SLEEP1 mode, outputs of the prescaler and stages 1 to 8 of the divider stop.

(4) IDLE2 mode

In this mode, the CPU and the watchdog timer stop and the peripheral circuits operate using the gear
clock (fcgcek) or the clock that is a quarter of the low-frequency clock (fs).
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The IDLE2 mode can be activated and released in the same way as for the IDLE1 mode. The operation
returns to the NORMAL2 mode after this mode is released.

(5) SLEEP1 mode

In this mode, the high-frequency clock oscillation circuit stops operation; the CPU and the watchdog
timer stop, and the peripheral circuits operate using the clock that is a quarter of the low-frequency clock

(fs).

In the SLEEP1 mode, some peripheral circuits become the sameas the states when a reset is released.
For operations of the peripheral circuits in the SLEEP1 mode, refer to'the section of each peripheral
circuit.

The SLEEP1 mode can be activated and released in-the -same way as for the IDLE1 mode. The
operation returns to the SLOW 1 mode after this mode/is released.

In the SLOW1 or SLEEP1 mode, outputs of the prescaler and stages 1 to/8-of the divider stop.

(6) SLEEPO mode

In this mode, the high-frequency clock/oscillation circuit stops operation, the time base timer operates
using the clock that is a quarter of the low-frequency clock (fs), and the core and the peripheral circuits
stop.

In the SLEEPO mode, the peripheral circuits stop-in the states - when the SLEEPO mode is activated
or become the same as the states when a reset is released. For operations of the peripheral circuits in the
SLEEPO mode, refer to the section of each peripheral circuit.

The SLEEPO mode can'be activated and released in the same way as for the IDLEO mode. The
operation returns to the SLOW1 mode after thismode is released.

In the SLEEPO mode, the CPU stops and the timing generator stops the clock supply to the peripheral
circuits except the time base timer.

2.3.5.3 STOP.mode

In this mode, all the operations in the system; including the oscillation circuits, are stopped and the internal
states in effect before'the system was stopped are held with low power consumption.

In the STOP mode, the peripheral circuits stop in the states when the STOP mode is activated or become
the same as the states when a reset is released. For operations of the peripheral circuits in the STOP mode,
refer to the section of each peripheral circuit.

The STOP mode is activated by setting SYSCR1<STOP>to "1".

The’STOP mode is released by the STOP mode release signals. After the warm-up time has elapsed, the
operation returns to.the mode that was active before the STOP mode, and the operation is restarted by the
instruction that follows the STOP mode activation instruction.
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2.3.5.4 Transition of operation modes

RESET

Reset release

Warm-up that
IDLEO follows reset
mode release
Warm-up completed
SYSCR2<TGHALT> = "1” (Note 2)
SYSCR2<IDLE> ="1" I v SYSCR1<STOP> = ‘1
IDLEO NORMAL1
mode - mode P
Interrupt ”  STOP moderelease
signal
; SYSCR2<XTEN>="1"
(a) Single-clock mode SYSCR2<XTEN> = "0"
SYSCR2<IDLE> ="1" | SYSCR1<STOP>="1"
N >
IDLE2 NORMAL2
mode o mode
Interrupt ” STOP mode release
SYSCR2<SYSCKs = 1" Signal
SYSCR2<SYSCK> ="0" STOP
SLOW2
mode
A
SYSCR2<XEN> = "1"
' SYSCR2<XEN> ="0"
SYSCR2<IDLE> = "1" SYSCR1<STOP> ="1"
N >
SLEEP1 SLOW1
mode R mode _

STOP mode release

Interrupt A [ :
(Notle 2) SYVSCR2<TGHALT> = /signal

(b) Dual-clock mode
SLEEPO
mode

Note 1: The NORMAL1 and NORMAL2 modes are generically called the NORMAL mode; the SLOW1 and SLOW2 modes
are called the SLOW mode; the IDLEO, IDLE1 and IDLE2 modes are called the IDLE mode; and the SLEEPO and

SLEEP1 are called the SLEEP mode.
Note 2: The mode is‘released by the falling edge of the source clock selected at TBTCR<TBTCK>.

Figure 2-7 Operation Mode Transition Diagram
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Table 2-3 Operation Modes and Conditions
Oscillation circuit AD
. Watchdog Time base Other periph- [ Machine cy-
Operation mode High-fre- Low-fre- CPU core timer timer converter | eral circuits |  cle time
quency quency
RESET Reset Reset Reset Reset Reset
NORMALA1 Operate Operate
Oscillation Operate Operate 1/ fegek [s]
Single clock | IDLE1 Stop Operate
IDLEO Stop Stop
Stop Stop
STOP Stop Stop -
Operate with | Operate with
NORMAL2 the high fre- | the high / low
quency frequency Operate 1/ fegek [s]
IDLE2 Oscillation Stop Stop
Operate with | Operate with
SLOW2 the low fre- the low fre- Operate
Oscillation quency quency, Operate
Dual clock
Operate with | Operate with
SLOW1 the low fre- | thelow.fre- 4/fs [s]
quency quency Stop
SLEEP1 Stop
SLEEPO Stop Stop
Stop
STOP Stop Stop -

2.3.6 Operation Mode Control

2.3.6.1  STOP mode

The STOP mode is/controlled by system control register 1 (SYSCR1) and the STOP mode release signals.

(1) Startthe STOP.mode

The STOP. mode is started-by setting SYSCR1<STOP> to "1". In the STOP mode, the following
states are maintained:

1.._Both the high-frequency and low-frequency clock oscillation circuits stop oscillation and all
internal operations are stopped.

2. The data memory, the registers and the program status word are all held in the states in effect
before STOP mode was started. The port output latch is determined by the value of
SYSCRI<OUTEN>.

3. The prescaler and the divider of the timing generator are cleared to "0".

4. The programcounter holds the address of the instruction 2 ahead of the instruction (e.g., [SET
(SYSCR1).7]) which started the STOP mode.

(2) Release the STOP mode

The STOP mode is released by the following STOP mode release signals. It is also released by a reset
by the RESET pin, a power-on reset and a reset by the voltage detection circuits. When a reset is released,
the warm-up starts. After the warm-up is completed, the NORMAL1 mode becomes active.

1. Release by the STOP pin
2. Release by key-on wakeup

3. Release by the voltage detection circuits
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Note:During the STOP period (from the start of the STOP mode to the end of the warm-up), due to
changes in the external interrupt pin signal, interrupt latches may be set to "1" and interrupts may
be accepted immediately after the STOP mode is released. Before starting the STOP mode,
therefore, disable interrupts. Also, before enabling interrupts after STOP mode is released, clear

unnecessary interrupt latches.

1.

Release by the STOP pin

Release the STOP mode by using the STOP pin.

The STOP mode release by the STOP pin includes the level-sensitive release mode and the
edge-sensitive release mode, either of which can be selected at' SYSCR1<RELM>.

The STOP pin is also used as the P11 port and the INT5 (external interrupt input 5) pin.

- Level-sensitive release mode

The STOP mode is released by setting the STOP pin high.

Setting SYSCRI1<RELM> to "1" selects the level-sensitive release mode.

This mode is used for the capacitorbackup when the main power supply is cut off and
the long term battery backup.

Even if an instruction for starting the STOP mode is executed while the STOP pin input
is high, the STOP mode does not start. Thus, to start the STOP mode in the level-sensitive
release mode, it is necessary for the program to first confirm that the STOP pin input is

low.

This can be confirmed by testing the port by the software or using interrupts

Note: When the-STOP mode is released, the warm-up counter source clock automatically changes
to the clock that generated the main system clock when the STOP mode was started, regard-

less of WUCCR<WUCSEL>.

Example: Starting the STOP mode from NORMAL mode after testing P00 port.
(Warm-up time at release of the STOP mode is about 300us at fc= 10MHz.)

LD

SSTOPH: TEST

LD
LD

DI
SET

(SYSCR1),0x40
(POPRD). 5
F,'SSTOPH
(WUCCR), 0x01
(WUCDR),0x2F

(SYSCR1).7

;Sets.up the level-sensitive release mode

;Wait until STOP pin becomes L level.

;WUCCR<WUCDIV> = 00 (No division) (Note)
;Sets the warm-up time

;300us / 6.4ps = 46.9 — round up to 0x2F
;IMF =0

;Starts the STOP mode

Note: ~When the STOP mode-is released, the warm-up counter source clock automatically changes to the clock that
generated the main system clock when the STOP mode was started, regardless of WUCCR<WUCSEL>.

PINTS:

SINTS:

Example: Starting the’'STOP mode from the SLOW mode with an INT5 interrupt
(Warm-up time at release of the STOP mode is about 450ms at fs=32.768 kHz.)

TEST
J

LD
LD
LD

DI
SET
RETI

(POPRD).5
F, SINTS

(SYSCR1), 0x40
(WUCCR), 0x03
(WUCDR),0xE8

(SYSCR1).7

;To reject noise, the STOP mode does not start
;if the STOP pin input is high.

;Sets up the level-sensitive release mode
;WUCCR<WUCDIV> = 00 (No division) (Note)
;Sets the warm-up time

;450 ms/1.953 ms = 230.4 — round up to OxE8
;IMF =0

;Starts the STOP mode

RB000O
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Note: When the STOP mode is released, the warm-up counter source clock automatically changes to the clock that
generated the main system clock when the STOP mode was started, regardless of WUCCR<WUCSEL>.

1
STOP pin \ ViH \

I
I
i

- <~

XOUT pin

1
NORMAL mode ——»o€———— STOP mode ———»<€—— Warm-up —»'€«——— NORMAL mode

Confirm by program that \— The STOP mode isteleased by the hardware.
the STOP pin input is low Always released if the
and start the STOP mode. STOP pin input-is high.

Note: Even if the STOP pin input returns to low after the warm-up starts, the STOP mode-is/'not restarted.

Figure 2-8 Level-sensitive Release Mode (Example when the high-frequency clock oscillation
circuit is selected)

- Edge-sensitive release mode
In this mode, the STOP-mode is released at the rising edge of the STOP pin input.
Setting SYSCRI<RELM:> to"0" selects the'edge-sensitive release mode.

This is used in applications where a relatively short'program is executed repeatedly at
periodic intervals. This periodic signal (for example, a clock from a low-power con-
sumption oscillator) is input to the"STOP pin. In the edge-sensitive release mode, the
STOP mode/is started even when the STOP pin input is high

Example: Starting the STOP mode from the NORMAL mode
(Warm-up time at release-of the STOP mode is about.200ps at fc=10 MHz.)
LD (WUCCR),0x01 ;WUCCR<WUCDIV> = 00 (No division) (Note)
LD (WUCDR);0x20 ;Sets the warm-up time
;200us / 6.4ps = 31.25 — round up to 0x20
DI ;IMF=0
LD (SYSCR1), 0x80 ;Starts the STOP mode with the edge-sensitive release mode selected

Note: When the STOP mode is released, the warm-up counter source clock automatically changes to the clock that
generated the main system clock when the STOP mode was started, regardless of WUCCR<WUCSEL>.

((
- I J ))
i V
STOP pin RGP Fvin -\ . \
1 )) ))
1

XOUT pin

1 1 1
NORMAL mode ——»5€—— STOP mode ——»€— Warm-up —»ieVORMAL 34 STOP mode

mode
The STOP mode / \ /

is started .
by the program. The STOP mode is released by the hardware

at the rising edge of the STOP pin input.

Note: If the rising edge is input to the STOP pin within 1 machine cycle after SYSCR1<STOP> is set to "1", the STOP
mode will not be released.

Figure 2-9 Edge-sensitive Release Mode (Example when the high-frequency clock oscillation
circuit is selected)
2. Release by the key-on wakeup
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The STOP mode is released by inputting the prescribed level to the key-on wakeup pin.
The level to release the STOP mode can be selected from "H" and "L".

For release by the key-on wakeup, refer to section "Key-on Wakeup".

Note: If the key-on wakeup pin input becomes the opposite level to the release level after the
warm-up starts, the STOP mode is not restarted.

Release by the voltage detection circuits
The STOP mode is released by the supply voltage detection by the voltage detection circuits.

If the voltage detection operation mode of the veoltage detection circuits is set to "Generates
a voltage detection reset signal", the STOP mode is released and a reset is applied as soon as
the supply voltage becomes lower than the detection voltage.

When the supply voltage becomes equal to or higher than the detectionvoltage of the voltage
detection circuits, the reset is released and the warm-up starts. After the warm-up.is completed,
the NORMALI mode becomes active.

For details, refer to the section of the voltage detection circuits:

Note: If the supply voltage becomes.equal to or higher than the detection voltage within 1 ma-
chine cycle after SYSCR1<STOP> is set to "1", the STOP-mode will not be released.

STOP mode release operation

The STOP mode is released in the following sequence:

1.

Oscillation starts. For the oscillation start operation in each mode, refer to "Table 2-4 Oscil-
lation Start Operation at Release of the STOP Mode'™.

Warm-up is executed to-secure the time required to stabilize oscillation. The internal operations
remain stopped during warm-up. The warm-up time is set by the warm-up counter, depending
on the oscillator-characteristics.

After the warm-up time has elapsed, the normal operation is restarted by the instruction that
follows the STOP mode start instruction.-At this time, the prescaler and the divider of the
timing generator are cleared to "0".

Note:When the STOP mode is released with a low hold voltage, the following cautions must be ob-
served.

The supply voltage must be at the operating voltage level before releasing the STOP mode. The

RESET pin input must also be "H" level, rising together with the supply voltage. In this case, if
an-external time constant circuit has been connected, the RESET pin input voltage will increase
at a slower pace thanthe power supply voltage. At this time, there is a danger that a reset may
occur if the input.voltage level of the RESET pin drops below the non-inverting high-level input
voltage (Hysteresis input).

Table 2-4 Oscillation Start Operation at Release of the STOP Mode

Operation mode before the STOP

High-frequency

Low-frequency

Oscillation start operation after release

RB000O

mode is started clock clock
. The high-frequency clock oscillation circuit starts os-
High-frequency cillation.
Single-clock mode | NORMAL1 | clock oscillation cir- - _— o
cuit The low-frequency clock oscillation circuit stops os-
cillation.
. The high-frequency clock oscillation circuit starts os-
High-frequency Low-frequency cillation.
NORMAL2 | clock oscillation cir- | clock oscillation cir- i L
cuit cuit The low-frequency clock oscillation circuit starts os-
cillation.
Dual-clock mode
The high-frequency clock oscillation circuit stops os-
Low-frequency cillation.
SLOW1 - clock oscillation cir- _ L
cuit The low-frequency clock oscillation circuit starts os-
cillation.
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Note:When the operation returns to the NORMAL2 mode, fc is input to the frequency division circuit of the warm-up
counter.

2.3.6.2 IDLE1/2 and SLEEP1 modes

The IDLE1/2 and SLEEP1 modes are controlled by the system control register 2 (SYSCR2) and maskable
interrupts. The following states are maintained during these modes.

The CPU and the watchdog timer stop their operations. The peripheral circuits continue to operate.

The data memory, the registers, the program status word and the port output latches are all held
in the status in effect before IDLE1/2 or SLEEP1 mode was started.

The program counter holds the address of the instruction 2 ahead of the instruction which starts
the IDLE1/2 or SLEEP1 mode.

V

Starting IDLE1/2 mode or
SLEEP1 mode by an
instruction

¥

| CPU and WDT stop |

Reset input

No

Interrupt
request

Yes

Reset

(Normal release mode) Yes * (Interrupt release mode)

| Interrupt processing |

Execution of the instruction
which follows the IDLE1/2 mode
or SLEEP1 mode start
instruction

<

Figure 2-10 IDLE1/2 and SLEEP 1 Modes
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(1) Start the IDLE1/2 and SLEEP1 modes

After the interrupt master enable flag (IMF) is set to "0", set the individual interrupt enable flag (EF)
to "1", which releases IDLE1/2 and SLEEP1 modes.

To start the IDLE1/2 or SLEEP1 mode, set SYSCR2<IDLE> to "1".

If the release condition is satisfied when it is attempted to start the- IDLE1/2 or SLEEP1 mode,
SYSCR2<IDLE> remains cleared and the IDLE1/2 or SLEEP1 mode will not be started.

Note 1: When a watchdog timer interrupt is generated immediately-before‘the IDLE1/2 or SLEEP1 mode
is started, the watchdog timer interrupt will be processed but the IDLE1/2 or SLEEP1 mode will
not be started.

Note 2: Before starting the IDLE1/2 or SLEEP1 mode, enable the interrupt request signals to be generated
to release the IDLE1/2 or SLEEP1 mode and set the individual-interrupt enable flag.

(2) Release the IDLE1/2 and SLEEP1 modes

The IDLE1/2 and SLEEP1 modes include anormal release mode and an interrupt release mode. These
modes are selected at the interrupt master enable flag (IMF). After releasing IDLE1/2' or SLEEP1 mode,
SYSCR2<IDLE> is automatically cleared to."0" and the operation mode-is returned to the mode pre-
ceding the IDLE1/2 or SLEEP1 mode.

The IDLE1/2 and SLEEP1 modes are also released by a reset'bythe RESET pin, a power-on reset
and a reset by the voltage detection circuits. After releasing the reset, the warm-up starts. After the
warm-up is completed, the NORMAL I mode becomes active.

Normal release mode (IMF ="0")

The IDLE1/2 or SLEEP1 mode is released when the interrupt latch enabled by the individual
interrupt enable flag (EF) is "1". The operation is restarted by the instruction that follows the
IDLE1/2 or SLEEP1 mode start instruction. Normally, the interrupt latch (IL) of the interrupt
source used for releasing must be cleared to "0" by load instructions.

Interrupt release mode (IMF ="1")

TheIDLE1/2 or SLEEP1 mode is released when the interrupt latch enabled by the individual
interrupt enable flag (EF).is"'1".-After the interrupt is processed, the operation is restarted by
the instruction that follows the IDLE1/2 or SLEEP1 mode start instruction.

2.3.6.3 IDLEO and SLEEPO modes

The IDLEO and SLEEP(O modes are controlled by the system control register 2 (SYSCR2) and the time
base timer control register (TBTCR). The following states are maintained during the IDLEO and SLEEPO
modes:

The timing generator stops the clock supply to the peripheral circuits except the time base timer.

The data memory, the registers, the program status word and the port output latches are all held
in the states in effect before the IDLEO or SLEEPO mode was started.

The program counter holds the address of the instruction 2 ahead of the instruction which starts
the IDLEO or SLEEPO mode.

RB000O
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Y

Stopping peripherals by
instructions

2

Starting IDLEO or SLEEPO
mode by an instruction

¥

| CPU and WDT stop |

Reset input
No
TBT source clock
falling edge

Yes

Reset

TBTCR<TBTEN>

1
TBT interrupt
enabled
Yes

Yes - (Interrupt release mode)

(Normal release mode)

I Interrupt processing I

Execution of the instruction
which follows the IDLEO or
SLEEPO mode start
instruction

<

Figure 2-11 IDLEO and SLEEPO Modes

Start the IDLEO and SLEEPO modes
Stop (disable) the peripherals such as a timer counter.

To start the IDLEO or SLEEPO mode, set SYSCR2<TGHALT>to "1".

Release the IDLEO and SLEEPO modes

The IDLEO and SLEEPO modes include a normal release mode and an interrupt release mode.
These modes-are selected at the interrupt master enable flag (IMF), the individual interrupt enable
flag (EF5) for the time base timer and TBTCR<TBTEN>. After releasing the IDLEO or SLEEPO
mode, SYSCR2<TGHALT> is automatically cleared to "0" and the operation mode is returned to
the mode preceding the IDLEO or SLEEPO mode. If TBRTCR<TBTEN> has been set at "1", the
INTTBT interrupt latch is set.

The IDLEO and SLEEPO modes are also released by a reset by the RESET pin, a power-on reset
and a reset by the voltage detection circuits. When a reset is released, the warm-up starts. After
the warm-up is completed, the NORMAL1 mode becomes active.

RB000O
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(1)  Normal release mode (IMF, EF5, TBTCR<TBTEN> = "0")

The IDLEO or SLEEPO mode is released when the falling edge of the source clock selected at
TBTCR<TBTCK> is detected. After the IDLEO or SLEEPO mode is released, the operation is restarted
by the instruction that follows the IDLEO or SLEEPO mode start instruction.

When TBTCR<TBTEN>is "1", the time base timer interrupt latch is set.

(2) Interrupt release mode (IMF, EF5, TBTCR<TBTEN> ="1")

The IDLEO or SLEEPO mode is released when the falling edge of the source clock selected at
TBTCR<TBTCK> is detected. After the release, the INTTBT interrupt processing is started.

Note 1: The IDLEO or SLEEPO mode is released to the NORMAL1 or SLOW1 mode by the asynchronous
internal clock selected at TBTCR<TBTCK>. Therefore, the period from the start to the release of
the mode may be shorter than the time specified at TBTCR<TBTCK>.

Note 2: When a watchdog timer interrupt is generated immediately before the IDLEO or SLEEPO-mode is
started, the watchdog timer interrupt will be processed but the IDLEO or SLEERPO mode will not be
started.

2.3.6.4 SLOW mode

The SLOW mode is controlled by system control register 2 (SYSCR2).

(1)  Switching from the NORMAL2 mode to the SLOW1 mode
Set SYSCR2<SYSCK>to "1".

When a maximum of 2/fcgck +'10/fs [s] has elapsed since SYSCR2<SYSCK> is set to "1", the main
system clock (fm) is switched tofs/4.

After switching, wait for 2 machine cycles or longer, and then clear SYSCR2<XEN> to "0" to turn
off the high-frequency clock oscillator.

Ifthe oscillationof the low-frequency clock (fs)isunstable, confirm the stable oscillation at the warm-
up counter before implementing the procedure described above.

Note 1:-Be sure to follow this procedure to switch'the operation from the NORMAL2 mode to the SLOW1
mode.

Note 2: It is also possible to allow the basic-clock for the high-frequency clock to oscillate continuously to
return to NORMAL2 mode. However, be sure to turn off the oscillation of the basic clock for the
high-frequency clock when the STOP mode is started from the SLOW mode.

Note 3:/ After switching SYSCR2<SYSCK>, be sure to wait for 2 machine cycles or longer before clearing
SYSCR2<XEN> to "0". Clearing it within 2 machine cycles causes a system clock reset.

Note 4: When the main system clock (fm) is switched, the gear clock (fcgck) is synchronized with the clock
that is a quarter of the basic clock (fs) for the low-frequency clock. For the synchronization, fm is
stopped for a period of 10/fs or shorter.
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Quarter of the low-frequency clock
(fs/4) ! + |—+

Gear clock (fcgcek)

SYSCR2<SYSCK> \‘ \

Main system clock _|_|_|_|_|_|_|_|_| < 10/fs (max.) > |—| |—|7

! When the rising edge of fcgck is When the rising edge of fs/4 is detected
detected twice after SYSCR2<SYSCK> twice after fm.is stopped, fm is switched to fs.
is changed from 0 to 1, f is stopped
for synchronization.

Figure 2-12 Switching of the Main System Clock (fm) (Switching from fcgck to fs/4)

Example 1:

Example 2:

PINTWUC:

Switching from the NORMAL2 mode to the SLOW1 mode (when-fciis used as the basic clock for the high-
frequency clock)

SET (SYSCR2).4 ;SYSCR2<8YSCK> = 1
;(Switches-the main system-clock to the basic clock for the

;low-frequency clock for the SLOW2 mode)

NOP ;Waits for 2 machine cycles
NOP
CLR (SYSCR2).6 ;SYSCR2<XEN> =/0

;(Turns off the high-frequency clock oscillation circuit)

Switching to the SLOW1 mode after the stable oscillation of the low-frequency clock oscillation circuit is confirmed
at the warm-up counter(fs=32.768kHz, warm-uptime = about 100 ms)

; #HH# |nitialize routine ##H#H

SET (POFC)2 ;POFC2 =1 (Uses P02/03 as oscillators)

LD (WUCCR), 0x02 ;WUCCR<WUCDIV> = 00 (No division)
;WUCCR<WUCSEL> = 1 (Selects fs as the source clock)
LD (WUCDR), 0x33 ;Sets the warm-up time
;(Determines the time depending on the oscillator characteristics)
;100 ms/1.95 ms = 51.2 — round up to 0x33
SET (EIRL).4 ;Enables INTWUC interrupts
SET (SYSCR2).5 ;SYSCR2<XTEN> =1
;(Starts the low-frequency clock oscillation and starts the warm-up

;counter)

; #### Interrupt service routine of warm-up counter interrupts ####
SET (SYSCR2).4 ;SYSCR2<SYSCK> = 1

;(Switches the main system clock to the low-frequency clock)

NOP ;Waits for 2 machine cycles
NOP
CLR (SYSCR2).6 :SYSCR2<XEN> =0

;(Turns off the high-frequency clock oscillation circuit)

RETI
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VINTWUC: DW PINTWUC ;INTWUC vector table

(2)  Switching from the SLOW1 mode to the NORMAL1 mode

Set SYSCR2<XEN>to "1" to enable the high-frequency clock (fc) to-oscillate. Confirm at the warm-
up counter that the oscillation of the basic clock for the high-frequency clock has stabilized, and then
clear SYSCR2<SYSCK> to "0".

When a maximum of 8/fs + 2.5/fcgck [s] has elapsed since SYSCR2<SYSCK> is cleared to "0", the
main system clock (fm) is switched to fcgek.

After switching, wait for 2 machine cycles or longer, and then clear SYSCR2<XTEN> to "0" to turn
off the low-frequency clock oscillator.

The SLOW mode is also released by a reset by the RESET pin, a power-on reset and a reset by the
voltage detection circuits. When a reset is released, the warm-up starts. After'the warm-up is completed,
the NORMAL1 mode becomes active.

Note 1: Be sure to follow this procedure to switch the operation from the SLOW1 mode to the NORMAL1
mode.

Note 2: After switching SYSCR2<SYSCK>, be sure to wait for 2 machine cycles or longer before clearing
SYSCR2<XTEN> to "0". Clearing.it within 2.machine cycles causes a system clock reset.

Note 3: When the main system clock (fm)is switched, the gear clock(fcgck) is synchronized with the clock
that is a quarter of the basic clock (fs)-for the low-frequency clock..For the synchronization, fm is
stopped for a period of 2.5/fcgck [s] or shorter.

Note 4: When POFCO is "0", setting SYSCR2<XEN> to "1" causes a system clock reset.

Note 5: When SYSCR2<XEN>-is set.at"1", writing "1"to SYSCR2<XEN> does not cause the warm-up
counter to start counting the source clock.

Quarter of the low-frequency clock
(fs/4)

Gear clock (fcgek)

SYSCR2<SYSCK> /— 2.5{fcgck(max.)

: \ [
Main system clock _l |—|

| When the rising edge of fs/4 is When the rising edge of fcgck is detected

! detected twice after SYSCR2<SYSCK> twice after fm is stopped, fm is switched to fcgck.
is changed from 1 to O, f is stopped
for synchronization.

Figure 2-13 Switching the Main System Clock (fm) (Switching from fs/4 to fcgck)

Example : Switching from the SLOW1 mode to the NORMAL1 mode after the stability of the high-frequency clock oscillation
circuit is confirmed at the warm-up counter (fc = 10 MHz, warm-up time = 4.0 ms)

; #HHE |nitialize routine ##HHE
SET (POFC).2 ;POFC2 =1 (Uses P02/03 as oscillators)

LD (WUCCR), 0x09 ;WUCCR<WUCDIV> = 10 (Divided by 2)
;WUCCR<WUCSEL> = 0 (Selects fc as the source clock)

LD (WUCDR), 0x9D ;Sets the warm-up time
;(Determine the time depending on the frequency and the oscillator
;characteristics)

;4ms / 25.6us = 156.25 — round up to 0x9D
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SET (EIRL). 4 ;Enables INTWUC interrupts
SET (SYSCR2) .6 ;SYSCR2<XEN> = 1
;(Starts the oscillation of the high-frequency clock oscillation circuit)

; #H#H#HE Interrupt service routine of warm-up counter interrupts ####
PINTWUC: CLR (SYSCR2). 4 ;SYSCR2<SYSCK> =0

;(Switches the main system clock to the gear clock)

NOP ;Waits for 2 machine cycles
NOP
CLR (SYSCR2). 5 ;SYSCR2<XTEN> =0

;(Turns off the low-frequency clock oscillation circuit)

RETI

VINTWUC: DW PINTWUC ;INTWUC vector table
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2.4 Reset Control Circuit

The reset circuit controls the external and internal factor resets and initializes the system.

2.4.1 Configuration

The reset control circuit consists of the following reset signal generation circuits:

External reset input (external factor)
Power-on reset (internal factor)

Voltage detection reset 1 (internal factor)
Voltage detection reset 2 (internal factor)
Watchdog timer reset (internal factor)

System clock reset (internal factor)

NS R e =

Trimming data reset (internal factor)

P10(RESET) . P10 port Internal factor reset detection status register;
| Voltage detection circuit reset signal

| Power-on reset signal re External reset input enable reset signal

| Voltage detection reset 1 signal

| Voltage detection reset 2 signal

CPU/peripheral

Warm-up counter - .
circuits reset signal

| Watchdog timer reset signal

Warm-up
counter reset
signal

| System clock reset signal

System-clock control circuit

| Trimming data reset signal

Figure 2-14 Reset Control Circuit

2.4.2 Control

The reset control circuit is contrelled by-system control register 3 (SYSCR3), system control register 4
(SYSCR4), system control status register (SYSSR4) and the internal factor reset detection status register
(IRSTSR).

System control register 3

SYSCR3 7 6 5 4 3 2 1 0

(OxOFDE) Bit Symbol N - - - - (RVCTR) (RAREA) RSTDIS
Read/Write R R R R R R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

. . 0 : | Enables the external reset input.
RSTDIS External reset input enable register

1:| Disables the external reset input.

Note 1: The enabled SYSCR3<RSTDIS> is initialized by a power-on reset only, and cannot be initialized by an external reset
input or internal factor reset. The value written in SYSCR3 is reset by a power-on reset, external reset input or internal
factor reset.

Note 2: The value of SYSCR3<RSTDIS> is invalid until 0xB2 is written into SYSCR4.

Note 3: After SYSCR3<RSTDIS> is modified, SYSCR4 should be written 0xB2 (Enable code for SYSCR3<RSTDIS>) in NOR-
MAL1 mode when fcgck is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, SYSCR3<RSTDIS> may be enabled at unexpec-
ted timing.
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Note 4: Bits 7 to 3 of SYSCR3 are read as "0".

System control register 4

SYSCR4 7 6 5 4 3 2 1 0
(OxOFDF) Bit Symbol SYSCR4

Read/Write w

After reset 0 0 0 0 0 0 0 0

0xB2 : | Enables the contents of SYSCR3<RSTDIS>

Writes the SYSCR3 data control 0xD4 : | Enables the contents/of SYSCR3<RAREA> and SYSCR3 <RVCTR>
code. 0x71: | Enables the contents of IRSTSR<FCLR>

Others : | Invalid

SYSCR4

Note 1: SYSCR4 is a write-only register, and must not be accessed by using a read-modify-write instruction, such as a bit oper-
ation.

Note 2: After SYSCR3<RSTDIS> is modified, SYSCR4 should be written 0xB2 (Enable code for SYSCR3<RSTDIS>) in NORMAL
mode when fcgck is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, SYSCR3<RSTDIS> may be‘enabled at unexpected tim-
ing.

Note 3: After IRSTSR<FCLR> is modified, SYSCR4 should be written 0x71 (Enable code for IRSTSR<FCLR> in NORMAL mode
when fcgek is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, IRSTSR<FCLR> may be enabled at unexpected timing.

System control status register 4

SYSSR4 7 6 5 4 3 2 1 0

(OxOFDF) Bit Symbol - - - - - (RVCTRS) | (RAREAS) | RSTDISS
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0

0 /| The enabled SYSCR3<RSTDIS> data is "0".

RSTDISS | External reset inputenable status .
1| The enabled SYSCR3<RSTDIS> data is "1".

Note 1: The enabled SYSCR3<RSTDIS> is initialized by a power:on reset only, and cannot be initialized by any other reset signals.
The value written in SYSCR3 is reset by a power-onreset and other reset signals.

Note 2: Bits 7 to 3 of SYSCR4 are read as"0".
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Internal factor reset detection status register

IRSTSR 7 6 5 4 3 2 1 0
(0xOFCC) Bit Symbol FCLR - TRMDS TRMRF LVD2RF LVD1RF SYSRF WDTRF
Read/Write W R R R R R R R
After reset 0 0 0 0 0 0 0 0
T 0:f-
FCLR Flag initialization control .
1: | Clears the internal factor.reset flag'to™"0".
0:1-
TRMDS Trimming data status —
1: | Detect state of abnormal trimming data
0:f-
TRMRF Trimming data reset detection flag L
1:| Detects the trimming data reset.
. . 0:|-
LVD2RF Voltage detection reset 2 detection .
flag 1: | Detects the voltage detection 2 reset.
i i 0:]-
LVD1RF Voltage detection reset 1 detection .
flag 1: | Detects the voltage detection 1 reset.
0:f-
SYSRF System clock reset detection flag
1:| Detects the system clock reset.
0:-
WDTRF Watchdog timer reset detection flag .
1: | Detects the watchdog timer reset.

Note 1: Internal reset factor flag IRSTSR<TRMDS, - TRMRF, LVD2RF, LVD1RF, SYSRF, WDTRF>) is initialized only by a power-
on reset, an external reset input or IRSTSR <FCLR>. It is not initialized by an-internal factor reset.

Note 2: Care must be taken in system designing since the IRSTSR may not fulfill its functions due to disturbing noise and other
effects.

Note 3: If SYSCR4 is set to 0x71 after IRSTSR<FCLR> is set to "1", internal factor reset flag is cleared to "0" and IRSTSR<FCLR>
is automatically cleared to "0".

Note 4: After IRSTSR<FCLR> is modified, SYSCR4 should be written 0x71 (Enable code for IRSTSR<FCLR> in NORMAL mode
when fcgek is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, IRSTSR<FCLR> may be enabled at unexpected timing.

Note 5: Bit 7, 6 of IRSTSR is read as "0"

2.4.3 Functions

The power-on reset, external reset input and internal factor reset signals are input to the warm-up circuit of the
clock generator.

During reset, the warm-up counter circuit is reset, and the CPU and the peripheral circuits are reset.

Afterreset is released, the warm-up counter starts counting the high frequency clock (fc), and executes the
warm-up operation that follows reset release.

During the warm-up operation that follows reset release, the trimming data is loaded from the non-volatile
exclusive'use memory for'adjustment of the ladder resistor that generates the comparison voltage for the power-
on reset and the voltage detection circuits.

When the warm-up operation that follows reset release is finished, the CPU starts execution of the program
from the reset vector address stored in addresses OXxFFFE to OXFFFF.

When a reset signal is input during the warm-up operation that follows reset release, the warm-up counter
circuit is reset.

The reset operation is common to the power-on reset, external reset input and internal factor resets, except for
the initialization of some special function registers and the initialization of the voltage detection circuits.

When a reset is applied, the peripheral circuits become the states as shown in Table 2-5.
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Table 2-5 Initialization of Built-in Hardware by Reset Operation and Its Status after Release

During the warm-up opera- Immediately after the
Built-in hardware During reset tion that follows reset re- | warm-up operation that fol-

lease lows reset release
Program counter (PC) OxFFFE OxFFFE OxFFFE
Stack pointer (SP) 0x00FF 0x00FF 0x00FF
RAM Indeterminate Indeterminate Indeterminate
General-purpose registers (W, A, B, C, D, E, H, L, IXand IY) Indeterminate Indeterminate Indeterminate
Register bank selector (RBS) 0 0] 0
Jump status flag (JF) Indeterminate Indeterminate Indeterminate
Zero flag (ZF) Indeterminate Indeterminate Indeterminate
Carry flag (CF) Indeterminate Indeterminate Indeterminate
Half carry flag (HF) Indeterminate Indeterminate Indeterminate
Sign flag (SF) Indeterminate Indeterminate Indeterminate
Overflow flag (VF) Indeterminate Indeterminate Indeterminate
Interrupt master enable flag (IMF) 0 0 0
Individual interrupt enable flag (EF) 0 0 0
Interrupt latch (IL) (0] 0 0
High-frequency clock oscillation circuit Oscillation-enabled Oscillation-enabled Oscillation enabled
Low-frequency clock oscillation circuit Oscillation disabled Oscillation disabled Oscillation disabled
Warm-up counter Reset Start Stop
Timing generator prescaler and divider 0 0 0
Watchdog timer Disabled Disabled Enabled
Voltage detection circuit Disabled or enabled Disabled or enabled Disabled or enabled
1/0 port pin status Hiz Hiz Hiz
Special function register Refer to the SFR map. Refer to the SFR map. Refer to the SFR map.

Note: The voltage detection circuits are disabled by an external reset.input or power-on reset only.
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244 Reset Signal Generating Factors

Reset signals are generated by each factor as follows:

2441 Power-on reset
The power-on reset is an internal reset that occurs when power is turned-on:

During power-up, a power-on reset signal is generated while the supplyvoltage is below the power-on reset
release voltage. When the supply voltage rises above the power-on reset release voltage, the power-on reset
signal is released.

During power-down, a power-on reset signal is generated when the supply voltage falls below the power-
on reset detection voltage.

Refer to "Power-on Reset circuit".

2.4.4.2 External reset input (RESET pin input)

This is an external reset that is generated by the RESET pin input. Port P10-is)also used as the RESET pin,
and it is configured as the RESET pin at power-up.

During power-up

- When the supply voltage rises rapidly

When the power supply rise time (typp) 1s shorter than 5 [ms] with enough margin, the
reset can be released by a power-on reset or an external reset (RESET pin input).

The power-on reset logic and external reset (RESET pin input) logic are ORed. This means
that the TMP89CM46 is reset when either.or both of these reset sources are asserted.

Therefore, the reset time is determined by the reset source with a longer reset period. If
the RESET pin level changes from Low to High before the supply voltage rises above the
power-on-reset release voltage (Vprorr) (or if the RESET pin level is High from the be-

ginning), the reset time depends on the power-on reset. If the RESET pin level changes from
Low to High after the supply voltage rises above VproFrr, the reset time depends on the

external reset.

In the former case, a warm-up period begins when the power-on reset signal is released.
In the latter case, a warm-up period begins when the RESET pin level becomes High. Upon
completion of the warm-up period, the CPU and peripheral circuits start operating (Figure
2-15).

- When'the supply voltage rises slowly

When the power supply rise time (typp) is longer than 5 [ms], the reset must be released
by using the RESET pin. In this case, hold the RESET pin Low until the supply voltage rises
to the operating voltage range and oscillation is stabilized. When this state is achieved, wait
at least 5 [pus] and then pull the RESET pin High. Changing the RESET pin level to High
starts a warm-up period. Upon completion of the warm-up period, the CPU and peripheral
circuits start operating (Figure 2-15).
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tvop

Operating voltage
range

VPROFF

Power-on reset

RESET pin

CPU and peripheral \ CPU and peripheral-circuits start-operating

circuits reset Warm-up period
tpwup)

When the supply voltage rises rapidly (When the reset time depends.on-power-on reset)

tvop

Operating voltage
range

VproFF

Power-on reset

RESET pin

CPU and peripheral \ CPU and peripheral circuits start operating

circuits reset Warm-up period
tpwp;

When the supply voltage rises rapidly (When the reset time depends on external reset)

tvop

Operating voltage
range

VPROFF

Power-on reset

5us or more
>

RESET pin CPU and peripheral
circuits start
CPU and peripheral operating
circuits reset Warm-up period
(tpwup)

When the supply voltage rises slowly

Figure 2-15 External Reset Input (During Power-Up)
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When the supply voltage is within the operating voltage range

When the supply voltage is within the operating voltage range and stable oscillation is achieved,
holding the RESET pin Low for 5 [ps] or longer generates a reset. Then, changing the RESET pin
level to High starts a warm-up period. Upon completion of the warm-up period, the CPU and
peripheral circuits start operating (Figure 2-16).

Operating voltage
range

5us or more
RESET pin
CPU and peripheral \ CPU and peripheral circuits start operating
circuits reset / Warm-up period

(tpwup)

Figure 2-16 External Reset Input (When the Power Supply Is Stable)

2443 \Voltage detection reset

The voltage detection reset is an internal factor reset that occurs when it is detected that the supply voltage
has reached a predetermined detection voltage.

Refer to "Voltage Detection Circuit".

2444 Watchdog timer reset

The watchdog timer reset is an internal factorreset that occurs when an overflow of the watchdog timer is
detected.

Refer to "Watchdog Timer".

2445 System-clock reset

The system clock reset is an internal factor reset that occurs when it is detected that the oscillation enable
register is set to a combination that puts the CPU into deadlock.

Refer to "Clock Control Circuit".

2.4.4.6 ~Trimming data reset

The trimming data reset is an internal factor reset that occurs when the trimming data latched in the internal
circuit is broken down during operation due to noise or other factors.

The trimming data is a data bit provided for adjustment of the ladder resistor that generates the comparison
voltage for the power-on reset and the voltage detection circuits.

This bit is loaded from the non-volatile exclusive use memory during the warm-up time that follows reset
release (tPWUP) and latched into the internal circuit.

If the trimming data loaded from the non-volatile exclusive use memory during the warm-up operation that
follows reset release is abnormal, IRSTSR<TRMDS> is set to "1".
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2447

2448

When IRSTSR<TRMDS> is read as "1" in the initialize routine immediately after reset release, the trim-
ming data need to be reloaded by generating an internal factor reset, such as a system clock reset, and activating
the warm-up operation again.

If IRSTSR<TRMDS> is still set to "1" after repeated reading, the detection voltage of the voltage detection
circuit and power-on reset circuit does not satisfy the characteristic specified in the electric characteristics.
Design the system so that the system will not be damaged in such a case.

Internal factor reset detection status register

By reading the internal factor reset detection status register IRSTSR ‘after the release of an internal factor
reset, except the power-on reset, the factor which causes a reset can be detected.

The internal factor reset detection status register is initialized by an-external reset input or power-on re-
set.

Set IRSTSR<FCLR> to "1" and write 0x71 to SYSCR4. This enables IRSTSR<FCLR> and the internal
factor reset detection status register is clear to "0". IRSTSR<FCLR> is cleared to "0" automatically after
initializing the internal factor reset detection status register.

Note 1: Care must be taken in system designing since the IRSTSR may not fulfill its functions due'to disturbing
noise and other effects.

Note 2: After IRSTSR<FCLR> is modified, SYSCR4 should be written 0x71 (Enable code for IRSTSR<FCLR>
in NORMAL mode when fcgck is fc/4 (CGCR<FCGCKSEL>=00). Otherwise; IRSTSR<FCLR> may be
enabled at unexpected timing.

How to use the external reset input pin as a port

To use the external reset input pin as a port, keep the external reset input pin at the "H" level until the power
is turned on and the warm-up operation that follows reset release is finished.

After the warm-up operation that follows reset release is finished, set PIPUO to "1" and P1CRO to "0", and
connect a pull-up resistor-for-a port. Then set SYSCR3<RSTDIS> to "1" and write 0xB2 to SYSCR4. This
disables the external reset function and makes the external reset input pin usable as a normal port.

To use the pin as an external reset pin when it'is used as a port, set PIPUO to "1" and P1CRO to "0" and
connect the pull-up resistor to put the pin to thedinputmode. Then clear SYSCR3<RSTDIS> to "0" and write
0xB2 to SYSCR4. This enables the external reset function and makes the pin usable as the external reset input
pin.

Note 1:~If you switch the external reset input-pin to a port or switch the pin used as a port to the external reset
input-pin, do it when the pin is stabilized at the "H" level. Switching the pin function when the "L" level is
input may cause a reset.

Note 2: \If the external reset input.is-.used as a port, the statement which clears SYSCR3<RSTDIS> to "0" is not
written in a program.-By the-abnormal execution of program, the external reset input set as a port may
be changed as the external reset input at unexpected timing.

Note 3: After SYSCR3<RSTDIS>/is modified, SYSCR4 should be written 0xB2 (Enable code for

SYSCR3<RSTDIS>) in NORMAL1 mode when fcgck is fc/4 (CGCR<FCGCKSEL>=00). Otherwise,
SYSCR3<RSTDIS> may be enabled at unexpected timing.
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2.5 Revision History

Rev Description
"Table 2-3 Operation Modes and Conditions" Added AD converter condition.
RAQ02 "(2) Release the STOP mode" Added new example program and note to Level-sensitive release mode.
"Table 2-3 Operation Modes and Conditions" Revised character code error.
RA003 "Table 2-3 Operation Modes and Conditions" Added AD converter condition.
"(2) Release the STOP mode" Added new example program.
"2.3.6 Operation Mode Control" Revised register name from VDCR2<VDSS> to VDCR2<SRSS>.
RA004 " Internal factor reset detection status register" Revised Note.
"2.4.4.2 External reset input (RESET pin input)" Revised description.
RBO0O Revised P03 (XTIN) and P04 (XTOUT) to P02 (XTIN) and P03 (XTOUT).

Deleted SRSS function.
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3. Interrupt Control Circuit

The TMP89CM46 has a total of 25 interrupt sources excluding reset. Interrupts can be nested with priorities. Three
of the internal interrupt sources are non-maskable while the rest are maskable.

Interrupt sources are provided with interrupt latches (IL), which hold interrupt requests, and have independent vector
addresses. When a request for an interrupt is generated, its interrupt latch is set to "1", which requests the CPU to
accept the interrupt. Acceptance of interrupts is enabled or disabled by software using the interrupt master enable flag
(IMF) and individual enable flag (EF) for each interrupt source. If multiple maskable interrupts are generated simul-
taneously, the interrupts are accepted in order of descending priority. The priorities are determined by the interrupt
priority change control register (ILPRS1-ILPRS6) as Levels and determined by the hardware as the basic priorities.

However, there are no prioritized interrupt sources among non-maskable interrupts.

Vector Address
Interrupt sources Enable condition Inlt:tr(;:pt (MCY mode) E:;ﬁ
RVCTR=0 | RVCTR=1 ty
enabled enabled
Intemal/Ex- | Reset) Non-maskable - OXFFFE - 1
ternal

Internal INTSWI Non-maskable - OxFFFC 0x01FC 2
Internal INTUNDEF Non-maskable - OxFFFC 0x01FC 2
Internal INTWDT Non-maskable ILL<IL3> OxFFF8 0x01F8 2
Internal INTWUC IMF AND EIRL<EF4> =1 ILL<IL4> OxFFF6 0x01F6 5
Internal INTTBT IMF AND.EIRL<EF5> =1 ILL<IL5> OxFFF4 0x01F4 6
Internal INTRXDO / INTSIOO0 IMF.AND EIRL<EF6> ="1 ILL<IL6> OxFFF2 0x01F2 7
Internal INTTXDO IMF AND EIRL<EF7> =1 ILL<IL7> OxFFFO 0x01FO0 8
External INT5 IMF'AND EIRH<EF8> = 1 ILH<IL8> OxFFEE 0x01EE 9
Internal INTVLTD IMF AND EIRH<EF9>= 1 ILH<IL9> OxFFEC 0x01EC 10
Internal INTADC IMF AND EIRH<EF10>="1 ILH<IL10> | OxFFEA 0x01EA 11
Internal INTRTC IMF AND EIRH<EF11> =1 ILH<IL11> OxFFE8 0x01E8 12
Internal INTTCO0 IMF AND EIRH<EF12> = 1 ILH<IL12> OxFFE6 0x01E6 13
Internal INTTCO1 IMF AND EIRH<EF13> =1 ILH<IL13> OxFFE4 0x01E4 14
Internal INTTCAO IMF. AND EIRH<EF14> = 1 ILH<IL14> OxFFE2 0x01E2 15
Internal INTSBIO/INTSIO0 IMF AND-EIRH<EF15> = 1 ILH<IL15> OxFFEO 0x01EO0 16
External INTO IMF AND-EIRE<EF16> = 1 ILE<IL16> | OxFFDE 0x01DE 17
External INT1 IMF-AND EIRE<EF17> =1 ILE<IL17> OxFFDC 0x01DC 18
External INT2 IMF AND EIRE<EF18> =1 ILE<IL18> | OxFFDA 0x01DA 19
External INT3 IMF AND EIRE<EF19> =1 ILE<IL19> 0xFFD8 0x01D8 20
External INT4 IMF AND EIRE<EF20> = 1 ILE<IL20> 0xFFD6 0x01D6 21
Internal INTTCA1 IMF AND EIRE<EF21> =1 ILE<IL21> O0xFFD4 0x01D4 22
Internal INTRXD1 IMF AND EIRE<EF22> = 1 ILE<IL22> O0xFFD2 0x01D2 23
Internal INTTXD1 IMF AND EIRE<EF23> =1 ILE<IL23> 0xFFDO 0x01D0 24
Internal INTTCO2 IMF AND EIRD<EF24> = 1 ILD<IL24> | OxFFCE 0x01CE 25
Internal INTTCO3 IMF AND EIRD<EF25> = 1 ILD<IL25> | OxFFCC 0x01CC 26

Note 1: To use the watchdog timer interrupt (INTWDT), clear WDCTR<WDTOUT> to "0" (It is set for the "Reset request”
after reset is released). For details, see "Watchdog Timer".

Note 2: Vector address areas can be changed by the SYSCR3<RVCTR> setting. To assign vector address areas to RAM,
set SYSCR3<RVCTR> to "1" and SYSCR3<RAREA> to "1".
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Configuration
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3.2 Interrupt Latches (IL25 to IL3)

An interrupt latch is provided for each interrupt source, except for a software interrupt and an undefined instruction
execution interrupt. When an interrupt request is generated, the latch is set to "1", and the CPU is requested to accept
the interrupt if its acceptance is enabled. The interrupt latch is cleared to "0" immediately after the interrupt is accepted.
All interrupt latches are initialized to "0" during reset.

The interrupt latches are located at addresses 0xOFEQ, 0xOFE1, 0xOFE2, 0xOFE3 in SFR area. Each latch can be
cleared to "0" individually by an instruction. However, IL2 and IL3 interrupt latches cannot be cleared by instructions.

Do not use any read-modify-write instruction, such as a bit manipulation or operation instruction, because it may
clear interrupt requests generated while the instruction is executed.

Interrupt latches cannot be set to "1" by using an instruction. Writing "1" to-an-interrupt latch is equivalent to denying
clearing of the interrupt latch, and not setting the interrupt latch.

Since interrupt latches can be read by instructions, the status of interrupt requests can be monitored by software.

Note: In the main program, before manipulating an interrupt latch (IL), be-sure toclear the master enable flag (IMF) to
"0" (Disable interrupt by DI instruction). Then set the IMF to "1" asrequired after operating the'IL (Enable interrupt
by El instruction).

In the interrupt service routine, the IMF becomes "0" automatically and need not be cleared to™0" normally.

However, if using multiple interrupt in the interrupt service routine, manipulate the IL before setting-the IMF to
nqn

Example 1:Clears interrupt latches

DI ;IMF < 0

LD (ILL), Oy00111111 ;IL7 to IL6 —0

LD (ILH), 0y11101000 ;IL12,1L10 to IL8 << 0
El IMF.— 1

Example 2:Reads interrupt latches

LD WA, (ILL) W —ILH, A — ILL

Example 3:Tests interrupt latches

TEST \ (LL).7 :if IL7=1 then jump
JR F,SSET
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3.3 Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts, except for the non-maskable
interrupts (software interrupt, undefined instruction interrupt and watchdog interrupt). Non-maskable interrupts are
accepted regardless of the contents of the EIR.

The EIR consists of the interrupt master enable flag (IMF) and the individual interrupt enable flags (EF). These
registers are located at addresses 0x003 A, 0x003B, 0x003C, 0x003D in the SFR area, and they can be read and written
by instructions (including read-modify-write instructions such as bit manipulation or operation instructions).

3.3.1

3.3.2

Interrupt master enable flag (IMF)

The interrupt master enable flag (IMF) enables and disables the acceptance of all maskable interrupts. Clearing
the IMF to "0" disables the acceptance of all maskable interrupts. Setting-the IMF to "1" enables the acceptance
of the interrupts that are specified by the individual interrupt enable flags.

When an interrupt is accepted, the IMF is stacked and then cleared to "0", which temporarily disables the
subsequent maskable interrupts. After the interrupt service routine is‘executed, the stacked data, which was the
status before interrupt acceptance, reloaded on the IMF by return/interrupt instruction [RETI]/[RETN].

The IMF is located on bit 0 in EIRL (Address: 0x03A in SFR), and can be read and written by instructions.
The IMF is normally set and cleared by [EI] and [DI}instructions respectively. During reset, the IMF is initialized
tO "0".

Individual interrupt enable flags (EF25 to EF4)

Each of these flags enables and disables.the acceptance of its maskable interrupt. Setting the corresponding
bit of an individual interrupt enable flag to "1" enables acceptance ofits interrupt, and setting the bit to "0" disables
acceptance.

During reset, all the individual interrupt enable flags are initialized to "0" and no maskable interrupts are
accepted until the flags are set to-"1"

Note:In the main-program,’before manipulating the-interrupt enable flag (EF), be sure to clear the master
enable’flag (IMF) to."0" (Disable interrupt by DI instruction). Then set the IMF to "1" as required after
operating the EF-(Enable interrupt by El instruction).

In the interrupt service routine, the IMF becomes "0" automatically and need not be cleared to "0" nor-
mally. However, if using multiple-interrupt in the interrupt service routine, manipulate the EF before setting
the IMF to "1™

Example:Enables interrupts individually and sets IMF

DI ;IMF — 0

LDW (EIRL), 0y1110100010100000 ;EF15 to EF13, EF11, EF7, EF5 « 1
: ;Note: IMF should not be set.

El JIMF — 1

RAOQ003

Page 50



TOSHIBA

TMP89CM46

Interrupt latch (ILL)

ILL 7 6 5 4 3 2 1 0
(0XOFEQ) Bit Symbol IL7 IL6 IL5 L4 IL3 - - -
Read/Write R/W R/W R/W R/W R R R R
After reset 0 0 0 0 0
Function INTTXDO INTRXDO / INTTBT INTWUC INTWDT
INTSIOO0
Interrupt latch (ILH)
ILH 7 6 5 4 3 2 1 0
(OXOFE1) Bit Symbol IL15 IL14 IL13 L12 IL11 IL10 L9 L8
Read/Write R/W R/W R/W R/W R/W R/W R/W. R/W
After reset 0 0 0 0 0 0 0 0
Function INTSBIO/IN- | INTTCAO INTTCO1 INTTCOO INTRTC INTADC INTVLTD INT5
TSIO0
Interrupt latch (ILE)
ILE 7 6 5 4 3 2 1 0
(0XOFE2) Bit Symbol 1L23 IL22 IL21 1L20 IL19 IL18 IL17 IL16
Read/Write R/W R/W RW R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function INTTXD1 INTRXD1 INTTCA1 INT4 INT3 INT2 INT1 INTO
Interrupt latch (ILD)
ILD 7 6 5 4 3 2 1 0
(OXOFE3) Bit Symbol - - - - - - IL25 IL24
Read/Write R R R R R R R/W R/W
After reset 0 0
Function INTTCO3 INTTCO2
Read Write
0: [ No interrupt request Clears the interrupt request
IL25 toIL4 (Notes 2 and 3)
Interrapt latch 1:| Interrupt request Does not clear the interrupt re-
quest
(Interrupt is not set by writing "1".)
L3 0: | No interrupt request )
1:| Interrupt request

Note 1: IL3 is a read-only register. Writing the register does not affect interrupt latch.

In the main program, before manipulating an interrupt latch (IL), be sure to clear the interrupt master enable flag (IMF) to
"0" (Disable interrupt by DI instruction). Then set the IMF to "1" as required after operating the IL (Enable interrupt by El

Note 2:

instruction).

In the interrupt service routine, the IMF becomes "0" automatically and need not be cleared to "0" normally. However, if

using multiple interrupt in the interrupt service routine, manipulate the IL before setting the IMF to "1".

Note 3:
Note 4:

Do not clear IL with read-modify-write instructions such as bit operations.
When a read instruction is executed on ILL, bits 0 to 2 are read as "0". Other unused bits are read as "0".
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Interrupt enable register (EIRL)

EIRL 7 6 5 4 3 2 1 0
(0x003A) Bit Symbol EF7 EF6 EF5 EF4 - - - IMF
Read/Write R/W R/W R/W R/W R R R R/W
After reset 0 0 0 0 0 0 0 0
INTTXDO INTRXDO / INTTBT INTWUC Interrupt
Function INTSIO0 master ena-
ble flag

Interrupt enable register (EIRH)

EIRH 7 6 5 4 3 2 1 0
(0x003B) Bit Symbol EF15 EF14 EF13 EF12 EF11 EF10 EF9 EF8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
. INTSBIO/IN- | INTTCAO INTTCO1 INTTCO0 INTRTC INTADC INTVLTD INT5
Function TSI00

Interrupt enable register (EIRE)

EIRE 7 6 5 4 3 2 1 0
(0x003C) Bit Symbol EF23 EF22 EF21 EF20 EF19 EF18 EF17 EF16
Read/Write R/W R/W RW R/W R/IW R/W R/W R/W

After reset 0 0 0 0 0 0 0 0
Function INTTXD1 INTRXDA1 INTTCA1 INT4 INT3 INT2 INT1 INTO

Interrupt enable register (EIRD)

EIRD 7 6 5 4 3 2 1 0
(0x003D) Bit Symbol - - - - - - EF25 EF24
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function INTTCO3 INTTCO2

EF25 to Individual interrupt enable flag 0: | Disables the acceptance of each maskable interrupt.
EF4 (Specified for each bit) 1: | Enables the acceptance of each maskable interrupt.
0: | Disables the acceptance of all maskable interrupts.
IMF Interrupt master enable flag .
1: | Enables the acceptance of all maskable interrupts.

Note 1: Do.not set the IMF and the-interrupt enable flag (EF15 to EF4) to "1" at the same time.

Note 2: “In the-main program, before manipulating the interrupt enable flag (EF), be sure to clear the master enable flag (IMF) to
"0" (Disable interrupt by. DI instruction). Then set the IMF to "1" as required after operating the EF (Enable interrupt by EI
instruction)

In the interrupt service routine, the IMF becomes "0" automatically and need not be cleared to "0" normally. However, if
using multiple interrupt in the’interrupt service routine, manipulate the EF before setting the IMF to "1".

Note 3: When a read instruction is executed on EIRL, bits 3 to 1 are read as "0". Other unused bits are read as "0".
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3.4 Maskable Interrupt Priority Change Function

The priority of maskable interrupts (IL4 to IL25) can be changed to four levels, Levels 0 to 3, regardless of the basic
priorities 5 to 26. Interrupt priorities can be changed by the interrupt priority change control register (ILPRSI1 to
ILPRS6). To raise the interrupt priority, set the Level to a larger number. To lower the interrupt priority, set the Level
to a smaller number. When different maskable interrupts are generated simultaneously at the same level, the interrupt
with higher basic priority is processed preferentially. For example, when the ILPRS1 register is set to 0xCO and

interrupts IL4 and IL7 are generated at the same time, IL7 is preferentially processed (provided that EF4 and EF7 have
been enabled).

After reset is released, all maskable interrupts are set to priority level 0 (the lowest priority).

Note:In the main program, before manipulating the interrupt priority change control.register (ILPRS1 to 6), be sure to

Interrupt priority change control register 1

ILPRS1
(0XOFFO)

clear the master enable flag (IMF) to "0" (Disable interrupt by DI instruction).
Set the IMF to "1" as required after operating ILPRS1 to 6 (Enable interrupt by El instruction).

In the interrupt service routine, the IMF becomes "0" automatically and need not be cleared to "0"-normally.

However, if using multiple interrupt in the interrupt service routine, manipulate ILPRS1 to 6 before setting the
IMF to "1".

7 6 5 4 3 2 1 0

Bit Symbol ILO7P ILOBP ILO5P ILO4P
Read/Write R/W R/W. R/W R/IW

After reset 0 0 0 0 0 0 0 0
ILO7P Sets the interrupt priority of IL7. 00: | Level O (lower priority)

ILO6P Sets the interrupt priority of IL6. 01: | Level 1

ILOSP Sets the interrupt priority of IL5. 10: | Level 2

ILO4P Sets the interrupt priority-of 1L4. 11: | Level 3 (higher priority)

Interrupt priority change control register 2

ILPRS2
(OXOFF1)

7 6 5 4 3 2 1 0

Bit Symbol IL11P, IL10P ILO9P ILO8P
Read/Write R/W R/IW R/W R/W

After reset 0 0 0 0 0 0 0 0
IL11P Sets the interrupt priority of IL11. 00: | Level O (lower priority)

IL10P Sets the interrupt priority of I1L10. 01: | Level 1

ILO9P Sets the interrupt priority of IL9. 10: | Level 2

ILO8P Sets the interrupt priority-of IL8. 11: | Level 3 (higher priority)

Interrupt priority change control register 3

ILPRS3 7 6 5 4 3 2 1 0
(0xOFF2) Bit Symbol IL15P IL14P IL13P IL12P
Read/Write R/W R/W R/W R/IW
After reset 0 0 0 0 0 0 0 0
IL15P Sets the interrupt priority of IL15. 00: | Level O (lower priority)
IL14P Sets the interrupt priority of IL14. 01: | Level 1
IL13P Sets the interrupt priority of IL13. 10: | Level 2
IL12P Sets the interrupt priority of IL12. 11: | Level 3 (higher priority)
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Interrupt priority change control register 4
ILPRS4 7 6 4 3 1 0
(OxOFF3) Bit Symbol IL19P IL18P IL17P IL16P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0
IL19P Sets the interrupt priority of IL19. 00: | Level O (lower priority)
IL18P Sets the interrupt priority of 1L18. 01: | Level 1
IL17P Sets the interrupt priority of IL17. 10: | Level 2
IL16P Sets the interrupt priority of IL16. 11: | Level 3 (higher priority)
Interrupt priority change control register 5
ILPRS5 7 6 4 3 1 0
(OxOFF4) Bit Symbol IL23P IL22P IL21P IL20P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0
IL23P Sets the interrupt priority of I1L23. 00: |- Level O (lower priority)
IL22P Sets the interrupt priority of 1L22. 01: | Level 1
IL21P Sets the interrupt priority of I1L21. 10:.} Level 2
IL20P Sets the interrupt priority of 1L20. 11: | Level 3 (higher priority)
Interrupt priority change control register 6
ILPRS6 7 6 4 3 1 0
(OXOFF5) Bit Symbol 7 IL25P IL24P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0

RAOQ003

- - 00:-}'Level O (lower priority)
£ - 01: | Level 1
IL25P Sets the interrupt priority of IL25. 10: | Level 2
1L24P Sets the interrupt priority of 1L24. 11: | Level 3 (higher priority)
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3.5 Interrupt Sequence

An interrupt request, which raised interrupt latch, is held, until interrupt is accepted or interrupt latch is cleared to
“0” by resetting or an instruction. Interrupt acceptance sequence requires 8-machine cycles after the completion of
the current instruction. The interrupt service task terminates upon execution of an interrupt return instruction [RETI]
(for maskable interrupts) or [RETN] (for non-maskable interrupts).

3.5.1 Initial Setting

Using an interrupt requires specifying an SP (stack pointer) for it in advance. The SP is a 16-bit register pointing
at the start address of a stack. The SP is post-decremented when a subroutine call or a push instruction is executed
or when an interrupt request is accepted. It is pre-incremented when a return or pop instruction is executed.
Therefore, the stack becomes deeper toward lower stack location addresses. Be sure to reserve a stack area having
an appropriate size based on the SP setting.

The SP is initialized to 00FFH after a reset. If you need to change the SP, do so rightafter a reset or when the
interrupt master enable flag (IMF) is “0”.

Example :SP setting

LD SP, 023FH : SP = 023FH
LD SP,SP+04H  ; SP="SP +04H
ADD SP, 0010H . SP|= SP +.0010H

3.5.2 Interrupt acceptance processing

Interrupt acceptance processing is packaged as follows,

1. The interrupt master enable flag (IMF) is cleared to<‘0” in order to disable the acceptance of any
following interrupt.

2. The interrupt latch (IL) for the interrupt source-accepted is cleared to “0”.

The contents of the program counter (PC) and the program status word, including the interrupt master
enable flag (IME), are saved (Pushed) on the stack in sequence of PSW + IMF, PCH, PCL. Meanwhile,
the stack pointer (SP) is decremented by 3.

4. Theentry address (Interruptvector) of the corresponding interrupt service program, loaded on the vector
table, is transferred to the program- counter.

5. /Theinstruction stored at the entry address of the interrupt service program is executed.

Note: When the contents of PSW.are saved on the stack, the contents of register bank and IMF are also saved.

Example: Correspondence /between vector table address for INTTBT and the entry address of the interrupt
service program

Vectortable address Vector table address
T~ N\
oreea[ 5 | [ oo oor ]
OXFFF5| O0xD2 | 0xD204 | Ox06
L~ N

Figure 3-2 Vector table address and Entry address
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3.5.3

A maskable interrupt is not accepted until the IMF is set to “1” even if the maskable interrupt is requested in
the interrupt service routine.

In order to utilize nested interrupt service, the IMF must be set to “1” in the interrupt service program. In this
case, acceptable interrupt sources are selectively enabled by the individual interrupt enable flags.

To avoid overloaded nesting, clear the individual interrupt enable flag whose interrupt is currently serviced,
before setting IMF to “1”. As for non-maskable interrupt, keep interrupt service shorter compared with length
between interrupt requests.

Saving/restoring general-purpose registers

During interrupt acceptance processing, the program counter (PC) and the program status word (PSW, includes
IMF) are automatically saved on the stack, but the general purpose registers-are not. These registers must be saved
by software if necessary. When multiple interrupt services are nested, it.is,also necessary to avoid-using the same
data memory area for saving registers. The following methods are used to save/restore the general-purpose reg-
isters.

3.5.3.1 Using PUSH and POP instructions

To save only a specific register, PUSH and POP instructions are available:

Example :Using PUSH and POP instructions

PINTxx PUSH WA ;- Save WA register

Interrupt processing

POP WA ; Restore WA register

RETI ; RETURN
............................................ Address
SP —>» (Example)

A b-4
SP —» w SP—>» b-3
PCy PCL PCL b-2
PCH PCH PCH b-1

PSW PSwW PSwW SP —» b

At Acceptance of At execution of At execution of At execution of
an Interrupt PUSH instruction POP instruction an RETI instruction

Figure 3-3 Saving/restoring general-purpose registers
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3.5.3.2 Using data transfer instructions

To save only a specific register without nested interrupts, data transfer instructions are available.

Example :Save/store register using data transfer instructions

PINTxx: LD (GSAVA), A ; Save A register
Interrupt processing
LD ' A, (GSAVA) ; Restore A register
RETI ; RETURN

Main task
Interrupt
» service task

""" TV Saving
\U) registers

Z Restoring
Interrupt return_ > registers

<

Figure 3-4 Saving/Restoring General-purpose Registers-under Interrupt Processing

3.5.3.3 Using a register bank to save/restore general-purpose registers

In non-multiple interrupt handling, the register bank function can be used to save/restore the general-
purpose registers-at a time. The register bank function saves (switches) the general-purpose registers by
executinga register bank manipulation instruction (such as LD RBS, 1) at the beginning of an interrupt service
task. It is unnecessary to re-execute the register bank manipulation instruction at the end of the interrupt
service task because executing the RETT instruction makes a return automatically to the register bank that
was being used by the main task according to the content of the PSW.

Note:Two register banks (BANKO and BANK1) are available. Each bank consists of 8-bit general-purpose
registers(W, A, B, C, D, E, H, and L) and 16-bit general-purpose registers (IX and 1Y).

Example :Saving/restoring registers, using an instruction for transfer with data memory (with the main task using the
register bank BANKO)

PINTxx: LD RBS, 1 ; Switches to the register bank BANK1
Interrupt processing
RETI ; RETURN

(Makes a return automatically to BANKO that
was being used by the main task when the
PSW is restored)
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Main task
Interrupt
Interrupt acceptanc .
_____ P P —> service task
The register bank LD (RBS),1

BANKO is in use.

Interrupt return

<

<

A return is made automatically to

the register bank BANKO.

Switching occurs to
the register bank BANK1.

Figure 3-5 Saving/Restoring General-purpose Registers under Interrupt Processing

3.5.4 Interrupt return

Interrupt return instructions [RETI]/[RETN] perform as follows.

[RETI)/[RETN] Interrupt Return

stored from tha stack.

1. Program counter (PC) and program status word (register bank) are re-

2. Stack pointer (SP) is incremented by 3.
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3.6 Software Interrupt (INTSW)

Executing the SWI instruction generates a software interrupt and immediately starts interrupt processing (INTSW
is the top-priority interrupt).

Use the SWI instruction only for address error detection or for debugging described below.

3.6.1 Address error detection

OxFF is read if for some cause such as noise the CPU attempts to fetch an instruction from a non-existent
memory address. Code OxFF is an SWI instruction, so a software interrupt is'generated and an address error is
detected. The address error detection range can be further expanded by writing OxFF to unused areas in the
program memory.

3.6.2 Debugging

Debugging efficiency can be increased by placing the SWI instruction at the software break point setting
address.

3.7 Undefined Instruction Interrupt (INTUNDEF)

When the CPU tries to fetch and execute an instruction that is not defined; INTUNDEEF is generated and starts the
interrupt processing. INTUNDEF is accepted evenif another non-maskable interrupt is in process. The current process
is discontinued and the INTUNDEEF interrupt process starts soon after it is requested.

Note: The undefined instruction interrupt (INTUNDEF) forces the CPU to jump into the interrupt vector address, as
software interrupt (SWI) does.
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4. External Interrupt control circuit

External interrupts detects the change of the input signal and generates an interrupt request. Noise can be removed

by the built-in digital noise canceller.

4.1 Configuration

The external interrupt control circuit consists of a noise canceller, an edge detection circuit, a level detection circuit

and an interrupt signal generation circuit.

Externally input signals are input to the rising edge or falling edge or level detection circuit for each external

interrupt, after noise is removed by the noise canceller.

INTj pin D—>

Noi I Falling edge Interrupt request signal INTjlinterrupt
oise canceller 7| detection circuit 77| generation circuit request
=0,5

P

fcgek fsl4

Figure 4-1 External Interrupts 0/5

INTi pi D—> - Rising edge
1pin Noise canceller > detection circuit > nterrupt request N
T signal generation f——>» rinteérrup
fs/4 | Falling edge N circuit request
7| detection circuit > -
z S i=1t0 3
A B CD A
A A A INTIES
INTILVL
(
fegek 1[2]3[4} /[ Entcri/ ]
Figure 4-2 External Interrupts 1/2/3
| Rising edge
detection circuit
Y
i ; | Falling edge |
INT4 pin D—> Noise canceller >| detection circuit > Interrupt request N
4% signal generation |——>» request
s Level detection > circuit
7 circuit
A B m‘— 7
\ A A INT4ES
INTALVL
Y
fegek 1[2[3]4] [_Emntcra |

4.2 Control

Figure 4-3 External Interrupt 4

External interrupts are controlled by the following registers:
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Low power consumption register 3

POFFCR3 7 6 5 4 3 2 1 0
(OxOF77) Bit Symbol - - INT5EN INT4EN INT3EN INT2EN INT1EN INTOEN
Read/Write R/W R/W R/W R/W R/W R/W. R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
INT5EN INT5 control
1| Enable
0 | Disable
INT4EN INT4 control
1| Enable
0 | Disable
INT3EN INT3 control
1| Enable
0 | Disable
INT2EN INT2 control
1| Enable
0 | Disable
INT1EN INT1 control
1| Enable
0 | Disable
INTOEN INTO control
1| Enable

Note 1: Clearing INTXEN(x=0 to 5) to "0" stops the clock supply. to the external interrupts. This invalidates the data written in the
control register for each external interrupt. When using the external interrupts;-set INTXEN to "1" and then write data into
the control register for each external interrupt.

Note 2: Interrupt request signals may be generated' when INTXEN is changed. Before changing INTXEN, clear the corresponding
interrupt enable register to "0" to disable the generation of interrupt. When the operation mode is changed from NORMAL1/2
or IDLE1/2 to SLOW1/2 or SLEEP1, wait.12/fs [s] after the operation mode is changed and clear the interrupt latch. And
when the operation mode is changed from SLOW1/2 or SLEEP1.to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/fspl [s] after
the operation mode is changed and clear the interrupt latch.

Note 3: Bits 7 and 6 of POFFSET3 are read as "0".

External interrupt control register 1

EINTCR1 7 6 5 4 3 2 1 0
(0x0FD8) Bit Symbol - - - INTILVL INT1ES INTINC
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0
Noise canceller pass signal level 0.: | Initial state or signal level "L"

INIMLVL when the interrupt request signal is 1| signal level "H"
generated for external interrupt 1

00 : | An interrupt request is generated at the rising edge of the noise canceller
pass signal

Selects the interrupt request gener- 01 : | Aninterrupt request is generated at the falling edge of the noise canceller

INT1ES | ating condition for external interrupt pass signal
1 10 : | Aninterrupt request is generated at both edges of the noise canceller pass
signal
11 : | Reserved
NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
. . 00 : | fcgck [Hz] 00 : | fs/4 [HZ]
INTINC Sets the noise canceller sampling in- . ) )
terval for external interrupt 1 01: [ fegek /22 [Hz] 01| fs/4 [Hz]
10 : | fegek / 23 [Hz] 10 : | fs/4 [Hz]
11 : | fegek /24 [Hz] 11| fs/4 [Hz]

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2: Interrupt requests may be generated during transition of the operation mode. Before changing the operation mode, clear
the corresponding interrupt enable register to "0" to disable the generation of interrupt. When the operation mode is
changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and
clear the interrupt latch. And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2,
wait 2/fcgck+3/fspl [s] after the operation mode is changed and clear the interrupt latch.
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Note 3: Interrupt requests may be generated when EINTCR1 is changed. Before doing such operation, clear the corresponding
interrupt enable register to "0" to disable the generation of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the interrupt
latch. And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/
fspl [s] after the operation mode is changed and clear the interrupt latch.

Note 4: Bits 7 to 5 of EINTCR1 are read as "0".

External interrupt control register 2

EINTCR1 7 6 5 4 3 0
(0x0FD9) Bit Symbol - - INT2LVL INT2ES INT2NC
Read/Write R R R R RW R/W
After reset 0 0 0 0
Noise canceller pass signal level 0 : | Initial state or signal level "L"
INI2LVL when the interrupt request signal is 1| signal level "H"
generated for external interrupt 2
00 : | An interrupt requestiis generated at the rising edge of the noise canceller
pass signal
Selects the interrupt request gener- 01:] An intgrrupt request is generated at the falling edge of the noise canceller
INT2ES | ating condition for external interrupt pass signal
2 10 : | Aninterrupt request is generated at both-edges of the noise canceller pass
signal
11| Reserved
NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
. S 00 : | fcgck [Hz] 00 : | fs/4 [HZ]
INT2NC Sets the noise canceller sampling in- ) ) )
terval for external interrupt 2 01 fegek / 2% [Hz] 01: | fs/4 [H]
10 : | fegek / 23 [Hz] 10 : | fs/4 [Hz]
11 : | fegek /24 [Hz] 11:] fs/4 [Hz]

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2: Interrupt requests may be generated during transition of the operation mode. Before changing the operation mode, clear
the corresponding interrupt-enable register to "0" to disable the generation of interrupt. When the operation mode is
changed from NORMAL1/2 or/IDLE1/2 to SLOW1/2-or SLEEP1, wait 12/fs [s] after the operation mode is changed and
clear the interruptlatch. And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2,
wait 2/fcgck+3/fspl [s] after the operation mode is'changed and clear the interrupt latch.

Note 3: Interrupt.requests’'may be-generated when EINTCR2 is/changed. Before doing such operation, clear the corresponding
interrupt enable register to "0" to disable the generation-of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the interrupt
latch. And when the operation mode is.changed-from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/
fspl [s] after the operation mode is changed and clear the interrupt latch.

Note 4: Bits7 to.5 of EINTCR2 are read as "0".
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External interrupt control register 3
EINTCR3 7 6 5 4 3 0
(OxOFDA) Bit Symbol - - - INT3LVL INT3ES INT3NC
Read/Write R R R R R/IW R/IW
After reset 0 0 0 0
Noise canceller pass signal level 0 : | Initial state or signal level "L"
INI3LVL when the interrupt reqL!est signal is 1 Signal level "H"
generated for external interrupt 3
00 : | An interrupt request is generated-at the rising edge of the noise canceller
pass signal
Selects the interrupt request gener- 01 : | Aninterrupt request.is-generated at the falling edge of the noise canceller
INT3ES | ating condition for external interrupt pass signal
3 10 : | Aninterrupt request'is generated at both edges of the noise canceller pass
signal
11 : | Reserved
NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
. . 00 : | fcgek [Hz] 00 : | fs/4.[HZ]
INT3NC Sets the noise canceller sampling in- . ) -
terval for external interrupt 3 01:| fegek /.22 [Hz] 01 fs/4 [HZ]
10 : | fcgek /23 [Hz] 107 | fs/4\[Hz]
11| fegek/ 24 [Hz] 11} fs/4 [Hz]

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2: Interrupt requests may be generated during transition of the operation mode. Before changing the operation mode, clear

the corresponding interrupt enable register to "0" to'disable the'generation of interrupt. When the operation mode is

changed from NORMAL1/2 or IDLE1/2 to. SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and
clear the interrupt latch. And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2,

wait 2/fcgck+3/fspl [s] after the operation mode is changed and clear the’interrupt latch.

Note 3: Interrupt requests may be generated when'EINTCR3 is changed. Before doing such operation, clear the corresponding
interrupt enable register to "0"/to disable the generation of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after.the operation mode is changed and clear the interrupt
latch. And when the operation -mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/

fspl [s] after the operation mode is changed and clear the interrupt latch.
Note 4: Bits 7 to 5 of EINTCR3 are read as "0".
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External interrupt control register 4

EINTCR4 7 6 5 4 3 2 1 0
(0xOFDB) Bit Symbol - - - INT4LVL INT4ES INT4ANC
Read/Write R R R R R/IW R/IW
After reset 0 0 0 0 0 0
Noise canceller pass signal level 0 : | Initial state or signal level "L"

INI4LVL when the interrupt request signal is

: Signal level "H"
generated for external interrupt 4

00 : | An interrupt request is generated-at the rising edge of the noise canceller
pass signal

Selects the interrupt request gener- | 01: | An interrupt request-is generated at the falling edge of the noise canceller

INT4ES | ating condition for external interrupt pass signal
4 10 : | Aninterrupt request'is generated at both edges of the noise canceller pass
signal
11 : | An interrupt requestis generated at "H" of the-noise canceller pass signal
NORMAL:1/2, IDLE1/2 SLOW1/2, SLEEP1
. L 00 : | fcgck [HZ] 00 : | fs/4 [Hz]
INTANC Sets the noise canceller sampling in- . ) -
terval for external interrupt 4 01:| fegek /.22 [Hz] 01 fs/4 [HZ]
10 : | fcgek /23 [Hz] 107 | fs/4\[Hz]
11| fegek/ 24 [Hz] 11} fs/4 [Hz]

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2: Interrupt requests may be generated during transition of the operation mode. Before changing the operation mode, clear
the corresponding interrupt enable register to "0" to'disable the'generation of interrupt. When the operation mode is
changed from NORMAL1/2 or IDLE1/2 to. SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and
clear the interrupt latch. And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2,
wait 2/fcgck+3/fspl [s] after the operation mode is changed and clear the’interrupt latch.

Note 3: Interrupt requests may be generated when'EINTCR4 is changed. Before doing such operation, clear the corresponding
interrupt enable register to "0"/to disable the generation of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after.the operation mode is changed and clear the interrupt
latch. And when the operation -mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/
fspl [s] after the operation mode is changed and clear the interrupt latch.

Note 4: The contents-of EINTCRx<INTxLVL> are updated-each time an interrupt request signal is generated.
Note 5: Bits 7 to 5 0f EINTCR4 are-read as "0".

4.3 Function

The condition for generating interrupt request signals and the noise cancel time can be set for external interrupts 1
to 4.

The condition for generating interrupt request signals and the noise cancel time are fixed for external interrupts 0
and 5.
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Table 4-1 External Interrupts

i - Interrupt request sig- External interrupt pin input signal width and noise removal
Source Pin Enable conditions | ted at
nal generated a NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
Less than 1/fcgck: Noise Less than 4/fs: Noise
INTO INTO IMF AND EF16 = 1 | Falling edge More thap 1/fcgck and less than 2/fcgck: Morg than 4/fs and less than 8/fs: Inde-
Indeterminate terminate
More than 2/fcgck: Signal More than 8/fs: Signal
. Less than 2/fspl: Noise Less than-4/fs: Noise
Falling edge
INTA INT1 IMF AND EF17 = 1 | Rising edge More 'than 2/fsp_| and less than 3/fspl+1/ Morg than 4/fs and less than 8/fs: Inde-
fcgek: Indeterminate terminate
Both edges More than 3/fspl+1/fcgck: Signal More than 8/fs: Signal
' Less than 2/fspl: Noise Less than 4/fs: Noise
Falling edge
INT2 INT2 IMF AND EF18 = 1 | Rising edge More 'than 2/fsp_| and less than 3/fspi+1/ Morg than 4/fs and less than 8/fs: Inde-
fcgek: Indeterminate terminate
Both edges More than 3/fspl+1/fegek: Signal More than 8/fs: Signal
’ Less than 2/fspl: Noise Less than 4/fs: Noise
Falling edge
INT3 INT3 IMF AND EF19 = 1 | Rising edge More Ithan 2/fsp_| and less than 3/fspl+1/ Morg than 4/fs and less than 8/fs: Inde-
fcgck: Indeterminate terminate
Both edges More than 3/fspl+1/fcgck: Signal More than8/fs: Signal
Falling edge Less than 2/fspl: Noise Less than 4/fs: Noise
Rising edge : -
INT4 INT4 IMF AND EF20 = 1 g edg More Ithan 2/fsp_| and less than 3/fspl+1/ Morg than 4/fs and less than 8/fs: Inde
Both edges fcgek: Indeterminate terminate
"H" level More than 3/fspl+1/fcgck: Signal More-than 8/fs: Signal
Less than 1/fcgck: Noise Less than 4/fs: Noise
INT5 INTS IMF AND EF8 = 1 | Falling edge More tha.n 1/fcgck and less than 2/fegck: Morg than 4/fs and less than 8/fs: Inde-
Indeterminate terminate
More than 2/fcgck: Signal More than 8/fs: Signal

Note 1: fcgck, Gear clock [Hz]; fs, low frequency clock [Hz]; fspl, Sampling interval [Hz]

4.3.1

Low power consumption function

External interrupts have a funetion that saves power by using the low power consumption register (POFFCR3)
when they are not used.

Setting POFFCR3<INTXEN> to/"0" stops-(disables) the basic clock for external interrupts and helps save
power. Note that this makes external interrupts unavailable. Setting POFFCR3<INTXEN> to "1" supplies (ena-
bles) the basic clock for external interrupts-and makes external interrupts available.

After reset, POFFCR3<INTXEN> is initialized to "0" and external interrupts become unavailable. When using
the external-interrupt function for the first time, be sure to set POFFCR3<INTXEN> to "1" in the initial setting
of software (before operating the external interrupt control registers).

Note:Interrupt request signals may be generated when INTXEN is changed. Before changing INTXEN, clear
the corresponding interrupt-enable register to "0" to disable the generation of interrupt. When the oper-
ation mode is ‘changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the
operation mode is changed and clear the interrupt latch. And when the operation mode is changed from
SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/fspl [s] after the operation mode is
changed and clear the interrupt latch.

4.3.2 External interrupt O
External interrupt 0 detects the falling edge of the INTO pin and generates interrupt request signals.

In NORMALI/2 or IDLE1/2 mode, pulses of less than 1/fcgck are removed as noise and pulses of 2/fcgck or
more are recognized as signals.

In SLOW/SLEEP mode, pulses of less than 4/fs are removed as noise and pulses of 8/fs or more are recognized
as signals.
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4.3.3 External interrupts 1/2/3

External interrupts 1/2/3 detect the falling edge, the rising edge or both edges of the INT1, INT2 and INT3
pins and generate interrupt request signals.

4.3.3.1 Interrupt request signal generating condition detection function

Select interrupt request signal generating conditions at EINTCRx<INTxES> for external interrupts 1/2/3.

Table 4-2 Selection of Interrupt Request Generation/Edge

EINTCRx<INTXES> Detected at
00 Rising edge
01 Falling edge
10 Both edges
11 Reserved

Note:x=1to 3

4.3.3.2 A noise canceller pass signal monitoring function when interrupt request signals are generated

The level of a signal that has passed through the'noise canceller when an interrupt request is generated can
be read by using EINTCRx<INTxXxLVL>. When both edges are selected as detection edges, the edge where
an interrupt is generated can be detected by reading EINTCRx<INTxLVL>.

INTi pin [ | I

Signal that has passed through | 1 [
the noise canceller

Interrupt request signal N
(detected at the falling edge)

INT % LVL 1

Interrupt request signal N N
(detected at the rising edge)

INT x LVL I

Interrupt request signal
(detected at both edges) Il | Il

INT X LVL | ] |

Note: The contents of EINTCRx<INTxLVL> are updated each time an interrupt request signal is generated.

Figure 4-4 Interrupt Request Generation and EINTCRx<INTxLVL>

4.3.3.3 Noise cancel time selection function

In NORMAL1/2 or IDLE1/2 mode, a signal that has been sampled by fcgck is sampled at the sampling
interval selected at EINTCRx<INTxNC>. If the same level is detected three consecutive times, the signal is
recognized as a signal. If not, the signal is removed as noise.

Page 67
RAOQ000



4. External Interrupt control circuit

4.3 Function TMP89CM46

Table 4-3 Noise Canceller Sampling Lock

EINTCRx<INTxNC> Sampling interval
00 fegek
01 fcgek/22
10 fcgek/23
11 fcgek/24

L2 A A A 2N A A S 2 2 A A |
||Noise||

INTi pin
i=1to 3

Signal after noise removal

[

Figure 4-5 Noise Cancel Operation

In SLOW1/2 or SLEEP1 mode, a signal is-sampled by the low frequency clock divided by 4. If the same
level is detected twice consecutively, the signal is-recognized as a signal;

In IDLEO, SLEEPO or STOP mode, the noise canceller-sampling ‘operation is stopped and an external
interrupts are unavailable. When operation returns to NORMAL1/2, IDLE1/2, SLOW1/2 or SLEEP1 mode,
sampling operation restarts.

Note 1: If noise is input consecutively during sampling of external interrupt pins, the noise cancel function does
not work properly. Set EINTCRx<INTxNC> according to the cycle of externally input noise.

Note 2: If an external interrupt pin is used as an output port, .the input signal to the port is fixed to "L" when the
mode is switched to the output mode, and thus-an interrupt request occurs. To use the pin as an output
port, clear the corresponding’interrupt enable register to"0" to disable the generation of interrupt.

Note 3: Interrupt requests'may be generated during-transition of the operation mode. Before changing the op-
eration mode; clear the corresponding interrupt enable register to "0" to disable the generation of
interrupt.When the operation mode is changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1,
wait 12/fs/[s]-after the operation-mode is.changed and clear the interrupt latch. And when the operation
mode is'changed-from SLOW1/2 or SLEEP1to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/fspl [s] after the
operation. mode is changed and clear the. interrupt latch.

4.3.4 Externalinterrupt 4

External-interrupt 4 detects the falling edge, the rising edge, both edges or "H" level of the INT4 pin and
generates interrupt request signals.

4.3.4.1 Interrupt request signal generating condition detection function

Select an interrupt request signal generating condition at EINTCR4<INT4ES> for external interrupt 4.

Table 4-4 Selection of Interrupt Request Generation Edge

EINTCR4<INT4ES> Detected at
00 Rising edge
01 Falling edge
10 Both edges
1 "H" level interrupt
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4.3.4.2 A noise canceller pass signal monitoring function when interrupt request signals are generated

The level of a signal that has passed through the noise canceller when an interrupt request is generated can
be read by using EINTCR4<INT4LVL>. When both edges are selected as detection edges, the edge where
an interrupt is generated can be detected by reading EINTCR4<INT4LVL>.

INT4 pin | | |

Signal that has passed through | | [
the noise canceller

Interrupt request signal |
(detected at the falling edge)

INTALVL I

Interrupt request signal I |
(detected at the rising edge)

INT4LVL |

Interrupt request signal 1 I N
(detected at both edges)
| | J
INTALVL
Interrupt request signal | | [

(level detection)

INTALVL |

Figure 4-6 Interrupt Request Generation and EINTCR4<INT4LVL>

4.3.4.3 Noise canceltime selection function

In NORMALI1/2 orIDLE1/2 mode,-a signal that has been sampled by fcgck is sampled at the sampling
interval selected at EINTCRx<INT4NC>, If the-same level is detected three consecutive times, the signal is
recognized as a signal. If not, the signal is-removed as noise.

Table 4-5 Noise Canceller Sampling Lock

EINTCR4<INT4NC> Sampling interval
00 fegek
01 fcgek/2?
10 fcgek/23
11 fcgek/24
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VY Y Y Y Y Y Y Y Yy
INT4pin§ IR IEra =

Signal after noise removal ' : I

Figure 4-7 Noise Cancel Operation

In SLOW1/2 or SLEEP1 mode, a signal is sampled by the low frequency clock divided by 4. If the same
level is detected twice consecutively, the signal is recognized as a signal:

In IDLEO, SLEEPO or STOP mode, the noise canceller sampling operation is stopped and an external
interrupts are unavailable. When operation returns to NORMAL1/2; IDLE1/2, SLOW 1/2 or SLEEP1 mode,
sampling operation restarts.

Note 1: When noise is input consecutively during sampling/externalinterrupt pins, the noise cancel function does
not work properly. Set EINTCRx<INTxNC> according to the cycle of externally input noise.

Note 2: When an external interrupt pin is used as an output port, the input signal to'the port is fixed to "L" when
the mode is switched to the output mode, and thus-an.interrupt request occurs. To use the pin as an
output port, clear the corresponding interrupt enable register to "0" to disable the generation of interrupt.

Note 3: Interrupt requests may be generated during transition of the operation'mode. Before changing the op-
eration mode, clear the corresponding-interrupt enable register to "0"-to disable the generation of
interrupt. When the operation mode is changed from NORMAL1/2.0r IDLE1/2 to SLOW1/2 or SLEEP1,
wait 12/fs [s] after the operation mode is changed and clear the interrupt latch. And when the operation
mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2; wait 2/fcgck+3/fspl [s] after the
operation mode is changed and clear the interrupt latch.

4.3.5 External interrupt 5
External interrupt 5 detects the falling edge of the INTS pin and generates interrupt request signals.

In NORMALI1/2 or IDLE1/2'mode, pulses of less than 1/fcgck are removed as noise and pulses of 2/fcgck or
more are recognized-as signals.

In SLOW/SLEEP mode; pulses of less than 4/fs-are removed as noise and pulses of 8/fs or more are recognized
as signals.
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5. Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to detect rapidly the CPU malfunctions such as endless loops due to spurious
noises or the deadlock conditions, and return the CPU to a system recovery routine.

The watchdog timer signals used for detecting malfunctions can be programmed as watchdog interrupt request
signals or watchdog timer reset signals.

Note:Care must be taken in system designing since the watchdog timer may not fulfill its functions-due to disturbing
noise and other effects.

5.1 Configuration

10 3 .
fegek/2™ or fs/2° ——| 8-bit up counter
fegek/2™? or fs/25 ——= £ | Source clock Overflow Interrupt —> Watchdog timer interrupt requestl
fcgck/214 or fsf2’ E T{2]3|4]|5[6]7|8 request/reset g pired
gekiz 9—> 0] signal control
fegek/2™ or fs/2 —>_‘f) circuit —> Watehdog timerreset signal
A [
YYY Y VYX/Y
CPUfperipheral Clear time control circuit
circuits reset
A

Disable
control circuit
A

Disable code | Clear code
(0xB1) (OX4E)
Control code < § § §
decoder SEER alale
A3 [2 |2 el
) CEF YYY
[woent | | woepr) | woctr | [ wbosT |

Figure 5-1 Watchdog Timer Configuration
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5.2 Control

The watchdog timer is controlled by the watchdog timer control register (WDCTR), the watchdog timer control
code register (WDCDR), the watchdog timer counter monitor (WDCNT) and the watchdog timer status (WDST).

The watchdog timer is enabled automatically just after the warm-up operation that follows reset is finished.

Watchdog timer control register

WDCTR 7 6 5 4 3 2 1 0
(0xOFD4) Bit Symbol - - WDTEN WDTW WDTT WDTOUT
Read/Write R R R/W R/IW R/W R/W
After reset 1 0 1 0 0 1 1 0
i im- 0: | Disable
WDTEN Enables/qlsables the watchdog tim
er operation. 1:| Enable

00 : | The 8-bit up counteris cleared by writing the clear code at any point within
the overflow time of the 8-bit up counter.

01 : | A watchdog timer interrupt request.is generated by writing the clear code
at a point within the first quarter of the overflow time of the 8-bit up counter.
The 8-bit up counter is cleared by writing the clear codeafter the first quarter
of the overflow time has elapsed.

Sets the clear time of the 8-bit up . ; : ( "
WDTW " 10 : | "Alwatchdog timer interrupt request is.generated by writing the clear code
counter. at a-point within the first half of the overflow time of the 8-bit up counter.
The 8-bit up counter is cleared by writing-the clear code after the first half
of the overflow time has elapsed,

11 | A watchdog timer-interrupt request is generated by writing the clear code
at.a point within the first three quarters of the overflow time of the 8-bit up
counter. The 8-bit up counter.is cleared by writing the clear code after the
first three quarters of the overflow time have elapsed.

NORMAL mode
SLOW mode
DV9CK=0 DVICK=1
WDTT Sets the overflow time of the 8-bit up | 20 2"ffegck 2"s 2"fs
counter. 01: 22fcgek 2Yfs 213fs
10: 222[fegck 2'%/fs 2"/fs
11: 224fcgek 2V[fs 2"/fs
WDTOUT [ Selects an overflow detection signal 0t [\Watchdog timer interrupt request signal
of the 8-bit up-counter. 1 : |\Watchdog timer reset request signal

Note 1: fcgck, Gear clock [Hz]; fs, Low frequency-clock [Hz]

Note 2: WDCTR<WDTW>, WDCTR<WDTT> and WDCTR<WDTOUT> cannot be changed when WDCTR<WDTEN> is "1". If
WDCTR<WDTEN> is "1", clear WDCTR<WDTEN> to "0" and write the disable code (0xB1) into WDCDR to disable the
watchdog timer operation. Note that WDCTR<WDTW>, WDCTR<WDTT> and WDCTR<WDTOUT> can be changed at
the-same time as setting WDCTR<WDTEN> to "1".

Note 3: Bit 7 and bit 6 of WDCTR are read.as "1" and "0" respectively.

Watchdog timer control code register

WDCDR 7 6 5 4 3 2 1 0
(0xOFD5) Bit Symbol WDTCR2

Read/Write W

After reset 0 0 0 0 0 0 0 0

0x4E : | Clears the watchdog timer. (Clear code)

Writes watchdog timer control co- 0xB1 : | Disables the watchdog timer operation and clears the 8-bit up counter
des. when WDCTR<WDTEN> is "0". (Disable code)

Others : | Invalid

WDTCR2
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Note:WDCDR is a write-only register and must not be accessed by using a read-modify-write instruction, such as a
bit operation.

8-bit up counter monitor

WDCNT 7 6 5 4 3 2 1 0
(0xOFD6) Bit Symbol WDCNT

Read/Write R

After reset 0 0 0 0 0 0 0 0

Monitors the count value of the 8-bit [ The count value of the 8-bit up'counter is-read.

WDCNT
up counter

Watchdog timer status

WDST 7 6 5 4 3 2 1 0
(0x0FD7) Bit Symbol - - - - - WINTST2 | 'WINTST1 WDTST
Read/Write R R R R R R R R
After reset 0 1 0 1 1 0 0 1

0 : | No watchdog timer interrupt request signal has occurred.
WINTST2 Watchdog timer interrupt request
signal factor status 2 1. | A watchdog timer interrupt request signal has occurred due to the overflow

of the 8-bit up counter.

0.:| No watchdog timer interrupt request signal has occurred.
WINTSTA Watchdog timer interrupt request
signal factor status 1 1: | A watchdog timer interrupt'request signal has occurred due to releasing of

the 8-bit up counter outside the clear time.

Watchdog timer operating state sta- | 0 : | Operation disabled

WDTST !
tus 1: | Operation enabled

Note 1: WDST<WINTST2> and WDST<WINTST1> are cleared to."0" by reading WDST.
Note 2: Values after reset are read from bits 7 to 3 of WDST.
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5.3 Functions

The watchdog timer can detect the CPU malfunctions and deadlock by detecting the overflow of the 8-bit up counter
and detecting releasing of the 8-bit up counter outside the clear time.

The watchdog timer stoppage and other abnormalities can be detected by reading the count value of the 8-bit up
counter at random times and comparing the value to the last read value.

5.3.1

Setting of enabling/disabling the watchdog timer operation

Setting WDCTR<WDTEN> to "1" enables the watchdog timer operation, and the 8-bit up counter starts
counting the source clock.

WDCTR<WDTEN> is initialized to "1" after the warm-up operation that follows reset is released. This means
that the watchdog timer is enabled.

To disable the watchdog timer operation, clear WDCTR<WDTEN> to "0" and write 0xB1 into WDCDR.
Disabling the watchdog timer operation clears the §-bit up counter to."0".

Note:If the overflow of the 8-bit up counter occurs at the same time as 0xB1 (disable code) is written into
WDCDR with WDCTR<WDTEN> set at "1", the watchdoeg timer operation is disabled preferentially and
the overflow detection is not executed.

To re-enable the watchdog timer operation, set WDCTR<WDTEN> to "1". There is no need to write a control
code into WDCDR.

Watchdog timer
source clock : H m
: ) :

8-bit up counter value 0x00 : X 0x01 %%_X OXFF X 0x00

WDCTR<WDTEN> | | :
' | ~————— Overflow time  ———>

WDCTR<WDTEN> _[ .
€ - Overflow time

."_ -—--

Interrupt request signal : H

1 clock (max.)

Figure 5-2 WDCTR<WDTEN> Set Timing and Overflow Time

Note: The 8-bit up counter source clock operates out of synchronization with WDCTR<WDTEN>. Therefore,
the first overflow time of the 8-bit up counter after WDCTR<WDTEN> is set to "1" may get shorter by a
maximum of 1 source clock. The 8-bit up counter must be cleared within the period of the overflow time
minus 1 source clock cycle.

5.3.2 Setting the clear time of the 8-bit up counter

WDCTR<WDTW> sets the clear time of the 8-bit up counter.

When WDCTR<WDTW> is "00", the clear time is equal to the overflow time of the 8-bit up counter, and the
8-bit up counter can be cleared at any time.

When WDCTR<WDTW> is not "00", the clear time is fixed to only a certain period within the overflow time
of the 8-bit up counter. If the operation for releasing the 8-bit up counter is attempted outside the clear time, a
watchdog timer interrupt request signal occurs.

At this time, the watchdog timer is not cleared but continues counting. If the 8-bit up counter is not cleared
within the clear time, a watchdog timer reset request signal or a watchdog timer interrupt request signal occurs
due to the overflow, depending on the WDCTR<WDTOUT> setting.

RAOQ000
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8-bit up counter value  OxFEX0x00X0x01X = = = 0x3FXoxao = = = 0x7FXpx80K = = = oxBEXpxCOX = = =

>|

When WDCTR<WDTWS> is “00” | : Clear time . ' 1
When WDCTR<WDTWs is “01” | Outside the clear tlﬂ1€>|<—'— Clear time >
When WDCTR<WDTWS> is “10” |<———— Outside the :clear time >i< Cleair time ——>
When WDCTR<WDTW> is “11" | ocfésa'rdtel r:;e ‘I‘f Clear time —>1

Figure 5-3 WDCTR<WDTW> and the 8-bit up Counter Clear Time

5.3.3 Setting the overflow time of the 8-bit up counter,
WDCTR<WDTT> sets the overflow time of the 8-bit up counter:

When the 8-bit up counter overflows, a watchdog timer reset request signal or a watchdeg timer interrupt
request signal occurs, depending on the WDCTR<WDTOUT> setting.

If the watchdog timer interrupt request signal is selected as the malfunction detection signal, the watchdog
counter continues counting, even after the overflow has occurred.

The watchdog timer temporarily stops counting up in the STOP mode (including warm-up) or in the IDLE/
SLEEP mode, and restarts counting up after the STOP/IDLE/SLEEP mode is released. To prevent the 8-bit up
counter from overflowing immediately after the STOP/IDLE/SLEEP.mode-is released, it is recommended to
clear the 8-bit up counter before the operation mode is changed.

Table 5-1 Watchdog Timer Overflow Time (fcgck=10.0 MHz; fs=32.768 kHz)

Watchdog timer overflow time [s]
WDTT NORMAL mode SLOW
DVOCK =0 DVICK =1 mode
00 26.21m 62.50 m 62.50 m
01 104.86 m 250.00 m 250.00 m
10 419.43.m 1.000 1.000
1 1.678 4.000 4.000

Note: The 8-bit up counter source clock operates out of synchronization with WDCTR<WDTEN>. Therefore,
the first-overflow time of the 8-bit up counter after WDCTR<WDTEN> is set to "1" may get shorter by a
maximum of 1 source clock. The 8-bit up counter must be cleared within a period of the overflow time
minus 1 source clock cycle:

5.3.4 Setting an overflow detection signal of the 8-bit up counter

WDCTR<WDTOUT> selects a signal to be generated when the overflow of the 8-bit up counter is detected.

1. When the watchdog timer interrupt request signal is selected (when WDCTR<WDTOUT> is "0")

Releasing WDCTR<WDTOUT> to "0" causes a watchdog timer interrupt request signal to occur
when the 8-bit up counter overflows.

A watchdog timer interrupt is a non-maskable interrupt, and its request is always accepted, regardless
of the interrupt master enable flag (IMF) setting.

Note: When a watchdog timer interrupt is generated while another interrupt, including a watchdog timer interrupt, is
already accepted, the new watchdog timer interrupt is processed immediately and the preceding interrupt is put
on hold. Therefore, if watchdog timer interrupts are generated continuously without execution of the RETN in-
struction, too many levels of nesting may cause a malfunction of the microcontroller.
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2. When the watchdog timer reset request signal is selected (when WDCTR<WDTOUT> is "1")

Setting WDCTR<WDTOUT> to "1" causes a watchdog timer reset request signal to occur when the
8-bit up counter overflows.

This watchdog timer reset request signal resets the TMP89CM46 and starts the warm-up operation.

5.3.5 Writing the watchdog timer control codes
The watchdog timer control codes are written into WDCDR.

By writing 0x4E (clear code) into WDCDR, the 8-bit up counter-is cleared'to "0" and continues counting the
source clock.

When WDCTR<WDTEN> is "0", writing 0xB1 (disable code) into- WDCDR disables the watchdog timer
operation.

To prevent the 8-bit up counter from overflowing, clear the 8-bit up counter in a period shorter than the overflow
time of the 8-bit up counter and within the clear time.

By designing the program so that no overflow will oceur; the program malfunctions’and deadlock can be
detected through interrupts generated by watchdog timer interrupt request signals:

By applying a reset to the microcomputer using watchdog timer reset request signals, the CPU can be restored
from malfunctions and deadlock.

Example: When WDCTR<WDTEN> is "0", set the watchdog timer detection time'to 22°%/fcgck [s], set the counter clear time
to half of the overflow time, and allow.a watchdog timer resetrequest signal to occur if a malfunction is detected.

LD (WDCTR), 0y00110011 ;WDTW«—10, WDTT«+01, WDTOUT«+1

Clear the 8-bit up counter at a point after
half of its overflow time and within a period
of the overflow time minus 1 source clock
cycle.

LD (WDCDR), Ox4E ;Clear the 8-bit up counter

Clear the 8-bit up counter at a point after
half of its overflow time and within'a period
of the overflow time minus-1 source clock
cycle.

LD (WDCDR), 0x4E ;Clear the 8-bit up counter

Note: If the overflow of the 8-bit up counter and writing of 0x4E (clear code) into WDCDR occur simultaneously,
the 8-bit up counter is cleared preferentially and the overflow detection is not executed.

5.3.6  Reading the 8-bit up counter
The counter value of the 8-bit up counter can be read by reading WDCNT.

The stoppage of the 8-bit up-counter can be detected by reading WDCNT at random times and comparing the
value to the last read value.

5.3.7 Reading the watchdog timer status
The watchdog timer status can be read at WDST.

WDST<WDTST> is set to "1" when the watchdog timer operation is enabled, and it is cleared to "0" when
the watchdog timer operation is disabled.

WDST<WINTST2> is set to "1" when a watchdog timer interrupt request signal occurs due to the overflow
of the 8-bit up counter.
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WDST<WINTST1> is set to "1" when a watchdog timer interrupt request signal occurs due to the operation
for releasing the 8-bit up counter outside the clear time.

You can know which factor has caused a watchdog timer interrupt request signal by reading
WDST<WINTST2> and WDST<WINTST 1> in the watchdog timer interrupt service routine.

WDST<WINTST2> and WDST<WINTST1> are cleared to "0" when WDST is-read. If WDST is read at the
same time as the condition for turning WDST<WINTST2> or WDST<WINTSTI> to "1" is satisfied,
WDST<WINTST2> or WDST<WINTST1> is set to "1", rather than being cleared.

8-bit up counter value - - - 0eRfpa = = - o7EXoxeoX = = = 0BRCOK ~ = = GEFXO00Xx01X
When WDCTR<WDTW> is “10” [<————Outside the clear time ——>}<———— Clearltime ———>|

Writing of 4EH (clear code) ]
/ . .
' ' '
Reading of WDST H - H [
Interrupt reques} signal generatg¢d by clgaring ' Interrupt reqiest signal generated by the
the 8-bit up coutter outside thefclear tinte ' overflow of the 8-bit up counter
Watchdog timer interrupt ! !

request signal \ ! \ ! ! (

WDST<WINTST1> | k
A\
771

WDST<WINTST2>

Figure 5-4 Changes in'the Watchdog Timer Status
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6. Power-on Reset Circuit

The power-on reset circuit generates a reset when the power is turned on. When the supply voltage is lower than
the detection voltage of the power-on reset circuit, a power-on reset signal is generated.

6.1 Configuration

The power-on reset circuit consists of a reference voltage generation circuit and a comparator.

The supply voltage divided by ladder resistor is compared with the voltage generated by the reference voltage
generation circuit by the comparator.

; Comparator

+

» Power-on reset signal

Reference voltage
generation circuit

-

Figure 6-1 Power-on Reset Circuit

6.2 Function

When power supply voltage goes on, if the supply voltage is.equal to or lower than the releasing voltage of the
power-on reset circuit, a power-on reset-sighal is generated and if it is higher than the releasing voltage of the power-
on reset circuit, a power-on reset signal is released.

When power supply voltage goes-down, if the supply yoltage is equal to or lower than the detecting voltage of the
power-on reset circuit, a power-on reset signal is generated:

Until the power-on reset signal is generated, a warm-up circuit and a CPU is reset.

When the power-on reset signal is released, the warm-up circuit is activated. The reset of the CPU and peripheral
circuits is released afterthe warm-up time that follows reset release has elapsed.

Increase the supply voltage into the operating range during the period from detection of the power-on reset release
voltage until the end of the warm-up time that follows reset release. If the supply voltage has not reached the operating
range by the end-of the warm-up time that follows reset release, the TMP89CM46 cannot operate properly.
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6.2 Function TMP89CM46

Supply voltage (VDD)
Operating voltage

VPROFF
VPRON

Power-on
reset signal

Warm-up counter start i

1
Warm-up " X
counter clock

| I
! tpwup '
N S ]
1

CPU/peripheral circuits
reset signal "

Note 1: The power-on reset circuit may operate improperly, depending on fluctuations in the supply voltage’(VDD). Refer to
the electrical characteristics and take them into consideration. when designing equipment.

Note 2: For the AC timing, refer to the electrical characteristics.

Figure 6-2 Operation Timing of Power-on Reset
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7. Voltage Detection Circuit

The voltage detection circuit detects any decrease in the supply voltage and generates INTVLTD interrupt request
signals and voltage detection reset signals.

Note: The voltage detection circuit may operate improperly, depending on fluctuations in the supply voltage (VDD).
Refer to the electrical characteristics and take them into consideration when designing equipment.

7.1 Configuration

The voltage detection circuit consists of a reference voltage generation circuit, a-detection voltage level selection
circuit, a comparator and control registers.

The supply voltage (VDD) is divided by the ladder resistor and inputto the detection voltage selection circuit. The
detection voltage selection circuit selects a voltage according to the specified detection voltage (VDxLVL) (x =1 or
2), and the comparator compares it with the reference voltage. When the comparator detects the selected voltage, a
voltage detection reset signal or an INTVLTD interrupt request signal'can’be generated.,

Whether to generate a voltage detection reset signal or an INTVLTD interrupt request signal can be programmed
by software. In the former case, a voltage detection reset signal is generated when the supply voltage (VDD) becomes
lower than the detection voltage (VDxXLVL). In the latter case, an INTVLTD interrupt request'signal is generated when
the supply voltage (VDD) falls to the detection voltage level.

Note: Since the comparators used for voltage detection/do not have a hysteresis structure, INTVLTD interrupt request
signals may be generated frequently if the supply-voltage (VDD) is-close to. the detection voltage (VDxLVL).
INTVLTD interrupt request signals may be generated.not only when the supply-voltage falls to the detection
voltage but also when it rises to the detection-voltage.

T

% + : ) » Voltage detection reset signal 1

Interrupt request
signal generation ¥ INTVLTD interrupt request signal
circuit

lo}
-/

T ) FIF

,_| + : ) » Voltage detection reset signal 2

Reference voltage q )__

generation circuit

m

Detection voltage 2 Detection voltage 1
level selection circuit level selection circuit

VD2LVL
VD1LVL
VD2SF
VD2F
VD2MOD

S Internal bus S

Figure 7-1 Voltage Detection Circuit
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7.2 Control TMP89CM46

7.2 Control

The voltage detection circuit is controlled by voltage detection control registers 1 and 2.

Voltage detection control register 1

VDCR1 7 6 5 4 3 2 1 0

(0xOFC6) Bit Symbol VD2F VD2SF VD2LVL VD1F VD1SF VD1LVL
Read/Write R/W Read Only R/W R/W Read Only. R/W
After reset 0 0 1 0 0 0 0 0

Voltage detection 2 flag (Retains the Read Write
VD2F state when VDD<VD2LVL is detec- 0: | VDD = VD2LVL Clears VD2F to "0"
ted) 1:| VDD < VD2LVL -
Voltage detection 2 status flag (Mag- 0: | VDD = VD2LVL
VD2SF nitude relation of VDD and VD2LVL 1-| VDD < vD2LVL

when they are read)

00: ] 2.35+0.15/-015V
01: [ 3.15 +0.15 /-0.15V
10: | 2.85 +0.15/-0.15V
11:] 2.65+0:15/-0.15V

VD2LVL Selection for detection voltage 2

Voltage detection 1 flag (Retains the Read Write
VD1F state when VDD < VD1LVL is detec- 0:| VDD = VD1LVL Clears VD1F to "0"

ted) 1: | VDD = VD1LVL )

Voltage detection 1 status flag (Mag- 0:| VDD = VD1LVL

VD1SF nitude relation of VDD and VD1LVL
when they are read)

-

VDD < VD1LVL

00: | 4.50 +0.2/-0.2V
01: | 4.20 +0.2/-0.2V
10: | 3.70 +0.2/.-0.2V
11:| 3.15 +0.15/-0.15V

VD1LVL Selection for detection voltage 1

Note 1: VDCRH1 is initialized by-a power-on reset or an external reset input.

Note 2: When VD2F or VD1F is cleared by the software and is set due to voltage detection at the same time, the setting due to
voltage detection.is given priority.

Note 3: VD2F and VD1F cannot be programmed-to "1" by.the software.

Voltage detection control register 2

VDCR2 7 6 5 4 3 2 1 0
(0XOFCT) Bit-Symbol - L "Q" "o" VD2MOD VD2EN VD1MOD VD1EN
Read/Write R R R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
VD2MOD Selects the operation mode of volt- 0: | Generate an INTVLTD interrupt request signal
age detection 2 1: | Generate a voltage detection reset 2 signal
VD2EN Enables/disables the operation of 0: | Disables the operation of voltage detection 2
voltage detection 2 1: | Enables the operation of voltage detection 2
Ty Selects the operation mode of volt- 0: | Generates an INTVLTD interrupt request signal
age detection 1 1: | Generates a voltage detection reset signal
VDIEN Enables/disables the operation of 0: | Disables the operation of voltage detection 1
voltage detection 1 1: | Enables the operation of voltage detection 1

Note 1: VDCR2 is initialized by a power-on reset or an external reset input.
Note 2: Bits 7 and 6 of VDCR2 are read as "0".
Note 3: Bit 5 and 4 of VDCR2 should be cleared to "0".
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7.3 Function

Two detection voltages (VDXLVL, x = 1 to 2) can be set in the voltage detection circuit. For each voltage, enabling/
disabling the voltage detection and the operation to be executed when the supply voltage (VDD) falls to or below the
detection voltage (VDXLVL) can be programmed.

7.3.1  Enabling/disabling the voltage detection operation

Setting VDCR2<VDxXEN> to "1" enables the voltage detection operation. Setting itto "0" disables the oper-
ation.

VDCR2<VDxEN> is cleared to "0" immediately after a power-on reset or a reset by an external reset input is
released.

Note:When the supply voltage (VDD) is lower than the detection voltage (VDxLVL), setting VDCR2<VDxEN>
to "1" generates an INTVLTD interrupt request signal or a voltage detection reset signal at/the time.

7.3.2 Selecting the voltage detection operation mode

When VDCR2<VDxMOD> is set to "0", the voltage detection operation mode is set to_generate INTVLTD
interrupt request signals. When VDCR2<VDxMOD>is set to "1", the operation- mode is set to generate voltage
detection reset signals.

When the operation mode is set/to-generate INTVLTD interrupt signals (VDCR2<VDxMOD>="0")

When VDCR2<VDxEN>="1", an INTVLTD,interrupt request signal is generated when the supply
voltage (VDD) falls to the detection voltage (VDxLVL).

VDD level ————— !

Detection voltage level ==X--- h
/' N
(Note1) ) (Notel,2)
| /

VDCR2<VDXEN> | /

]

]

]

]

INTVLTD interruptrequest signal —|

Figure 7-2 Voltage Detection Interrupt Request

Note1: Since'the comparators used for voltage detection do not have a hysteresis structure, INTVLTD interrupt
request signals may be generated frequently when the supply voltage (VDD) is close to the detection voltage
(VDXLVL)-INTVLTD interrupt request signals may be generated not only when the supply voltage falls to
the detection voltage but also when it rises to the detection voltage.

Note2: In debug using the RTE870/C1 In-Circuit Emulator (ICE mode) with the TMP89C900 mounted on it, no
interrupt is generated when the supply voltage rises to the detection voltage. Since the #!Undefined'# may
operate differently, take account of this difference when debugging programs.

Note3: If the supply voltage (VDD) falls to the detection voltage (VDxLVL) during IDLEO or SLEEPO mode, an
INTVLTD interrupt request signal is generated after the TBT counts the specified period and IDLEO or SLEEP
mode is released. In the case of STOP mode, an INTLVTD interrupt request signal is generated after STOP
mode is released by the STOP pin.

+ When the operation mode is set to generate voltage detection reset signals (VDCR2<VDxMOD>="1")

When VDCR2<VDxXEN>="1", a voltage detection reset signal is generated when the supply voltage
(VDD) becomes lower than the detection voltage (VDxLVL).
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7.3 Function TMP89CM46

VDCRI1 and VDCR? are initialized by a power-on reset or an external reset input only. A voltage
detection reset signal is generated continuously as long as the supply voltage (VDD) is lower than the
detection voltage (VDXLVL).

VDD level
Detection voltage level

J
:

-

VDCR2<VDxEN> |

Voltage detection reset signal

Figure 7-3 Voltage Detection Reset Signal

7.3.3 Selecting the detection voltage level

Select a detection voltage at VDCR1<VDxLVL>,

7.3.4 Voltage detection flag and voltage detection status flag

The magnitude relation between the supply voltage (VDD) and the| detection voltage (VDxLVL) can be
checked by reading VDCR1<VDxF>and VDCR1<VDxSF>.

If VDCR2<VDxEN> is set at "'1", when the supply voltage (VDD) becomes lower than the detection voltage
(VDxXLVL), VDCRI<VDxF>isset to "1" and is held in this state. VDCR1<VDxF> is not cleared to "0" when
the supply voltage (VDD) becomes-equal to or higher than the detection voltage (VDXLVL).

When VDCR2<VDxEN>'is cleared to "0" after VDCRI1<VDxF> is set to "1", the previous state is still held.
To clear VDCRI1<VDxF>,"0" must be written toit.

If VDCR2<VDxEN> is set'at "1", when the supply voltage (VDD) becomes lower than the detection voltage
(VDxLVL), VDCR1<VDxSF> is set to-"1". When the supply voltage (VDD) becomes equal to or higher than
the detection voltage (VDXxLVL), VDCRI<VDxXSF> is cleared to "0".

Unlike VDCR1<VDxF>, VDCR1<VDxSF>'does not hold the set state.

Note 1:When the supply voltage (VDD) becomes lower than the detection voltage (VDxLVL) in the STOP, IDLEO or
SLEEPO mode, the voltage detection flag and the voltage detection status flag are changed after the oper-
ation mode is returnedto NORMAL or SLOW mode.

Note 2: Depending on the voltage detection timing, the voltage detection status flag (VDxSF) may be changed earlier
than the voltage detection flag (VDxF) by a maximum of 2/fcgck[s].

Page 84
RB000O



TOSHIBA TMP89CM46

VDD level —\

Detection voltage level

VDCR2<VDXEN>

Write "0" to VDCR1<VDxF> \

VDCR1<VDxF>

VDCR1<VDxSF>

K\ The flag is not set because VDCR2<VDXEN>'is "0"

Figure 7-4 Changes in the Voltage Detection Flag and the Voltage Detection Status Flag
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7.4 Register Settings

TMP89CM46

7.4 Register Settings

7.4.1 Setting procedure when the operation mode is set to generate INTVLTD interrupt
request signals

When the operation mode is set to generate INTVLTD interrupt request signal,; make the following setting:

1.

N

Clear the voltage detection circuit interrupt enable flag to "0".
Set the detection voltage at VDCR1<VDxLVL>(x=1 to 2).

Clear VDCR2<VDxMOD> to "0" to set the operation mode to generate INTVLTD interrupt request
signals.

Set VDCR2<VDxEN>to "1" to enable the voltage detection operation.
Wait for 5 [us] or more until the voltage detection circuit becomes stable.
Make sure that VDCR1<VDxSF>is "0".

Clear the voltage detection circuit interrupt latch to "0" and set the interrupt enable flag to "1" to enable
interrupts.

Note:When the supply voltage (VDD) is close to the detection voltage (VDxLVL), voltage detection request

signals may be generated frequently. If this may pose any problem, execute appropriate wait processing
depending on fluctuations in the system power supply.and clear the interrupt/latch before returning from
the INTVLTD interrupt service routine.

To disable the voltage detection circuit while-itis enabled with the INTVLTD interrupt request, make the
following setting:

1.
2.

Clear the voltage detection circuit-interrupt enable‘flag to "0".
Clear VDCR2<VDXEN> to "0" to disable the voltage detection operation.

Note:If the voltage detection circuit is disabled without clearing interrupt enable flag, unexpected interrupt

request may occur.

7.4.2 Setting procedure when the operation mode is set to generate voltage detection
reset signals

When the operation mode is set to generate voltage detection reset signals, make the following setting:

® N oo

Note 1:

Note 2:

Clear the voltage detection circuit interrupt enable flag to "0".
Set the detection voltage at VDCR1<VDxLVL>(x=1 to 2).

Clear VDCR2<VDxMOD> to "0" to set the operation mode to generate INTVLTD interrupt request
signals.

Set VDCR2<VDxEN> to "1" to enable the voltage detection operation.

Wait for 5/[ps] or'more until the voltage detection circuit becomes stable.

Make sure that VDCR1<VDxSF>is "0".

Clear VDCRI<VDxF>to "0".

Set VDCR2<VDxMOD> to "1" to set the operation mode to generate voltage detection reset signals.

VDCR1 and VDCR?2 are initialized by a power-on reset or an external reset input only. If the supply voltage
(VDD) becomes lower than the detection voltage (VDxLVL) in the period from release of the voltage detection
reset until clearing of VDCR2<VDxEN> to "0", a voltage detection reset signal is generated immediately.

The voltage detection reset signals are generated continuously as long as the supply voltage (VDD) is lower
than the detection voltage (VDxLVL).

To disable the voltage detection circuit while it is enabled with the voltage detection reset, make the following

setting:

1.

Clear the voltage detection circuit interrupt enable flag to "0".

RB000O
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2. Clear VDCR2<VDxMOD> to "0" to set the operation mode to generate INTVLTD interrupt request
signals.

3. Clear VDCR2<VDxXEN> to "0" to disable the voltage detection operation.

Note:If the voltage detection circuit is disabled without clearing interrupt enable flag, unexpected interrupt
request may occur.
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7.5 Revision History

TMP89CM46

7.5 Reuvision History

Rev

Description

RA003

"7.4.1 Setting procedure when the operation mode is set to generate INTVLTD interrupt request signals"
Added description to disable the voltage detection circuit.

"7.4.2 Setting procedure when the operation mode is set to generate voltage detection reset signals"
Added description to disable the voltage detection circuit.
Added step 7.

" Voltage detection control register 2" Added Note 3.

"7.3.5 Selecting the STOP mode release signal" Added Note 4.

RA004

Revised "voltage detection interrupt" to "INTVLTD interrupt".
Revised initial value of VDCR1<VD2LVL> "00" to "10".

RB000

Deleted VDCR2<SRSS> function.
Added note of INTVLTD interrupt.
"7.3.2 Selecting the voltage detection operation mode" Revised description:

RB000O
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8. 1/0O Ports

The TMP89CM46 has 8 parallel input/output ports (42 pins) as follows:

Table 8-1 List of I/O Ports

Port name Pin name Number of pins Input/output Secondary functions
Port PO P03 to P00 4 Inputfoutput Also used as the high-frequency oscillator.connection pin and the low-
(Note) (Note) frequency oscillator connection-pin
Port P1 P13 to P10 4 Inputfoutput Also used as the external reset input, the external interrupt input and

the STOP mode release signalinput

Also used as the UART inputfoutput, the serial interface input/output

Port P2 P27 to P20 8 Inputioutput and the serial bus interface input/output

Port P4 P47 to P40 8 Input/output Also used as the-analog input-and the key-on wakeup.input

Port P7 P77 to P70 8 Inputioutput Also useq as the t_lmer counter input/output, the divider output and the
external interrupt.input

Port P8 P83 to P80 4 Input/output Also used as the timer counter input/output

Port P9 P91 to P90 2 Input/output Also used as the UART input/output

Port PB PB7 to PB4 4 Inputfoutput Also'usedas the UART input/output and the serial interface input/out-

put

Note: P00 and P01 pins can not be used for the 1/0 port, because they should be connected with the high frequency
OSC input.
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TMP89CM46

Each output port contains a latch, which holds the output data. No input port has a latch, so the external input data
should be externally held until the input data is read from outside or reading should be performed several times before

processing. Figure 8-1 shows input/output timing examples.

External data is read from an I/O port in the read cycle during execution of the read instruction. This timing cannot
be recognized from outside, so that transient input such as chattering must be processed by the program. Data is output

to an I/O port in the next cycle of the write cycle during execution of the write instruction.

System clock

Instruction
execution cycle

Internal read
signal

Data input

System clock

Instruction
execution cycle

Internal write
signal

Data output

|

Fetch cycle Fetch cycle Read cycle
I e Y e I S Y O
' '
| IIExampIe: LD A (X)), | ---------------------
i AN )
[ /]
. L AL
X A N
(a) Input timing
Fetch cycle Fetch cycle Write cycle

|

IIExampIe: LD (x), A, |

(b) Output timing

Figure 8-1 Input/Output Timing (Example)

Note: The positions of the read and-write cycles may vary, depending-on the instruction.
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8.1 1/O Port Control Registers

The following control registers are used for I/O ports. (The port number is indicated in place of x.) Registers that
can be set vary depending on the port. For details, refer to the description of each port.

PxDR register

This is the register for setting output data. When a port is set to the "output mode", the value specified at
PxDR is output from the port.

PxPRD register

This is the register for reading input data. When a port is set to-the "input mode", the current port input
status can be read by reading PxPRD.

PxCR register

This register switches a port between input and output. A port can be switched between the "input mode"
and the "output mode".

PxFC register

This register enables the secondary function output of each port. The secondary function output of each
port can be enabled or disabled.

PxOUTCR register
This register switches the port output between the C-MOS output and the open drain output.

PxPU register

This register determines whether or not the built-in pull-up resistor|is connected when a port is used in the
input mode or as the open drain output.
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8.2

List of I/O Port Settings

For the setting methods for individual I/O ports, refer to the following table.

Table 8-2 List of /0 Port Settings

RAQ007

Register set value
Port name Pin name Function
PxCR PxOUTCR PxFC Other required settings
Port PO Port input 0 0
P03 to P00
Port output 1 0
P03 XTOUT . e
Without | e9iSter
P02 XTIN * register 1
N Without
P01 XOouT Pegister
P00 XIN * 1
Port P1 Port input 0
P13 to P11
Port output 1
P10 Port input 0 Note 1
P10 Port output 1 Note 1
. Without Without
P13 INT1 input 0 register register
P12 INTO input 0
P11 INT5 input 0
P11 STOP input 0
P10 RESET input * Note 1
Port P2 Port input 0 * 4
P27 to P20
Port output 1 ** 0
SCLKO input 0 * * SERSEL<SRSEL0>="01"
P25
SCLKO output 1 .- 1 SERSEL<SRSEL0>="01"
SCLO input/output 1 Without 1 SERSEL<SRSEL0>="*0"
P24 ;
Sl'input 0 register * SERSEL<SRSEL0>="01"
SDAO input/output 1 Without 1 SERSEL<SRSEL0>="*0"
P23 i
SO output 1 register 1 SERSEL<SRSEL0>="01"
SCLKO inSot ¢ . . SERSEL<SRSEL0>="10"
npu SERSEL<SRSEL2>="0"
P22
SERSEL<SRSEL0>="10"
SCLKO output 1 > 1
SERSEL<SRSEL2>="0"
SERSEL<SRSEL0>="0*"
RXDO.input 0 * * SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="0"
P21 SERSEL<SRSEL0>="0*"
TXDO output 1 ** 1 SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="1"
<10 inout 0 . . SERSEL<SRSEL0>="10"
inpu
P SERSEL<SRSEL2>="0"
SERSEL<SRSEL0>="0*"
TXDO output 1 > 1 SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="0"
P20 SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="1"
SERSEL<SRSEL0>="10"
SO0 output 1 > 1
SERSEL<SRSEL2>="0"
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Table 8-2 List of /0 Port Settings

Register set value
Port name Pin name Function
PxCR PxOUTCR PxFC Other required settings
Port P4 Port input 0 0
Port output 1 0
P47 to P40 AIN7 to AINO 0 Without 1
register
KWI7 to KWI4 * * KWUCR1
KWI3 to KWIO * * KWUCRO
Port P7 Port input 0 *
P77 to P70
Port output 1 0
P77 INT4 input 0 htho
register
P76 INT3 input 0 Without
register
P75 INT2 input 0 Without
register
P74 DV 1 1
O output Without
TCA1 input 0 register *
P73
PPGA1 output 1 1
TCAQO input 0 ; SERSEL<TCAOSEL>="00"
P72
PPGAO output 1 1
TCO1 input 0 *
P71 —————
PPG01 / PWMO01-output 1 1
TCOO0 input 0 4
P70
PPG00 / PWMO0O output 1 1
Port P8 Port input 0 *
P83 to P80
Port output 1 0
P81 TCO3\input 0 Without *
PPG03 /PWMO03 output 1 register 1
TCO02 input 0 *
P80
PPG02 / PWMO02 output 1 1
Port P9 Port input 0 * *
P92 to P90
Port output 1 > 0
RXD1 input 0 * 0 UATCNG<UAT110>="0"
P91
TXD1 output 1 ** 1 UATCNG<UAT110>="1"
TXD1 output 1 > 1 UATCNG<UAT110>="0"
P90
RXD 1 input 0 * 0 UATCNG<UAT110>="1"
Port PB Port input 0 * *
PB7 to PB4
Port output 1 * 0
SERSEL<SRSEL0>="10"
SCLKO input 0 * *
SERSEL<SRSEL2>="1"
PB6
SERSEL<SRSEL0>="10"
SCLKO output 1 ** 1
SERSEL<SRSEL2>="1"
SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="0"
PB5 SERSEL<SRSEL0>="0*"
TXDO output 1 > 1 SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="1"
X SERSEL<SRSEL0>="10"
SI0 input 0 * *
SERSEL<SRSEL2>="1"
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Table 8-2 List of /0 Port Settings

Register set value

Port name Pin name Function
PxCR PxOUTCR PxFC Other required settings

SERSEL<SRSEL0>="0*"
TXDO output 1 ** 1 SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="0"

SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="1"

PB4

SERSEL<SRSEL0>="10"

SO0 output 1 * 1
SERSEL<SRSEL2>="1"

Note 1: After the power is turned on, pin P10 serves as an external reset input. To use pin P10 as a port, refer to "How to use the
external reset input pin as a port".

Note 2: About SERSEL, please refer to "8.4 Serial Interface Selecting Function".
Note 3: The symbol and numeric characters in the table have the following meanings:

Symbol and nu-

meric characters Meaning
0 Set"0".
1 Set "1".

Don’t care

(Operation is the same whether "1" or "0" is.selected.)

- The sink-open.drain output or the C-MOS output can be selec-
ted.
Without register There is no register that corresponds to the bit.
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8.3

8.3.1

I/O Port Registers

Port PO (P03 to P00)

Port PO is a 4-bit input/output port that can be set to input or output for eachbit individually, and it is also used
as the high-frequency oscillation connection pin and the low-frequency oscillation connection pin.

Port PO contains a programmable pull-up resistor on the VDD side. This pull-up.resistor can be used when the

port is used in the input mode.

Table 8-3 Port PO

P03

P02

PO1

P00

Secondary -
function

XTOUT

XTIN

XOouT

XIN

Pull-up control

(for each bit)

POPUO write

Input/output control

—

(for each bit)

POCRO write

Function control

(for each bit)

POFCO write

Output latch

(for each bit)

PODRO write

(R

1
Programmable
pull-up resistor

VDD

RiN3

<

POPRDO read

Pull-up.control

Internal data bus

(for each hit)

POPU1 write

Input/output control

(for each bit)

POCR1 write

G

System clock reset

(internal factor reset)

Output latch

(for each bit)

PODR1 write

I,

Programmable
pull-up resistor,

Rin3

Rf

-

?a

Q
N I
POPRD1 read >
SYSCR2<XEN>

Notel :
SYSCR1<STOP> Note2 :
SYSCR1<OUTEN> Note3 :
Note4 :

Reset signal (Reset 2)

Figure 8-2 Port PO (P00, PO1)

R =100Q (typ.)

Rf = 1.2MQ (typ.)
Ro = 0.5k (typ.)
Rin3 = 50kQ (typ.)

J‘vavo-:r—o—lj PO1

(XOUT)

RAOQ007
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Internal data bus

Pull-up control

(for each bit)

POPU2 write

Input/output control

(for each bit)

POCR2 write

Function control

(for each bit)

POFC2 write

Output latch

(for each bit)

PODR2 write

1
Programmable
pull-up resistor

VDD

Ring

POPRD2 read

Pull-up control

(for each bit)

POPU3 write

Input/output control

(for each bit)

POCRS3 write

Output latch

(for each bit)

PODR3 write

Programmable
pull-up resistor

Rinz

Rf

D P02
(XTIN)

Ro

POPRDS3 read

?R

SYSCR2<XTEN>

SYSCR1<STOP>
SYSCR1<OUTEN> 2{)07
Reset signal

Figure 8-3 Port PO (P02, P03)

Notel : R = 100Q (typ.)
Note2 : Rf = 6MQ (typ.)
Note3 : Ro = 220kQ (typ.)
Note4 : Rin3 = 50kQ (typ.)

9 r—O—D P03

(XTOUT)

RAOQ007
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Port PO output latch

PODR 7 6 5 4 3 2 1 0
(0x0000) Bit Symbol - - - - P03 P02 PO1 P00
Read/Write R R R R R/W R/W. R/W R/W
After reset 0 0 0 0 0 0 0 0
0: Outputs L level when the output.mode is selected.
Function
1: Outputs H level when the-output mode is selected.

Port PO input/output control

POCR 7 6 5 4 3 2 1 0
(OxOF1A) Bit Symbol - - - - POCR3 POCR2 POCR1 POCRO
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: Input mode (port input)
Function
1: Output mode (port output)

Note:POCR1 and POCRO must be clear to "0".

Port PO function control

POFC 7 6 5 4 3 2 1 0
(0xOF34) Bit Symbol - - - - - POFC2 - POFCO
Read/Write R R R R R R/W R R/W
After reset 0 0 0 0 0 0 0 1
0 I?ort func- I?ort func-
Function tion tion
1: XTIN (1) XIN (1)

Note 1: When SYSCR2<XEN> is "1", setting POFCO to "0" generates a system clock (internal factor) reset. Normally, ports POO
or P01 are not used as ports, so POFCO must be set'to "1".

Note 2: Symbol "I":means secondary function input

Port PO built-in_pull-up resistor control

POPU 7 6 5 4 3 2 1 0
(0x0F27) Bit Symbol - . - - POPU2 POPU2 POPU1 POPUO
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: The built-in pull-up resistor is not connected.
. The built-in pull-up resistor is connected. (The resistor is
Function 1: connected in the input mode only. Under any other con-
: ditions, setting to "1" does not make the resistor connec-
ted.)
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Port PO input data

POPRD 7 6 5 4 3 2 1 0
(0x000D) Bit Symbol - - - - POPRD3 POPRD2 POPRD1 POPRDO
Read/Write R R R R R R R R
After reset 0 0 0 0 * * * *
. If the port is in the input mode, the contents of the port are
Function wa i
read. If not, "0" is read.

Table 8-4 POPRD Read Value (P00 to P0O1)

Set condition
POPRDi read value
POFCO POCRI
* 1 nge
1 * g
0 0 Contents of port

Note 1: *: Don’t care
Note 2: i=0,1

Table 8-5 POPRD Read Value (P02 to P03)

Set condition
POPRD]j read value
POFC2 POCRj
" 1 nge
1 * nge
0 0 Contents.of port

Note 1: *: Don’t care
Note 2: j=2,3
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8.3.2 Port P1 (P13 to P10)

Port P1 is a 4-bit input/output port that can be set to input or output for each bit individually, and is also used
as the external interrupt input, the STOP mode release signal input and the external reset input.

Port P1 contains a programmable pull-up resistor on the VDD side. This pull-up-resistor can be used when the
port is used in the input mode.

After reset, pin P10 serves as the external reset input. To use pin P10 as a port, refer to "How to use external
reset input pin as a port".

Table 8-6 Port P1

- P13 P12 P11 P10
Secondary - - - - INT1 INTO INT5 RESET
function STOP
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VDD
|
1
N VDD
Pull-up control Reset
(for each hit) RN I pull-up resistor
o/
—I—)_I Programmable § Rin2
P1PU write pull-up-resistor
‘2 RIN3
a Input/output control — VDD S
© (for each bit) <
= f —
=l
_ PLCR write »—D P10
[
o
° Output Iatc_h \ <
= (for each bit)
P1DR write ? R
QN
P1PRD read 1
\A Notel : R = 10092 (typ.)

Note2 : Rin2 = 220kQ (typ.)
Note3 : Rin3 = 50k (typ.)

SYSCR3<RSTDIS>

EN
SYSCR4 B2H write

Power-on reset signal

Reset 1

Reset 2

Low-voltage detection reset 1 signal

Low-voltage detection reset 2 signal Reset 0
Watchdog timer reset signal
System clock reset signal
Trimming data reset signal
N VDD
Pull-up control
(for each bit) Oy
o—— ol
Programmable
P1PU write pull-up resistor
‘2 VDD RiN3
a Input/output control
© (for each bit)
©
©°
— P1CR/write P1i
©
=
° Output latch
st (for each bit)
Peripheral P1DR write
functions (|
P1PRD read 1
Notel : R = 100Q (typ.)
Interrupt Note2 R_|N3 = 50kQ (typ.)
STOP Note3:i=1~3
control

Figure 8-4 Port P1
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Port P1 output latch

P1DR 6 5 4 3 2 1 0
(0x0001) Bit Symbol - - - P13 P12 P11 P10
Read/Write R R R R/W R/W. R/W R/W
After reset 0 0 0 0
0: Outputs L level when the output.mode is selected.
Function
1: Outputs H level when the-output mode is selected.
Port P1 input/output control
P1CR 6 5 4 3 2 1 0
(0x0F1B) Bit Symbol - - - P1CR3 P1CR2 P1CR1 P1CRO
Read/Write R R R R/W R/W R/W R/W
After reset 0 0 0 0 0
Input mode (port input)
) 0: INT1 (1) INTO.(I) INT5(I)
Function -/ -
STOP (1)
1: Output mode (port-output)
Note: Symbol "I" means secondary function input
Port P1 built-in pull-up resistor control
P1PU 6 5 4 3 2 1 0
(0xOF28) Bit Symbol - - P1PU4 P1PU2 P1PU1 P1PUO
Read/Write R R R R/W R/W R/W R/W
After reset 0 0 0 0 0
0: The built-in pull-up resistor is not connected.
. The built-in pull-up resistor is connected. (The resistor is
Function { connected only when the port is used in the input mode
L or as the open drain output. Under any other conditions,
setting to "1" does not make the resistor connected.)
Port P1 input data
P1PRD 6 5 4 3 2 1 0
(0x000E) Bit Symbol - - - P1PRD3 P1PRD2 P1PRD1 P1PRDO
Read/Write R R R R R R R
Afterreset 0 * * * *
. If the port is in the input mode, the contents of the port are
Function i
read. If not, "0" is read.
Table 8-7 P1PRD Read Value
Set condi-
tion P1PRDi read value
P1CRi
0 Contents of port
1 nge
Note 1: *: Don’t care
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Note 2: i=0to 3
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8.3.3 Port P2 (P27 to P20)

Port P2 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is also
used as the serial bus interface input/output, the serial interface input/output, the UART input/output and the on-
chip debug function.

The output circuit has the P-channel output control function and either the sink open.drain output or the C-
MOS output can be selected. Port P2 contains a programmable pull-up resistor on the VDD side. This pull-up
resistor can be used when the port is used in the input mode or as a sink open drain output.

When this port is used as the serial bus interface, the serial interface-or the UART, setting for serial interface
selecting function is also needed. For details, refer to "8.4 Serial Interface Selecting Function".

Table 8-8 Port P2

P27 P26 P25 P24 P23 P22 P21 P20
SCLKO SI0 SO0 SCLKO SIo SO0
Secondary
. SCLO SDAQ RXDO TXDO
function
TXDO RXDO
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Peripheral
functions

SIo0
UARTO

Pull-up control

VDD

(for each bit)

P2PU write

Output control

(for each bit)

N
Programmable
pull-up resistor

Rins

P20UTCR write

Input/output control

(for each bit)

P2CR write

Function control

Internal data bus

(for each bit)

VDD

P2FC write

oS

Output latch
(for each bit)
P2DR write Functions encllosed by the
___________________________ + | dotted line are for P20,

SCLKO, SO0, TXDO P21,P22 and P25 only.

1

N

P2PRD read

SCLKO, SI0, RXDO

Peripheral
functions

SI0o0
12C0

SYSCR1<STOP>
SYSCR1<OUTEN> ?D—
Reset signal (Reset 2)

Input/output control

(for each bit)

P2CR write

Function control

Internal data bus

(for each hit)

P2FC write

Notel : R.= 100Q (typ.)
Note2 =Rin3'= 50k (typ.)
Note3:i=0t02,5t0 7

P2j

Outputlatch S
> (for edch bit) 0
1

P2DR write

SCLO, SDAQ, SO0

——) i

\a

P2PRD read

SCLO, SDAQ, SI0

SYSCR1<STOP>
SYSCRL<OUTEN> %
Reset signal (Reset.2)

Notel : R = 1002 (typ.)
Note2:j=3, 4

Figure 8-5 Port P2
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Port P2 output latch

P2DR
(0x0002)

7 6 5 4 3 2 1 0
Bit Symbol P27 P26 P25 P24 P23 P22 P21 P20
Read/Write R/W R/W R/W R/W R/W R/W. R/W R/W
After reset 0 0 0 0 0 0 0 0

Function

Outputs L level when the output mode is selected.

Outputs H level when the output mode is selected. (Serves as Hi-Z or pull-up-depending on settings of P2OUTCR

and P2PU.)

Port P2 input/output control

P2CR
(0XOF1C)

7 6 5 4 3 2 1 0
Bit Symbol P2CR7 P2CR6 P2CR5 P2CR4 P2CR3 P2CR2 P2CR1 P2CRO
Read/Write R/W R/W R/W R/W R/W R/W RIW R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
0: - - SCLKO (1) SI0 (h - SCLKO_(1) RXDO (1) RXDO (1)
S10(1)
Function
Output mode (port output)
1: - - SCLKO (O) [-.SCLO (//0) | SDAO (I/0) |- SCLKO0-(O) TXDO(O) TXDO (O)
SO (0) SO0 (O)

Note: Symbol "I" means secondary function input.. Symbol "O" means secondary function output. Symbol "I/O" means
secondary function input/output

RAOQ007
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Port P2 function control
P2FC 7 6 5 4 3 2 1 0
(0xOF36) Bit Symbol - - P2FC5 P2FC4 P2FC3 P2FC2 P2FC1 P2FCO
Read/Write R R R/W R/W R/W RW R/W R/W
After reset 0 0 0 0 0 0 0
0: Port function
Function N SCLKO (O) | SCLO (I/0) | SDAO (I/0) | SCLKO(O) | TXDO0 (O) TXDO (O)
’ SO0 (0) SO0 (0)
Port P2 output control
P20UTCR 7 6 5 4 3 2 1 0
(0x0F43) Bit Symbol P20UT7 P20UT6 P20UT5 - P20UT2 P20UT1 P20UTO
Read/Write R/W R/W R/W R R R/W RIW R/W
After reset 0 0 0 0 0 0 0
0: | C-MOS output C-MOS output
Function
1: | Open drain output Open drain.output
Port P2 built-in pull-up resistor control
P2PU 7 6 5 4 3 2 1 0
(0x0F29) Bit Symbol P2PU7 P2PU6 P2PU5 - - P2PU2 P2PU1 P2PUO
Read/Write R/W R/W R/W R R R/W R/W R/W
After reset 0 0 0 0 0 0
o: The built-in pull-up resistor is not connec- The built-in pull-up resistor is not connec-
| ted. ted.
The built-in pull-up resistor-is connected. The built-in pull-up resistor is connected.
Function (The resistor is connected\only when the (The resistor is connected only when the
1 port is used in the.input mode or as the port is used in the input mode or as the
open drain.output. Under-any other condi- open drain output. Under any other condi-
tions, setting to "1".does not make the tions, setting to "1" does not make the
resistor connected.) resistor connected.)
Port P2 input data
P2PRD 7 6 5 4 3 2 1 0
(0x000F) Bit Symbol P2PRD7 P2PRD6 P2PRD5 P2PRD4 P2PRD3 P2PRD2 P2PRD1 P2PRDO
Read/Write R R R R R R R R
After reset * * * * * * * *
If the port is used.in the input mode or as | The contents of the port are | If the port is used in the input mode or as
Function the open drain output; the contents of the | read without condition. the open drain output, the contents of the
port are read. If-not, "0" is read. port are read. If not, "0" is read.
Table 8-9 P2PRD Read Value (P20 to P22, P25 to P27)
Set condition
P2PRDi read value
P2CRi P20UTCRI
0 * Contents of port
1 0 nge
1 1 Contents of port
Note 1: *: Don’t care
Note2: i=0to2,5t07
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8.3.4 Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is also
used as the analog input and the key-on wakeup input.

Port P4 contains a programmable pull-up resistor on the VDD side. This pull-up resistor can be used when the
port is used in the input mode.

Table 8-10 Port P4

P47 P46 P45 P44 P43 P42 P41 P40
Secondary AIN7 AING AINS AIN4 AIN3 AIN2 AIN1 AINO
function KWI7 KWI6 KWI5 KWI14 KWI3 KWI2 KWH KWIO
SYSCR1<STOP>
SYSCR1<OUTEN> :D—
N VDD
Pull-up control
(for each bit) I
Dj:)_‘ Programmable
P4PU write pull-up resistor
RiN3
Input/output control d
» (for each bit)
> L
e}
s P4CR write
©
f Function control VbD
© (for each bit)
=
(]
= P4FC write »—D P4i
Output latch <
(for each bit) v
Peripheral
functions P4DR write
KWIi enable signal ? R
Key-on /—P—
wakeup \\ [
\~ P4PRD read .
KWIi Notel : R = 1002 (typ.)
Note2 : Rin3 = 50k€2 (typ.)
. Note3:i=0to 7
AINi enable signal Reset signal (Reset 2)
AD ADCCR1<AINEN>
AINi
>

Figure 8-6 Port P4
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Port P4 output latch
P4DR 7 6 5 4 3 2 1 0
(0x0004) Bit Symbol P47 P46 P45 P44 P43 P42 P41 P40
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Outputs L level when the output mode is selected.
Function
1: | Outputs H level when the output mode is selected.
Port P4 input/output control
P4CR 7 6 5 4 3 2 1 0
(0xOF1E) Bit Symbol P4CR7 P4CR6 P4CR5 P4CR4 P4CR3 P4CR2 P4CR1 P4CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
0:
Function AIN7 (1) AING (1) AIN5 (1) AIN4 (1) AIN3 (1) AIN2-(1) AINT (1) AINO (1)
1: | Output mode (port output)

Note 1: Symbol "I'" means secondary function input.

Note 2: When the key-on wakeup input (KWIi) is enabled (KWUCRmM<KWnEN>="1"),-there is no'need to set P4CRi. (i=7 to 0,
m=1to 0, n=3 to 0)

Port P4 function control

P4FC 7 6 5 4 3 2 1 0
(0x0F38) Bit Symbol P4FC7 P4FC6 P4FC5 P4FC4 P4FC3 P4FC2 P4FC1 P4FCO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

0: | Port function
Function

1/ 7 AINT (1) AING (1) AIN5 (1) AIN4 (1) AIN3 (1) AIN2 (1) AIN1 (1) AINO (1)

Note 1: When the key-on wakeup-input (KWIi) is enabled; there is no need to set P4FCi.

Port P4 built-in pull-up resistor control

P4PU 7 6 5 4 3 2 1 0
(0xOF2B) Bit Symbol P4PU7 P4PUB P4PU5 P4PU4 P4PU3 P4PU2 P4PU1 P4PUO
Read/Write R/W R/W. R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

0: | The built-in pull-up-resistor is not connected.

Runction The built-in pull-up resistor is connected.

(The resistor is connected only when the key-on wakeup input (KWIi) is enabled or the port is used in the input mode
(P4FCi="0" and P4CRi="0"). Under any other conditions, setting to "1" does not make the resistor connected.)

Port P4 input data

P4PRD 7 6 5 4 3 2 1 0
(0x0011) Bit Symbol P4PRD7 P4PRD6 P4PRD5 P4PRD4 P4PRD3 P4PRD2 P4PRD1 P4PRDO
Read/Write R R R R R R R R
After reset * * * * * * * *
Function If the port is in the input mode, the contents of the port are read. If not, "0" is read.
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Table 8-11 P4APRD Read Value

RAOQ007

Set condition
P4PRDi read value
P4CRI P4FCi
0 0 Contents of port
" 1 nge
1 * g
Note 1: *: Don’t care
Note 2: i=0to7
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8.3.5 Port P7 (P77 to P70)

Port P7 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is also
used as the external interrupt input, the divider output and the timer counter input/output.

Table 8-12 Port P7

P77 P76 P75 P74 P73 P72 P71 P70
INT4 INT3 INT2 DVO PPGA1 PPGAO PPGO1 PPGO00
Secondary ARD N B R
. TCA1 TCAO PWMO1 [ PWMO0O
function
TCO1 TCO00
a

Input/output control
(for each bit)

P7CR write

n e ]
E H '
o ! Function control : VDD
« > (for each bit) : 1D
© H '
°© H T v
— ' P7FC write : r—|:| P7i
[ [ L L L L LT T T N
c ' :
° Output Iatc_h H 0.5 . )\ s
Peripheral < (for each bit) 1 : (Note3)
functions - T . 1 '
P7DR write : .
Divider a Functions enclosed by
the dotted line are for
output P74 to P70 only. § R
External . Ni~Su 4 AR :
interrupt /np
P7PRD read INT4, INT3, INT2 A
ToAo 7 TCAL, TCAO, TCOL. TCOO Notel : R = 1000 (typ.)
TCAL CAL . TCOL, Note2:i=0to 7
TCO0 SYSCR1<STOP> Note3 : Nch large current
TCOL e Lolvens % D (Only P70 to P73)
Reset signal (Reset 2)

Figure 8-7 Port P7
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Port P7 output latch

P7DR 7 6 5 4 3 2 1 0
(0x0007) Bit Symbol P77 P76 P75 P74 P73 P72 P71 P70
Read/Write R/W R/W R/W R/W R/W R/W. R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Outputs L level when the output mode is selected
Function
1: | Outputs H level when the output mode is selected
Port P7 input/output control
P7CR 7 6 5 4 3 2 1 0
(0x0F21) Bit Symbol P7CR7 P7CR6 P7CR5 P7CR4 P7CR3 P7CR2 P7CR1 P7CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
0:
INT4 (1) | INT3 (1) | INT2 (1) | - | TCA1 (I) | TCAO.(I) | TCOA (1) | TCOO (1)
Function Output mode (port output)
1: - - - DVO.(O) | PPGAT (0) | PRGAO(O).| PPGO1 (0) | PPGOO (O)
PWMOT (O) | PWMOO (O)
Note: Symbol "I" means secondary function input. Symbol "O™ means secondary function output.
Port P7 function control
PTEC 7 6 5 4 3 2 1 0
(0xOF3B) Bit Symbol - - - P7FC3 P7FC3 P7FC2 P7FC1 P7FCO
Read/Write R R R RW. R/W R/W R/W R/W
After reset 0 0 0 0 0
0: Port function
Function 1! DVO (O) PPGA1 (O) | PPGAO (O) | PPGO1 (O) | PPGO00 (O)
: PWMO1 (O) | PWMOO (O)
Port P7 input data
P7PRD 7 6 5 4 3 2 1 0
(0x0014) Bit Symbol P7PRD7 P7PRD6 P7PRD5 P7PRD4 P7PRD3 P7PRD2 P7PRD1 P7PRDO
Read/Write R R R R R R R R
After reset < * * * * * * *
Function If the port.is used in the input mode, the contents of the port are read. If not, "0" is read.
Table 8-13 P7PRD Read Value
Set condition
P7PRDi read value
P7CRi
0 Contents of port
1 ngr
Note 1: *: Don’t care
Note 2: i=0to7
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8.3.6 Port P8 (P83 to P80)

Port P8 is a 4-bit input/output port that can be set to input or output for each bit individually, and it is also used

as the timer counter input/output.

Table 8-14 Port P8

P83 P82 P81 P80
S d - - - - = PPGO3 PPG02
econdar - -
. y PWMO03 | PWMO02
function TCO03 TC02
U
Input/output control
(for each bit)
P8CR write
0 : """""""""""""""""""""" [
=] i A
o ! Function control H VDD
© g (for each bit) ; D—
© H T .
kel H '
- H P8FC write H —| P8i
< RN !
c . H
5 Output latch H S ; ° -~
Peripheral = (for each bit) : :
functions - T : '
P8DR write E Functions enclosed by
ymmmmmmmsmmeseemeosboneo- 2 | the dotted line are for
E P81 and P80 only. § R
1 PPG03, PPG02, PWMO0S, PWM02 H
TCO3 T oid oS H
TCO02 /_Pn
_~ P8PRD read —¢
TCO3, TCO2 Notel : R = 100Q (typ.)
Note2:i=0t0 3

SYSCR1<STOP>
SYSCR1<OUTEN> 2%
Reset signal (Reset 2)

Figure 8-8 Port P8
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Port P8 output latch

P8DR 6 5 4 3 2 1 0
(0x0008) Bit Symbol - - - P83 P82 P81 P80
Read/Write R R R R/W R/W. R/W R/W
After reset 0 0 0 0
0: Outputs L level when the output.mode is selected.
Function
1: Outputs H level when the-output mode is selected.
Port P8 input/output control
PSCR 6 5 4 3 2 1 0
(0x0F22) Bit Symbol - - - P8CR3 P8CR2 P8CR1 P8CRO
Read/Write R R R R/W R/W R/W R/W
After reset 0 0 0 0 0
Input mode (port input)
o - | - | TC03 () | TCO2 (1)
Function Output mode (port output)
1 : ‘ i ‘ PPGO3 (0) | PPGOZ (0)
PWMO3 (O) | PWMOZ (O)
Note: Symbol "I" means secondary function input. Symbol "O™ means secondary function output.
Port P8 function control
PSEC 6 5 4 3 2 1 0
(0xOF3C) Bit Symbol - - - - - P8FC1 P8FCO
Read/Write R R R R R R/W R/W
After reset 0 0
0: Port function
Function . PPGO03 (O) | PPG02 (0O)
PWMO03 (O) | PWMO02 (O)
Port P8 input data
P8PRD 6 5 4 3 2 1 0
(0x0015) Bit Symbol - - - P8PRD3 P8PRD2 P8PRD1 P8PRDO
Read/Write R R R R R R R

After reset

Function

Note 1:
Note 2:

* * * *

If the port is used in the input mode, the contents of the
port are read. If not, "0" is read.

Table 8-15 P8PRD Read Value

Set condition

P8CRI

P8PRDi read value

0

Contents of port

1

nn

*: Don’t care
i=0to 3
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8.3.7 Port P9 (P91 to P90)

Port P9 is a 2-bit input/output port that can be set to input or output for each bit individually, and it is also used
as the UART.

The output circuit has the P-channel output control function and either the sink-open drain output or the C-
MOS output can be selected. Port P9 contains a programmable pull-up resistor on the VDD side. This pull-up
resistor can be used when the port is used in the input mode or as a sink open-drain output.

When this port is used as the UART, setting for the serial interface selecting function is also needed. For details,
refer to "8.4 Serial Interface Selecting Function".

Table 8-16 Port P9

P91 P90
Secondary - - - - - - RXD1 TXD1
function TXD1 RXD1
N VDD
Pull-up control
(for each bit) AN I
0 Programmable
POPU write pull-up resistor
RiN3
Output control T
(for each bit) |
P9OUTCR write
: apE
=}
a Input/output.control
© (for each bit)
©
©
— POCR write
«
=
° Function control VDD
e (for each bit)
POFC write ’J_)_ POi
Output latch oS e
(for each bit)
1
P9DR write
Peripheral
functions § R
TXD1
P
UARTL PYPRD read R—L"
M) RXDL Notel : R = 100Q (typ.)
Note2 : Rina = 50k (typ.)
Note3:i=0to 1

SYSCR1<STOP>
SYSCR1<OUTEN> 2%
Reset signal (Reset 2)

Figure 8-9 Port P9
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Port P9 output latch

P9DR
(0x0009) Bit Symbol

Read/Write

After reset

Function

Port P9 input/output control

POCR 7

(0x0F23) Bit Symbol

After reset

Function

Note: Symbol "I" means secondary function input.-Symbol "O" means secondary function output.

Read/Write R

TMP89CM46
1 0
P91 P90
R/W R/W
0 0

Outputs L level when the
output mode is selected.

Outputs H level when the
output mode is selected.
(Serves as Hi-Z or pull-up
depending on settings of
POOUTCR and P9PU.)

1 0
P9CR1 P9CRO
R/W R/W
0 0

Input mode (port input)
RXD1 (1) | RXD1 (1)

Output mode (port output)
TXD1 (O) | TXD1 (O)

RAOQ007
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Port P9 function control

POFC 7 6 5 4 3 2 1 0
(0xOF3D) Bit Symbol - - - - - - POFC1 POFCO
Read/Write R R R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
0: Port function
Function
1: TXD1 (O) TXD1 (O)

Port P9 output control

P9OUTCR 7 6 5 4 3 2 1 0
(0xOF4A) Bit Symbol - - - - - - PIOUT1 P9OUTO
Read/Write R R R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
0: C-MOS output
Function
1: Open drain output

Port P9 built-in pull-up resistor control

POPU 7 6 5 4 3 2 1 0
(0x0F30) Bit Symbol - - . - - \ P9PU1 POPUO
Read/Write R R R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
0: The built-in pull-up resistor
Function ’ is not connected.
1: Note 1

Note 1: The built-in pull-up resistor is connected. (The resistor is connected only when the port is used in the input mode or as
the open drain output. Under any-other conditions, setting.to "1" does not make the resistor connected.)

Port P9 input data

P9PRD 7 6 5 4 3 2 1 0

(0x0016) Bit Symbol . - - - - - P9PRD1 P9PRDO
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 * *

If the port is used in the in-
put mode or as the sink
Function open drain output, the con-
tents of the port are read. If
not, "0" is read.

Table 8-17 POPRD Read Value

Set condition

POPRDi read value
PICRI P9OUTCRI

0 * Contents of port

1 0 ngy

1 1 Contents of port
Note 1: *: Don’t care
Note 2: i=0to1
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8.3.8 Port PB (PB7 to PB4)

Port PB is an 4-bit input/output port that can be set to input or output for each bit individually, and it is also
used as the serial interface input/output and the UART input/output.

The output circuit has the P-channel output control function and either the sink open drain output or the C-
MOS output can be selected.

When this port is used as the serial interface or the UART, setting for serial interface selecting function is also
needed. For details, refer to "8.4 Serial Interface Selecting Function".

Table 8-18 Port PB

PB7 PB6 PB5 PB4 - d - -
- SCLKO SI0 SO0 - - - -
Secondary
X RXDO TXDO
function
TXDO RXDO
N
Output control
(for each bit)
PBOUTCR write
12
=1
o Input/output control ’_(1_)—
© (for each bit)
<
=]
— PBCR write
© Peeeee e annne o e T e,
c H '
° H Function control !
e (for each hit) .
PBFC write : PBi
Outputatch : 0 S : -~
(foreach bit) : : " (Note2)
Peripheral I 4 :
functions PBDR write ' Functions enclosed-by
........................... + | the dotted line are for
SCLKO, SO0, TXDO.| PBS to-PB4 only. R
S N I P et el RF
UARTO, U~ PBPRD read ¢
SCLKO, SI0,; RXD0O Notel : R = 1002 (typ.)
Note2 : Nch large current
Note3:i=41t07

SYSCR1<STOP>
SYSCR1<OUTEN> 2%
Reset signal (Reset 2)

Figure 8-10 Port PB
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Port PB output latch
PBDR 7 6 5 4 0
(0x000B) Bit Symbol PB7 PB6 PB5 PB4 -
Read/Write R/W R/W R/W R/W R
After reset 0 0 0 0
0: | Outputs L level when the output mode is selected.
Function
1: | Outputs H level when the output mode is selected.
Port PB input/output control
PBCR 7 6 5 4 0
(0x0F25) Bit Symbol PBCR7 PBCR6 PBCR5 PBCR4 -
Read/Write R/W R/W R/W R/W R
After reset 0 0 0 0 0
0: | Input mode (port input)
Function
1: | Output mode (port output)
Port PB function control
PBFC 7 6 5 4 0
(OxOF3F) Bit Symbol - PBFC6 PBFC5 PBFC4 -
Read/Write R R/W RW R/W R
After reset 0 0 0 0
0: Port function
Function - SCLKO(O).| "TXDO (0) | TXD0'(O)
’ SO0 (0)
Port PB output control
PBOUTCR 7 6 5 4 0
(0x0F4C) Bit Symbol PBOUT7 PBOUT6 PBOUT5 PBOUT4 -
Read/Write R/W R/W R/W R/W R
After reset 0 0 0 0 0
0:}-C-MOS output
Function
1: | Open drain output
Page 118
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Port PB input data

PBPRD 7 6 5 4 3 2 1 0
(0x0018) Bit Symbol PBPRD7 PBPRD6 PBPRD5 PBPRD4
Read/Write R R R R R R R R

* * * * * * * *

After reset

If the port is used in the input mode or as the open drain

Function output, the contents of the port are read. If not, "0" is read.

Table 8-19 PBPRD Read Value

Set condition

PBPRDi read value
PBCRI PBOUTCRI

0 * Contents of port

1 0 ngn

1 1 Contents of port
Note 1: *: Don’t care
Note 2: i=4to7
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8.4 Serial Interface Selecting Function TMP89CM46

8.4

Serial Interface Selecting Function

On the TMP89CMA46, the built-in serial interface (SIO, UART and I*C) communication pins and interrupt source
assignment can be changed. Two out of three functions, SIO0, UARTO and 12C0; can be used at the same time by
using this selecting function.

The input pins of the 16-bit timer counter A0 input (TCAO input) can be changed by using this selecting function.

UARTL port \[{_] P90 (TxD1)
PYL/(RXD1)
Port _[] PB4 (TXDO / SO0)
PB5 (RXDO //SI0)
Selector PB6 (SCLKO)
Selector 1
UARTO o* 0 Port || P20 (TXD0/S00)
10 S P21/ (RXDO / SI0)
s | P22/(SCLKO)
SI00 [ SERSEL
Selector <SRSEL2>
01 port [/ ] P23 (SDA0/S00)
12C0 *0 P24 (SCLO/ SI0)
s P25 (SCLKO)
SERSEL<SRSELO>
Selector
TCAO 00 Port (— ] P72(TCA0)
o1 P21 (RXDO)

10——'P91(RXD1)

S

SERSEL<TCAOSEL>

Figure 8-11 Serial Interface Selecting Function
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Serial interface selection control register

SERSEL 7 6 5 4 3 2 1 0
(0xOFCB) Bit Symbol TCAOSEL SRSEL2 SRSELO
Read/Write R/W R/W R R/W R R R/W R/W
After reset 0 0 0 0 0 0
00: | P72 input (TCAO)
TCAOSEL | 16-bit timer counter AO input switch- 01: [ P21 input (also used as RXDO)
ing 10: | P91 input (also used as RXD1)
11: | Reserved
Select UARTO0/SIOO input/output 0: | Select P20, P21, P22
SRSEL2
port 1: | Select PB4, PB5, PB6
00: | Select UARTO, 12C0
o ] 01: | Select UARTO, SIO0
SRSELO Serial interface selection 0
10: | Select SIO0, 12C0
11: | Reserved
Note 1: The operation for changing SERSEL must be executed-while the applicable serial interface and timer counter operations
are stopped. If SERSEL is switched during operation of these peripheral functions, each peripheral function may receive
(transmit) unexpected data and operate improperly:
Note 2: It is recommended to clear the interrupt latch for.the applicable serial interface immediately after changing SERSEL.

Interrupt latches are common to INTRXD and INTSIOand to INTSBI and INTSIO. Therefore, if an interrupt occurs before
or after SERSEL is switched, it is difficult to tell- which function has caused the interrupt.

UART input/output change control register

UATCNG 7 6 5 4 3 2 1 0
(0xOF57) Bit Symbol - = - - - - UAT1IO UATOIO
Read/Write R R R R R R R/W R/W
After reset 0 0 0 0
RXD pin TXD pin
. P91 P90
UAT11O | Select UART1 input/ output port
P90 P91
SERSEL SERSEL SERSEL SERSEL
<SERSEL2>="0" | <SERSEL2>="1" [ <SERSEL2>="0" | <SERSEL2>="1"
UATOIO" | Select UARTO input/ output port
P21 PB5 P20 PB4
P20 PB4 P21 PB5

Note 1: The operation for changing UATCNG must be executed while the applicable serial interface operations are stopped.
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8.4 Serial Interface Selecting Function TMP89CM46
Table 8-20 Select input/output port and interrupt
Port
SERSEL SERSEL | UATCNG Interrupt
UARTO0/SIO0 12C0/SI00
<SRSEL0> | <SRSEL2> | <UATO0IO>
PB4 PB5 PB6 P20 P21 P22 P23 P24 P25 IL7 IL6 IL15
0: TXDO | RXDO
0: Note 1 | Note 1 | Note 1 Note 1
1: RXDO | TXDO
00: SDAO | SCLO | Note. 1 | INTTXDO | INTRXDO | INTSBIO
0: | TXDO | RXDO
1: Note 1 [ Note 1 | Note 1 | Note 1
1: | RXDO | TXDO
0: TXDO | RXDO
0: Note 1 [ Note 1 | Note 1 Note 1
1: RXDO | TXDO SCLK
01: SO0 SI0 0 INTTXDO | INTRXDO | INTSIOO0
0: | TXDO | RXDO
1: Note 1 [ Note 1 | Note 1 | Note 1
1: | RXDO | TXDO
0: Oor1:|Note 1| Note 1 | Note 1| SO0 SI0 S%LK
10: SDAO | SCLO | Note 1 - INTSIO0 INTSBIO
1. oort:| s00 | sio | SGH | Note 1 | Note 1 | Note's
11: Oor1: Oor1: Reserved

Note 1: Can be used as a port. (Set the function register (PxFC)to "0".)
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8.5 Reuvision History

Rev Description
RA005 "Figure 8-4 Port P1" Revised reset control signal.
RA006 "Table 8-2 List of /O Port Settings" Added new character for PxOUTCR.
RA007 "Figure 8-4 Port P1" Revised block diagram. Added "Reset 0 or 2" to reset signal of each port block diagram.
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9. Special Function Registers

The TMP89CM46 adopts the memory mapped I/O system, and all peripheral hardware data control and transfer
operations are performed through the special function registers (SFR). SFR1 is mapped on addresses 0x0000 to
0x003F, SFR2 is mapped on addresses 0x0F00 to 0xOFFF, and SFR3 is mapped on-addresses 0x0E40 to 0xOEBF.

9.1 SFR1 (0x0000 to 0x003F)

Table 9-1 SFR1 (0x0000 to 0x003F)

RAOQ01

Address Register Name Address Register Name
0x0000 PODR 0x0020 SIO0SR
0x0001 P1DR 0x0021 SIO0BUF
0x0002 P2DR 0x0022 SBIOCR1
0x0003 Reserved 0x0023 SBIOCR2/SBIOSR2
0x0004 P4DR 0x0024 12COAR
0x0005 Reserved 0x0025 SBIODBR
0x0006 Reserved 0x0026 TOOREG
0x0007 P7DR 0x0027 TO1REG
0x0008 P8DR 0x0028 TOOPWM
0x0009 P9DR 0x0029 TOIPWM
0x000A Reserved 0x002A TOOMOD
0x000B PBDR 0x002B TO1MOD
0x000C Reserved 0x002C TO01CR
0x000D POPRD 0x002D TAODRAL
0x000E P1PRD 0x002E TAODRAH
0x000F P2PRD 0x002F TAODRBL
0x0010 Reserved 0x0030 TAODRBH
0x0011 P4PRD 0x0031 TAOMOD
0x0012 Reserved 0x0032 TAOCR
0x0013 Reserved 0x0033 TAOSR
0x0014 P7PRD 0x0034 ADCCR1
0x0015 P8PRD 0x0035 ADCCR2
0x0016 POPRD 0x0036 ADCDRL
0x0017 Reserved 0x0037 ADCDRH
0x0018 PBPRD 0x0038 DVOCR
0x0019 Reserved 0x0039 TBTCR
0x001A UARTOCR1 0x003A EIRL
0x001B UARTOCR2 0x003B EIRH
0x001C UARTODR 0x003C EIRE
0x001D UARTOSR 0x003D EIRD
0x001E TDOBUF/RDOBUF 0x003E Reserved
0x001F SIO0CR 0x003F PSW
Note 1: Do not access reserved addresses by the program.
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TMP89CM46

9.2 SFR2 (0xOF00 to OxOFFF)

Table 9-2 SFR2 (0xOF00 to OxOF7F)

RAQ01

Address Register Name Address Register Name Address Register Name Address Register Name
0x0F00 Reserved 0x0F20 Reserved 0x0F40 Reserved 0x0F60 Reserved
0x0FO01 Reserved 0x0F21 P7CR 0x0F41 Reserved 0x0F61 Reserved
0x0F02 Reserved 0x0F22 P8CR 0x0F42 Reserved 0x0F62 Reserved
0xOF03 Reserved 0x0F23 P9CR 0x0F43 P20UTCR 0x0F63 Reserved
0x0F04 Reserved 0x0F24 Reserved 0x0F44 Reserved 0xOF64 Reserved
0x0F05 Reserved 0x0F25 PBCR 0x0F45 Reserved 0x0F65 Reserved
0x0F06 Reserved 0x0F26 Reserved 0x0F46 Reserved 0xOF66 Reserved
0x0F07 Reserved 0x0F27 POPU 0x0F47 Reserved 0x0F67 Reserved
0x0F08 Reserved 0x0F28 P1PU 0x0F48 Reserved 0xOF68 Reserved
0x0F09 Reserved 0x0F29 P2PU 0x0F49 Reserved 0x0F69 Reserved
0xOF0A Reserved 0x0F2A Reserved O0x0F4A P9OUTCR 0x0F6A Reserved
0xOF0B Reserved 0x0F2B P4PU 0x0F4B Reserved 0x0F6B Reserved
0xOF0C Reserved 0x0F2C Reserved 0xOF4C PBOUTCR 0x0F6C Reserved
0xOFOD Reserved 0x0F2D Reserved 0xOF4D Reserved 0x0F6D Reserved
0xOFOE Reserved 0x0F2E Reserved OxOF4E Reserved 0x0F6E Reserved
0xO0FOF Reserved 0x0F2F Reserved OxOF4F Reserved 0xOF6F Reserved
0x0F10 Reserved 0x0F30 PIOPU 0x0F50 Reserved 0x0F70 Reserved
0x0F11 Reserved 0x0F31 Reserved 0xOF51 Reserved 0x0F71 Reserved
0x0F12 Reserved 0x0F32 Reserved 0x0F52 Reserved 0x0F72 Reserved
0x0F13 Reserved 0x0F33 Reserved 0x0F53 Reserved 0x0F73 Reserved
0x0F14 Reserved 0x0F 34 POFC 0x0F54 UART1CR1 0x0F74 POFFCRO
O0x0F15 Reserved 0x0F35 Reserved 0x0F55 UART1CR2 0x0F75 POFFCR1
0x0F16 Reserved 0xOF 36 P2FC 0x0F56 UART1DR 0x0F76 POFFCR2
0x0F17 Reserved 0x0F37 Reserved 0x0F57 UART1SR 0xOF77 POFFCR3
0x0F18 Reserved 0x0F38 P4FC 0x0F58 TD1BUF/RD1BUF 0x0F78 Reserved
0x0F19 Reserved 0x0F39 Reserved 0x0F59 Reserved 0x0F79 Reserved
O0xOF1A POCR 0x0F3A Reserved 0xOF5A Reserved O0xOF7A Reserved
0xOF1B P1CR 0x0F3B P7FC 0xOF5B Reserved 0x0F7B Reserved
0xOF1C P2CR 0x0F3C P8FC 0xOF5C Reserved 0x0F7C Reserved
0xOF1D Reserved 0x0F3D POFC 0xOF5D Reserved 0xOF7D Reserved
O0xOF1E PACR 0x0F3E Reserved 0xOF5E Reserved O0xOF7E Reserved
O0x0F1F Reserved 0xOF3F PBFC OxOF5F Reserved O0xOF7F Reserved
Note 1:-Do-not access reserved addresses by the program.
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Table 9-3 SFR2 (0xOF80 to 0xOFFF)

Address Register Name Address Register Name Address Register Name Address Register Name
0x0F80 Reserved 0xOFAO0 Reserved 0xOFCO Reserved 0xOFEO ILL
0x0F81 Reserved 0x0FA1 Reserved 0x0FC1 Reserved O0xOFE1 ILH
0x0F82 Reserved 0x0FA2 Reserved 0xOFC2 Reserved OxOFE2 ILE
0x0F83 Reserved 0x0FA3 Reserved 0xOFC3 Reserved OxOFE3 ILD
0x0F84 Reserved O0xOFA4 Reserved 0x0FC4 KWUCRO O0xOFE4 Reserved
0xOF85 Reserved 0xOFA5 Reserved 0x0FC5 KWUCR1 O0xOFE5 Reserved
0xO0F86 Reserved 0xOFAG6 Reserved 0x0FC6 VDCR1 O0xOFE6 Reserved
0x0F87 Reserved Ox0FA7 Reserved 0xOFC7 VDCR2 OxOFE7 Reserved
0x0F88 TO2REG 0xOFA8 TA1DRAL 0xO0FC8 RTCCR 0xOFE8 Reserved
0x0F89 TO3REG 0x0FA9 TA1DRAH 0xOFC9 Reserved 0xOFE9 Reserved
0xOF8A TO2PWM O0xOFAA TA1DRBL 0xOFCA Reserved OxOFEA Reserved
0x0F8B TO3PWM 0xOFAB TA1DRBH 0xOFCB SERSEL O0xOFEB Reserved
0x0F8C T02MOD 0xOFAC TA1TMOD 0x0FCC IRSTSR OxOFEC Reserved
0x0F8D TO3MOD 0xOFAD TA1CR 0xOFCD WUCCR 0xOFED Reserved
0xOF8E T023CR 0xOFAE TA1SR 0xOFCE WUCDR O0xOFEE Reserved
0xOF8F Reserved OxOFAF Reserved 0xOFCF CGCR OxOFEF Reserved
0x0F90 Reserved 0x0FBO Reserved 0xOFDO Reserved 0xO0FFO ILPRS1
0x0F91 Reserved 0x0FB1 Reserved 0xOFD1 Reserved OxOFF1 ILPRS2
0x0F92 Reserved 0x0FB2 Reserved 0xOFD2 Reserved 0x0FF2 ILPRS3
0x0F93 Reserved 0x0FB3 Reserved 0xOFD3 Reserved O0xOFF3 ILPRS4
0x0F94 Reserved 0x0FB4 Reserved 0x0FD4 WDCTR OxOFF4 ILPRS5
0x0F95 Reserved 0x0FB5 Reserved 0x0FD5 WDCDR 0xOFF5 ILPRS6
0x0F96 Reserved 0xOFB6 Reserved 0xOFD6 WDCNT 0xOFF6 Reserved
0x0F97 Reserved 0x0FB7 Reserved 0xOFD7 WDST OxOFF7 Reserved
0x0F98 Reserved 0x0FB8 Reserved 0xOFD8 EINTCR1 O0xOFF8 Reserved
0x0F99 Reserved 0x0FB9 Reserved 0x0FD9 EINTCR2 0xO0FF9 Reserved
O0xOF9A Reserved OxOFBA Reserved 0xOFDA EINTCR3 OxOFFA Reserved
0x0F9B Reserved 0xOFBB Reserved 0xOFDB EINTCR4 0xOFFB Reserved
0x0F9C Reserved 0xOFBC Reserved 0xOFDC SYSCR1 0xOFFC Reserved
0x0F9D Reserved 0x0FBD Reserved 0xOFDD SYSCR2 0xOFFD Reserved
0xOF9E Reserved 0xOFBE Reserved 0xOFDE SYSCR3 OxOFFE Reserved
0xOF9F Reserved 0xOFBF Reserved 0xOFDF SYSCR4/SYSSR4 O0xOFFF Reserved

Note 1:- Do.not access reserved addresses by the program.
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TMP89CM46

9.3 SFR3 (0xOE40 to OXxOEFF)

Table 9-4 SFR3 (0x0E40 to OxOEBF)

RAQ01

Address Register Name Address Register Name Address Register Name Address Register Name
0x0E40 Reserved 0x0E60 Reserved 0x0E80 Reserved 0x0EAOQ Reserved
0x0E41 Reserved 0x0E61 Reserved 0x0E81 Reserved Ox0EA1 Reserved
0x0E42 Reserved 0x0E62 Reserved 0x0E82 Reserved Ox0EA2 Reserved
0x0E43 Reserved 0x0E63 Reserved 0x0E83 Reserved O0xO0EA3 Reserved
0x0E44 Reserved 0xOE64 Reserved 0x0E84 Reserved Ox0EA4 Reserved
0x0E45 Reserved 0x0E65 Reserved O0x0E85 Reserved O0xOEA5 Reserved
0x0E46 Reserved 0x0E66 Reserved 0x0E86 Reserved O0X0EAG Reserved
0x0E47 Reserved 0x0E67 Reserved 0x0E87 Reserved OxOEA7 Reserved
0x0E48 Reserved 0xOE68 Reserved 0x0E88 Reserved 0xOEA8 Reserved
0x0E49 Reserved 0x0E69 Reserved 0x0E89 Reserved O0xO0EA9 Reserved
OxOE4A Reserved O0xOEBA Reserved O0x0E8A Reserved Ox0EAA Reserved
0xOE4B Reserved 0x0E6B Reserved 0xOE8B Reserved OxOEAB Reserved
0x0E4C Reserved 0xOE6C Reserved 0x0E8C Reserved O0xOEAC Reserved
0xOE4D Reserved 0xOE6D Reserved 0x0E8D Reserved O0xOEAD Reserved
OxOE4E Reserved O0xOE6E Reserved 0xOE8E Reserved OXOEAE Reserved
OxOE4F Reserved 0xO0E6F Reserved OxOE8F Reserved OXOEAF Reserved
0x0E50 Reserved 0x0E70 Reserved 0x0E90 Reserved 0x0EBO Reserved
0x0E51 Reserved 0x0E71 Reserved 0x0E91 Reserved 0x0EB1 Reserved
0x0E52 Reserved O0x0E72 Reserved 0x0E92 Reserved 0x0EB2 Reserved
0x0E53 Reserved 0x0E73 Reserved 0x0E93 Reserved 0x0EB3 Reserved
0x0E54 Reserved O0x0E74 Reserved 0x0E94 Reserved 0xOEB4 Reserved
0x0E55 Reserved 0x0E75 Reserved 0x0E95 Reserved 0x0EB5 Reserved
0x0E56 Reserved O0x0E76 Reserved 0x0E96 Reserved 0xOEB6 Reserved
0x0E57 UATCNG 0x0E77 Reserved 0x0E97 Reserved 0x0EB7 Reserved
0x0E58 Reserved 0x0E78 Reserved 0x0E98 Reserved 0x0EB8 Reserved
0x0E59 Reserved O0x0E79 Reserved 0x0E99 Reserved 0x0EB9 Reserved
O0xOE5A Reserved Ox0E7A Reserved O0x0E9A Reserved 0xOEBA Reserved
0xOE5B Reserved O0XO0E7B Reserved 0xOE9B Reserved 0xOEBB Reserved
0xOE5C Reserved 0xOE7C Reserved 0x0E9C Reserved 0xO0EBC Reserved
0xOE5D Reserved 0xOE7D Reserved 0x0E9D Reserved 0xOEBD Reserved
O0xOE5E Reserved OxOE7E Reserved 0xOESE Reserved 0xOEBE Reserved
O0xOE5F Reserved Ox0E7F Reserved OxOE9F Reserved O0xOEBF Reserved
Note 1:-Do-not access reserved addresses by the program.
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Table 9-5 SFR3 (0xOECO to OxOEFF)

Address Register Name Address Register Name Address Register Name Address Register Name
0xOECO Reserved 0xOEDO Reserved O0xOEEO Reserved 0x0EFO Reserved
0x0EC1 Reserved 0xOED1 Reserved OxOEE1 Reserved 0xO0EF1 Reserved
0xOEC2 Reserved 0xOED2 Reserved OxOEE2 Reserved Ox0EF2 Reserved
O0xOEC3 Reserved 0xOED3 Reserved OxOEE3 Reserved Ox0EF3 Reserved
0xO0EC4 Reserved 0xO0ED4 Reserved O0xOEE4 Reserved OxOEF4 Reserved
0x0EC5 Reserved 0xO0ED5 Reserved O0xOEE5 Reserved 0xOEF5 Reserved
0x0EC6 Reserved 0xOEDG6 Reserved OxOEE6 Reserved 0x0EF6 Reserved
0xOEC7 Reserved 0xOED7 Reserved OxOEE7 Reserved Ox0EF7 Reserved
0xO0EC8 Reserved 0xOED8 Reserved OxOEE8 Reserved 0xOEF8 Reserved
0x0EC9 Reserved 0xOED9 Reserved O0xOEE9 Reserved 0xOEF9 Reserved
0xOECA Reserved O0xOEDA Reserved OxOEEA Reserved OXOEFA Reserved
0xOECB Reserved 0xOEDB Reserved OxOEEB Reserved OxOEFB Reserved
0xO0ECC Reserved 0xO0EDC Reserved OxOEEC Reserved OX0EFC Reserved
0xO0ECD Reserved 0xOEDD Reserved OxOEED Reserved 0xO0EFD Reserved
0xOECE Reserved 0xOEDE Reserved OxOEEE Reserved OxOEFE Reserved
O0xOECF Reserved OxOEDF Reserved OxOEEF Reserved OxOEFF Reserved

Note 1: Do not access reserved addresses by the program.
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10.

Low Power Consumption Function for Peripherals

The TMP89CM46 has low power consumption registers (POFFCRn) that save power when specific peripheral
functions are unused. Each bit of the low power consumption registers can be set to enable or disable each peripheral
function. (n =0, 1, 2, 3)

The basic clock supply to each peripheral function is disabled for power saving, by setting the corresponding bit of
the low power consumption registers (POFFCRn) to "0". (The disabled peripheral functions become unavailable.) The
basic clock supply to each peripheral function is enabled and the function becomes available by setting the corre-
sponding bit of the low power consumption registers (POFFCRn) to "1".

After reset, the low power consumption registers (POFFCRn) are initialized to "0", and thus the peripheral functions
are unavailable. When each peripheral function is used for the first time, be sure to set the corresponding bit of the
low power consumption registers (POFFCRn) to "1" in the initial settings of the program (before operating the control
register for the peripheral function).

When a peripheral function is operating, the corresponding bit of the low power consumption registers (POFFCRn)
must not be changed to "0". If it is changed, the peripheral function may operate unexpectedly.

RAOQ01
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10. Low Power Consumption Function for Peripherals

10.1  Control TMP89CM46
10.1  Control
The low power consumption function is controlled by the low power consumption registers (POFFCRn). (n = 0,
1,2,3)

Low power consumption register 0

POFFCRO 7 6 5 4 3 2 1 0
(0x0F74) Bit Symbol - - TC023EN TCO01EN - - TCA1EN TCAOEN
Read/Write R/W R/IW R/IW R/IW RIW R/W RIW R/IW
After reset 0 0 0 0 0 0 0 0
0 | Disable
TC023EN | TC02,03 control
1| Enable
0 | Disable
TCOO01EN | TC00,01 control
1| Enable
0 | Disable
TCA1EN TCA1 control
1| Enable
0 | Disable
TCAOEN TCAO control
1| Enable
Low power consumption register 1
POFFCR1 7 6 5 4 3 2 1 0
(0xOF75) Bit Symbol - - - SBIOEN - - UART1EN UARTOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
SBIOEN 12CO0 control
1| Enable
0 [“Disable
UART1EN [ UART1 control
1| Enable
0 | Disable
UARTOEN [ UARTO control
1 [~Enable
Low power consumption register 2
POFFCR2 7 6 5 4 3 2 1 0
(OXOF76) Bit Symbol - - RTCEN - - - - SIO0EN
Read/Write RIW RIW. R/IW R/W RIW RIW RIW R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
RTCEN RTC control
1| Enable
0 | Disable
SIO0EN SIO0 control
1| Enable
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Low power consumption register 3

POFFCR3 7 6 5 4 3 2 1 0
(0xOF77) Bit Symbol - - INT5EN INT4EN INT3EN INT2EN INT1EN INTOEN
Read/Write R/W R/W R/W R/W R/W RAV R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
INT5EN INT5 control
1| Enable
0 | Disable
INT4EN INT4 control
1| Enable
0 | Disable
INT3EN INT3 control
1| Enable
0 | Disable
INT2EN INT2 control
1| Enable
0 | Disable
INT1EN INT1 control
1| Enable
0 | Disable
INTOEN INTO control
1| Enable
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10.1  Control TMP89CM46
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11. Divider Output (DVO)

This function outputs approximately 50% duty pulses that can be used to drive the piezoelectric buzzer or other
device.

11.1  Configuration

Selector
A

fegek/21? or fs/2° >
fegek/2 or fs/2* |
fcgek/210 or fs/28 >—

B
C Y]
fcgek/2® >—D

DVOpin

N

g

DVOCK DVOEN

Figure 11-1 Divider Output
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11. Divider Output (

11.2 Control TMP89CM46

11.2 Control

The divider output is controlled by the divider output control register (DVOCR).

Divider output control register

DVOCR 7 6 5 4 3 2 1 0
(0x0038) Bit Symbol - - - - - DVOEN DVOCK
Read/Write R R R R R R/W R/IW
After reset 0 0 0 0 0 0 0 0
Enables/disables 0: Disable the divider output
DVOEN o o
the divider output 1: Enable the divider output
NORMAL 1/2;.IDLE 1/2 mode SLOW1/2
SLEEP1
DV9CK=0 DVICK=1
mode
DVOCK iel.ted: the divider output frequency | g fegeki22 fg/25 fs/25
nit:
it:[Hz] 01 fegek/21" fe2* fs/2*
10 fcgek/21° fs/23 fs/23
1 fegck/2° Reserved Reserved

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock-[Hz]

Note 2: DVOCR<DVOEN?> is cleared to "0" when the operation is'switched to STOP or'IDLEO/SLEEPO mode. DVOCR<DVOCK>
holds the value.

Note 3: When SYSCR1<DV9CK> is "1" in the NORMAL 1/2 or IDLE 1/2 mode; the DVO-frequency is subject to some fluctuations
to synchronize fs and fcgck.

Note 4: Bits 7 to 3 of DVOCR are read as "0"
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11.3 Function
Select the divider output frequency at DVOCR<DVOCK>.

The divider output is enabled by setting DVOCR<DVOEN> to "1". Then, The rectangular waves selected by
DVOCR<DVOCK> is output from DVO pin.

It is disabled by clearing DVOVR<DVOEN> to "0". And DVO pin keeps "H" level.

When the operation is changed to STOP or IDLEO/SLEEPO mode, DVOCR<DVOEN> is’cleared to "0" and the
DVO pin outputs the "H" level.

The divider output source clock operates, regardless of the value of DVOCR<DVOEN>.

Therefore, the frequency of the first divider output after DVOCR<DVOEN>.is set to "1" is not the frequency set
at DVOCR<DVOCK>.

When the operation is changed to the software, STOP or IDLEO/SLEEPO mode is activated and DVOCR<DVOEN>
is cleared to "0", the frequency of the divider output is not the frequency set at DVOCR<DVOCK>.

TBTCR<DVOEN> ‘ I

DVO output ||||||||||||||

Divider output timing chart

Figure 11-2 Divider Output Timing

When the operation is changed from NORMAL mode to SLOW mode ot from SLOW mode to NORMAL mode,
the divider output frequency does not reach the expected value due to synchronization of the gear clock (fcgek) and
the low-frequency clock (fs).

Example:2.441 kHz pulse output (fcgck = 10.0 MHz)

LD (DVOCRY), 0y00000100 ;DVOCK « "00", DVOEN « "1"

Table 11-1 Divider Output Frequency (Example: fcgck = 10.0 MHz, fs = 32.768 kHz)

Divider output frequency [Hz]
DVOCK NORMAL 1/2, IDLE 1/2 mode SLOW1/2, SLEEP1
DV9CK = 0 DVOCK = 1 mode
00 2441k 1.024 k 1.024 k
01 4.883 k 2.048 k 2.048 k
10 9.766 k 4.096 k 4.096 k
11 19.531 k Reserved Reserved
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12. Time Base Timer (TBT)

The time base timer generates the time base for key scanning, dynamic display and other processes. It also provides
a time base timer interrupt (INTTBT) in a certain cycle.

12.1 Time Base Timer

12.1.1 Configuration

fegek/222 or fs/218 > [ |
fegek/i2? or fs/21% |
fogek/21© or fs/2° » | source clock . IDLEQ, SLEEPO
fegeki2!3 or fs/26 > 2 Falling edge » Release request
fegek/2!2 or fsf2® 1 & detector ]_D—> INABT
fegek/2M or fsf2t | = Interrupt request
fogek/210or fs/2% > |

fegek/28 y |

3
TBTCK TBTEN

| TBTCR |

Figure 12-1 Time Base Timer Configuration

12.1.2 Control

The time base timer is controlled by the time base timer control register (TBTCR).

Time base timer control register

TBTCR 7 6 5 4 3 2 1 0
(0x0039) Bit Symbol / - < . TBTEN TBTCK
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
ETEN Engbles/disables the time base tim- | 0: Disables generation of interrupt request signals
er interrupt requests 1: Enables generation of interrupt request signals
TBTCK NORMAL 1/2, IDLE 1/2 mode SLOWA1/2, SLEEP1
DVICK =0 DVOCK = 1 mode
000 fcgek/222 fs/2'% fs/2'®
001 fcgck/22° fs/213 fs/213
Selects the time base timer interrupt 010 fogok/2's fg/28 Reserved
TBTCK | frequency
Unit: [Hz] 011 fcgek/2 fs/28 Reserved
100 fcgck/21? fs/2% Reserved
101 fcgek/2' fs/24 Reserved
110 fcgek/21° fs/2° Reserved
111 fcgek/28 Reserved Reserved

Note 1: fcgck : Gear clock [Hz], fs : Low-frequency clock [Hz]

Note 2: When the operation is changed to the STOP mode, TBTCR<TBTEN> is cleared to "0" and TBTCR<TBTCK> maintains
the value.

Note 3: TBTCR<TBTCK> should be set when TBTCR<TBTEN> is "0".
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12. Time Base Timer (TBT)
12.1 Time Base Timer TMP89CM46

Note 4: When SYSCR1<DV9CK> is "1" in the NORMAL 1/2 or IDLE1/2 mode, the interrupt request is subject to some fluctuations
to synchronize fs and fcgck.

Note 5: Bits 7 to 4 of TBTCR are read as "0".

12.1.3 Functions

Select the source clock frequency for the time base timer by TBTCR<TBTCK>. TBTCR<TBTCK> should
be changed when TBTCR<TBTEN> is "0". Otherwise, the INTTBT interrupt request is generated at unexpected
timing.

Setting TBTCR<TBTEN> to "1" causes interrupt request signals to occur at the falling edge of the source
clock. When TBTCR<TBTEN> is cleared to "0", no interrupt request/signal will occur.

When the operation is changed to the STOP mode, TBTCR<TBTEN>is-cleared to "0",
The source clock of the time base timer operates regardless of the TBTCR<TBTEN> value.

A time base timer interrupt is generated at the first falling edge of the source clock after-a time base timer
interrupt request is enabled. Therefore, the period from when the time TBTCR<TBTEN>/is setto "1" to the time
when the first interrupt request occurs is shorter than/the frequency period set at TBTCR<TBTCK>.

Source clock | I |

TBTCR<TBTEN>

A

1
1
|
\ I
INTTBT interrupt : " " “
ok
[}

request
Interrupt period *

Time base timer enable

Figure 12-2 Time Base Timer Interrupt

When the operation is changed fromNORMAL mode to SLOW mode or from SLOW mode to NORMAL
mode, The interrupt request will not occur at the expected timing due to synchronization of the gear clock (fcgck)
and the low-frequency clock (fs). It‘is recommened that the operation mode is changed when TBTCR<TBTEN>
is HOH.

Table 12-1.Time Base Timer Interrupt Frequency (Example: when fcgck = 10.0 MHz and fs = 32.768

kHZz)
Time base timer interrupt frequency [Hz]
TBTCK NORMAL1/2, IDLE1/2 mode NORMAL1/2, IDLE1/2 mode
SLOW1/2, SLEEP1 mode
DVICK =0 DVICK =1
000 2.38 1 1
001 9.54 4 4
010 305.18 128 Reserved
011 1220.70 512 Reserved
100 2441.41 1024 Reserved
101 4882.81 2048 Reserved
110 9765.63 4096 Reserved
111 39062.5 Reserved Reserved
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Example:Set the time base timer interrupt frequency to fcgck/2'5 [Hz] and enable interrupts.

DI
SET
El
LD
LD

(EIRL). 5

(TBTCR), 0y00000010
(TBTCR), 0y00001010

;IMF 0

;Set the interrupt enable register
;IMF 1

;Set the interrupt frequency

;Enable generation of interrupt request signals

RAOQ01
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12.1 Time Base Timer TMP89CM46
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TOSHIBA

13. 16-bit Timer Counter (TCA)

The TMP89CM46 contains 2 channels of high-performance 16-bit timer counters (TCA).

This chapter describes the 16-bit timer counter A0. For the 16-bit timer counter A1, replace the SFR addresses and
pin names, as shown in Table 13-1 and Table 13-2.

Table 13-1 SFR Address Assignment

TAXDRAL | TAXDRAH | TAXDRBL | TAXDRBH | TAxMOD TAXCR TAXSR Low power

consump-

(Address) (Address) (Address) (Address) (Address) (Address) (Address) | tion regispt)er

Ti for AD TAODRAL | TAODRAH | TAODRBL | TAODRBH | TAOMOD TAOCR TAOSR POFFCRO
Imer counter

(0x002D) (0x002E) (0x002F) (0x0030) (0x0031) (0x0032) (0x0033) .| <TCAOEN>

- o A1 TA1DRAL | TA1DRAH | TA1DRBL | TA1DRBH | “TA1TMOD TA1CR TA1SR POFFCRO
Imer counter

(OXOFAB8) (OXOFA9) (OXOFAA) (OXOFAB) (OXOFAC) | (OXOFAD) (OXOFAE). | <TCA1EN>

Table 13-2 Pin Names

Timer input pin PPG output pin
Timer counter AO TCAO pin PPGAOQ pin
Timer counter A1 TCA1 pin PPGA1 pin
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13.

TMP89CM46

Configuration

131
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Figure 13-1 Timer Counter AO
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13.2 Control

Timer Counter AO is controlled by the low power consumption register (POFFCRO0), the timer counter A0 mode
register (TAOMOD), the timer counter AO control register (TAOCR) and two 16-bit timer A0 registers (TAODRA and
TAODRB).

Low power consumption register 0

POFFCRO 7 6 5 4 3 2 1 0
(0xOF74) Bit Symbol - - TCO023EN TCOO01EN - = TCA1EN TCAOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
TCO023EN | TC02,03 control
1| Enable
0 | Disable
TCO01EN | TCO00,01 control
1| Enable
0 | Disable
TCA1EN TCA1 control
1| Enable
0 | Disable
TCAOEN TCAO control
1/ Enable
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13.2 Control TMP89CM46

Timer counter AO mode register

TAOMOD 7 6 5 4 3 2 1 0
) TAOMCAP
(0x0031) Bit Symbol TAODBE TAOTED TAOCK TAOM
TAOMETT
Read/Write R/W R/W R/W R/W R/W
After reset 1 0 0 0 0 0 0 0

0 | Disable the double buffer
Enable the double buffer

TAODBE Double buffer control

-

) . . Rising edge/H level
TAOTED External trigger input selection

- O

Falling edge/L level

Pulse width measurement mode Double edge capture

TAOMCAP
control

- O

Single edge capture

Trigger start

- O

TAOMETT | External trigger timer mode control .
Trigger start & stop

NORMAL/1/2 or IDLE 1/2 mode

SLOW1/2 or SLEEP1

SYSCR1<DVICK> | SYSCR1<DVOCK> mode

=ngn Zqn

Timer counter 1 source clock selec- 00 fegek/21 fs/23 fs/23

TAOCK .
tion

01 fcgek/28 fcgek/28 -
10 fcgcek/22 fcgcek/22 -
11 fcgek/2 fcgck/2 -

000 | Timer mode
001 | Timer mode
010 | Event counter mode

Timer counter 1 operation mode se- 011 | PPG output mode (Software start)

TAOM .
lection 100

External trigger timer mode
101 | Window mode
110 |- Pulse width-measurement mode

111 |/Reserved

Note 1: fcgck, Gear clock [Hz]; fs, Low-frequency clock [Hz]

Note 2: Set TAOMOD in the stopped state’ (TAOCR<TA0S>="0"). Writing to TAOMOD is invalid during the operation
(TAOCR<TAQ0S>="1").
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Timer counter AO control register

TAOCR 7 6 5 4 3 2 1 0
) TAOACAP
(0x0032) Bit Symbol TAOOVE TAOTFF TAONC - - TAOS
TAOMPPG
Read/Write R/W R/W R/W R R R/W R/W
After reset 0 1 0 0 0 0 0 0
0 | Generate no INTTCAO interrupt request when the counter overflow oc-
curs.
TAOOVE Overflow interrupt control 1| Generate an INTTCAO .interrupt request when the counter overflow oc-
curs.
. 0| Clear
TAOTFF Timer F/F control
1] Set
NORMAL 1/2 orIDLE 1/2‘mode SLOW1/2 or SLEEP1 mode
00 No noise canceller No noise canceller
TAONC N0|§e canceller sampling interval 01 fegokl2 )
setting
10 fcgek/2? -
11 fcgck/28 fs/2
. 0.| Disable the auto capture
TAOACAP | Auto capture function
1" Enable the auto capture
0 |- Continuous
TAOMPPG | PPG output control
1 | One-shot
. 0 | Stop & counter clear
TAOS Timer counter A start control
1] Start
Note 1: The auto capture can be used only in the timer, event counter, external trigger timer and window modes.
Note 2: Set TAOTFF, TAOOVE and TAONC in the stopped state (TA0S="0"). Writing is invalid during the operation (TA0S="1").
Note 3: When the STOP mode is started, the start control (TAOS) is automatically cleared to "0" and the timer stops. Set TAOS

again to use the timer counter after the release of the STOP mode.
Note 4: When a read instruction-is executed-on TAOCR, bits 3 and 2 are read as "0".

Note 5:

noise canceller and nosignal is input to the timer:

Do not set TAONC to "01" 0r"10" when the SLOW 1/2-or SLEEP 1 mode is used. Setting TAONC to "01" or "10" stops the

RB002
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13.2 Control TMP89CM46

Timer counter AO status register

TAOSR 7 6 5 4 3 2 1 0
(0x0033) Bit Symbol TAOOVF - - - - - TAOCPFA | TAOCPFB

Read/Write R R R R R R R R

After reset 0 0 0 0 0 0 0 0

TAOOVF Overflow fi 0 | No overflow has occurred.
verflow fla
g 1| Atleast an overflow has occurred.

0 | No capture operation has been executed.

TAOCPFA | Capture completion flag A 1| At least a pulse width capture has been executed in the double-edge
capture.

0| No capture operation has been executed.

1| Atleast a capture operation has been executed in-the single-edge cap-
TAOCPFB | Capture completion flag B ture.

At least a pulse duty width capture has been executed in the double-
edge capture:

Note 1: TAOOVF, TAOCPFA and TAOCPFB are cleared to "0" automatically after TAOSR:is read.-Writing to TAOSR is invalid.
Note 2: When a read instruction is executed on TAOSR, bits 6 to 2-are read as "0".

Page 148
RB002



TOSHIBA

TMP89CM46

Timer counter AO register AH

TAODRAH 15 13 12 11 10 8
(0x002E) Bit Symbol TAODRAH
Read/Write R/W
After reset 1 1 1 1 1 1
Timer counter AO register AL
TAODRAL 7 5 4 3 2 0
(0x002D) Bit Symbol TAODRAL
Read/Write R/W
After reset 1 1 1 1 1 1
Timer counter AO register BH
TAODRBH 15 13 12 11 10 8
(0x0030) Bit Symbol TAODRBH
Read/Write R/W
After reset 1 1 1 1 1 1
Timer counter AO register BL
TAODRBL 7 5 4 3 2 0
(0X002F) Bit Symbol TAODRBL
Read/Write R/W
After reset 1 1 | 1 1 1 1
Note 1: When a write instruction is executed on TAODRAL(TAODRBL), the set value does not become effective immediately, but

is temporarily stored in the temporary buffer. Subsequently; when a write instruction is executed on the higher-level register,
TAODRAH (TAODRBH), the 16-bit set values are collectively stored in the double buffer or TAODRAL/H. When setting data
to the timer counter AO register, be sure to write the data-into the lower level register and the higher level in this order.

Note 2: The timer counter AQ.register is not writable-in the pulse width measurement mode.
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13.3 Low Power Consumption Function

TMP89CM46

13.3 Low Power Consumption Function

Timer counter AO has the low power consumption register (POFFCRO) that saves power consumption when the
timer is not used.

Setting POFFCRO<TCAOEN> to "0" disables the basic clock supply to timer counter A0 to save power. Note that
this makes the timer unusable. Setting POFFCRO<TCAOEN> to "1" enables the basic-clock supply to timer counter
A0 and allows the timer to operate.

After reset, POFFCRO<TCAOEN> is initialized to "0", and this makes the timer unusable. When using the timer
for the first time, be sure to set POFFCRO<TCAOEN> to "1" in the initial setting of the program (before the timer
control register is operated).

Do not change POFFCRO<TCAOEN> to "0" during the timer operation. Otherwise timer counter A0 may operate
unexpectedly.

RB002

Page 150



TOSHIBA TMP89CM46

13.4 Timer Function

Timer counter A0 has six types of operation modes; timer, external trigger timer, event counter, window, pulse
width measurement and programmable pulse generate (PPG) output modes.

13.4.1 Timer mode

In the timer mode, the up-counter counts up using the internal clock, and interrupts can‘be generated regularly
at specified times.

13.4.1.1  Setting

Setting the operation mode selection TAOMOD<TAOM>to "000" or"001" activates the timer mode. Select
the source clock at TAOMOD<TAOCK>.

Setting TAOCR<TAOS> to "1" starts the timer operation. After the timer is started; writing to TAOMOD
and TAOCR<TAOOVE> becomes invalid. Be sure to complete the required mode settings before starting the
timer.

Table 13-3 Timer Mode Resolution and Maximum Time Setting

Source clock [Hz] Resolution Maximum time setting
TAOMOD NORMAL 1/2 or IDLE 1/2 mode
<TAOCK> SYSCR1<DV9CK> | SYSCR1<DV9CK> SSLII-Eg\Ii\T /rrzu;)dre fcgck=10MHz |- fs=32.768kHz /| fcgck=10MHz | fs=32.768kHz
="0" =""

00 fcgek/21° fs/23 fs/23 102.4ps 244 1ps 6.7s 16s

01 fcgek/28 fcgck/28 - 6.4us - 419.4ms

10 fegcek/22 fcgcek/22 - 400ns - 26.2ms

11 fcgek/2 fcgek/2 - 200ns - 13.1ms

13.4.1.2 Operation

Setting TAOCR<TAO0S> to "1" allows the 16-bit up counter to increment based on the selected internal
source clock. When a'match between the-up-counter value and the value set to timer register A (TAODRA)
is detected, an INTTCAO interrupt request is generated and the up counter is cleared to "0x0000". After being
cleared, the up counter continues counting. Setting TAOCR<TAO0S> to "0" during the timer operation causes
the up counter'to stop counting and be cleared to "0x0000".

13.4.1.3 . Autocapture

The latest contents of the-up counter can be taken into timer register B (TAODRB) by setting
TAOCR<TAOACAP>to."1" (auto capture function). When TAOCR<TAOACAP>is "1", the current contents
of the up counter can be read by reading TAODRBL. TAODRBH is loaded at the same time as TAODRBL is
read. Therefore, when reading the captured value, be sure to read TAODRBL and TAODRBH in this order.
(The capture time is the timing when TAODRBL is read.) The auto capture function can be used whether the
timer is operating or stopped. When the timer is stopped, TAODRBL is read as "0x00". TAODRBH keeps the
captured value after the timer stops, but it is cleared to "0x00" when TAODRBL is read while the timer is
stopped.

If the timer is started with TAOCR<TAOACAP> written to "1", the auto capture is enabled immediately
after the timer is started.

Note 1: The value setto TAOCR<TAOACAP> cannot be changed at the same time as TAOCR<TAQS> is rewritten
from "1" to "0". (This setting is invalid.)
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13.4.1.4 Register buffer configuration

(1)

()

Temporary buffer

The TMP89CM46 contains an 8-bit temporary buffer. When a write instruction is executed on
TAODRAL, the data is first stored into this temporary buffer, whether the double buffer is enabled or
disabled. Subsequently, when a write instruction is executed on TAODRAH, the set value is stored into
the double buffer or TAODRAH. At the same time, the set value in the temporary buffer is stored into
the double buffer or TAODRAL. (This structure is designed to enable the set values of the lower-level
and higher-level registers simultaneously.) Therefore, when setting data'to TAODRA, be sure to write
the data into TAODRAL and TAODRAH in this order.

See Figure 13-1 for the temporary buffer configuration.

Double buffer

In the TMP89CM46, the double buffer can-be used by setting TAOCR<TAODBEF>. Setting
TAOCR<TAODBEF> to "0" disables the double buffer. Setting TAOCR<TAODBEF>to "1" enables the
double buffer.

See Figure 13-1 for the double buffer configuration.

When the double buffer is enabled

When a write instruction is.executed on TAODRAH during the timer operation, the set value
is first stored into the double buffer, and TAODRAH/L are not updated immediately.
TAODRAH/L compare the up counter value to the last set values. If the values are matched,
an INTTCAO interrupt request is generated and the/double buffer set value is stored in
TAODRAH/L. Subsequently, the match detection is executed using a new set value.

When a read instruction is executed on TAODRAH/L, the double buffer value (the last set
value) is read; rather'than the TAODRAH/L values (the current effective values).

When a'write instruction is executed on TAODRAH/L while the timer is stopped, the set
value is-immediately stored into both the double buffer and TAODRAH/L.

When the double buffer is-disabled

When a write instructionis-executed on TAODRAH during the timer operation, the set value
is immediately stored into TAODRAH/L. Subsequently, the match detection is executed using
anew set value.

If the values set to TAODRAH/L are smaller than the up counter value, the match detection
is executed using a new set value after the up counter overflows. Therefore, the interrupt request
interval may-be longer than the selected time. If that is a problem, enable the double buffer.

When a write instruction is executed on TAODRAH/L while the timer is stopped, the set
value is'immediately stored into TAODRAH/L.
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¢ Timer start ¢Timer stop
TAOCR<TAO0S>
TAOMOD<TAODBE>
Source clock l l
Counter o X2 X2 X3 X4 XpkmafXoX 2 X2 X3 Xy XstfXoX 2 X2X 0
A Counter clear A Counter clear
Write to TAODRAL Write n ” Write s
Write to TAODRAH [ Write m [ Write-r
Temporary buffer x n X s
(8 bits)
TAODRAL n [ S [
Match detection Match detection

TAODRAH m Q r Q

g v S,
INTTCAQ interrupt request Reflected by writing to TAODRAH ” ”

N Reflected by writing to TAODRAH
When the double buffer is disabled (TAOMOD<TAODBE>="0")
¢ Timer start
TAOCR<TAO0S>
TAOMOD<TAODBE>
Source clock l l l !
Counter o X1 X2 Xz Xa Xy XomafXo X2 X2 X3 X XmafXoX 2 X Xist )Xo X 2
A Counter clear A Counter clear A
Write to TAODRAL Write n [ Write s
Write to TAODRAH [ Write m [ Write r
Temporary buffer x n s
(8 bits) \
Double buffer, mn rs o)
(16 bits)
TAODRAL n [ o)l s [
Match detection Match detection Match detection

TAODRAH m Q AT Q

t Reflected at the'same time as data +) *) Reflected by *)

. is written into TAODRAH while i

INTTCAO interrupt request the timer is.stopped ” ” an interrupt ”

When the double buffer is enabled (TAOMOD<TAODBE>="1")

Figure 13-2 Timer Mode Timing Chart
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¢ Timer start ¢Timer stop

TAOCR<TA0S>

TAOMOD<TAOACAP>

Source clock

Counter

TAODRBL Q

TAODRBH x o 00 18 o o 00 ©

Read TAODRBL | |

Read TAODRBH | | | |

Y VY \/ A Y Y. VY

Read Read Read Read Read-. Read Read
value value value value value, | value value
00H O0OH FEH 18H 18H 00H | OOH

Figure 13-3 Timer Mode Timing Chart (Auto Capture)
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13.4.2 External trigger timer mode

In the external trigger timer mode, the up counter starts counting when it is triggered by the input to the TCAQ
pin.

13.4.2.1  Setting

Setting the operation mode selection TAOMOD<TAOM> to "100" activates the external trigger timer mode.
Select the source clock at TAOMOD<TAOCK>.

Select the trigger edge at the trigger edge input selection 'TAOMOD<TAOTED>. Setting
TAOMOD<TAOTED> to "0" selects the rising edge, and setting it-to-"1" selects the falling edge.

Note that this mode uses the TAO input pin, and the TCAO pin must be set to the input mode beforehand
in port settings.

The operation is started by setting TAOCR<TAO0S>to,"1". After the timer is started, writing to TAOMOD
and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before starting the timer.

13.4.2.2 Operation

After the timer is started, when the selected trigger edge is input to the TCAO pin, the up counter increments
according to the selected source clock./'When a match between the up counter value and the value set to timer
register A (TAODRA) is detected, an INTTCAO interrupt request is generated and the up counter is cleared
to "0x0000". After being cleared, the up counter continues. counting.

When TAOMOD<TAOMETT> is "1" and the edge opposite to the selected trigger edge is detected, the up
counter stops counting and is cleared-to"0x0000". Subsequently, when the selected trigger edge is detected,
the up counter restarts counting. In this mode, an interrupt request can be generated by detecting that the input
pulse exceeds a certain pulse width, If TAOMOD<TAOMETT> is "0", the detection of the selected edge and
the opposite edge is ighored during the period from the detection of the specified trigger edge and the start of
counting through-until the'match detection.

Setting TAOCR<TAOQS> to "0" during the timer operation causes the up counter to stop counting and be
cleared to "0x0000".

13.4.2.3 Autocapture

Refer to "13.4.1.3 Auto capture".

13.4.2.4 - Register buffer configuration

Refer to "13.4.1.4 Register buffer configuration".
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¢ Timer start ¢Timer stop
TAOCR<TAO0S>
TAOMOD<TAOTED> Counting Edge is invalid  Counting Edge is invalid
start durlng counting start during counting

TCAO pin input

Source clock

_

S

%

I_T

b

Counter E 3 ‘a 0
A Counter A Counter
Write to TAODRAL Write n clear [l write s clear
Write to TAODRAH [ Write m [ Write r
TAODRAL n ) S )
Match detection Match detection
TAODRAH m Q r 9
v v
) A
INTTCAO interrupt request Reflected by writing to TAODRAH H H
N Reflected by writing'to TAODRAH
When the trigger is started (TAOMOD<TAOMETT>="0")
¢ Timer start Timer stop ¢
TAOCR<TAQ0S>
TAOMOD<TAOTED> Counting Counting-. Counting Counting
stan start stop start

TCAO pin input

Source clock

_

S

L4

v 1

sy

ju

Counter u 1A0
\Counter Counter A Counter
Write to TAODRAL |'| White'n clear clear |'| Write s clear
Write to TAODRAH [ Write-m [ Write r
TAODRAL n ) S q
Match detection Match detection
TAODRAH m (|) r (I)
g v/ iV
INTTCAO interrupt request Reflected by writing.to- TAODRAH H t ”

When thetrigger is started and stopped (TAOMOD<TAOMETT>="1")

\ Reflected by writing
to TAODRAH

Figure 13-4 External Trigger Timer Timing Chart
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13.4.3 Event counter mode

In the event counter mode, the up counter counts up at the edge of the input to the TCAO pin.

13.4.3.1  Setting
Setting the operation mode selection TAOMOD<TAOM> to "010" activates the event counter mode.

Set the trigger edge at the external trigger input “selection,/ TAOMOD<TAOTED>. Setting
TAOMOD<TAOTED> to "0" selects the rising edge, and setting it to "1"" selects the falling edge for counting

up.

Note that this mode uses the TAO input pin, and the TCAO pin-must be set to the input mode beforehand
in port settings.

The operation is started by setting TAOCR<TAO0S> to"1": After the timer is started, writing to TAOMOD
and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before starting the timer.

13.4.3.2 Operation

After the event counter mode is started,-when the selected trigger-edge is input to the TCAO pin, the up
counter increments.

When a match between the up counter value and the value set to timerregister A (TAODRA) is detected,
an INTTCAO interrupt request is generated and the up counter is cleared to "0x0000". After being cleared,
the up counter continues counting and counts up at each-edge of the input to the TCAO pin. Setting
TAOCR<TAO0S>to "0" during the operation causes the up counter to stop counting and be cleared to "0x0000".

The maximum frequency to besupplied is fcgek/2 [Hz] (in the NORMAL 1/2 or IDLE 1/2 mode) or fs/2
[Hz] (in the SLOW 1/2 or SLEEP,1 mode), and a pulse width of two machine cycles or more is required at
both the "H" and "L" levels;

13.4.3.3 Auto capture

Refer to "13.4.1.3 Auto capture".

13.4.3.4 Register buffer configuration

Refer to "13.4.1.4 Register buffer configuration".
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TAOCR<TAO0S>

TCAO pin input

Counter

Write to TAODRAL

Write to TAODRAH

TAODRAL

TAODRAH

¢ Timer start

¢Timer stop

Juy

A Counter clear

rs-1

Ty
Il

4 Counter clear

Write n H Write s
[ Write m [ Write r
n C S D)
Match detection Match detection|
m Q [ P
v v

INTTCAO interrupt request & Reflected by writing to TAODRAH

|

1

|

- Reflected by writing to TAODRAH

When the rising edge is selected (TAOMOD<TAOTED>="0")

Figure 13-5 Event Count Mode Timing Chart
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13.4.4 Window mode

In the window mode, the up counter counts up at the rising edge of the pulse that is logical anded product of
the input pulse to the TCAO pin (window pulse) and the internal clock.

13.4.4.1  Setting

Setting the operation mode selection TAOMOD<TAOM> to "101" activates the window mode. Select the
source clock at TAOMOD<TAOCK>.

Select the window pulse level at the trigger edge input| selection, TAOMOD<TAOTED>. Setting
TAOMOD<TAOTED> to "0" enables counting up as long as the window pulse is at the "H" level. Setting
TAOMOD<TAOTED> to "1" enables counting up as long as the- window pulse is at the "L" level.

Note that this mode uses the TAO input pin, and the TCAO-pin must be set to the input mode beforehand
in port settings.

The operation is started by setting TAOCR<TAOS> to."1". After the timeris started, writing to TAOMOD
and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before starting the timer.

13.4.4.2 Operation

After the operation is started, when the level selected at TAOMOD<TAOTED> is input to the TCAO pin,
the up counter increments according-to the source clock selected at TAOMOD<TAOCK>. When a match
between the up counter value and-the value set to timer register A (TAODRA) is detected, an INTTCAO
interrupt request is generated and the up counter is cleared to "0x0000". After being cleared, the up counter
restarts counting.

The maximum frequency to be supplied must be slow enough for the program to analyze the count value.
Define a frequency pulse that is sufficiently lower than the programmed internal source clock.

Setting TAOCR<TAOS> to ''0" during the timer-operation causes the up counter to stop counting and be
cleared to "0x0000",

13.4.4.3 Auto capture

Referto "13.4.1.3 Auto capture".

13.4.4.4 | Register buffer configuration

Referto "13.4.1'4 Register buffer configuration".
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Source clock

Counter

¢ Timer start
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Write to TAODRAH

TAODRAL

TAODRAH
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\ Counter clear

»
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Match detection

m
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?
v
|

During the H-level counting (TAOMOD<TAOTED>="0")

Figure 13-6 Window Mode Timing Chart
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13.4.5 Pulse width measurement mode

In the pulse width measurement mode, the up counter starts counting at the rising/falling edge(s) of the input
to the TCAO pin and measures the input pulse width based on the internal clock.

13.4.5.1  Setting

Setting the operation mode selection TAOMOD<TAOM> to "110" activates the pulse width measurement
mode. Select the source clock at TAOMOD<TAOCK>.

Select the trigger edge at the trigger edge input selection 'TAOMOD<TAOTED>. Setting
TAOMOD<TAOTED> to "0" selects the rising edge, and setting it-to-"1" selects the falling edge as a trigger
to start the capture.

The operation after capturing is determined by the pulse width measurement mode control
TAOMOD<TAOMCAP>. Setting TAOMOD<TAOMCAP> to."0" selects the double-edge capture. Setting
TAOMOD<TAOMCAP> to "1" selects the single-edge capture,

The operation to be executed in case of an overflow of the up counter can be selected at the overflow
interrupt control TAOCR<TAOOVE>. Setting TAOOVE to "1" makes an INTTCAO interrupt request occur
in case of an overflow. Setting TAOOVE to“"0" makes no INTTCAO interrupt request occur in case of an
overflow.

Note that this mode uses the TAO input pin, and the TCAO-pin must be'set to the input mode beforehand
in port settings.

The operation is started by setting TAOCR<TAO0S> to "1". In this time, TAODRA and TAODRB register
are initialized to "0x0000". After the timer is started, writing to TAOMOD and TAOCR<TAOOVE> is disabled.
Be sure to complete the required mode settings before starting the timer.

13.4.5.2 Operation

After the timer is started, when the selected trigger edge (start edge) is input to the TCAO pin, INTTCAO
interrupt request is generated, and then the up counter increments according to the selected source clock.
Subsequently, when the edge opposite to the selected edge is detected, the up counter value is captured into
TAODRB, an INTTCAQO interrupt request-is-generated, and TAOSR<TAOCPFB> is set to "1". Depending on
the TAOMOD<TAOMCAP> setting, the operation differs as follows:

Double-edge capture (When TAOMOD<TAOMCAP> is "0")

The up counter continues counting up after the edge opposite to the selected edge is detected.
Subsequently, when the selected trigger edge is input, the up counter value is captured into
TAODRA, an INTTCAO interrupt request is generated, and TAOSR<TAOCPFA>is setto "1". At
this time;the up_counter is cleared to "0x0000".

Single-edge capture (When TAOMOD<TAOMCAP> is "1")

The up counter stops counting up and is cleared to "0x0000" when the edge opposite to the
selected edge is detected. Subsequently, when the start edge is input, INTTCAO interrupt request
is generated, and then the up counter restarts increment.

When the up counter overflows during capturing, the overflow flag TAOSR<TAOOVF> is set to "1". At
this time, an INTTCAQO interrupt request occurs if the overflow interrupt control TAOCR<TAOOVE> is set
tO " 1 n .

The capture completion flags (TAOSR<TAOCPFA, TAOCPFB> and the overflow flag
(TAOSR<TAOOVEF>) are cleared to "0" automatically when TAOSR is read.

Page 161
RB002



13. 16-bit Timer Counter (TCA)
13.4 Timer Function TMP89CM46

The captured value must be read from TAODRB (and also from TAODRA for the double-edge capture)
before the next trigger edge is detected. If the captured value is not read, it becomes undefined. TAODRA and
TAODRB must be read by using a 16-bit access instruction.

Setting TAOCR<TAO0S> to "0" during the timer operation causes the up counter to stop counting and be
cleared to "0x0000".

Note 1: After the timer is started, if the edge opposite to the selected trigger edge is'detected first, no capture is

executed and no INTTCAQO interrupt request occurs. In this case, the capture starts when the selected
trigger edge is detected next.

¢ Timer start ¢Timer stop

TAOCR<TAO0S>

TAOMOD<TAOTED>

TCAO pin input
Count start ' Y

Source clock
A
Counter XXO 1 2 X3 A0

Counter clear Counter clear
TAODRBH, L X o mn 0
¢TAODRB read
TAOSR<TAOCPFB>
\ 4
) TAOSR read TAOSR read TAOSR read
INTTCAQ interrupt request | I |
7
After the timer is started, if the falling edge
is detected first, no interrupt occurs. Single-edge capture (TAOMOD<TAOMCAP>="1")
¢ Timer start ¢Timer stop

TAOCR<TA0S>
TAOMOD<TAOTED>

TCAO pin input
Count start
y
Source clock

Couner NN

~ Counter clear Counter clear
TAODRBH, L X o mn | ©
VTAODRB read
TAODRAH, L X0 st |0
v
TAODRA read
TAOSR<TAOCPFB>
\/
TAOSR<TAOCPFA> TAOSR read
\ 4 Y
INTTCAO interrupt request ] TAOSR read ] ] TAOSR read
7
After the timer is started, if the falling edge
is detected first, no interrupt occurs. Double-edge capture (TAOMOD<TAOMCAP>="0")

Figure 13-7 Pulse Width Measurement Mode Timing Chart
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13.4.5.3 Capture process

Figure 13-8 shows an example of the capture process for INTTCAO interrupt subroutine. The capture edge
or overflow state can be easily judged by status register (TAOSR).

INTTCAO interrupt
subroutin
TAOSR read

INTTCAO interrupt
subroutine

Error handling Error handling

1 (Capture)

TAODRB read

No Capture

RETI 1 (Capture)
TAQODRA read

Capture value
handling
T

RETI

Interrupt process for single-edge capture Interrupt process for double-edge capture

Figure 13-8 Example of capture process
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13.4.6 Programmable pulse generate (PPG) mode

In the PPG output mode, an arbitrary duty pulse is output by two timer registers.

13.4.6.1  Setting

Setting the operation mode selection TAOMOD<TAOM> to "011" activates the PPG output mode. Select
the source clock at TAOMOD<TAOCK>. Select continuous or one-shot PPGoutput at TAOCR<TAOMPPG>.

Set the PPG output cycle at TAODRA and set the time until the-output-is-reversed first at TAODRB. Be
sure to set register values so that TAODRA is larger than TAODRB.

Note that this mode uses the PPGAO pin. the PPGAO pin must be set to the output mode beforehand in port
settings.

Set the initial state of the PPGAO pin at the timer flip-flop TAOCR<TAOTFF>, Setting TAOCR<TAOTFF>
to "1" selects the "H" level as the initial state of the PPGAOQ pin. Setting TAOCR<TAOTEF> to "0" selects the
"L" level as the initial state of the PPGAO pin.

The operation is started by setting TAOCR<TAOS> to "1". After the timer is started, writing to TAOMOD
and TAOCR<TAOOVE, TAOTFF> is disabled. Be sure to complete the required mode settings before starting
the timer.

13.4.6.2 Operation

after the timer is started, the up counter increments .

When a match between the up counter value and the value set to timer register B (TAODRB) is detected,
the PPGAO pin is changed to'the "H" level if TAOCR<TAOTFF> is "0", or the PPGAO pin is changed to the
"L" level if TAOCR<TAOTFF>is "1".

Subsequently, the up/ counter continues counting. When a match between the up counter value and the value
set to timer register. A (TAODRA) is detected, the PPGAO pin is changed to the "L" level if
TAOCR<TAOTEFF> is "0", or the PPGAO pin'is changed to the "H" level if TAOCR<TAOTFF> is "1". At
this time, an INTTCAO-interrupt request-occurs. If the PPG output control TAOCR<TAOMPPG> is set to
"1" (one-shot), TAOCR<TAO0S> is-automatically cleared to "0" and the timer stops.

If TAOCR<TAOMPPG> is set to "0" (continuous), the up counter is cleared to "0x0000" and continues
counting’and PPG output. When TAOCR<TAO0S> is set to "0" (including the auto stop by the one-shot oper-
ation) during the PPG output, the PPGAO pin returns to the level set in TAOCR<TAOTFF>.

TAOCR<KTAOMPPG> can be changed during the operation. Changing TAOCR<TAOMPPG> from "1" to
"0" during the operation cancels the one-shot operation and enables the continuous operation. Changing
TAOCR<TAOMPPG> from "0"to "1" during the operation clears TAOCR<TAO0S> to "0" and stops the timer
automatically after the current pulse output is completed.

Timer registers A and B can be set to the double buffer. Setting TAOCR<TAODBF> to "1" enables the
double buffer. When the values set to TAODRA and TAODRB are changed during the PPG output with the
double buffer enabled, the writing to TAODRA and TAODRB will not immediately become effective but will
become effective when a match between TAODRA and the up counter is detected. If the double buffer is
disabled, the writing to TAODRA and TAODRB will become effective immediately. If the written value is
smaller than the up counter value, the up counter overflows. After a cycle, the counter match process is
executed to reverse the output.
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13.4.6.3 Register buffer configuration

(1)  Temporary buffer

The TMP89CM46 contains an 8-bit temporary buffer. When a write instruction is executed on
TAODRAL (TAODRBL), the data is first stored into this temporary buffer, whether the double buffer
is enabled or disabled. Subsequently, when a write instruction is executed on TAODRAH (TAODRBH),
the set value is stored into the double buffer or TAODRAH (TAODRBH). At the same time, the set value
in the temporary buffer is stored into the double buffer or TAODRAL (TAODRBL). (This structure is
designed to enable the set values of the lower-level register and the higher-level register simultaneously.)
Therefore, when setting data to TAODRA (TAODRB), be sure towrite the data into TAODRAL and
TAODRAH (TAODRBL and TAODRBH) in this order.

See Figure 13-1 for the temporary buffer configuration.

(2) Double buffer

In the TMP89CM46, the double buffer can. be used by setting TAOCR<TAODBF>. Setting
TAOCR<TAODBEF> to "0" disables the double buffer. Setting TAOCR<TAODBF>t0 "1" enables the
double buffer.

See Figure 13-1 for the double buffer configuration.

- When the double bufferis-enabled

When a write instructionis executed on TAODRAH (TAODRBH) during the timer operation,
the set value is first stored into the double buffer, and TAODRAH/L are not updated immedi-
ately. TAODRAH/L (TAODRBH/L) compare the last set values to the counter value. If a match
is detected, an INTTCAQO interrupt request is generated and the double buffer set value is stored
into TAODRAH/L (TAODRBH/L). Subsequently, the match detection is executed using a new
set value.

Whena read instruction is executed on TAODRAH/L (TAODRBH/L), the double buffer
value (the last'set value) is read; not the TAODRAH/L (TAODRBH/L) values (the current
effective values).

When awrite instruction-is executed on TAODRAH/L (TAODRBH/L) while the timer is
stopped, the set value-is-immediately stored into both the double buffer and TAODRAH/L
(TAODRBH/L).

- When the double buffer is disabled

When a write instruction is executed on TAODRAH (TAODRBH) during the timer operation,
the set value is immediately stored in TAODRAH/L (TAODRBH/L). Subsequently, the match
detection is executed using a new set value.

If the values set to TAODRAH/L (TAODRBH/L) are smaller than the up counter value, the
up counter overflows and the match detection is executed using a new set value. As a result,
the output pulse width may be longer than the set time. If that is a problem, enable the double
buffer.

When a write instruction is executed on TAODRAH/L (TAODRBH/L) while the timer is
stopped, the set value is immediately stored into TAODRAH/L (TAODRBH/L).
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13.5 Noise Canceller

The digital noise canceller can be used in the operation modes that use the TCAO pin.

13.5.1  Setting

When the digital noise canceller is used, the input level is sampled at”the-sampling intervals set at
TAOCR<TAONC>. When the same level is detected three times consecutively, the level of the input to the timer
is changed.

Setting TAOCR<TAONC> to any values than "00" allows the noise canceller to start operation, regardless of
the TAOCR<TAOS> value.

When the noise canceller is used, allow the timer to start after a period of time that is equal to four times the
sampling interval after TAOCR<TAONC> is set has elapsed. This-stabilizes the input signal.

Set TAOCR<TAONC> while the timer is stopped (TAOCR<TAO0S> = "0"). When TAOCR<TAO0S> is "1",
writing is ignored.

In the SLOW 1/2 or SLEEP 1 mode, setting TAOCR<TAONC> to "11" selects fs/2 as the source clock for the
operation. Setting TAOCR<TAONC> to "00" disables the noise canceller. Setting TAOCR<TAONC> to "01" or
"10" disables the TCAO pin input.

Table 13-4 Noise Cancel Time ( fcgck = 10 [MHZz] )

TAONC Sampling interval Time removed as noise-.| Time regarded as signal
00 None
01 200 ns (2/fcgck) 600 ns or less 800 ns or more
10 400 ns (4/fcgck) 1.2 ys or less 1.6 ps or more
11 25.6 ys (256/fcgck) 76.8 psorless 102.4 ps or more
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13.6 Revision History

Rev Description

"Figure 13-1 Timer Counter A0"

RBOGO "1.3.4.5.2 Operation" . N
"Figure 13-7 Pulse Width Measurement Mode Timing Chart"
Revised condition and timing of INTTAO interrupt request generating for pulse width measurement mode.
Revised hex character from "H" to "0x".

RB001 "13.4.5.1 Setting" Added TAODRA and TAODRB description (Initialized register).
"13.4.5.3 Capture process" Added new chapter.

RBO002 "Figure 13-7 Pulse Width Measurement Mode Timing Chart" Revised TAOMOD<TAOMCAP> value.

Revised interrupt name from "INTTAQ" to "INTTCAQ". Revised timer input name from "TAQ" to "TCA0".
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14. 8-bit Timer Counter (TCO)

The TMP89CM46 contains 4 channels of high-performance 8-bit timer counters (TCO). Each timer can be used for
time measurement and pulse output with a prescribed width. Two 8-bit timer counters are cascadable to form a 16-bit
timer.

This chapter describes 2 channels of 8-bit timer counters 00 and 01. For 8-bit timer-counters 02 and 03, replace the
SFR addresses and pin names as shown in Table 14-1 and Table 14-2.

Table 14-1 SFR Address Assignment

) TOXREG TOXPWM TOXMOD TOxxCR Low power
16-bit mode consumption
(Address) (Address) (Address) (Address) register
. TOOREG TOOPWM TOOMOD
Timer counter 00 Lower
(0x0026) (0x0028) (0x002A) TOO1CR POFFCRO
, ) TO1REG TO1PWM | TOTMOD (0x002C) | <TCOO1EN>
Timer counter 01 Higher
(0x0027) (0x0029) (0x002B)
) TO2REG TO2PWM T02MOD
Timer counter 02 Lower
(0x0F88) [ (OxOF8A) .| (0xOF8C) T023CR POFFCRO
, ) TO3REG | TO3PWM |[-T03MOD | (OXOF8E) [ <TCO23EN>
Timer counter 03 Higher
(0x0F89) (OxOF8B) (OxOF8D)

Table 14-2 Pin Names

RAOQ005

Timer input.pin PWM output pin PPG output pin
Timer counter 00 TCO0 pin PWMO pin PPGO pin
Timer counter 01 TCO1 pin PWMT pin PPG1 pin
Timer counter02 TCO02 pin PWM2 pin PPG2 pin
Timer counter 03 TCO3 pin PWMS3 pin PPG3 pin
Page 169




14. 8-bit Timer Counter (TCO)

141

TMP89CM46

Configuration

Configuration

14.1

ndino uid

3sanbai ydnuayul

snq feusau|

NNJ00DL

Mo,

11N

J8unod apow WM 19-2T
BPOWIANMd 1a-8

181unod dn 1g-8

dn unoy

AdOWTOL

I A T

00oLLN1 <<

Sapow Junod
L

1sanbai dnuajul

S

001N <« (

0

AdNVLNO

EE]

AT

8pow 9dd
wa-or/g | S

SYOL

oresedwo)d

181unod dn 1g-8

ﬁ mopano |

\

(L

8pow 9dd

il

19-8

|_ 1aunod _H dpow M J9-2T
pout NMd 19-8

S9POWUN0d,
RUELETIETINY

Oresedwiod

SYOL

T

A0
apow 9dd
%9-9T

i

7]

T38a

1
|_ WMdTOL

@

I

7441

INI3
TIOL
13490
TNDL

<—— ;7/s} 10 %oBoy
<—Zpioboy

<— ;2694

<«— ;zboy

<— 922694

<«— gzpboy

<«— ¢2/S} 10 o126y
<«— 42/} 10 11ZfIbd}

AJID:&:_ ud 1001

— < omO0OO0owuw OxT

O34TOL _

10199}
T 0

Jayng 8jgnoq

94nq 3|qnod

[

10109}9S

10198195 }
0 T
bl
A
1

A

_ NMdO00L

934001k _|

1010898

1010995 »
10

Jayng sjdnod

_ 18yng s|anod

A

1T 0

WMJTOL
J0 Bunum
pue Buipeay v

10109]9S

0. T}

A

1T 0

10109[3S

O3dT0L
Jo Bunum
y Pue Buipeay

NMJO00L
J0 Bunum
pue Buipeay v

1010995

<— ;2/S} 10 X069}
<— zpoboy

<— ;Zpboy

<«— ,2poboy

<— g2PIoboy

<— gZpIoboy
<€—¢2/S} 10 o2 pobdy
<«— ;2/S} 10 11Zp1aboy

>

—<omo0Oowuw OI

034d

AI_I_H_S%_ wid 0001

ONIZ
0MOL
0441l
OANDL

aowooL

934001 jo
v Bunum pue Buipeay

snq feusau|

Figure 14-1 8-bit Timer Counters 00 and 01
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14.2 Control

14.2.1 Timer counter 00

The timer counter 00 is controlled by the timer counter 00 mode register (TOOMOD) and two 8-bit timer
registers (TOOREG and TOOPWM).

Timer register 00

TOOREG 15 14 13 12 1 10 9 8

(0x0026) Bit Symbol TOOREG

Read/Write R/W

After reset 1 1 1 1 1 1 1 1

Timer register 00

TOOPWM 7 6 5 4 3 2 1 0

(0x0028) Bit Symbol TOOPWM

Read/Write R/W

After reset 1 1 1 1 1 1 1 1

Note 1: For the configuration of TOOPWM in the 8-bit and 12-bit PWM modes, refer to "14.4.3'8-bit pulse width modulation (PWM)
output mode" and "14.4.7 12-bit pulse width modulation (PWM) output mode":
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14.2 Control

TMP89CM46
Timer counter 00 mode register
TOOMOD 7 6 5 4 3 2 1 0
(0x002A) Bit Symbol TFFO DBEO TCKO EINO TCMO
Read/Write R/W R/W R/W RAV R/W
After reset 1 1 0 0 0 0 0 0
) 0| Clear
TFFO Timer F/FO control
1] Set
0 | Disable the double buffer
DBEO Double buffer control
1| Enable the double buffer
NORMAL1/2 or IDLE1/2 mode
SLOW1/2 or SLEEP1
SYSCR1<DV9CK> SYSCR1<DV9CK> mode
="0" =""
000 fcgek/2! fs/24 fs/24
001 fcgek/210 fs/23 fs/23
TCKO Operation clock selection 010 fegekr2® fegek/2® -
011 fegck/2° fcgck/28 -
100 fcgck/24 fcgek/2* -
101 fcgek/2? fcgek/22 -
110 fcgek/2 fcgck/2 -
111 fegek fcgek fs/22
i ) 0} Select the‘internal clock as the source clock.
EINO 32'(?;“0” for using external source 1| Select an.external clock as the source clock.
(the falling edge of the TCOO pin)
00 | 8-bit timer/event counter modes
01| 8-bit timer/event counter modes
TCMO Operation mode selection
10| 8-bit pulse width modulation output (PWM) mode
11 | 8-bit programmable pulse generate (PPG) mode
Note 1: fcgck: Gear clock [Hz], fs:‘Low-frequency clock [Hz]
Note 2: Set TOOMOD while the timer is stopped. Writing data into TOOMOD is invalid during the timer operation.
Note 3: In the 8-bittimer/event modes, the TFFO setting is-invalid. In this mode, when the PWMO and PPGO pins are set as the
function output-pins in the port setting,-the pins.always output the "H" level.
Note 4: When EINO is set to"1" and the external clock input’is selected as the source clock, the TCKO setting is ignored.
Note 5: When the TO0O1CR<TCAS> bit is "1", timer 00 operates in the 16-bit mode. The TOOMOD setting is invalid and timer 00
cannot be used independently in this mode. When the PWMO and PPGO pins are set to the function output pins in the
port setting; the pins always output the "H" level.
Note 6: When the 16-bit mode is selected at TO01CR<TCAS>, the timer start is controlled at TOO1CR<TO1RUN>. Timer 00 is not

started by writing data into TOOTCR<TOORUN>.
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14.2.2 Timer counter 01

Timer counter 01 is controlled by timer counter 01 mode register (TOIMOD) and two 8-bit timer registers
(TOIREG and TO1PWM).

Timer register 01

TOTREG

15 14 13 12 11

10 9 8
(0x0027) Bit Symbol TO1REG
Read/Write R/W
After reset 1 1 1 1 1 1 1 1
Timer register 01
TO1PWM 7 6 5 4 3 2 1 0
(0x0029) Bit Symbol TO1PWM
Read/Write RW

After reset

1 1 1 1 1

1

1

1

Note 1: For the configuration of TOOPWM in the 8-bit and 12-bit PWM modes, refer to "14.4.3 8-bit pulse width modulation (PWM)
output mode" and "14.4.7 12-bit pulse width modulation (PWM)-output mode".
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Timer counter 01 mode register

TO1MOD 7 6 5 4 3 2 1 0
(0x002B) Bit Symbol TFF1 DBE1 TCK1 EIN1 TCM1
Read/Write R/W R/W R/W RAV R/W
After reset 1 1 0 0 0 0 0 0
. 0| Clear
TFF1 Timer F/F1 control
1] Set
0 | Disable the double buffer
DBE1 Double buffer control
1 | Enable the double buffer
NORMAL1/2 or IDLE1/2 mode
SLOW1/2 or SLEEP1
SYSCR1<DV9CK> SYSCR1<DV9CK> mode
=g =nqn
000 fegek/2' fs/24 fs/24
001 fcgek/21° fs/23 fs/23
TCK1 Operation clock selection 010 fcgek/28 fegeki2® -
011 fegck/2° fcgck/28 -
100 fcgek/24 fegek/2* -
101 fcgek/2? fegek/22 -
110 fcgek/2 fcgck/2 -
111 fcgek fcgek fs/22

. . 0|’ Select the'internal clock as the source clock.
Selection for using external source

EIN1 clock 1| Selectanexternal clock as the source clock. (the falling edge of the TCO1
pin)
TOO1CR<TCAS>="0" TOO1CR<TCAS>="1"
(8-bit mode) (16-bit mode)
00 | 8-bit-timer/event counter modes 16-bit timer/event counter modes
TCMA Operation mode selection 01 | 8-bit timer/event counter modes 16-bit timer/event counter modes
10 | 8-bit-pulse width modulation output | 12-bit pulse width modulation out-
(PWM) mode put (PWM) mode
111 8-bit programmable pulse gener- 16-bit programmable pulse gener-
ate (PPG) mode ate (PPG) mode

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock-[Hz]
Note 2: Set TO1TMOD while the timer is stopped. Writing data into TO1MOD is invalid during the timer operation.

Note 3: Inthe 8-bit timer/event modes, the TFF1 setting is invalid. In this mode, when the PWM1 and PPG1 pins are set as the
function output pins in the port setting, the pins always output the "H" level.

Note 4: When-EIN1-is-set to "1" and the external clock input is selected as the source clock, the TCK1 setting is ignored.
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14.2.3 Common to timer counters 00 and 01

Timer counters 00 and 01 have the low power consumption register (POFFCRO) and timer 00 and 01 control
registers in common.

Low power consumption register 0

POFFCRO 7 6 5 4 3 2 1 0
(0OxOF74) Bit Symbol - - TCO023EN TCOO01EN - - TCA1EN TCAOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
TCO023EN | TC02,03 control
1| Enable
0 | Disable
TCO01EN | TC00,01 control
1| Enable
0 | Disable
TCA1EN TCA1 control
1| Enable
0/| Disable
TCAOEN TCAO control
1| Enable
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14.2 Control TMP89CM46
Timer counter 01 control register
TO01CR 7 6 5 4 3 2 1 0
(0x002C) Bit Symbol - - - - OUTAND TCAS TO1RUN TOORUN
Read/Write R R R R R/W R/W. R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Output the timer 00 output from-the PWMO0 and PPGO pins and the timer
. 01 output from the PWM1 and PPG1 pins.
OUTAND | Timers 00 and 01 output control 1| Output a pulse that'is alogical ANDed product of the outputs of timers
00 and 01 from the PWM1 and PPG1 pins.
) 0 | Use timers 00 and 01 independently (8-bit mode).
TCAS Timers 00 and 01 cascade control . )
1| Cascade timers 00 and-01(16-bit mode).
Timer 01 control 0 | Stop and clear the counter
TO1RUN Timers 00/01 control 1| Start
(16-bit mode)
, 0 | Stop and clear the counter
TOORUN Timer 00 control
1| Start
Note 1: When STOP mode is started, TOORUN and TO1RUN.are cleared to "0" and the timers stop.-Set TO01CR again to use
timers 00 and 01 after STOP mode is released.
Note 2: When a read instruction is executed on TO01CR; bits 7 to 4-are read as "0".
Note 3: When OUTAND is "1", output is obtained from the PWM1 and PPG1 pins only. There-is-no timer output to the PWMO0 and
PPGO pins. If the PWMO and PPGO pins are set as the function output pins inthe port setting, the pins always output "H".
Note 4: OUTAND and TCAS can be changed only when-both TCO1RUN and TCOORUN-are "0". When either TCO1RUN or

TCOORUN is "1" or both are "1", the register values remain unchanged- by executing write instructions on OUTAND and
TCAS. OUTAND and TCAS can be changed at the same time‘as TCO1RUN and TCOORUN are changed from "0" to "1".
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14.2.4 Operation modes and usable source clocks

The operations modes of the 8-bit timers and the usable source clocks are listed below.

Table 14-3 Operation Modes and Usable Source Clocks (NORMAL1/2 and IDLE1/2 modes)

TCKO 000 001 010 011 100 101 110 111
fogek/21 | fegek/2 TCOi
Operation mode or or fcgck/28 fcgek/28 fcgek/24 fcgcek/22 fcgck/2 fcgek pin input
fs/24 fs/23
8-bit timer O O O O (0] (0] (0] O -
8-bit | g bit event counter - - - - - ~ - - 0
timer -
modes 8-bit PWM O O O O (0] (0] (0] (6] -
8-bit PPG (o) (o) (o) (0] o () (o) (o)
16-bit timer o o o (¢} 0 () (o) (0] -
16-bit | 16 bit event counter - - - - - - - - 0
timer -
modes 12-bit PWM (o) (0]
16-bit PPG (@) O O O (0] (0] o (6] O

Note 1: O: Usable, -: Unusable
Note 2: Set the source clock in the 16-bit modes on the TC01 side (TCK1).

Note 3: When the low-frequency clock, fs, is not oscillating, it must not be selected as the-source/clock. If fs is selected when it
is not oscillating, no source clock is supplied to the timer, .and the timer remains stopped.

Note 4: =0, 1 (i=0 only in the 16-bit modes)
Note 5: The operation modes of the 8-bit timers and the usable sourceclocks are listed below.

Table 14-4 Operation Modes and Usable Source Clocks (SLOW1/2 and SLEEP1 modes)

TCKO 000 001 010 011 100 101 110 11 TCOi
Operation mode fs/24 fs/23 - - - - - fs/22 pin input
8-bit timer (0] O - - - - - [e) -
8-bit 1 g it event counter - - - - - - - - o)
timer -
modes 8-bit PWM (0] (6] = - - - - 0 -
8-bit PPG 0] o] - - - - - o
16-bit timer O o - - - - - 0 -
16-bit | 46.pit event counter - - - - - - - - 1)
timer -
modes | 12-it PWM o o - - - - - 0
16-bit PPG 0] (6] - - - - - [e) 0

Note 1: O:Usable, -: Unusable
Note 2:Set-the source clock in the/16-bit modes on the TCO1 side (TCK1).
Note 3:-i=0,1 (i=0 only in the 16-bit modes)
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14.3 Low Power Consumption Function

Timer counters 00 and 01 have the low power consumption registers (POFFCRO) that save power when the timers
are not used.

Setting POFFCRO<TCO01EN> to "0" disables the basic clock supply to timer counters 00 and 01 to save power.
Note that this renders the timers unusable. Setting POFFCRO<TCO01EN> to "1" enables the basic clock supply to
timer counters 00 and 01 and allows the timers to operate.

After reset, POFFCRO<TCO01EN> are initialized to "0", and this makes the timers unusable. When using the timers
for the first time, be sure to set POFFCRO<TCOO1EN> to "1" in the initial setting of the program (before the timer
control registers are operated).

Do not change POFFCRO<TCO01EN> to "0" during the timer operation. Otherwise timer counters 00 and 01 may
operate unexpectedly.
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14.4 Functions

Timer counters TC00 and TCO1 have 8-bit modes in which they are used independently and 16-bit modes in which
they are cascaded.

The 8-bit modes include four operation modes; the 8-bit timer mode, the 8-bit event counter mode, the 8-bit pulse
width modulation output (PWM) mode and the 8-bit programmable pulse generated output (PPG) mode.

The 16-bit modes include four operation modes; the 16-bit timer mode, the 16-bit event counter mode, the 12-bit
PWM mode and the 16-bit PPG mode.

14.4.1 8-bit timer mode

In the 8-bit timer mode, the up-counter counts up using the internal clock, and interrupts can be generated
regularly at specified times. The operation of TCOO0 is described'below, and the same applies to the operation of
TCO1. (Replace TCO00- by TCO1-).

14.4.1.1  Setting

TCO00 is put into the 8-bit timer mode by setting TOOMOD<TCMO0> to "00" or "01", TOO1CR<TCAS> to
"0" and TOOMOD<EINO>to "0". Select the source clock at TOOMOD<TCKO0>. Set the count value to be used
for the match detection as an 8-bit value at the timer register TOOREG.

Set TOOMOD<DBEO> to "1" to use the double buffer.

Setting TOO1CR<TOORUN> to "1™ starts the operation: After the timer is started, writing to TOOMOD
becomes invalid. Be sure to complete the required mode settings before starting the timer.

14.4.1.2 Operation

Setting TOO1CR<TOORUN> to "' 1" allows the 8<bit up .counter to increment based on the selected internal
source clock. When a match between the up counter value and the TOOREG set value is detected, an INTTCO00
interrupt request-is generated and the up counter is-cleared to "0x00". After being cleared, the up counter
restarts counting. Setting TO01CR<TOORUN> to"0" during the timer operation makes the up counter stop
counting and be cleared-to."0x00".

14.4.1.3 Double buffer

The double buffer can be used for TOOREG by setting TOOMOD<DBEO>. The double buffer is disabled
by setting TOOMOD<DBEO> to "0" or enabled by setting TOOMOD<DBEO> to "1".

When the double buffer is enabled

When a write instruction is executed on TOOREG during the timer operation, the set value is
initially’stored in the double buffer, and TOOREG is not immediately updated. TOOREG compares
the previous set value with the up counter value. When the values match, an INTTCOO interrupt
request is generated and the double buffer set value is stored in TOOREG. Subsequently, the match
detection is executed using a new set value.

When a write instruction is executed on TOOREG while the timer is stopped, the set value is
immediately stored in both the double buffer and TOOREG.
When the double buffer is disabled

When a write instruction is executed on TOOREG during the timer operation, the set value is

immediately stored in TOOREG. Subsequently, the match detection is executed using a new set
value.

If the value set to TOOREG is smaller than the up counter value, the match detection is executed
using a new set value after the up counter overflows. Therefore, the interrupt request interval may
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be longer than the selected time. If the value set to TOOREG is equal to the up counter value, the
match detection is executed immediately after data is written into TOOREG. Therefore, the interrupt
request interval may not be an integral multiple of the source clock (Figure 14-3). If these are
problems, enable the double buffer.

When a write instruction is executed on TOOREG while the timer is stopped, the set value is
immediately stored in TOOREG.

When a read instruction is executed on TOOREG, the last value written into TOOREG is read out, regardless
of the TOOMOD<DBEO> setting.

Table 14-5 8-bit Timer Mode Resolution and Maximum Time Setting

Source clock [Hz] Resolution Maximum time setting
TOOMOD NORMAL1/2 or IDLE1/2 mode
<TCKO> | 5ySCR1<DVOCK> | SYSCR1<DVICK> SEII_E?IQT/ri:dre fegck=10MHz | 7s=32,768kHz | fogck=10MHz | fs=32.768kHz
="0" =""
000 fegek/2™ fs/24 fs/24 204.8us 488.2us 52.2ms 124.5ms
001 fcgck/21° fs/28 fs/23 102.4us 244 1us 26.1ms 62.3ms
010 fcgck/28 fcgek/28 - 25.6us - 6.5ms -
011 fcgck/28 fcgek/2° - 6.4us - 1.6ms -
100 fcgck/24 fcgek/24 - 1.6us - 408ps -
101 fcgck/22 fcgcek/22 5 400ns - 102us -
110 fcgek/2 fcgek/2 - 200ns - 51us -
111 fcgek fcgek fs/22 100ns 122.1us 25.5us 31.1ms

(Example) Operate TCOO in the 8-bit timer mode with the operation clock of fcgck/22 [Hz] and generate interrupts at 64
us intervals (fcgck =10 MHz)

LD (POFFCRO0),0x10 ; Sets TCOO1EN to "1"
[n]] ;- Sets the interrupt master enable flag to "disable”
SET (EIRH).4 ;-Sets the INTTCOO interrupt enable register to "1"
El ; Sets the interrupt master enable flag to "enable"
LD (TOOMOD),0xE8 ; Selects the 8-bit timer mode and fcgck/2?
LD (TOOREG),0xA0 ; Sets the timer register (64us / (2%/fcgck) = 0xA0)
SET (TO01CR).0 ; Starts TC0O0
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TOOREG m Match detection Q Match detection QN N Match detection Q
Reflected at the same time Reflected b
) & as data is-written-into TOOREG +J +J an interru ty +J
INTTCOO interrupt request while the timer is stopped H H P H

When the double bufferis/enahled (TOOMOD<DBE0>="1")

Figure 14-2 Timer Mode Timing Chart

TOOMOD<DBEO>

Source clock

Counter

Write to TOOREG

TOOREG

n-5 X

n-4

X

n-3

o X 1

Write n-2

A

A\ Counter clear

Match detection

n-2

INTTCOO interrupt request

|_|)

Figure 14-3 Operation When TOOREG and the Up Counter Have the Same Value
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14.4.2 8-bit event counter mode

In the 8-bit event counter mode, the up counter counts up at the falling edge of the input to the TC00 or TCO1
pin. The operation of TCO0O0 is described below, and the same applies to the operation of TCO1.

14421  Setting

TCO00 is put into the 8-bit event counter mode by setting TOOMOD<TCMO0> to "00", TO01CR<TCAS> to
"0" and TOOMOD<EINO> to "1". Set the count value to be used for the match detection as an 8-bit value at
the timer register TOOREG.

Set TOOMOD<DBEO> to "1" to use the double buffer.

Setting TOO1CR<TOORUN> to "1" starts the operation. After the timer is started, writing to TOOMOD
becomes invalid. Be sure to complete the required mode settings before starting the timer.

14.4.2.2 Operation

Setting TOO1CR<TOORUN> to "1" allows the 8-bit up counter to increment at the falling edge of the TC00
pin. When a match between the up-counter value and the TOOREG set value is detected; an INTTCOO interrupt
request is generated and the up counter is cleared-to "0x00". After being cleared, the up counter restarts
counting. Setting TO01CR<TOORUN> to "0"/during the timer operation makes the up counter stop counting
and be cleared to "0x00".

The maximum frequency to be supplied is fcgek/22 [Hz] (in NORMAL1/2/or IDLE1/2 mode) or fs/24 [Hz]
(in SLOW1/2 or SLEEP1 mode), and a pulse width of two machine cycles-or more is required at both the "H"
and "L" levels.

14.4.2.3 Double buffer

Refer to "14.4.1.3 Double buffer".

(Example) Operate TCO0O in the 8-bit event counter mode and generate an interrupt each time 16 falling edges are detected

at'the TCOO pin.
LD (POFFCRO0),0x10. ; Sets TCOO1EN to "1"
DI ; Sets the interrupt master enable flag to "disable"
SET (EIRH).4 ; Sets the INTTCOO interrupt enable register to "1"
El ; Sets the interrupt master enable flag to "enable"
LD (TOOMOD),0xC4 ; Selects to the 8-bit event counter mode
LD (TOOREG),0x10 ; Sets the timer register
SET (TO0O1CR).0 ; Starts TCO0
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¢ Timer start ¢Timer stop
TOO1CR<TOORUN>
TCOO pin input ‘ “
m»aaa ‘ﬂ L0
A Counter clear A Counter clear
Write to TOOREG [ Write m [ Write n
Match detection Match detection
TOOREG m Q n i
v v/
_ A A
INTTCOO interrupt request Reflected by writing to TOOREG H H

X Reflected by writing to TOOREG
When the double buffer is disabled (TOOMOD<DBEO0>="0")

Figure 14-4 Event Counter Mode Timing Chart
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14.4.3 8-bit pulse width modulation (PWM) output mode

The pulse-width modulated pulses with a resolution of 7 bits are output in the 8-bit PWM mode. An additional
pulse can be added to the 2 x n-th duty pulse. This enables PWM output with a resolution nearly equivalent to 8
bits. (n=1, 2, 3...)

The operation of TCOO is described below, and the same applies to the operation of TCO1.

14.4.3.1  Setting

TCOO is put into the 8-bit PWM mode by setting TOOMOD<TCMO0> to "10" and TOO1CR<TCAS> to "0".
Set TOOMOD<EINO> to "0" and select the clock at TOOMOD<TCKO0>. Set the count value to be used for the
match detection and the additional pulse value at the PWM register TOOPWM.

Set TOOMOD<DBEO> to "1" to use the double buffer.

Setting TOO1CR<TOORUN> to "1" starts the operation. After the timer is started, writing to TOOMOD
becomes invalid. Be sure to complete the required mode settings before starting thetimer:

In the 8-bit PWM mode, the TOOPWM register is configured as follows:

Timer register 00

TOOPWM 7 6 5 4 3 2 1 0

(0x0028) Bit Symbol PWMDUTY PWMAD
Read/Write R/W R/W R/W. R/W R/W R/W R/W R/W
After reset 1 1 1 1 1 1 1 1

Timer register 01

TO1PWM 7 6 5 4 3 2 1 0

(0x0029) Bit Symbol PWMDUTY PWMAD
Read/Write R/wW R/W R/W RIW R/W R/W R/wW R/W
After reset 1 1 1 1 1 1 1 1

PWMDUTY is a 7-bit register used to set the duty pulse width value (the time before the first output change)
in a cycle (128 counts of the source clock).

PWMAD is a register used.to set the additional pulse. When PWMAD is "1", an additional pulse that
corresponds to 1 count of the source clock is added to the 2 x n-th duty pulse (n=1, 2, 3...). In other words,
the 2 xn-th duty pulse has the output of PWMDUTY+1.

The’additional pulse’is not added when PWMAD is "0".
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Additional Additional Additional
Timer start pulse pulse pulse
(Duty pulse (Duty pulse
width) width)
TOOPWM TOOPWM
<~ = /|
PWMO pin output | | |
(TFF0="1")
PWMO pin output
(TFFO="07) «— > -
128 counts 128 counts
(cycle width) (cycle width)
INTTCOO interrupt |' |'
request —
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6

14.4.3.2

Figure 14-5 PWMO Pulse Qutput

Set the initial state of the PWMO pin at TOOMOD<TFF0>. Setting TOOMOD<TFF0>to I'0" selects the "L"
level as the initial state of the PWMO pin. Setting TOOMOD<TFF0> to "1" selects the "H" level as the initial
state of the PWMO pin. If the PWMO pin is set-as the function output pin in'the port setting while the timer
is stopped, the value of TOOMOD<TFF0> is output-to-.the PWMO pin. Table 14-6 shows the list of output
levels of the PWMO pin.

Table 14-6 List of Output Levels of PWMO Pin

PWMO pin output level
TOOPWM
TFFO Before the start-of | © <PWMDUTY> Operation stop-
operation matched Overflow ped
(initial state) (after the addition- (initial state)

al pulse)

0 L H L L

1 H L H H

And by setting'1" to T0O01CR<OUTAND> bit, a logical product (AND) pulse of TC00 and TCO1’s output
can be output to PWMO pin. By using this-function, the remote-control waveform can be created eaily.

Operations

Setting TOO1CR<TOORUN>to "1" allows the up counter to increment based on the selected source clock.
When a match between the lower 7 bits of the up counter value and the value set to TOOPWM<PWMDUTY>
is-detected, the output of the PWMO pin is reversed. When TOOMOD<TFF0> is "0", the PWMO pin changes
from-the "L" to "H" level. When TOOMOD<TFF0> is "1", the PWMO pin changes from the "H" to "L" level.

If TOOPWM<PWMAD>is "1", an additional pulse that corresponds to 1 count of the source clock is added
at the 2 x n-th match detection (n=1, 2, 3...). In other words, the PWMO pin output is reversed at the timing
of TOOPWM<PWMDUTY>+1. When TOOMOD<TFFO0> is "0", the period of the "L" level becomes longer
than the value set to TOOSPWMDUTY> by 1 source clock. When TOOMOD<TFFO0> is "1", the period of the
"H" level becomes longer than the value set to TOOPWM<PWMDUTY> by 1 source clock. This function
allows two cycles of output pulses to be handled with a resolution nearly equivalent to 8 bits.

No additional pulse is inserted when TOOPWM<PWMAD> is "0".

Subsequently, the up counter continues counting up. When the up counter value reaches 128, an overflow
occurs and the up counter is cleared to "0x00". At the same time, the output of the PWMO pin is reversed.
When TOOMOD<TFFO0> is "0", the PWMO pin changes from the "H" to "L" level. When TOOMOD<TFF0>
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is "1", the PWMO pin changes from the "L" to "H" level. If the 2 x n-th overflow occurs at this time, an
INTTCOO0 interrupt request is generated. (No interrupt request is generated at the 2 X n-th -1 overflow.)
Subsequently, the up counter continues counting up.

When TOO1CR<TOORUN> is set to "0" during the timer operation, the up counter is stopped and cleared
to "0x00". The PWMO pin returns to the level selected at TOOMOD<TFF0>.

(Example) Operate TCOO in the 8-bit PWM mode with the operation clock of fcgck/2-and.output a duty pulse nearly
equivalent to 11.6 ys (fcgck = 10 MHz)

(Actually, output a total duty pulse of 23.2 ps in 2 cycles (51.2 ys))

SET (P7FC).0 ; Sets P7TFCO to "1"

SET (P7CR).0 ; Sets P7TCRO to 1"

LD (POFFCRO0),0x10 ; Sets TCOO1EN to "1"

DI ; Sets the interrupt master enable flag to "disable”
SET (EIRH).4 ; Sets the INTTCOQO.interrupt enable register to-"1"
El ; Sets the interrupt master enable flag.to."enable"
LD (TOOMOD),0xF2 ; Selects the 8-bit PWM mode and fegck/2

LD (TOOPWM),0x74 ; Sets the'timer register (duty pulse)

; (11.6ps x 2) / (2/fcgck) = Ox74

SET (TO0O1CR).0 ; Starts TC00
¢ Timer start Timer stop ¢
TOO1CR<TOORUN>
TOOMOD<TFFO>
Source clock
Overflow Overflow Overflow
128 128 128 128
YO THINaWEZHICONEHaNEE N0
Counter Counter Counter Counter
clear clear clear clear
Wite to TOOPWM (| wite m [lwrite r [l write s
Double buffer m r s
S
TOOPWM Y o v
<PWMAD> Reflected by an _T Reflected by an
vinterrupt request \ interrupt request
|
TOOPWM - - -
<PWMDUTY> m iMatch detection iMatch detectioni\ iMatch detection iMatch detectioni\ s
PWMO_pin output t —>§—<—
Becomes the level selected at —» Additional pulse} Returns to the
TFFO while the timer is stopped ) ) ! level selected
) No interrupt request No interrupt request 4 4+ TEFQ
INTTCOO interrupt is generated ] Interrupt request is generated ]
request ¢ ) ¢ ) : ¢ ) : ¢ )
m m H r H r+1
(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)
i 128 counts H 128 counts H 128 counts H 128 counts
(Cycle 1) (Cycle 2) (Cycle 3) (Cycle 4)

When the double buffer is enabled (TOOMOD<DBE0>="1")

Figure 14-6 8-bit PWM Mode Timing Chart
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14.4.3.3 Double buffer

The double buffer can be used for TOOPWM by setting TOOMOD<DBEOQ>. The double buffer is disabled
by setting TOOMOD<DBEO> to "0" or enabled by setting TOOMOD<DBEO> to "1".

When the double buffer is enabled

When a write instruction is executed on TOOPWM during the timer operation, the set value is
first stored in the double buffer, and TOOPWM is not updated immediately. TOOPWM compares
the previous set value with the up counter value. When the 2 x n-th overflow occurs, an INTTCO00
interrupt request is generated and the double buffer set value is stored in TOOPWM. Subsequently,
the match detection is executed using a new set value.

When a read instruction is executed on TOOPWM, the value in the double buffer (the last set
value) is read out, not the TOOPWM value (the currently effective value).

When a write instruction is executed on TOOPWM while the timer is stopped, the set value is
immediately stored in both the double buffer and TOOPWM.

When the double buffer is disabled

When a write instruction is executed on TOOPWM during the timer operation, the set value is
immediately stored in TOOPWM. Subsequently, the match detection is-executed using a new set
value. If the value set to TOOPWM is smaller than the up counter value, the PWMO pin is not
reversed until the up counter overflows and a match detection is executed using a new set value.
If the value set to TOOPWM is equal to the-up counter value, the match detection is executed
immediately after data is written into TOOPWM. Therefore, the timing of changing the PWMO pin
may not be an integral multiple of the source clock (Figure 14-7). Similarly, if TOOPWM is set
during the additional pulse/output; the timing of changing the PWMO pin may not be an integral
multiple of the source clock. If these are problems, enable the double buffer.

When a write instruction is executed on TOOPWM while the timer is stopped, the set value is
immediately stored in TOOPWM.

TOOMOD<DBEO>

Source clock | | | | | | | | | |_
Counter n-5 X n-4 X n-3 X n-2 X n-1 X n

Write to TOORPWM Write n-2 [

TOOPWM
<PWMDUTY>

n Match detection% n-2

PWMO pin.output |

Figure 14-7 Operation When TOOPWM and the Up Counter Have the Same Value
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Table 14-7 Resolutions and Cycles in the 8-bit PWM Mode
7-bit cycle
Source clock [Hz] Resolution . y
(period x 2)
TOOMOD
NORMAL1/2 or IDLE1/2 mode
<TCKO> SLOW1/2 or
SYSCR1<DVI9CK> | SYSCR1<DV9CK> SLEEP1 mode fcgck=10MHz | fs=32.768kHz |.fcgck=10MHz | fs=32.768kHz
= Q" = nqn
26.2ms 62.5ms
000 fcgek/2' fs/24 fs/24 204.8ps 488.2ps
(52.4ms) (125ms)
13.1ms 31.3ms
001 fegek/210 fs/23 fs/23 102.4ps 244 1us
(26.2ms) (62.5ms)
3.3ms
010 fcgck/28 fcgek/28 - 25.6ps - -
(6.6ms)
819.2us
011 fcgck/28 fcgck/28 - 6.4us - -
(1638.4ps)
204.8us
100 fcgck/24 fcgek/24 - 1.6us - -
(409:6ps)
51.2ps
101 fcgck/2? fcgck/2? - 400ns - ! -
(102.4ps)
25.6us
110 fcgck/2 fcgek/2 - 200ns - H -
(51.2us)
12.8us 15.6ms
111 fegek fcgek fs/22 100ns 122.1us !
(25.6s) (31.3ms)
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14.4.4 8-bit programmable pulse generate (PPG) output mode

In the 8-bit PPG mode, the pulses with arbitrary duty and cycle are output by using the TOOREG and TOOPWM
registers.

By setting the TOO1CR<OUTAND> register, a pulse that is a logical ANDed product of the TC00 and TCO1

outputs can be output to the TCO1 pin. This function facilitates the generation of remote-controlled waveforms,
for example.

The operation of TCO0 is described below, and the same applies-to-the operation of TCO1.

14.4.4.1 Setting

TCOO is put into the 8-bit PPG mode by setting TOOMOD<TCMO0> to "10" and T001CR<TCAS> to "0".
Set TOOMOD<EINO> to "0" and select the clock at TOOMOD<TCKO0>. Set the duty pulse width at TOOPWM
and the cycle width at TOOREG.

Set TOOMOD<DBEO> to "1" to use the double buffer.

Setting TOO1CR<TOORUN> to "1" starts the operation. After the timer-is started, writing to TOOMOD
becomes invalid. Be sure to complete the required mode settings before!starting the timer.

Timer start Timer stop
(Duty pulse) (Duty. pulse)
TOOPWM TOOPWM
<> <«

PPGO pin output | |
(TFFO="0") —

PPGO pin output | | |

(TFF0="1")
> >
TOOREG TOOREG
(2-cycle) (1 cycle)

Figure 14-8 PPGO Pulse Output

Set the initial state of the PPGO pin at TOOMOD<TFF0>. Setting TOOMOD<TFF0> to "0" selects the "L"
level as the initial state of the PPGO pin. Setting TOOMOD<TFFO0> to "1" selects the "H" level as the initial
state of the PPGO pin. If the PPGO pin is set as the function output pin in the port setting while the timer is
stopped, the value of TOOMOD<TFEFO0> is output to the PPGO pin. Table 14-8 shows the list of output levels
of the PPGO pin.

Table 14-8°List of Output Levels of PPGO Pin

PPGO pin output level
TEFO Before the start Operation stop-
of operation TOOPWM TOOREG ped
(initial state) matched matched (initial state)
0 L H L L
1 H L H H

Setting the TOOICR<OUTAND> bit to "1" allows the PPGO pin to output a pulse that is a logical ANDed
product of the TC00 and TCO1 outputs.
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14.4.4.2 Operation

Setting TOO1CR<TOORUN> to "1" allows the up counter to increment based on the selected source clock.
When a match between the internal up counter value and the value set to TOOPWM is detected, the output of
the PPGO pin is reversed. When TOOMOD<TFF0> is "0", the PPGO pin changes from the "L" to "H" level.
When TOOMOD<TFFO0> is "1", the PPGO pin changes from the "H" to "L" level.

Subsequently, the up counter continues counting up. When a match between the up counter value and
TOOREG is detected, the output of the PPGO pin is reversed again. When' TOOMOD<TFF0> is "0", the
PPGO pin changes from the "H" to "L" level. When TOOMOD<TFFO0> is "1"; the PPGO pin changes from the
"L" to "H" level. At this time, an INTTCO0O0 interrupt request is generated.

When TOO1CR<TOORUN> is set to "0" during the operation; the up counter is stopped and cleared to
"0x00". The PPGO pin returns to the level selected at TOOMOD<TFE(0>.

14.4.4.3 Double buffer

The double buffer can be used for TOOPWM and TOOREG by setting TOOMOD<DBEO>. The double buffer
is disabled by setting TOOMOD<DBEOQO> to "0" or enabled by setting TOOMOD<DBEO> to'"1".

When the double buffer is enabled

When a write instruction is executed on TOOPWM (TOOREG) during the timer operation, the
set value is first stored in the double buffer, and TOOPWM(TOOREG)is not updated immediately.
TOOPWM (TOOREG) compares the previous set value with'the up counter value. When an
INTTCOO interrupt request’is-generated, the double-buffer set value is stored in TOOPWM
(TOOREG). Subsequently; the match detectionis executed using a new set value.

When a read instructionis executed on TOOPWM (TOOREG), the value in the double buffer (the
last set value) is read'out, not the TOOPWM (TOOREG) value (the currently effective value).

When a write instruction is executed on TOOPWM (TOOREG) while the timer is stopped, the
set value is immediately stored in both the double buffer and TOOPWM (TOOREG).

When the double buffer is disabled

When a write instruction is executed on TOOPWM (TOOREG) during the timer operation, the
set value'is immediately stored in TOOPWM (TOOREG). Subsequently, the match detection is
executed using a new set value. If the value set to TOOPWM (TOOREG) is smaller than the up
counter value, the PPGO pin is not reversed until the up counter overflows and a match detection
is executed using a new.set value: If the value set to TOOPWM (TOOREG) is equal to the up counter
value, the match detection is executed immediately after data is written into TOOPWM (TOOREG).
Therefore, the timing of changing the PPGO pin may not be an integral multiple of the source clock
(Figure 14-10). If these are problems, enable the double buffer.

When a write instruction is executed on TOOPWM (TOOREG) while the timer is stopped, the
set value is immediately-stored in TOOPWM (TOOREG).
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(Example) Operate TCOO in the 8-bit PPG mode with the operation clock of fcgck/2 and output the 8us duty pulse in
32ps cycles (fcgck = 10 MHz)

SET (P7FC).0 ; Sets P7FCO to "1"
SET (P7CR).0 ; Sets P7CRO to "1"
LD (POFFCRO0),0x10 ; Sets TCO01EN to "1"
DI ; Sets the interrupt master enable flag to "disable”
SET (EIRH).4 ; Sets the INTTCOO interrupt enable register to "1"
El ; Sets the interrupt master-enable flag to "enable"
LD (TOOMOD),0xF3 ; Selects the 8-bit PPG mode and fcgck/2
LD (TOOREG),0xA0 ; Sets the timer register (cycle)
; 32us / (2/fcgek) = OXAO
LD (TOOPWM),0x28 ; Sets the timer register (duty pulse)
; 8us / (2/fcgck) =0x28
SET (TO01CR).0 ; Starts TC00
¢ Timer start Timer stop ¢
TO01CR<TOORUN>
TOOMOD<TFFO>
Source clock
p S
N D D N D ER D OECNREE
Counter Counter Counter Counter
clear clear clear clear
Write to TOOPWM [ Write m [ Write [ Write t
Double buffer m r t
TOOPWM m OMatch detectioni\,.r DMatch detection OMatch detectioniX s OMatch detection
Write to TOOREG [ Write p [ Write s [ Write w:
Double buffer p s w
TOOREG p Match detectionGX s Match detectionO Match detectionCA w
\ \4 \4 \4
PPGO pin output *
Returns to the
) Becomesthe level sefected at level selected
INTTCOO interrupt TFFO while the timer is-stopped ] ] ] ] at TFFO
request T > c ) c 3 ” 3
ome r r t
(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)
| < >ie >! ¢ ) i ¢ 3
H p H s H ] H w
(1 cycle) (1 cycle) (1 cycle) (1 cycle)

When the double buffer is enabled (TOOMOD<DBEO0>="1")

Figure 14-9 8-bit PPG Mode Timing Chart
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TOOMOD<DBEO>

Source clock | | | | | | | | | |_
Counter s X n4a X n3 X n2 X n1 X on

Write to TOOPWM .
(TOOREG) Write n-2 [

;r'l(')(?OPR\’/é’\(A;) n Match detection % n-2

PPGO pin output |

Figure 14-10 Operation When TOOPWM (TOOREG) and the Up Counter Have the Same Value
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14.4.5 16-bit timer mode

In the 16-bit timer mode, TC0O0 and TCO1 are cascaded to form a 16-bit timer counter, which can measure a
longer period than an 8-bit timer.

14451 Setting

Setting TOO1CR<TCAS> to "1" connects TC00 and TCO1 and activates the 16-bit mode. All the settings
of TCOO0 are ignored and those of TCO1 are effective in the 16-bit mode.

The 16-bit timer mode is activated by setting TOIMOD<TCMI1> to "00".or "01" and TOIMOD<EIN1> to
"0". Select the source clock at TOIMOD<TCKI1>.

Set the count value to be used for the match detection as'a 16-bit-value at the timer registers TOOREG and
TO1REG. Set the lower 8 bits of the 16-bit value at TOOREG and the higher 8 bits:at TOIREG. (Hereinafter,
the 16-bit value specified by the combined setting of TOTREG and TOOREG is indicated as TO1+00REG.)
The timer register settings are reflected on the double buffer or TO1+00REG when a write instruction is
executed on TO1REG. Be sure to execute the write instructions’'on TOOREG and TOIREG in this order. (When
data is written to the high-order register, the set values of the low-order-and high-order registers become
effective at the same time.)

Set TOIMOD<DBE1> to "1" to use the-double buffer.

Setting TOO1ICR<TOIRUN> to "1"/starts the operation.-After the timer is started, writing to TOIMOD
becomes invalid. Be sure to complete the required mode settings before starting the timer. (Make settings
when TO01CR<TOORUN> and <TOIRUN>are "0".)

14452 Operations

Setting TOO1CR<TO1RUN>to" 1" allows the 16-bitup.counter to increment based on the selected internal
source clock. When a'match between the up counter value and the TO0+01REG set value is detected, an
INTTCO1 interrupt request is generated and the up counter is cleared to "0x0000". After being cleared, the
up counter restarts counting.”Setting TOO1CR<TOIRUN> to "0" during the timer operation makes the up
counter stop-counting and be cleared to"0x0000".

14.4.5.3 Double buffer

The double buffer can be used for TO1+00REG by setting TOIMOD<DBE1>. The double buffer is disabled
by setting TOIMOD<DBE1>to "0" or enabled by setting TOIMOD<DBE1>to "1".

When the double buffer is enabled

When write instructions are executed on TOOREG and TO1REG in this order during the timer
operation, the set value is first stored in the double buffer, and TO1+00REG is not updated im-
mediately. TO1+00REG compares the previous set value with the up counter value. When the
values are matched, an INTTCO1 interrupt request is generated and the double buffer set value is
stored in TO1+00REG. Subsequently, the match detection is executed using a new set value.

When write instructions are executed on TOOREG and TO1REG in this order while the timer is
stopped, the set value is immediately stored in both the double buffer and TO1+00REG.

When the double buffer is disabled

When write instructions are executed on TOOREG and TO1REG in this order during the timer
operation, the set value is immediately stored in TO1+00REG. Subsequently, the match detection
is executed using a new set value.

If the value set to TO1+00REG is smaller than the up counter value, the match detection is
executed using a new set value after the up counter overflows. Therefore, the interrupt request
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interval may be longer than the selected time. If the value set to TO1+00REG is equal to the up
counter value, the match detection is executed immediately after data is written into TO1+00REG.
Therefore, the interrupt request interval may not be an integral multiple of the source clock. If
these are problems, enable the double buffer.

When write instructions are executed on TOOREG and TO1REG in this order while the timer is
stopped, the set value is immediately stored in TO1+00REG.

When a read instruction is executed on TO1+00REG, the last value writteninto TO1+00REG is read out,
regardless of the TOOMOD<DBE1> setting.

(Example) Operate TC00 and TCO1 in the 16-bit timer mode with the ‘operation clock of fcgck/2 [Hz] and generate inter-
rupts at 96 ps intervals (fcgck = 10 MHz)

LD (POFFCRO0),0x10 ; Sets TCOO1EN to "1"
[n]] ; Sets the interrupt. master enable flag to "disable”
SET (EIRH).4 ; Sets the INTTCOQO interrupt enable register to-"1"
El ; Sets the interrupt master enable flag.to "enable"
LD (TO1MOD),0xFO ; Selects the 16-bit timer mode and fegck/2
LD (TOOREG),0xEOQ ; Sets the'timer register (96us / (2/fcgck) = 0X1E0)
LD (TO1REG),0x01 ; Sets the timer register
LD (TO01CR),0x06 ; Starts TCO0 and TCO001 (16-bit mode)
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TOO1CR<TO1RUN>

TO1MOD<DBE1>

Source clock

Counter

Write to TOOREG

Write to TOIREG

TO1+00REG

INTTCO1 interrupt
request

TOO01CR<TO1RUN>

TO1MOD<DBE1>

Source clock

Counter

Write to TOOREG

Write to TOIREG

Double buffer

TO1+00REG

INTTCOL1 interrupt
request

¢ Timer start

-t E
D ENE) ENED MOEE
[

¢Timer stop

k"

A Counter clear A Counter clear
Write m H Write r
[ Write k [ Write s
Match detection Match detection
km Q sr ¢
A v vJ
Reflected by writing to TOLREG H t H

N Reflected by writing to TOIREG
When the double buffer is disabled (TOYMOD<DBE1>="0")

¢ Timer start

i

\ Counter.clear A Counter Clear
Write m ” Write'r
] Write k [ Write s
km sr £e)
km Match detection @ Match detection @A sr Match detection®
Reflected simultaneously by Reflected b
writing to TO1REG while the timer *J v/ an interru ty v
is stopped H p

Reflected by writing to TOLREG
When the double buffer is enabled (TOLMOD<DBE1>="1")

Figure 14-1116-bit Timer Counter Timing Chart
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Table 14-9 16-bit Timer Mode Resolution and Maximum Time Setting

RAOQ005

Source clock [Hz] Resolution Maximum time setting
TO1MOD NORMAL1/2 or IDLE1/2 mode
<TCK1> SLOW1/2 or _ _ _ B
SYSCR1<DV9CK> | SYSCR1<DV9CK> fegck=10MHz | fs=32.768kHz.| fcgck=10MHz | fs=32.768kHz
SLEEP1 mode
=g =
000 fcgek/2 fs/24 fs/24 204.8us 488.2us 13.4s 32s
001 fegek/21° fs/23 fs/23 102.4ps 244 1ps 6:7s 16s
010 fcgck/28 fcgek/28 - 25.6ps - 1.7s -
011 fcgcek/28 fcgck/28 - 6.4us - 419.4ms -
100 fcgck/24 fcgek/2* - 1.6us - 104.9ms -
101 fcgek/22 fcgek/22 - 400ns - 26.2ms -
110 fcgek/2 fcgek/2 - 200ns - 13.1ms -
111 fcgck fcgek fs/22 100ns 122.1ps 6.6ms 8s
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14.4.6 16-bit event counter mode

In the 16-bit event counter mode, the up counter counts up at the falling edge of the input to the TC0O0 pin.
TCO00 and TCO1 are cascaded to form a 16-bit timer counter, which can measure a longer period than an 8-bit
timer.

14.4.6.1  Setting

Setting TOO1CR<TCAS> to "1" connects TC00 and TCO1 and activates the 16-bit timer mode. All the
settings of TCOO are ignored and those of TCO1 are effective in the 16-bit timer mode.

The 16-bit timer mode is activated by setting TOIMOD<TCM 1> to-"00" or "01" and TOIMOD<EINO> to
" 1 ".

Set the count value to be used for the match detection as a 16-bit value at the timer registers TOOREG and
TO1REG. Set the lower 8 bits of the 16-bit value at TOOREG and set the higher 8 bits at TOIREG. (Hereinafter,
the 16-bit value specified by the combined setting of TOIREG and TOOREG is indicated as TO1+00REG.)
The timer register settings are reflected on the double buffer or TO1+00REG when a write instruction is
executed on TO1REG. Be sure to execute the write instructions on TOOREG-and TOIREG in this order. (When
data is written to the high-order register, the set values of the low-order and high-order registers become
effective at the same time.)

Set TOIMOD<DBE1> to "1" to use the double buffer.

Setting TOOICR<TOIRUN> to "I'" starts the operation. After the timer is started, writing to TOIMOD
becomes invalid. Be sure to complete the required mode-settings before starting the timer. (Make settings
when TO01CR<TOORUN> and <TO1RUN> are "0".)

14.4.6.2 Operations

Setting TOO1CR<TOIRUN> to "1" allows the/16-bit up counter to increment at the falling edge of the TC00
pin. When a match between the up counter value and the TOO+01REG set value is detected, an INTTCO1
interrupt request is generated and the up counter is/cleared to "0x0000". After being cleared, the up counter
restarts counting. Setting " TO01CR<TOTRUN> to "0" during the timer operation makes the up counter stop
counting and be cleared to "0x0000".

The maximum frequency to be supplied is fcgek/2 [Hz] (in NORMALL/2 or IDLE1/2 mode) or fs/2* [Hz]
(in SLOW1/2 or SLEEP1 mode), and a pulse width of two machine cycles or more is required at both the "H"
and "L levels.

14.4.6:3 Double buffer

Refer to 14.4.5.3.
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(Example) Operate TC00 and TCO1 in the 16-bit event counter mode and generate an interrupt each time the 384th falling
edge is detected at the TCOO pin

TO01CR<TO1RUN>

TCOO pin input

Counter

Write to TOOREG

Write to TOLREG

TO1+00REG

INTTCOO interrupt
request

TOO1CR<TO1RUN>

TCOO pin input

Counter

Write to TOOREG

Write to TOLREG

Double buffer

TO1+00REG

INTTCOO interrupt
request

LD
DI
SET
El
LD
LD
LD
LD

(POFFCRO),0x10

(EIRH).4

(TOOMOD),0xC4
(TOOREG),0x80
(TO1REG),0x10
(TOO1CR),0x06

¢ Timer start

; Sets TCOO1EN to "1"

; Sets the interrupt master enable flag to "disable"
; Sets the INTTCOO interrupt enable register to "1"
; Sets the interrupt master enable flag to "enable"

; Selects the 16-bit event counter mode

; Sets the timer register

; Sets the timer register.

; Starts TC00 and. TC001.(16-bit mode)

¢Timer stop

— e e —

A Counter ACounter  Counter
Wnte m clear |'| Write s clear clear
[ Write k [ Write r
Match detection Match detection

km Q rs Q

A v , v
\
Reflected by writing to-TOYREG H H

N Reflected by writing to TOIREG

When/'the double buffer is disabled (TOLMOD<DBE1>="0")

¢ Timer start

RSRERI

Sl e e

\Counter ACounter ACounter
|'| Write m clear Wnte s clear clear
[ Write k [ Write r
Km s N
Match detection Match detection Match detection
km Q QN s Q?
t +) i *) Reflected by *)
Reflected by writing to TOLREG ” t ” an interrupt H

N Reflected by writing to TOIREG

When the double buffer is enabled (TOLMOD<DBE1>="1")

Figure 14-12 16-bit Event Counter Mode Timing Chart
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14.4.7 12-bit pulse width modulation (PWM) output mode

In the 12-bit PWM output mode, TC00 and TCO1 are cascaded to output the pulse-width modulated pulses
with a resolution of 8 bits. An additional pulse of 4 bits can be inserted, which enables PWM output with a
resolution nearly equivalent to 12 bits.

14.4.71 Setting

Setting TOO1CR<TCAS> to "1" connects TC00 and TCO1 and activates the 16-bit timer mode. All the
settings of TCOO are ignored and those of TCO1 are effective in the 16-bit timer mode.

The 12-bit PWM mode is selected by setting TOIMOD<TCM 1> to "10". To use the internal clock as the
source clock, set TOIMOD<EIN1> to "0" and select the clock at TOIMOD<TCK1>. To use.an external clock
as the source clock, set TOIMOD<EIN1>to "1".

Set TOIMOD<DBEI> to "1" to use the double buffer:

Setting TOO1CR<TOIRUN> to "1" starts the operation. After the timer is started, writing to TO1MOD
becomes invalid. Be sure to complete the required mode settings before starting the timer. (Make settings
when TOOICR<TOORUN> and <TO1RUN> are "0"".)

Set the count value to be used for the match detection and the additional pulse value as a 12-bit value at
the timer registers TOOPWM and TO1PWM: Set bits 11 to 8 of the 12-bit value at the lower 4 bits of TOIPWM
and set bits 7 to 0 at TOOPWM. Refer/to-the following tablefor the register configuration. Hereinafter, the
12-bit value specified by the combined setting of TOOPWM and TO1PWM is indicated as TO1+00PWM. The
timer register settings are reflected on the double buffer or T01+00PWM when a write instruction is executed
on TOIPWM. Be sure to execute'the write instructions on TOOPWM and TOIPWM in this order. (When data
is written to the high-order register; the set values of the low-order and high-order registers become effective
at the same time.)

Timer register 00

TOOPWM 7 6 5 4 3 2 1 0
(0x0028) Bit Symbol PWMDUTYL PWMAD3 PWMAD2 PWMAD1 PWMADO
Read/Write R/W R/W RW R/IW R/W R/W R/W R/W

After reset 1 1 1 1 1 1 1 1

Timer register 01

TO1PWM 7 6 5 4 3 2 1 0

(0x0029) Bit Symbol PWMDUTYH

Read/Write R/W R/W R/W R/W

Afterreset 1 1 1 1 1 1 1 1

Bits 7 to 4 of TOIPWM are not used in the 12-bit PWM mode. However, data can be written to these bits
of TOIPWM and the written values are read out as they are when the bits are read. Normally, set these bits
tO HOH'

PWMDUTYH and PWMDUTYL are 4-bit registers. They are combined to set an 8-bit value of duty pulse
width (time before the first change in the output) for one cycle (256 counts of the source clock). Hereinafter,
an 8-bit value specified by the combined setting of PWMDUTYH and PWMDUTYL is indicated as
PWMDUTY.

PWMAD?3 to 0 are the additional pulse setting register. Additional pulses can be inserted in specific cycles
of the duty pulse by setting each bit to "1". The additional pulses are inserted in the positions listed in Table
14-10. PWMAD 3 to 0 can be combined to specify the number of times of inserting the additional pulses in
16 cycles to any number from 1 to 16. Examples of inserting additional pulses are shown in Figure 14-13.
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Table 14-10 Cycles in Which Additional Pulses Are Inserted

Cycles in which additional pulses are inserted among
cycles 1to 16

PWMADO="1" 9

PWMAD1="1" 5,13

PWMAD2="1" 3,7,11,15
PWMAD3="1" 2,4,6,8,10,12, 14, 16

Set the initial state of the PWM1 pin at TOIMOD<TFF1>. Setting TOIMOD<TFF1> to "0" selects the "L"
level as the initial state of the PWMI pin. Setting TOIMOD<TFF1>to "1 selects the "H" level as the initial
state of the PWMI pin. If the PWMI pin is set as the function output pin in the port setting while the timer
is stopped, the value of TOIMOD<TFF1> is output to the PWM1 pin. Table 14-11 shows.the list of output
levels of the PWMI1 pin.

Table 14-11 List of Output Levels of PWM1 Pin

PWM1pin output level
TEF1 Before the start of PWHRUTY Operation stop-
. matched
operation T Overflow ped
(initial state) | @ ter;l :u?se)'t“’"' (initial state)

0 L H L L

1 H L H H
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Additional Additional
Timer start pulse pulse Timer stop

v v

PWML1 pin output_} 1
(TFF1="1")

oo [ |-
[

INTTCOO interrupt |'
request

L
NREEE
[ ﬂ

=

WL
Hpipipinin
]

N
M=

INTTCOL1 interrupt
request

1
iy
|
|

A
Y
A
A
Y

<> » <> >
<> > <> >

> < <) <>
< < > << <>

Cycle 1 2 3 4 5 6 7 8 9 10 11 12 187 14 15 16 17
When PWMAD1="1"

—P<€

Additional Additional  Additional _Additional Additional
Timer start pulse pulse pulse pulse pulse Timer stop

v v

PWML1 pin output
(TFF1="1") I

I
il
n

(TFF1="0") —

INTTCOO interrupt
request

L
PWML1 pin output J_
[

UL
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2
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|
|

INTTCOL interrupt
request

<
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When)PWMADO = “1” and PWMAD2 = “1”

€ — i d——
<>

A
Y.
A
Y.
A
Y
A
Y.

Figure 14-13 Examples of Inserting Additional Pulses

14.4.7.2 Operations

Setting TO01CR<TO1RUN> to "1™ allows the up counter to increment based on the selected source clock.
When amatch between the lower 8 bits of the up counter value and the value set to PWMDUTY is detected,
the output of the PWM 1 pin is reversed. When TOIMOD<TFF1>is "0", the PWM1 pin changes from the "L"
to "H" level. When TOIMOD<TFF1>is "1", the PWMI1 pin changes from the "H" to "L" level.

Ifany of PWMAD3 to 0-is 1", an additional pulse that corresponds to 1 count of the source clock is inserted
in-specific cycles of the (duty pulse. In other words, the PWMI pin output is reversed at the timing of
PWMDUTY+1. When TOOMOD<TFFO0> is "0", the period of the "L" level becomes longer than the value
set to PWMDUTY by 1 source clock. When TOOMOD<TFF0> is "1", the period of the "H" level becomes
longer than the value setto PWMDUTY by 1 source clock. This function allows 16 cycles of output pulses
to be handled with a resolution nearly equivalent to 12 bits.

No additional pulse is inserted when PWMAD3 to 0 are all "0".

Subsequently, the up counter continues counting up. When the up counter value reaches 256, an overflow
occurs and the up counter is cleared to "0x00". At the same time, the output of the PWMI1 pin is reversed.
When TOIMOD<TFF1> is "0", the PWMI1 pin changes from the "H" to "L" level. When TOIMOD<TFF1>
is "1", the PWMI1 pin changes from the "L" to "H" level. At this time, an INTTCOO interrupt request is
generated (an INTTCOO interrupt request is generated each time an overflow occurs.) An INTTCOI interrupt
request is generated at the 16 x n-th overflow (n=1, 2, 3...). Subsequently, the up counter continues counting

up.
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When TOO1CR<TO1RUN> is set to "0" during the timer operation, the up counter is stopped and cleared
to "0x00". The PWMI pin returns to the level selected at TOIMOD<TFF1>.

When an external source clock is selected, input the clock at the TCOO0 pin. The maximum frequency to be
supplied is fegek/2 [Hz] (in NORMAL1/2 or IDLE1/2 mode) or fs/24 [Hz] (in SLOW /2 or SLEEP1 mode),
and a pulse width of two machine cycles or more is required at both the "H"-and "L" levels.

) Additional
Timer start pulse
¢ (1 source clock)
(Duty pulse (Duty pulse
width) width)
PWMDUTY PWMDUTY
<> <> /
PWML1 pin output |
(TFFO="1")
PWML1 pin output I
(TFFO="0") ¢ >'< 3
256 counts 256 counts
(cycle width) (cycle width)

Figure 14-14 PWM1 Pin Output

14.4.7.3 Double buffer

The double buffer can be used for TO1+00PWM by setting TOIMOD<DBE1>. The double buffer is disabled
by setting TOIMOD<DBE1>to "0" or enabled by setting TOIMOD<DBE1>to "1".

When the double buffer.is enabled

When write instructions are executed on TOOPWM and TO1PWM in this order during the timer
operation, the set value is first stored in the double buffer, and TO1+00PWM is not updated im-
mediately. TO1+00PWM compares the previous set value with the up counter value. When the 16
x n-th overflow occurs, an INTTCO L'interrupt request is generated and the double buffer set value
is stored in TO1+00PWM. Subsequently, the match detection is executed using a new set value.

When a read instruction is executed on TO1+00PWM (TOOREG), the value in the double buffer
(the last-set value) is read-out, not the TO1+00PWM value (the currently effective value).

When write instructions are executed on TOOPWM and TOIPWM in this order while the timer
is stopped, the set value is immediately stored in both the double buffer and TO1+00PWM.

When the double buffer is disabled

When write instructions are executed on TOOPWM and TO1PWM in this order during the timer
operation, the set value is immediately stored in TO1+00PWM. Subsequently, the match detection
is executed using-a new set value. If the value set to TO1+00PWM is smaller than the up counter
value, the PWM1 pin is not reversed until the up counter overflows and a match detection is
executed using a new set value. If the value set to TO1+00PWM is equal to the up counter value,
the match detection is executed immediately after data is written into TO1+00PWM. Therefore,
the timing of changing the PWM1 pin may not be an integral multiple of the source clock. Simi-
larly, if TO1+00PWM is set during the additional pulse output, the timing of changing the
PWMI1 pin may not be an integral multiple of the source clock. If these are problems, enable the
double buffer.

When write instructions are executed on TOOPWM and TO1PWM in this order while the timer
is stopped, the set value is immediately stored in TO1+00PWM.
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(Example) Operate TC00 and TCO1 in the 12-bit PWM mode with the operation clock of fcgck/2 and output a duty pulse

TOO1CR<TO1RUN>

TO1MOD<TFF1>

Source clock

Counter

Write to TOOPWM

Write to TOIPWM

Double buffer

PWMAD3 to 0

PWMDUTY

PWM1 pin output

INTTCO% interrupt request

nearly equivalent to 14.0625 ps in 51.2ps cycles (fcgck = 10 MHz)
(Actually, output a duty pulse of 225 ps in total in 16 cycles (819.2 us))

SET (P7FC).1 ; Sets P7TFC1 to "1"

SET (P7CR).1 ; Sets P7TCR1 to "1"

LD (POFFCRO0),0x10 ; Sets TCOO1EN to "1"

DI ; Sets the interrupt master enable flag to "disable"
SET (EIRH).4 ; Sets the INTTCOO interrupt enable register to "1"
El ; Sets the interrupt masterenable flag to "enable"
LD (TO1MOD),0xF2 ; Selects the 12-bit PWM mode and fcgck/2

LD (TOOPWM),0x65 ; Sets the timer register (duty pulse)

; (14.0625pus x 16)./ (2/fcgck) = 0x465
LD (TO1PWM),0x04 ; Sets the timer register (duty pulse)
LD (T001CR),0x06 ; Starts TC00 and TC01

¢ Timer start

JUuy

Overflow Overflow Overflow
256 256 256 256
X N D X N
E Counter Counter Counter Counter
i clear clear clear clear
HWrite m (0001) H Write s (0011)
[ Write k [ Write r
km (0001) rs (0011)
A
0001 Q 0011
— \ 4
km (@Match detection QMatch detection @ Match detection QMatch detectiony rs Q
b)) > I < 5
G Seadditional pulse
Becomes the level selected at H
INTTCOO interrupt request TFF1 while the timer is stopped ] Interrupt request ))] Interrupt request ] Interrupt request ] Interrupt request
« «
2 2 |
<“—> <« > <« >
km km km+1 km rs
(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)
i 256 counts 1 256 counts ¢ 1 256 counts ¢ 1 256 counts 1
(Cycle 1) (Cycle 2) (Cycle 9) (Cycle 16) (Cycle 17)

When the double buffer is enabled (TOLMOD<DBE1>="1")

Figure 14-15 12-bit PWM Mode Timing Chart

RAOQ005

Page 203




14. 8-bit Timer Counter (TCO)

14.4 Functions

TMP89CM46

Table 14-12 Resolutions and Cycles in the 12-bit PWM Mode

Source clock [Hz]

Resolution

8-bit cycle
(period x 16)

RAOQ005

TO1MOD
NORMAL1/2 or IDLE1/2 mode
<TCK1> SLOW1/2 or
SYSCR1<DVI9CK> | SYSCR1<DV9CK> SLEEP1 mode fcgck=10MHz | fs=32.768kHz |.fcgck=10MHz | fs=32.768kHz
= Q" = nqn
52.4ms 125ms
000 fcgek/2' fs/24 fs/24 204.8ps 488.2ps
(838.9ms) (2000ms)
26.2ms 62.5ms
001 fegek/210 fs/23 fs/23 102.4ps 244 1ys
(419.4ms) (1000ms)
6.6ms
010 fcgck/28 fcgek/28 - 25.6ps - -
(104.9ms)
1.6ms
011 fcgck/28 fcgck/28 - 6.4us - -
(26:2ms)
409.6ps
100 fcgck/24 fcgek/24 - 1.6us - -
(6.6ms)
102.4us
101 fcgck/2? fcgck/2? - 400ns - -
(1.6ms)
51.2us
110 fcgck/2 fcgek/2 - 200ns - H -
(819.2ps)
25.6us 31.3ms
111 fegek fcgek fs/22 100ns 122.1us
(409.6ps) (500ms)
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14.4.8 16-bit programmable pulse generate (PPG) output mode

In the 16-bit PPG mode, TC00 and TCO1 are cascaded to output the pulses that have a resolution of 16 bits
and arbitrary pulse width and duty. Two 16-bit registers, TO1+00REG and TO1+00PWM, are used to output the
pulses. This enables output of longer pulses than an 8-bit timer.

14.4.8.1  Setting

Setting TOOICR<TCAS> to "1" connects TC00 and TCO1 and activates the 16-bit mode. All the settings
of TCOO0 are ignored and those of TCO1 are effective in the 16-bit mode.

The 16-bit PPG mode is selected by setting TOIMOD<TCM 1> to-"11". To use the internal clock as the
source clock, set TOIMOD<EIN1> to "0" and select the clock at TOIMOD<TCK1>. To use.an external clock
as the source clock, set TOIMOD<EINO> to "1".

Set TOIMOD<DBEI> to "1" to use the double buffer:

Set the count value that corresponds to a cycle as a 16-bit value at the timer registers TO1REG and TOOREG.
Set the count value that corresponds to a duty pulse'as a 16-bit value at TOIPWM and TOOPWM (hereinafter,
the 16-bit value specified by the combined setting of TOIREG and TOOREG is-indicated as TO1+00REG, and
the 16-bit value specified by the combined setting of TOIPWM and TOOPWM is indicated as TO1+00PWM).
The timer register settings are reflected onthe double buffer or TO1+00PWM and TO1+00REG when a write
instruction is executed on TOIPWM. Be sure to execute the write instructions on TOOREG, TOIREG and
TOOPWM before executing a write instruction.on TO1PWM: (When data is written to TO1PWM, the set values
of the four timer registers become effective at the same time.)

Set the initial state of the PPG1 pin at TOIMOD<TFF 1>, Setting TOIMOD<TFF1> to "0" selects the "L"
level as the initial state of the PPG1 pin. Setting TOIMOD<TFF1>'to "1" selects the "H" level as the initial
state of the PPG1 pin. If the PPG1 pin is set as the function output pin in the port setting while the timer is
stopped, the value of TOIMOD<TFFE 1> is output to the PPG1 pin. Table 14-13 shows the list of output levels
of the PPG1 pin.

Table14-13 List/of Output Levels of PRG1 Pin

PPG1 pin output level
TEF1 Before the start-of TO1+00PWM TO1+00REG Operation stop-
operation ped
(initial state) matched matched (initial state)
0 L H L L
1 H L H H

14:4.8.2- Operations

Setting TOO1CR<TOITRUN> to "1" allows the up counter to increment based on the selected source clock.
When a match between the up counter value and the value set to TO1+00PWM is detected, the output of the
PPG1 pin is reversed. When TOIMOD<TFF1>is "0", the PPG1 pin changes from the "L" to "H" level. When
TOIMOD<TFF1>is "1", the PPGI pin changes from the "H" to "L" level. At this time, an INTTCOO0 interrupt
request is generated.

The up counter continues counting up. When a match between the up counter value and the value set to
TO1+00REG is detected, the output of the PPG1 pin is reversed again. When TOIMOD<TFF1> is "0", the
PPG1 pin changes from the "H" to "L" level. When TOIMOD<TFF1> is "1", the PPG1 pin changes from the
"L" to "H" level. At this time, an INTTCO1 interrupt request is generated and the up counter is cleared to
"0x0000".

When TOO1CR<TO1RUN> is set to "0" during the timer operation, the up counter is stopped and cleared
to "0x0000". The PPG1 pin returns to the level selected at TOIMOD<TFF1>.
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When an external source clock is selected, input the clock at the TCO0 pin. The maximum frequency to be
supplied is fcgek/2 [Hz] (in NORMALI1/2 or IDLE1/2 mode) or fs/24 [Hz] (in SLOW1/2 or SLEEP1 mode),
and a pulse width of two machine cycles or more is required at both the "H" and "L" levels.

14.4.8.3

Double buffer

The double buffer can be used for TO1+00PWM and TOI+00REG by (setting TOIMOD<DBE1>. The
double buffer is enabled by setting TOIMOD<DBE1> to "0" or disabled by setting TOIMOD<DBEI1>to "1".

When the double buffer is enabled

When a write instruction is executed on TO1PWM after write instructions are executed on
TOOREG, TOIREG and TOOPWM during the timer operation, the set values are first stored in the
double buffer, and TO1+00PWM and TO1+00REG are not-updated immediately. TO1+00PWM
and TO1+00REG compare the previous set values 'with the up counter value. When a match be-
tween the up counter value and the TO1+00REG set value'is detected, an INTTCOL interrupt
request is generated and the double buffer set values are stored in TO1+00PWM and TO1+00REG.
Subsequently, the match detection is executed using new set values!

When a write instruction is executed on TO1PWM after write instructions are executed on
TOOREG, TO1REG and TOOPWM while the timer is stopped, the-set values areimmediately stored
in both the double buffer and TO1+00PWM and TO1+00REG.

When the double buffer is disabled

When a write instruction is executed’on TO1PWM after write instructions are executed on
TOOREG, TO1REG and TOOPWM during the timer operation, the set values are immediately stored
in TO1+00PWM and TO1+00REG. Subsequently, the match detection is executed using new set
values.

If the value set to TO1+00PWM or TO1+00REG is smaller than the up counter value, the
PPG1 pin is not reversed until the up counter overflows and a match detection is executed using
a new set value. If the value set to TO1+00PWM or TO1+00REG is equal to the up counter value,
the match detection is executed immediately after data is written into TO1+00PWM and TO1
+00REG. Therefore, the timing of changing the PPG1 pin may not be an integral multiple of the
source clock. If these are problems, enable the double buffer.

When a-write instruction-is executed on TO1PWM after write instructions are executed on
TOOREG, TOIREG and TOOPWM while the timer is stopped, the set values are immediately stored
in TO1+00PWM and TOT+00REG.

When'read instructions are executed on TO1+00PWM and TO1+00REG, the last value written into TO1
+00REG is read out, regardless of the TOOMOD<DBE1> setting.
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(Example) Operate TCO0 and TCO1 in the 16-bit PPG mode with the operation clock of fcgck/2 and output the 68us duty
pulse in 96us cycles (fcgck = 10 MHz)

RAOQ005

SET (P7FC).1 ; Sets P7FCO to "1"
SET (P7CR).1 ; Sets P7CRO to "1"
LD (POFFCRO0),0x10 ; Sets TCO01EN to "1"
DI ; Sets the interrupt master enable flag to "disable”
SET (EIRH).4 ; Sets the INTTCOO interrupt enable register to "1"
El ; Sets the interrupt master-enable flag to "enable"
LD (TO1MOD),0xF3 ; Selects the 8-bit PPG/'mode and fcgck/2
LD (TOOREG),0xEO0 ; Sets the timer register (cycle)
LD (TO1REG),0x01 ; Sets the timer register (cycle)

; 96ps / (2/fcgck) =0x01E0
LD (TOOPWM),0x54 ; Sets the timer register (duty pulse)
LD (TO1PWM),0x01 ; Sets the timer register (duty pulse)

;/68us / (2/fcgek) = 0x0154
LD (TO01CR),0x06 ; Starts TCO0 and TCO1
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14.4 Functions
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TOO1CR<TO1RUN>

TO1IMOD<TFF1>

Source clock

Counter

Write to TOOREG

Write to TOLREG

Double buffer

TO1+00REG

¢ Timer start

Timer stop ¢

JUUL

oot endinnd

[T
(0

Write to TOOPWM Write h

Write to TOLPWM

Double buffer

TO1+00PWM

PPG1 pin output

INTTCOO interrupt
request

INTTCOO interrupt
request

E Counter Counter Counter Counter
i clear clear clear clear
J Write b HWrite d. Write f
J Write a ”Write fc ” \|Nrite e
ab Xc:d Xef
ab Match detectioin :;Z:d Match detection © Match d:etection wef Match.detection C
H \iNri:te m H \ENrite r i
[ Write g [ Vilrite k [ Write (i]
gh k:m qr
gh Q@Match detectioni‘wkm @Match detection @Match detection rr Q Match detection

v

v

1

v

v

L Becomes the level selected at
TFF1 while the timer is stopped ]

Returns to the
level selected
at TFF1

——>|
Poogh T
(Duty pulse)
i ab
(Cycle 1)

<>
km

(Duty pulse)

(Cycle1)

(Cycle 1)

qr

(Cycle 1)

When the double buffer is enabled (TO1IMOD<DBE1>="1")

Figure 14-16 16-bit PPG Output Mode Timing Chart
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14.5 Revision History

Rev Description
I~ Revised interrupt name from "INTT00" and "INTTO1" to "INTTC00" and "INTTCO01".
Added upper bar to PWM and PPG label.
"14.4.3 8-bit pulse width modulation (PWM) output mode" Revised Exsample program.
RA4 "Figure 14-15 12-bit PWM Mode Timing Chart" Revised each item name.
RAOO5 "Figure 14-1 8-bit Timer Counters 00 and 01" Revised source clock from "fc" to "fcgck".

"14.4.7 12-bit pulse width modulation (PWM) output mode" Revised Example program.
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Page 210
RAOQ005



TMP89CM46

TOSHIBA

15. Real Time Clock (RTC)

The real time clock is a function that generates interrupt requests at certain intervals using the low-frequency clock.

The number of interrupts is counted by the software to realize the clock function.

The real time clock can be used only in the operation modes where the low-frequency-clock oscillates, except for
SLEEPO.

15.1 Configuration

g

RTCCR |
L—>| Selector —t—> INTRTC
interrupt request
allot o A A A A A A A A ptreq
RTCRUN 2%ss | 2%s | 2% | 2%is [ 2t ts | 2%%s | 2%s | 2%s
Y

(32.768 kHS _4>| Binary counter

Figure 15-1 Real Time Clock

15.2 Control

The real time clock is controlled by following resisters.

Low power consumption register 2

POFFCR2 7 6 5 4 3 2 1 0
(0XOF76) Bit Symbol - - RTCEN - - - - SIO0EN
Read/Write RW R/W R/W R/W R/W R/W R/W R/W
Afterreset 0 0 0 0 0 0 0 0
0 | Disable
RTCEN RTC control
1| Enable
0 | Disable
SIO0EN SIO0 control
1| Enable
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15.3 Function

TMP89CM46
Real time clock control register
RTCCR 7 6 5 3 2 0
(OxOFC8) Bit Symbol - - - RTCSEL RTCRUN
Read/Write R R R RAW R/W
After reset 0 0 0
000 : 2'/fs (1.000 [s] @fs=32.768kHz)
001 : 2'/fs (0.500 [s] @fs=32.768kHz)
010 : 2'3/fs (0.250 [s] @fs=32.768kHz)
) o 011 : 2'%/fs (125.0.[ms] @fs=32.768kHz)
RTCSEL Selects the interrupt generation interval
100 : 2""/fs (62.50 [ms] @fs=32.768kHz)
101 : 2'%fs (31.25'[ms] @fs=32.768kHz)
110 : 2%fs (15.62 [ms] @fs=32.768kHz)
111 : 28/fs (7.81 [ms] @fs=32.768kHz)
i i - | 0: Disabl
RTCRUN Enables/dlsables the real time clock opera: isable
tion 1. Enable

Note 1: fs: Low-frequency clock [Hz]
Note 2: RTCCR<RTCSEL> can be rewritten only when RTCCR<RTCRUN=> is "0". If data is written into RTCCR<RTCSEL>

Note 3:

15.3 Function

15.3.1

Real time clock has the' lowpower consumption registers (POFFCR2) that save power when the real time clock

is not being used,

Setting POFECR2<RTCEN> to "0" disables the basic clock supply to real time clock to save power. Note that
this renders the real time clock unusable. Setting POFFCR2<RTCEN> to "1" enables the basic clock supply to
real time clock and allows the real time clock to operate.

After reset, POFFCR2<RTCEN> are initialized to "0", and this renders the real time clock unusable. When
using the real time clock for the first time, be sure to set POFFCR2<RTCEN> to "1" in the initial setting of the

Low Power Consumption-Function

program (before the real time clock' control registers are operated).

Do not change POFFCR2<RTCEN>to "0" during the real time clock operation. Otherwise real time clock

may operate unexpectedly.

15.3.2 Enabling/disabling the real time clock operation

Setting RTCCR<RTCRUN> to "1" enables the real time clock operation. Setting RTCCR<RTCRUN> to "0"

disables the real time clock operation.

RTCCR<RTCRUN> is cleared to "0" just after reset release.

15.3.3 Selecting the interrupt generation interval

The interrupt generation interval can be selected at RTCCR<RTCSEL>.

when RTCCR<RTCRUN?> is "1", the existing data remains effective. RTCCR<RTCSEL> can be rewritten at the
same time as enabling the real time clock, but it cannot be rewritten at the same time as disabling the real time
clock.

If the real time clock is enabled and when 1) SYSCR2<XTEN> is cleared to "0" to stop the low-frequency clock
oscillation circuit or 2) the operation is changed to the STOP mode or the SLEEPO mode, the data in
RTCCR<RTCSEL> is maintained and RTCCR<RTCRUN?> is cleared to."0":
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RTCCR<RTCSEL> can be rewritten only when RTCCR<RTCRUN> is "0". If data is written into
RTCCR<RTCSEL> when RTCCR<RTCRUN> is "1", the existing data remains effective.

RTCCR<RTCSEL> can be rewritten at the same time as enabling the real time clock operation, but it cannot
be rewritten at the same time as disabling the real time clock operation.

15.4 Real Time Clock Operation

15.4.1  Enabling the real time clock operation

Set the interrupt generation interval to RTCCR<RTCSEL>, and at the same time, set RTCCR<RTCRUN> to
" 1 " .

When RTCCR<RTCRUN> is set to "1", the binary counter for the real time clock starts counting of the low-
frequency clock.

When the interrupt generation interval selected at RTCCR<RTCSEL> is/reached, a real time clock interrupt
request (INTRTC) is generated and the counter continues counting.

15.4.2 Disabling the real time clock operation

Clear RTCCR<RTCRUN> to "0".

When RTCCR<RTCRUN> is cleared to'"0", the binary counter for the real time clock is cleared to "0" and
stops counting of the low-frequency clock.
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16. Asynchronous Serial Interface (UART)

The TMP89CM46 contains 2 channels of asynchronous serial interfaces (UART).

This chapter describes asynchronous serial interface 0 (UARTO). For UARTI, replace the SFR addresses and pin
names as shown in Table 16-1 and Table 16-2.

Table 16-1 SFR Address Assignment

UARTXCR1 | UARTXCR2 [ UARTxDR | UARTxSR RDxBUF TDxBUF

(address) (address) (address) (address) (address) (address)
UARTO UARTOCR1 | UARTOCR2 | UARTODR | UARTOSR RDOBUF TDOBUF
(0x001A) (0x001B) (0x001C) (0x001D) (0x001E) (0x001E)
UART1 UART1CR1 | UART1CR2 | UART1DR | UART1SR RD1BUF TD1BUF

(0xOF54) | (0xOF55) | (OXOF56) | (OXOF57) | (0xOF58) | (0xOF58)

Table 16-2 Pin Names

Serial data Serial data

input-pin output pin

UARTO RXDO.pin TXDO pin

UART1 RXD1 pin TXD1 pin
Page 215
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16. Asynchronous Serial Interface (UART)

16.1

Configuration

TMP89CM46

16.1

PPGAO output
(TCAO output)

Configuration

UARTO control register 1

!

UARTO transmit data buffer

]

| UARTOCR1 | | UARTOCR1 | UARTO receive data buffer
| | RDOBUF
b e > +
[ A
2 o S K———— @ _|/Shift register 1+ 1
§ 5l< Parity bit
= 38 |4 Stop bit
INTTXDO _ § 27
interrupt request € = e
ptreq =i e —|Noise rejection circuit|—| RXDO
o o
s AN
L~ | AA
INTRXDO _ A DA control|—4D TXDO
interrupt request
__________________________________ \
Baud rate ]
generator S
A Receive
RT clock ¢
S 1B Y
A @A
A o g Frequency
Transmit g cr—< divider
o ' -
ounter Transmission stlart Counter 2714 A
EN

fcgek or fs

{ 8-bit counter

8-bit counter

EN

Start bit
detection

Comparator

Comparator

Match
detection

UARTODR

UARTO baud rate'register

I

Match detection

UARTOSR UARTOCR2

UARTO status UARTO control register 2

register ﬁ

1
1
1
1
1
1
1
1
1
1
:
1
: LA/ 2
1
1
1
1
1
1
1
1
1
1
[}
1
1

Figure 16-1 Asynchronous Serial Interface (UART)
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16.2 Control

UARTO is controlled by the low power consumption registers (POFFCR1), UARTO control registers 1 and 2
(UARTOCR1 and UARTOCR?2) and the UARTO baud rate register (UARTODR). The operating status can be monitored
using the UART status register (UARTOSR).

Low power consumption register 1

POFFCR1 7 6 5 4 3 2 1 0
(0XOF75) Bit Symbol SBIOEN - = UART1EN UARTOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
SBIOEN 12CO0 control
1| Enable
0 | Disable
UART1EN | UART1 control
1| Enable
0 | Disable
UARTOEN | UARTO control
1| Enable
Page 217
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16.2 Control TMP89CM46
UARTO control register 1
UARTOCR1 7 6 5 4 3 2 1 0
(0x001A) Bit Symbol TXE RXE STOPBT EVEN PE IRDASEL BRG -
Read/Write R/W R/W R/W R/W R/wW R/W R/W R
After reset 0 0 0 0 0 0 0
) . 0: | Disable
TXE Transmit operation
1: | Enable
. . 0: | Disable
RXE Receive operation
1: | Enable
0: | 1 bit
STOPBT | Transmit stop bit length .
1: 1 2 bits
. . 0: | Odd-numbered parity
EVEN Parity selection \
1: | Even-numbered parity.
. - 0: | No parity
PE Parity addition .
1: | Parity added
. . 0: | UART output
IRDASEL | TXD pin output selection
1: | IrDA output
When SYSCR2<SYSCK> is "0" When SYSCR2<SYSCK> is "1"
BRG Transfer base clock selection 0: fegek fs
1: TCAOQ output

Note 1: fcgck, Gear clock; fs, Low-frequency clock

Note 2: If the TXE or RXE bit is set to "0" during the transmission or receiving of data, the operation is not disabled until the data
transfer is completed. At this time, the data stored in the transmit data buffer is discarded.

Note 3: EVEN, PE and BRG settings are common to transmission and receiving,

Note 4: Set RXE and TXE to "0" before changing BRG.

Note 5: When BRG is set to the TCAO /output, the RT clock becomes asynchronous and the start bit of the transmitted/received
data may get shorter by a maximum of (UARTODR+1)/(Transfer base clock frequency)[s].

If the pin is not used for the-TCAQ output, control the TCAOQ output by using the port function control register.

Note 6: To prevent STOPBT, EVEN, PE, IRDASEL and BRG from being changed accidentally during the UART communication,
the register cannot be rewritten during the UART operation. For details, refer to "16.4 Protection to Prevent UARTOCR1
and UARTOCR2 Registers-from Being Changed ".

Note 7: When the STOP,/IDLEO or SLEEPO mode is activated, TXE and RXE are cleared to "0" and the UART stops. Other bits

keep their values:
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UARTO control register 2

UARTOCR2 7 6 5 4 3 2 1 0
(0x001B) Bit Symbol - - RTSEL RXDNC STOPBR
Read/Write R R R/W R/W R/W
After reset 0 0 0 0 0 0 0
Odd-numbered bits Even-numbered bits
of transfer frame of transfer frame
000: 16 clocks 16 clocks
001: 16 clocks 17 clocks
RTSEL Selects the number of RT clocks 010: 15 clocks 15 clocks
011: 15 clocks 16 clocks
100: 17 clocks 17 clocks
101: Reserved
11 Reserved
Selects the RXD input noise rejec- 00: [ No-noise rejection
RXDNG tion time 01: | 1 x(UARTODR+1)/(Transfer base clock frequency){s]
(Time of pulses to be removed as 10:/] 2 x (UARTODR+1)/(Transfer base clock frequency) [s]
noise) 113 [ 4 x (VARTODR+1)/(Transfer base clock frequency) [s]
. . 0: | 1-bit
STOPBR | Receive stop bit length \
1:| 2.bits
Note 1: When a read instruction is executed on JARTOCRZ, bits 7 and 6-are read as"0".
Note 2: RTSEL can be set to two kinds of RT clocks for the even- and‘odd-numbered bits of the transfer frame. For details, refer
to "16.8.1 Transfer baud rate calculation.method".
Note 3: For details of the RXDNC noise rejection time, refer to "16.10 Received Data Noise Rejection".
Note 4: When the STOP, IDLEO or SLEEPO mode is activated, the UART stops-automatically but each bit value of UARTOCR2
remains unchanged.
Note 5: When STOPBR is set to 2 bits, the first bit of the stop bits-(during data receiving) is not checked for a framing error.
Note 6: To prevent RTSEL, RXDNC and STOPBR from being changed-accidentally during the UART communication, the register

cannot be rewritten during’the(UART operation. For details, refer to "16.4 Protection to Prevent UARTOCR1 and
UARTOCR?2 Registers from Being Changed ".

UARTO baud rate register

UARTODR 7 6 5 4 3 2 1 0
(0x001C) Bit Symbol UARTODRY7 | UARTODR6 | UARTODRS5 | UARTODR4 | UARTODR3 | UARTODR2 | UARTODR1 | UARTODRO
Read/Write R/W R/W, R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Note 1: - Set UARTOCR1<RXE> and UARTOCR1<TXE> to "0" before changing UARTODR. For the set values, refer to "16.8
Transfer Baud Rate".
Note 2: When UARTOCR1<BRG> is setto the TCAO output, the value set to UARTODR has no meaning.
Note 3:. When the STOP, IDLEO or SLEEPO mode is activated, the UART stops automatically but each bit value of UARTODR

remains unchanged.
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UARTO status register

UARTOSR 7 6 5 4 3 2 1 0
(0x001D) Bit Symbol PERR FERR OERR - RBSY RBFL TBSY TBFL
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
. 0: | No parity error
PERR Parity error flag .
1: | Parity error
. 0: | No framing error
FERR Framing error flag .
1: | Framing error
0: | No overrrun error
OERR Overrun error flag
1: | Overrun error
. 0: | Before receiving/or end of receiving
RBSY Receive busy flag »
1: | On receiving
. 0: | Receive buffer empty
RBFL Receive buffer full flag .
1: | Receive buffer full
. 0: | Before transmission or end of transmission
TBSY Transmit busy flag o
1: | On‘transmitting
. 0y] Transmit buffer empty
TBFL Transmit buffer full flag . . "~
1:|" Transmit buffer full (Transmit data writing is completed)

Note 1: TBFL is cleared to "0" automatically after an INTTXDO interrupt request is/generated, and is set to "1" when data is set to
TDOBUF.

Note 2: When a read instruction is executed on UJARTOSR; bit 4 is read as"0".
Note 3: When the STOP, IDLEO or SLEEPO mode-is activated, each bit of UARTOSR is cleared to "0" and the UART stops.

UARTO receive data buffer

RDOBUF 7 6 5 4 3 2 1 0

(Ox001E) Bit Symbol RDODR7 RDODR6 RDODR5 RDODR4 RDODR3 RDODR2 RDODR1 RDODRO
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0

Note 1: When the STOP, IDLEO or SLEEPO mode is activated; the RDOBUF values become undefined. If received data is required,
read it before activating the mode:

UARTO transmit data buffer

TDOBUF 7 6 5 4 3 2 1 0

(0x001E) Bit Symbol TDODR?7 TDODR6 TDODR5 TDODR4 TDODR3 TDODR2 TDODR1 TDODRO
Read/Write W w w w w w w w
After reset 0 0 0 0 0 0 0 0

Note 1:_When the STOP, IDLEO or SLEEPO mode is activated, the TDOBUF values become undefined.
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16.3 Low Power Consumption Function

UARTO has a low power consumption register (POFFCR1) that saves power consumption when the UART function
is not used.

Setting POFFCR1I<UARTOEN> to "0" disables the basic clock supply to UARTO to save power. Note that this
renders the UART unusable. Setting POFFCR1<UARTOEN> to "1" enables the basic clock supply to UARTO and
renders the UART usable.

After reset, POFFCRI<UARTOEN> is initialized to "0", and this renders the UART unusable. When using the
UART for the first time, be sure to set POFFCR1<UARTOEN> to "1" in the initial setting of the program (before the
UART control register is operated).

Do not change POFFCR1<UARTOEN> to "0" during the UART operation;-otherwise UARTO may operate unex-
pectedly.
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16.4 Protection to Prevent UARTOCR1 and UARTOCR2 Registers from Being Changed TMP89CM46

16.4 Protection to Prevent UARTOCR1 and UARTOCR2 Registers from Being
Changed

The TMP89CM46 has a function that protects the registers from being changed so that the UART communication
settings (for example, stop bit and parity) are not changed accidentally during the UART operation.

Specific bits of UARTOCR1 and UARTOCR2 can be changed only under the conditions shown in Table 16-3. If a
write instruction is executed on the register when it is protected from being changed, the bits remain unchanged and
keep their previous values.

Table 16-3 Changing of UARTOCR1 and UARTOCR2

Conditions that allow-the bit to be changed

Function

Bit to be changed

UARTOCR1 UARTOSR UARTOCR1 UARTOSR
<TXE> <TBSY> <RXE> <RBSY>
UARTOCR1<STOPBT> Transmit stop bit length Both of these bits are "0" - =
UARTOCR1<EVEN> Parity selection
All of these bits are "0"
UARTOCR1<PE> Parity addition

UARTOCR1<IRDASEL> TXD pin output selection Both of these bits are "0" - -

UARTOCR1<BRG> Transfer base clock selection
: All of these bits/are "0"
UARTOCR2<RTSEL> Selection of number of RT
clocks
UARTOCR2<RXDNC> Selectllon of R)t(_D pt|_n input
noise rejection time > - Both of these bits are "0"
UARTOCR2<STOPBR> Receive stop bit length
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16.5 Activation of STOP, IDLEO or SLEEPO Mode
16.5.1 Transition of register status

When the STOP, IDLEO or SLEEP0O mode is activated, the UART stops autematically and each register be-
comes the status as shown in Table 16-4. For the registers that do not hold their values, make settings again as
needed after the operation mode is recovered.

Table 16-4 Transition of Register Status

7 6 5 4 3 2 1 0
TXE RXE STOPBT EVEN PE IRDASEL BRG -
UARTOCR1 N N -
Cleared to 0 | Cleared to 0 Hold the val- | Hold the val- | Hold the val-| Hold'the val- | Hold the val }
ue ue ue ue ue
- - RTSEL RXDNC STOPBR
UARTOCR?2 ) ) Hold the val- | Hold the val- { Hold the val- | Hold the val- | Hold the val- { Hold the val-
ue ue ue ue ue ue
PERR FERR OERR - RBSY RBFL TBSY TBFL
UARTOSR
Cleared to O | Cleared to O | Cleared to 0 - Cleared to 0 | Cleared to 0 | Cleared to-0.| Cleared to 0
UARTODR7 | UARTODR6 | UARTODR5 | UARTODR4 | UARTODR3 | UARTODR2 | UARTODR1 | UARTODRO
UARTODR Hold the val- | Hold the val- | Hold the val- | Hold the val-'| Hold the val- | Hold the-val- | Hold the val- | Hold the val-
ue ue ue ue ue ue ue ue
RDODR7 RDODR6 RDODR5 RDODR4 RDODR3 RDODR2 RDODR1 RDODRO
RDOBUF Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi-
nate nate nate nate nate nate nate nate
TDODR?7 TDODR6 TDODR5 TDODR4 TDODR3 TDODR2 TDODR1 TDODRO
TDOBUF Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi-
nate nate nate nate nate nate nate nate

16.5.2 Transition of TXD pin status

When the IDLEO, SLEEPO or STOP mode. is activated, the TXD pin reverts to the status shown in Table
16-5, whether data is transmitted/received or the operation is stopped.

Table 16-5 TXD Pin Status When the STOP, IDLEO or SLEEPO Mode Is Activated

RAOQ01

UARTOCR1 STOP mode
IDLEO-or' SLEEPO mode
JRDASEL> SYSCR1<OUTEN>="1" | SYSCR1<OUTEN>="0"
"0" Hlevel H level
Hi-Z
" L level L level
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16.6 Transfer Data Format

The UART transfers data composed of the following four elements. The data from the start bit to the stop bit is
collectively defined as a "transfer frame". The start bit consists of 1 bit (L level) and the data consists of 8 bits. Parity
bits are determined by UARTOCR 1<PE> that selects the presence or absence of parity and UARTOCR1<EVEN> that
selects even- or odd-numbered parity. The bit length of the stop bit can be selected-at UARTOCRI<STBT>.

Figure 16-2 shows the transfer data format.

Start bit (1 bit)

Data (8 bits)

Parity bit (selectable from even-numbered, odd-numbered or no parity)
Stop bit (selectable from 1 bit or 2 bits)

Transfer frame

PE |STBT 1 2 3 4 5 6 7 8 9 10 11 12

o | o _\Startx BltOX Blth B|t2X anx B|t4X anx B|t6X B|t7YSt0pl. 5
o | 1 _\Start,( BltOXBlthBltZXB|t3XB|t4XB|t5XBIt6X B|t7)/Stop1 St0p2
1 0 _\ StartI;( BitOX Bit 1)( Bit 2)( Bit 3X Bit4X BitSX Bit GX Bit 7);(ParityYStop 1
1| 1 _\ smn,i( BitOX Bit 1X Bit 2X Bit 3)( Bit4Xi BitSXi Bit e)i( Bit 7XParityYStop 1;Stop 2

Figure 16-2 Transfer Data Format

16.7 Infrared Data Format Transfer Mode

The TXDO pin can output datain the infrared data format (IrDA) by the setting of the IrDA output control register.
Setting UARTOCRI<IRDASEL> to "1!" allows the TXDQ pin-to output data in the infrared data format.

Start bit Stop bit

UART output DO D1 I p2 ---- D7

IrDA output

T

3/16
Bit width

Figure 16-3 Example of Infrared Data Format (Comparison between Normal Output and IrDA
Output)
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16.8 Transfer Baud Rate

The transfer baud rate of UART is set by UARTOCR1<BRG>, UARTODR and UARTOCR2<RTSEL>. The settings

of UARTODR and UARTOCR2<RTSEL> for general baud rates and operating frequencies are shown below.

For independent calculation of transfer baud rates, refer to "16.8.1 Transfer baud rate calculation method".

Table 16-6 Set Values of UARTODR and UARTOCR2<RTSEL> for Transfer Baud Rates (fcgck=10 to 1 MHz,
UARTOCR2<RXDNC>=0y00)

RAOQ01

Basic Operating frequency
baud rate | Register 73728 | 6.144 4:9152
[baud] 10MHz | 8MHz My Mz 6MHz 5MHz I 4.19MHz|  4MHz 2MHz 1MHz
UARTODR |  0x04 0x03 - 0x02 0x02 - - 0x01 0x01 0x00 -
128000 RTSEL 0y011 0y011 - 0y000 0y011 - - 0y001 0y011 0y011 -
Error (+0.81%) | (+0.81%) - (0%) | (+0.81%) - - (-0.80%) | (+0.81%) | (+0.81%) -
UARTODR |  0x04 0x03 0x03 - 0x02 - . - 0x01 0x00 -
115200 RTSEL 0y100 0y100 0y000 - 0y100 - - - 0y100 0y100 -
Error (+2.12%) | (+2.12%) |  (0%) - (+2.12%) . - - (#2.12%) | (+2.12%) -
UARTODR | 0x07 0x06 0x05 0x04 0x04 0x03 0x03 - 0x02 - -
76800 RTSEL 0y001 0y010 0y000 0y000 0y011 0y001 0y000 - 0y100 - -
Error (-1.36%) | (-0.79%) | (0%) (0%) | (+0.81%).] (-1.36%) | (0%) - (+2.12%) - -
UARTODR | 0x09 0x07 0x06 0x05 0x05 0x04 0x04 0x03 0x03 0x01 0x00
62500 RTSEL 0y000 0y000 0y100 0y001 0y000 0y000 0y011 0y100 0y000 0y000 0y000
Error (0%) (0%) | (-0.87%) | (-0.70%)-| (0%) (0%) | (+1.48%) | (-1.41%) | (0%) (0%) (0%)
UARTODR |  Ox0A 0x08 0x07 0x06 0x06 0x04 0x04 - 0x03 0x01 0x00
57600 RTSEL 0y000 0y011 0y000 0y010 0y010 0y100 0y100 - 0y100 0y100 0y100
Error (-1.36%) | (-0.44%) | (0%) | (+1.59%) | (-0.79%) | (+2.12%) | (+0.39%) - (+2.12%) | (+2.12%) | (+2.12%)
UARTODR | 0x10 0x0C 0x0B 0x09 0x09 0x07 0x07 0x06 0x06 0x02 -
38400 RTSEL 0y011 0y000 0y000 0y000 0yo14 0y001 0y000 0y011 0y010 0y100 -
Error (-1.17%) |- (+0.16%)"| /' (0%) (0%) | (+0.81%) | (-1.36%) | (0%) | (+0.57%) | (-0.79%) | (+2.12%) -
UARTODR | 0x22 0x19 0x17 0x13 0x12 0x10 OXOF 0x0D 0x0C 0x06 0x02
19200 RTSEL 0y010 0y000 0y000 0y000 0y001 0y011 0y000 0y011 0y000 0y010 0y100
Error (-0.79%) | (+0:16%) |  (0%) (0%)— | (-0:32%) | (-1.17%) | (0%) | (+0.57%) | (+0.16%) | (-0.79%) | (+2.12%)
UARTODR | 0x40 0x30 Ox2F 0x27 0x26 0x22 Ox1F 0x1C 0x19 0x0C 0x06
9600 RTSEL 0y000 0y100 0y000 0y000 0y000 0y010 0y000 0y010 0y000 0y000 0y010
Error (+0.16%)] (+0.04%) |  (0%) (0%) | (+0.16%) | (-0.79%) | (0%) | (+0.34%) | (+0.16%) | (+0.16%) | (-0.79%)
UARTODR | ~0x8A 0x64 OX5F Ox4F 0x4D 0x40 0x3F 0x34 0x30 0x19 0x0C
4800 RTSEL 0y010 0y001 0y000 0y000 0y000 0y000 0y000 0y001 0y100 0y000 0y000
Error (-0.08%) | (¥0:01%) |. \ (0%) (0%) | (+0.16%) | (+0.16%) | (0%) | (-0.18%) | (+0.04%) | (+0.16%) | (+0.16%)
UARTODR | OxF4 0xC9 OxBF Ox9F 0x92 0x8A OX7F 0x6C 0x64 0x30 0x19
2400 RTSEL 0y100 0y001 0y000 0y000 0y100 0y010 0y000 0y000 0y001 0y100 0y000
Error (+0.04%) | (+0.01%) |  (0%) (0%) | (+0.04%) | (-0.08%) | (0%) | (+0.11%) | (+0.01%) | (+0.04%) | (+0.16%)
UARTODR - - - - - OxF4 OxFF OxE8 0xC9 0x64 0x30
1200 RTSEL - - - - - 0y100 0y000 0y010 0y001 0y001 0y100
Error - - - - - (+0.04%) | (+0%) | (-0.10%) | (+0.01%) | (+0.01%) | (+0.04%)
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Table 16-7 Set Values of UARTODR and UARTOCR2<RTSEL> for Transfer
Baud Rates (fs=32.768 kHz, UARTOCR2<RXDNC>=0y00)

Basic baud Operating frequency
rate Register
[baud] 32.768 kHz
UARTODR 0x06
300 RTSEL 0y011
Error (+0.67%)
UARTODR 0x0D
150 RTSEL 0y011
Error (+0.67%)
UARTODR 0x0E
134 RTSEL 0y001
Error (-1.20%)
UARTODR 0x11
110 RTSEL 0y001
Error (+0:30%)
UARTODR 0x1C
75 RTSEL 0y010
Error (+0.44%)

Note 1: The overall error from the basic baud rate-must be within £3%. Even if the overall error is within 3%, the communication

16.8.1

may fail due to factors such as frequency errors in external controllers (for example, a personal computer) and oscillators
and the load capacity of the communication pin.

Transfer baud rate calculation method

16.8.1.1  Bit width adjustment using UARTOCR2<RTSEL>

The bit'width of transmitted/received data can be finely adjusted by changing UARTOCR2<RTSEL>. The
number of RT clocks per bit can be changed in-a range of 15 to 17 clocks by changing UARTOCR2<RTSEL>.
The RT clock is the transfer base clock, which is the pulses obtained by counting the clock selected at
UARTOCRI<BRG> the number -of times of (UARTODR set value) + 1. Especially, when
UARTOCR2<RTSEL> is set to "0y001" or "0y011", two types of RT clocks alternate at each bit, so that the
pseudo baud rates of RT X 15.5 clocks and RT % 16.5 clocks can be generated. The number of RT clocks per
bit'of transfer frame is shown in Figure 16-4.

Forexample, when fcgekis 4 [MHz], UARTOCR2<RTSEL> is set to "0y000" and UARTODR is set to
"0x19", the baud rate calculated using the formula in Figure 16-4 is expressed as:

fegek / (16 x (UARTODR + 1) = 9615 [baud]

These settings generate a baud rate close to 9600 [baud] (+0.16%).
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Transfer frame

PE |STBT 1 2 3 4 5 6 7 8 9 10 11 12

o | o _\'\Startx B|t0X Blth BltZX B|t3X B|t4X B|t5X B|t6X B|t7)f'3top1.
o | 1 _\Start' B|t0XBlthBlt2XB|t3XB|t4X BltSX Blt6XBlt7XStopl St0p2:
1 0 _\ Start,f( Bit oX Bit 1X Bit 2X Bit 3X Blt4X Bit 5X Bit GX Bit 7)E(Par|ty)IStop 1-

Start A Bit0 X Bit 1 X Bit 2 X Bit 3 Bit 4X Bit 5 Bit 6 X Bit 7 XParltyYStop 1.Stop 2

RTSEL Number Of RT CIOCks Generated baud rate
000 16 16 16 16 16 16 16 16 16 16 16 16 m—x(uf/iqRC%)R—ﬂ) [baud]
001 16 17 16 17 16 17 16 17 16 17 16 17 T65% (LCAE:(TDRH) [baud]
010 15 15 15 15 15 15 15 15 15 15 15 15 B—X(J%]F%R—Jrl) [baud]
011 15 16 15 16 15 16 15 16 15 16 15 16 ﬁ%}w [baud]
100 17 17 17 17 17 17 17 17 17 17 17 17 7% (JZRC#DRH) [baud]

*When BRG is set to fcgck

Figure 16-4 Fine Adjustment of Baud Rate Clock Using UARTOCR2<RTSEL>

16.8.1.2 Calculation of set values of UARTOCR2<RTSEL> and UARTODR

The set value of UARTODR for an operating frequency and baud rate can be calculated using the calculation
formula shown in Figure 16-5. For example, to generate a basic baud rate of 38400 [baud] with fcgck=4
[MHz], calculate the set value of UARTODR: for each setting of UARTOCR2<RTSEL> and compensate the
calculated value to a positive number to obtain the generated baud rate as shown in Figure 16-6. Basically,
select the set value of UARTOCR2<RTSEL> that has the smallest baud rate error from among the generated
baud rates. In Figure 16-6, the setting of UARTOCR2<RTSEL>="0y010" has the smallest error among the
calculated baud rates, and thus the generated baud rate is 38095 [baud] (—0.79%) against the basic baud rate
of 38400 [baud].

Note: The error from the basic baud rate should-be accurate-to within £3%. Even if the error is within £3%,
the communication mayfail due to factors such as/frequency errors of external controllers (for example,
a personal computer) and oscillators.and the/load capacity of the communication pin.

RTSEL UARTDR set value
000 UARTDR = %_1
001 UARTDR = %_1
010 UARTDR = %_1
011 UARTDR = %_1
100 UARTDR = %_

Figure 16-5 UARTODR Calculation Method (When BRG Is Set to fcgck)
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RTSEL UARTDR calculation Generated baud rate
000 UARTDR = % —-1=6 W =35714 [baud] (—6.99%)
001 UARTDR = % —1=5 % =40404 [baud] (+5.22%)
010 UARTDR = % —1=6 % =38095 [baud] (—0.79%)
011 UARTDR = % —-1=6 % =36866 [baud] (—3.99%)
100 UARTDR = % —-1=5 % =39216 [baud](+2.12%)

Figure 16-6 Example of UARTODR Calculation
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16.

9 Data Sampling Method

The UART receive control circuit starts RT clock counting when it detects a falling edge of the input pulses to the
RXDO pin. 15 to 17 RT clocks are counted per bit and each clock is expressed as RTn (n=16 to 0). In a bit that has 17
RT clocks, RT16 to RTO are counted. In a bit that has 16 RT clocks, RT15 to RTO are counted. In a bit that has 15 RT
clocks, RT14 to RTO are counted (Decrement). During counting of RT8 to RT6, the UART receive control circuit
samples the input pulses to the RXDO0 pin to make a majority decision. The same level detected twice or more from
among three samplings is processed as the data for the bit.

The number of RT clocks can be changed in a range of 15 to 17 by setting UARTOCR2<RTSEL>. However,
sampling is always executed in RT8 to RT6, even if the number of RT clocks is changed (Figure 16-7).

RXDO pin \ Start Bit /< Bit 0 X

RT1514 13121110 9 8 7 6 5 4 3 2 1 0 151413121110 9-8 7 6 5 4 3 2 1 0 151413

RT clock

| ||
Internal received \ Start Bit l l l /< Bit 0 V * * X

data

(a) UARTCR2<RTSEL>.is “000B”

RXDO pin \ StarBit A Bito X

RT1514 13121110 9 8 7 6 5 4 3 2,1/016151413121110 9 8 7 6.5 4 3 2 1 01514

RT clock

L]
:jn;te;nal received \ Start Bit l l l /< Bit 0 V * * X

(b) UARTCR2<RTSEL>/is “001B”

RXDO pin \  StartBit A sito X sit1

RT1413 121110 9 8 7 6 5 4.3 2 1 0 1413121110 9-8 7 6 5 4 3 2 1 0 141312 1110

RT clock

L]
Internal received \ Start Bit l l l I( Bit.0 * * V X Bit 1

data

(c) UARTCR2<RTSEL> is “010B"

RXDO pin \ /Start Bit A sito X Bit1

RT1413 12 12110 9 8 7 6 5 4 3 2.1.0 151413121110 9 8 7 6 5 4 3 2 1 014131211

RT clock

| ||
nternal received \ Start Bit l l i /< Bit 0 * V * X Bit 1

|
data

(d) UARTCR2<RTSEL> is “011B”

RXDO pin \ Start Bit /< Bit 0 K

RT1615 14 13/12 11109 8 7 6 5 4 3 2 1 0161514131211 10 9 8 7 6 5 4 3 2 1 0 16

RT-cloek ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
|||
nternal received \ Start Bit lll /< Bit 0 * * * X:

|
data

(e) UARTCR2<RTSEL> is “100B”

Figure 16-7 Data Sampling in Each Case of UARTCR2<RTSEL>
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If "1" is detected in sampling of the start bit, for example, due to the influence of noise, RT clock counting stops
and the data receiving is suspended. Subsequently, when a falling edge is detected in the input pulses to the RXDO0
pin, RT clock counting restarts and the data receiving restarts with the start bit.

Counting is suspended until
the next falling edge is detected

RT1514 13121110 9 8 7 6 1514131211109 8 7 6 5 4 3 2 1 0 1514131211109 8 7 6 5 4 3
RT clock

D—
Noise

RXDO pin _\ Start Bit I( Bit-0
:jnt?rnal received_\ Start Bit I( Bit-0 ? ?
ata
Yvy
Shift register \\ \ ‘\7 Bit 0

Afalling edge YYVY Afalling edge YYY The repewed dat.a is ta}ken
is detected Error because s detected Receiving continues into'the shift register
the start bit is 1 because the start bit is 0

Figure 16-8 Start Bit Sampling
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16.10 Received Data Noise Rejection

When noise rejection is enabled at UARTOCR2<RXDNC>, the time of pulses to be regarded as signals is as shown

in Table 16-8.

Table 16-8 Received Data Noise Rejection Time

Time of pulses to be regarded as signals

RXDNC Noise rejection time [s]
00 No noise rejection -
01 (UARTODR+1)/(Transfer base clock frequency) 2 x (UARTODR+1)/(Transfer base clock frequency)
10 2 x (UARTODR+1)/(Transfer base clock frequency) 4 x (UARTODR+1)/(Transfer base clock frequency)
11 4 x (UARTODR+1)/(Transfer base clock frequency) 8 x (UARTODR+1)/(Transfer base clock frequency)

Note 1: The transfer base clock frequency is the clock frequency selected at UARTCR1<BRG>.

151413121110 9 8 7 654 3.2-1 0 151413121110 9-.8-7 6 5 4 3

RT clock
Noise
RXDO pin Start bit ,( Bit0
Internal received U Noise is removed Start bit /< Bit 0 ? 99
data + + +
—
Shift register //_\ \Q //77/\ X s

Afalling edge
is detected

\AA/
Receiving continues
because the start bitis 0

When'the noise rejection
circuit'is used

The received data is taken into
the shift register

Figure 16-9 Received Data Noise Rejection
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16.11

Transmit/Receive Operation

16.11.1 Data transmit operation

Set UARTOCRI<TXE>to "1". Check UARTOSR<TBFL> = "0", and then write data into TDOBUF (transmit
data buffer). Writing data into TDOBUF sets UARTOSR<TBFL> to "1", transfers the data to the transmit shift
register, and outputs the data sequentially from the TXDO pin. The data output includes a start bit, stop bits whose
number is specified in UARTOCR1<STBT> and a parity bit if parity addition is specified. Select the data transfer
baud rate using UARTOCR1<BRG>, UARTOCR2<RTSEL> and UARTODR. When data transmission starts, the
transmit buffer full flag UARTOSR<TBFL> is cleared to "0" and an INTTXDO interrupt request is generated.

Note 1: After data is written into TDOBUF, if new data is written into TDOBUF before the previous data is transferred
to the shift register, the new data is written over the previous data and is transferred to the shift register.

Note 2: Under the conditions shown in Table 16-9, the TXDO pin output is fixed-atthe L or H level according to the
setting of UARTOCR1<IRDASEL>.

Table 16-9 TXDO Pin Output

TXDO pin output

Condition
IRDASEL="0" IRDASEL="1"

When UARTOCR1<TXE> is "0"

From when "1" is written to
UARTOCR1<TXE> to when the trans-

mitted data is written to TDOBUF Y level davd

When the STOP, IDLEO or SLEEPO
mode is active

16.11.2 Data receive operation

Set UARTOCR1<RXE> to "1".-When data is received via the RXDO pin, the received data is transferred to
RDOBUF (receive data buffer). At this time, the transmitted data includes a start bit, stop bit(s) and a parity bit
if parity addition is specified. When the stop bit(s) are received, data only is extracted and transferred to RDOBUF
(receive data buffer). Then the receive buffer full flagcUARTOSR<RBFL> is set and an INTRXDO interrupt
request is generated. Set the data transfer baud rate using UARTOCR1<BRG>, UARTOCR2<RTSEL> and
UARTODR.

If an overrun error occurs when data is received, the data is not transferred to RDOBUF (receive data buffer)
but discarded; data in the RDOBUF is not affected.

RAOQ01
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16.12 Status Flag

16.12.1  Parity error

When the parity determined using the receive data bits differs from the received parity bit, the parity error flag
UARTOSR<PERR> is set to "1". At this time, an INTRXDO interrupt request is generated.

If UARTOSR<PERR> is "1" when UARTOSR is read, UARTOSR<PERR> will be cleared to "0" when
RDOBUF is read subsequently. (The RDOBUF read value becomes undefined.)

If UARTOSR<PERR> is set to "1" after UARTOSR is read, UARTOSR<PERR> will not be cleared to "0"
when RDOBUF is read subsequently. In this case, UARTOSR<PERR>will be cleared to "0" when UARTOSR is
read again and RDOBUF is read.

RXDO pin input tart{ 8o g1 sz Y e} i i g i Joarn stop
UARTOSR<PERR>

PERR is cleared.to “0”
when RDOBUF

INTRXDO interrupt request -| is read after reading PERR="1"/

Reading of UARTOSR

)
|
Reading of RDOBUF k,”

|
RDOBUF C\ K \ / Indelermina‘[e¢
v

Data reading

RXDO pin input tart @@@@@@@@@ Stop
UARTOSR<PERR> Not cleared
]

(@]

PERR is cleared to “0”
when RDOBUF
is read after reading PERR="1".

INTRXDO interrupt request

o
pa

Reading of UARTOSR

Reading of RDOBUF \\,ﬂ \,ﬂ
|
B
v

Data reading Data reading

—
—

RDOBUF Iy Y4 -

4
ol

Figure 16-10 Occurrence of Parity Error
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16.12.2 Framing Error

If the internal and external baud rates differ or "0" is sampled as the stop bit of received data due to the influence
of noise on the RXDO pin, the framing error flag UARTOSR<FERR> is set to-"1". At this time, an INTRXDO0
interrupt request is generated.

If UARTOSR<FERR> is "1" when UARTOSR is read, UARTOSR<FERR> will \be cleared to "0" when
RDOBUF is read subsequently.

If UARTOSR<FERR> is set to "1" after UARTOSR is read, UARTOSR<FERR> will not be cleared to "0"
when RDOBUF is read subsequently. In this case, UARTOSR<FERR>will be cleared to "0" when UARTOSR is
read again and RDOBUF is read.

Afalling edge is
detected

RX00 pin e

FERR'is generated if “0” is received
Sampling in the sampling of the stop bit.

Start Bit0 Bitl Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Stop

O

UARTOSR<FERR> |

FERRis cleared to “0”
-| when RDOBUF

INTRXDO interrupt request is read after reading FERR="1".

Reading of UARTOSR

'

|
Reading of RDOBUF k,”
I
0
v

Data reading

RDOBUF \\\\// Indeterminate

When the external baud rate is slower'than the.internally set baud rate

Afalling edge/is Afalling edge is
detected detected

RXDO pin input

Sampling
Start. /Bit0 Bitl Bit2~._Bit3 Bit4 Bits’ Bit6 Bit7 Stop Start Bit0O Bitl Bit2 Bit3 Bit4 Bit5
FERR-is generated if “0” is received O
UARTOSR<FERR> in the.sampling of the stop bit.

FERR is cleared to “0"
when RDOBUF

INTRXDO interrupt request is read after reading FERR="1".

1
v

Reading of UARTOSR I

Reading-of RDOBUF k,”
|

RDOBUF V Indeterminate (:)
v

Data reading

When the external baud rate is faster than the internally set baud rate

Figure 16-11 Occurrence of Framing Error

Page 234
RA001



TOSHIBA TMP89CM46

16.12.3 Overrun error

If receiving of all data bits is completed before the previous received data is read from RDOBUF, the overrun
error flag UARTOSR<OERR> is set to "1" and an INTRXDO interrupt requestis generated. The data received at
the occurrence of the overrun error is discarded and the previous received data is maintained. Subsequently, if
data is received while UARTOSR<OERR> is still "1", no INTRXDO interrupt request is generated, and the
received data is discarded. (Figure 16-12)

Note that parity or framing errors in the discarded received data cannot be detected. (These error flags are not
set.) That is to say, if these errors are detected together with an overrun error/during the reading of UARTOSR,
they have occurred in the previous received data (the data stored in RDOBUF): (Figure 16-13)

If UARTOSR<OERR> is "1" when UARTOSR is read, UARTOSR<OERR> will be cleared to "0" when
RDOBUF is read subsequently. (Figure 16-14)

If UARTOSR<OERR> is set to "1" after UARTOSR is read, UARTOSR<OERR> will not be cleared to "0"
when RDOBUF is read subsequently. In this case, UARTOSR<OERR> will be cleared to "0" when UARTOSR
is read again and RDOBUF is read. (Figure 16-14)

Data A Data B Data C
r A N A N A Al
S0 ) ) 9, o e o) () 0, o e ) 0 9 0
UARTOSR<RBFL>
UARTOSR<OERR> The flag is set.
No interrupt

. An interrupt request An‘interrupt request request is

INTRXDO interrupt request ] is generated. -| is generated. generated.

RDOBUF ( ( ﬂ\ Data A A A

The contents of data B.are discarded / The contents of data C are discarded /
and those of data A are maintained. and those of data A are maintained.

Figure 16-12 Generation of INTRXDO Interrupt Request

Page 235
RA001



16. Asynchronous Serial Interface (UART)

16.12 Status Flag TMP89CM46
Data A Data B Data C Data D
r A N A 2l r A N A 2l
SNSRI O &9 0 o 0 69 0 EE NS CT) 49 20/ o 69 2
v ¥
A parity error occurs. The parity is OK.} The flag is not set even if
UARTOSR<FERR> (a framing error occurs.
UARTOSR<PERR> \—' The flag is set.
UARTOSR<RBFL>
UARTOSR<OERR>
. An interrupt request An interrupt request No interrupt request
INTRXDO interrupt request | is generaed. ] 's generated. < is generated. —»
RDOBUF Data A ) ) 2
The contents of data B are discarded / The contents of data-C are discarded / The dc_ontegtsaof dda{ﬁ D aref /
and those of data A are maintained. and those of data A are-maintained. IScarqegrantNiose o

data A are maintained.

When a parity error occurs in the first received data and a framing-error occurs in the second-data

Data A Data B Data C Data D
r A N A N A N 2y Al
RXDO pin input Start @ Stop \ Start @ @ Stop \ Start m 1@ Stop\ Start @ ' Stop
v ¥
The parity is OK. A parity error oceurs. The error flag is not set
UARTOSR<PERR> together with an overrun error.
UARTOSR<RBFL>
UARTOSR<OERR>
. An interrupt request An interrupt request No interrupt request
INTRXDO interrupt request ] is generated. ] is generated. <«—is generated. —>
RDOBUF [ [ X baaa A N N
The-contents of data B are discarded / The contents of data C are / The contents of data D are /
and-those of data A are maintained. discarded and those of discarded and those of
data A are maintained. data A are maintained.

When a parity error occurs in-the second received data

Figure 16-13 Framing/Parity Error Flags'When an Overrun Error Occurs
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Data A Data B
A A

O
UARTOSR<RBFL>
T RBFL is cleared to “0” when
O RDOBUF is read after reading
UARTOSR<OERR> RBFL="1".
OERR is cleared to “0” when
. RDOBUF.is read after reading
INTRXDO interrupt request ] ] OERR=%1".

Reading of UARTOSR

Reading of RDOBUF

|
|
\&

RDOBUF

Data A

[
|
y 3

RXDO pin input

UARTOSR<RBFL>

The contents of data B are discarded /

and those of data A are maintained.

Data A Data B
A A

Reading of data A

I N r )
Start @@ m Stop \ Start m@ g:_/stop

RBFL is-cleared to “0” when

UARTOSR<OERR>

|

RDOBUFis read after reading
RBFL=“1",

O—|

INTRXDO interrupt request

OERR is cleared to “0” when
RDOBUF is read after reading
OERR="1".

A

Reading of UARTOSR

Reading of RDOBUF

]
|
N4

'
|
\J

RDOBUF

—
\\J / Data A 4)
The contents of data B are discarded / ¢ ¢
and those of data-A are-maintained. Reading  Reading
of data A  of data A

Figure 16-14 Clearance of Overrun Error Flag
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16.12.4 Receive Data Buffer Full
Loading the received data in RDOBUF sets UARTOSR<RBFL> to "1".

If UARTOSR<RBFL> is "1" when UARTOSR is read, UARTOSR<RBFL> will be cleared to "0" when
RDOBUF is read subsequently.

If UARTOSR<RBFL> is set to "1" after UARTOSR is read, UARTOSR<RBFL> will not be cleared to "0"
when RDOBUF is read subsequently. In this case, UARTOSR<RBFL> will be cleared to "0" when UARTOSR is
read again and RDOBUF is read.

Data A Data B
A A

UARTOSR<RBFL> _(‘D_l— ‘
1
v
n

RBFL is cleared to “0” when
RDOBUF is read after

INTRXDO interrupt request reading RBFL="1",

Reading of UARTOSR
Reading of RDOBUF k»ﬂ k»ﬂ

RDOBUF Data A

ot~

|
Data B ¢
v

Reading of data A Reading of data B

Figure 16-15 Occurrence of Receive Data Buffer Full
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16.12.5 Transmit busy flag

If transmission is completed with no waiting data in TDOBUF (when UARTOSR<TBFL>="0"),
UARTOSR<TBSY> is cleared to "0". When transmission is restarted after data is written into TDOBUF,
UARTOSR<TBSY> is set to "1". At this time, an INTTXDO interrupt request is generated.

UARTOCR1<TXE> Data A Data B

NooWoos

TXDO pin input stantf i N e stz i ) s st } i ) s sop

UARTOSR<TBFL> [
UARTOSR<TBSY>
INTTXDO interrupt 1 1
request
Writing of TDOBUF |
Writing of Writing of
data A data B

Figure 16-16 Transmit Busy Flag and Occurrence of Transmit Buffer Full

16.12.6  Transmit Buffer Full

When TDOBUF has no data, or when data in TDOBUF is transferred to the transmit shift register and trans-
mission is started, UARTOSR<TBFL> is-cleared to "0". At this time;an INTTXDO interrupt request is generated.

Writing data into TDOBUF sets UARTOSR<TBFL> to "1".

UARTOCRI1<TXE> Data A bata B

D 0 ) (2 0 (0 05 G 0 e e D G )

UARTOSR<TBFL> [ |
UARTOSR<TBSY> N
INTTXDO interrupt | |
request
Writing of TDOBUF I
Writing of Writing of
data A data B

Figure 16-17 Occurrence of Transmit Buffer Full
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16.13 Receiving Process

Figure 16-18 shows an example of the receiving process. Details of flag judgments in the processing are shown in
Table 16-10 and Table 16-11.

If any framing error or parity error is detected, the received data has erroneous value(s). Execute the error handling,
for example, by discarding the received data read from RDOBUF and receiving the data again.

Ifany overrun error is detected, the receiving of one or more pieces of data is unfinished. Itis impossible to determine
the number of pieces of data that could not be received. Execute the error handling, for example, by receiving data
again from the beginning of the transfer. Basically, an overrun error occurs when the internal software processing
cannot follow the data transfer speed. It is recommended to slow the transfer baud rate or modify the software to
execute flow control.

Receiving process INTRXDO interrupt
9p subroutine

Read UARTOSR Read UARTOSR

I |

| Read RDOBUF | I Read RDOBUF I

UARTOSR<RBFL>

1
0

Parity error Parity error

UARTOSR<PERR>
0
UARTOSR<FERR>

Framing error Framing error

Data processing | Error handling I Data processing | Error handling |
(Received data is valid) | (Received data is valid)
1
UARTOSR<OERR> UARTOSR<OERR>
Overrun error Overrun error
0
| Error-handling | Error handling |
END ( RETI )
When.no.receive interrupt is used When a receive interrupt is used

Figure 16-18 Example of Receiving Process

Note 1: If multiple interrupts are used.in the INTRXDO interrupt subroutine, the interrupt should be enabled after reading UARTOSR
and RDOBUF.
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Table 16-10 Flag Judgments When No Receive Interrupt Is Used

RBFL FERR/PERR OERR State

0 - 0 Data has not been received yet.

Some pieces of data could not be received‘during the previous
data receiving process

0 - 1 (Receiving of next data is completed in the period from when
UARTOSR is read to when RDOBUF is read in the previous
data receiving process.)

1 0 0 Receiving has been completed properly.

Receiving has been completed properly, but some pieces of
1 0 1 ;

data could not be received.
1 1 0 Received data has erroneous value(s).

Received data has erroneous value(s) and some pieces of
data could not be received.

Table 16-11 Flag Judgments When a Receive Interrupt Is.Used

FERR/PERR OERR State
0 0 Receiving has'been completed properly.
0 1 Receiving has been completed properly, but some pieces of

data could not be received.

1 0 Received data has erroneous value(s).

Received data has erroneous value(s) and some pieces of
data could not be received.
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16.14 AC Properties

16.14.1

IrDA properties

(Vss = 0.V, Topr = =40 to 85°C)

Iltem Condition Min Typ. Max Unit
Transfer baud rate = 2400 bps - 78.13 -
Transfer baud rate = 9600 bps - 19.53 -
TXD output pulse time Transfer baud rate = 19200 bps - 9.77 -
(RT clock x (3/16)) Transfer baud rate = 38400 bps - 4.88 - He
Transfer baud rate = 57600 bps - 3.26 -
Transfer baud rate = 115200 bps - 1.63 -

RAOQ01
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17. Synchronous Serial Interface (SIO)

The TMP89CM46 contains 1 channel of high-speed 8-bit serial interfaces of the clock synchronization type.

Table 17-1 SFR Address Assignment

SIOXCR SIOxSR SIOXxBUF
(address) (address) (address)

SIOOCR SIOOSR | SI00BUF
(0x001F) | (0x0020) .| (0x0021)

Serial interface 0

Table 17-2 Pin Names

Serial clock Serial-data Serial data
input/output pin input pin output pin
Serial interface 0 SCLKO pin SI0 pin SO0 pin
Page 243
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17.1 Configuration

2 Internal bus 8

INTSIOO0
v interrupt request
| SIO0CR | | SIO0SR | ’| S T |SIOOBUF
J L Shift register. on transmitter

> 1 Shift clock T T T Y T T T Port .
Internal clock —>| Control circuit I | |—>| oty |—|:| SO0 pin
I MSB/LSB selection L L L L L . .
— A . — _
wnd N R e [ e M E LY

Shift'register on receiver

| SIO0BUF

o :
(N‘;I‘e) D SCLKO pin

2 Internal bus 2

Q

Figure 17-1 Serial Interface

Note: The serial interface input/output pins are also used as the I/O ports. The 1/O port register settings are required
to use these pins for a serial interface. For details, refer to the chapter-.of 1/O’ports.
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17.2 Control

The synchronous serial interface SIO0 is controlled by the low power consumption registers (POFFCR2), the serial
interface data buffer register (SIOOBUF), the serial interface control register (SIOOCR) and the serial interface status

register (SIOOSR).

Low power consumption register 2

POFFCR2 7 6 5 4 3 2 1 0
(OXOF76) Bit Symbol - - RTCEN - - B - SIO0EN
Read/Write R/W R/W R/W R/W R/W. R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
RTCEN RTC control
1| Enable
0 | Disable
SIO0EN SIO0 control
1| Enable
Serial interface buffer register
SIO0BUF 7 6 5 4 3 2 1 0
(0x0021) Bit Symbol SIO0BUF
Read/Write R
After reset 0 0 0 0 0 0 0 0
Serial interface buffer register
SIO0BUF 7 6 5 4 3 2 1 0
(0x0021) Bit Symbol SIO0BUF
Read/Write w
After reset 1 1 1 1 1 1 1 1

Note 1: SIO0BUF is'the data buffer for both transmission.and reception. The last received data is read each time SIO0BUF is
read. If SIOOBUF has neverreceived data, itis read-as"0". When data is written into it, the data is treated as the transmit

data.
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Serial interface control register
SIO0CR 7 6 5 4 3 2 1 0
(0x001F) Bit Symbol SIOEDG SIOCKS SIODIR SIoS SIOM
Read/Write R/W R/W R/W RW R/IW
After reset 0 0 0 0 0 0 0 0
SIOEDG Transfer edge selection 0] 0: Receive. data ata ri.siﬁg edge and trans.mit data ata faII'ing edge
1| 1: Transmit data at a rising edge and receive data at a falling edge
NORMAL1/2 or IDLE1/2 mode SLOW1/2 or SLEEP1 mode
000 fcgek/2® -
001 fcgck/28 -
010 fcgck/25 -
SIOCKS Serial clock selection [Hz] 011 fcgck/24 -
100 fegckr2® -
101 fcgek/2? -
110 fcgek/2 fs/2?
11 External clock input
SIODIR | Transfer format (MSB/LSB) selec- 0 [/LSB first (transfer from bit 0)
tion 1.| MSB first (transfer from bit 7)
sios Transfer operation start/stop in- 0'[.0: Operation stop (reserved stop)
struction 1 [ 1: Operation start
00 | Operation stop (forced stop)
SIOM Transfer mode selection and 01| 8-bit transmit mode
operation 10 | 8-bit receive mode
11| 8-bit transmit and receive mode

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2: After the operation is started by writing "1" to SIOS, writing-to SIOEDG, SIOCKS and SIODIR is invalid until
SIO0SR<SIOF> becomes"0". (SIOEDG, SIOCKS and-SIODIR can be changed at the same time as changing SIOS from
"0"to "1".)

Note 3: After the operation is started by writing "1" to SIOS, no'values other than"00" can be written to SIOM until SIOF becomes
"0" (if a value from "01" to "11" is written.to-SIOM, itis ignored). The transfer mode cannot be changed during the operation.

Note 4: SIOS remains-at"0", if "1"™is written to SIOS when-SIOM is "00" (operation stop).

Note 5: When SIO is used in SLOW1/2 or’SLEEP1-mode, be sure to set SIOCKS to "110". If SIOCKS is set to any other value,
SIO will not operate: When SIO is used-in SLOW1/2 or SLEEP1 mode, execute communications with SIOCKS="110" in
adyance or change SIOCKS after SIO is.stopped.

Note 6: When STOP, IDLEO or SLEEPO mode is activated, SIOM is automatically cleared to "00" and SIO stops the operation.

At the same time, SIOS is cleared to "0". However, the values set for SIOEDG, SIOCKS and SIODIR are maintained.

RAOQ01
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Serial interface status register

SIO0SR 7 6 5 4 3 2 1 0
(0x0020) Bit Symbol SIOF SEF OERR REND UERR TBFL - -

Read/Write R R R R R R R R

After reset 0 0 0 0 0 0 0 0

SIOF Serial transfer operation status 0 [ Transfer not in progress

monitor 1| Transfer in progress
. . . 0 | Shift operation not in-progress
SEF Shift operation status monitor . L
1| Shift operation in progress
. 0| No overrun error has occurred

OERR Receive overrun error flag

1| Atleast one overrun error has‘occurred
) . 0 | No data has been received since the last receive data was read out

REND Receive completion flag . )

1 | Atleast one data receive operation has beenexecuted
i 0 [ No transmit underrun error has occurred

UERR Transmit underrun error flag .

1| At least one'transmit underrun error has occurred
. 0 | The transmit buffer is empty

TBFL Transmit buffer full flag ) .

1| The transmit buffer has the data that has not yet been transmitted

Note 1: The OERR and UERR flags are cleared by readingSIOOSR.
Note 2: The REND flag is cleared by reading SIOOBUF.

Note 3: Writing "00" to SIOOCR<SIOM> clears all the bits-of SIOOSR to "0", whetherthe serial interface is operating or not. When
STOP, IDLEO or SLEEPO mode is activated, SIOM is-automatically cleared to "00")and all the bits of SIOOSR are cleared

to "0".

Note 4: Bit 1 to 0 of SIOOSR are read "0".
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17.3 Low Power Consumption Function

Serial interface 0 has the low power consumption registers (POFFCR2) that save power when the serial interface
is not being used.

Setting POFFCR2<SIO0EN> to "0" disables the basic clock supply to serial interface 0 to save power. Note that
this renders the serial interface unusable. Setting POFFCR2<SIO0OEN> to "1" enables the basic clock supply to serial
interface 0 and allows the serial interface to operate.

After reset, POFFCR2<SIO0EN> are initialized to "0", and this renders the serial interface unusable. When using
the serial interface for the first time, be sure to set POFFCR2<SIOOEN> to "1" in the initial setting of the program
(before the serial interface control registers are operated).

Do not change POFFCR2<SIO0OEN> to "0" during the serial interface operation. Otherwise serial interface 0 may
operate unexpectedly.
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17.4 Functions

17.4.1 Transfer format

The transfer format can be set to either MSB or LSB first by using SIOOCR<SIODIR>. Setting SIOOCR<SIO-
DIR> to "0" selects LSB first as the transfer format. In this case, the serial data is transferred in sequence from
the least significant bit.

Setting SIOOCR<SIODIR> to "1" selects MSB first as the transfer format. In this case, the serial data is
transferred in sequence from the most significant bit.

17.4.2 Serial clock
The serial clock can be selected by using SIOOCR<SIOCKS>/

Setting SIOOCR<SIOCKS> to "000" to "110" selects the-internal-clock as the serial clock. In this case, the
serial clock is output from the SCLKO pin. The serial data is transferred in synchronization with the edge of the
SCLKO pin output.

Setting SIOOCR<SIOCKS>to "111" selects an external clock as the serial clock. In this case, an external serial
clock must be input to the SCLKO pin. The serial data is transferred in synchronization with the edge of the
external clock.

The serial data transfer edge can be selected for both the external and internal clocks. For details, refer to
"17.4.3 Transfer edge selection".

Table 17-3 Transfer Baud Rate

SI00CR Serial clock [Hz] fcgek=4MHz fcgck=8MHz fcgck=10MHz fs=32.768kHz
<SlocKks> | NORMAL1/2 or [ SLOW1/2 or 1-bit time | Baud rate | 1-bittime | Baud rate | 1-bittime | Baudrate | 1-bittime | Baud rate
IDLE1/2 mode | SLEEP1 mode (us) (bps) (us) (bps) (us) (bps) (Ms) (bps)
000 fcgek/2® - 128 7.813k 64 15625k 51.2 19.531k
001 fcgek/28 - 16 62.5k 8 125k 6.4 156.25k
010 fcgek/2® - 8 125k 4 250k 3.2 312.5k
011 fcgek/24 - 4 250k 2 500k 1.6 625k
100 fcgek/2® - 2 500k 1 ™ 0.8 1.25M
101 fcgek/2? - 1 ™ 0.5 2M 0.4 2.5M
110 fcgek/2 fs/23 0.5 2M 0.25 4M 0.2 5M 244 4k

17.4.3  Transfer edge selection

The serial data transfer‘edge can be selected by using SIOCR<SIOEDG>.

Table 17-4 Transfer Edge Selection

SIO0CR<SIOEDG> Data transmission Data reception
0 Falling edge Rising edge
1 Rising edge Falling edge

When SIOCR<SIOEDG> is "0", the data is transmitted in synchronization with the falling edge of the clock
and the data is received in synchronization with the rising edge of the clock.

When SIOCR<SIOEDG> is "1", the data is transmitted in synchronization with the rising edge of the clock
and the data is received in synchronization with the falling edge of the clock.
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SLCKO pin

Viviviviviviviy
so0 i (roX Tz (e ey

- ro)Ro){re)(re) ra)e) e (a7

When SIOCR<SIOEDG>="0"

SCLKO pin

 vivivivivivivigioo
SO0 pin 17

- ro) Ro){re) re) ra)RE) e a7

When SIOCR<SIOEDG>="1"

Figure 17-2 Transfer Edge

Note:When an external clock input is used, 4/fcgck-orlonger is needed between the receive edge at the 8th
bit and the transfer edge at the first bit of the next transfer.

/. - e Bl
SCLKO pin m
' i + Y i Y i ﬁ E Trailing edge atthe Leading edge at the
SO0 pin j( A6 X A7 X BO X B1 X B2 8th bit (receive edge) 1st bit (transmit edge)
Y A 4 A 4 v 4 Symbol Name Minimum time
SI0 pin :X C6 X C7 X DO X D1 X D2 tBl | Interval time between bytes | 4/fcgck

Figure 17-3 Interval time between bytes
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17.5 Transfer Modes

17.5.1 8-bit transmit mode

The 8-bit transmit mode is selected by setting SIOOCR<SIOM> to "01".

17.5.1.1  Setting

Before starting the transmit operation, select the transfer edges at SIOOCR<SIOEDG>, a transfer format
at SIOOCR<SIODIR> and a serial clock at SIOOCR<SIOCKS>. To use the internal clock as the serial clock,
select an appropriate serial clock at SIOOCR<SIOCKS>. To use an-external clock as the serial clock, set
SIOOCR<SIOCKS>to "111".

The 8-bit transmit mode is selected by setting SIOOCR<SIOM=>to "01".

The transmit operation is started by writing the first byte of transmit data to SIOOBUF and then setting
SIO0CR<SIOS>to "1".

Writing data to SIOOCR<SIOEDG, SIOCKS and SIODIR>is invalid when the serial communication is in
progress, or when SIOOSR<SIOF> is "1". Make! these settings while the serial communication is stopped.
While the serial communication is in progress (SIOOSR<SIOF>="1"), only writing "00" to SIOOCR<SIOM>
or writing "0" to SIOOCR<SIOS> is valid.

17.5.1.2  Starting the transmit operation

The transmit operation is started by writing data to SIOOBUF and then setting SIOOCR<SIOS>to "1". The
transmit data is transferred from SIOOBUF to the shift register, and then transmitted as the serial data from
the SO0 pin according to the settings of SIOOCR<SIOEDG, SIOCKS and SIODIR>. The serial data becomes
undefined if the transmit operation-is started without writing any transmit data to SIOOBUF.

In the internal clock operation; the serial clock of the selected baud rate is output from the SCLKO pin. In
the external clock operation, an external clock must be supplied to the SCLKO pin.

By setting' STIOOCR<SIOS>to "1", SIOOSR<SIOF and SEF> are automatically set to "1" and an INTSIO0
interrupt reéquest is generated.

SIOO0SR<SEF>is cleared to "0" when the 8th bit of the serial data is output.

17.5.1.3 Transmit buffer and shift.operation

Ifdata is written to SIOOBUF 'when the serial communication is in progress and the shift register is empty,
the written data is transferred to the shift register immediately. At this time, SIOOSR<TBFL> remains at "0".

If data is written to SIOOBUF when some data remains in the shift register, SIOOSR<TBFL> is set to "1".
If new data is written to SIOOBUF in this state, the contents of SIOOBUF are overwritten by the new value.
Make sure that SIOOSR<TBFL> is "0" before writing data to SIOOBUF.

17.5.1.4 Operation on completion of transmission

The operation on completion of the data transmission varies depending on the operating clock and the state
of SIOOSR<TBFL>.

(1)  When the internal clock is used and SIOOSR<TBFL> is "0"

When the data transmission is completed, the SCLKO pin becomes the initial state and the SO0 pin
becomes the "H" level. SIOOSR<SEF> remains at "0". When the internal clock is used, the serial clock
and data output is stopped until the next transmit data is written into SIOOBUF (automatic wait).
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When the subsequent data is written into SIOOBUF, SIOOSR<SEF> is set to "1", the SCLKO pin
outputs the serial clock, and the transmit operation is restarted. An INTSIOO interrupt request is gen-
erated at the restart of the transmit operation.

(2) When an external clock is used and SIOOSR<TBFL> is "0"

When the data transmission is completed, the SO pin keeps last output value. When an external serial
clock is input to the SCLKO pin after completion of the data transmission,.an'undefined value is trans-
mitted and the transmit underrun error flag SIOOSR<UERR> is set-to "1".

If a transmit underrun error occurs, data must not be written-to SIOOBUF during the transmission of
an undefined value. (It is recommended to finish the transmit-operation by setting SIOOCR<SIOS> to
"0" or force the transmit operation to stop by setting SIOOCR<SIOM> to "00".)

The transmit underrun error flag SIOOSR<UERR> is cleared by reading SIO0SR.

(3) When an internal or external clock is used .and SIOOSR<TBFL>(is "1"

When the data transmission is completed; SIOOSR<TBFL> is cleared to "0"., The data in SIOOBUF
is transferred to the shift register and the transmission of subsequent data is started. At this time,
SIOOSR<SEF> is set to "1" and an INTSIOO interrupt request is generated.

17.5.1.5 Stopping the transmit operation

Set SIOOCR<SIOS> to "0" to stop the transmit operation. When SIOOSR<SEF> is "0", or when the shift
operation is not in progress, the transmitoperation is stopped immediately and an INTSIOO interrupt request
is generated. When SIOOSR<SEF>is "1", the transmit operation is stopped after all the data in the shift register
is transmitted (reserved stop). At this time, an INTSIOO interrupt request is generated again.

When the transmit operation is completed, SIOOSR<SIOF, SEF and TBFL> are cleared to "0". Other
SIOOSR registers keep their, values.

If the internal clock has been used, the SO0 pin-automatically returns to the "H" level. If an external clock
has been used, the SO0 pin keeps the last output value. To return the SO0 pin to the "H" level, write "00" to
SIOOCR<SIOM> when. the operation-is stopped.

The transmit operation can be forced to stop by setting SIOOCR<SIOM> to "00" during the operation. By
setting SIOOCR<SIOM> to "00", SIOOCR<SIOS> and SIOOSR are cleared to "0" and the SIO stops the
operation, regardless of the SIOOSR<SEF> value. The SO0 pin becomes the "H" level. If the internal clock
is selected, the/SCLKO pin returns to the initial level.
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SIO0CR<SIOS>

SIO0CR<SIOM>

SIO0SR<SIOF>

SIOOSR<SEF>

SIOOSR<TBFL>

Internal clock

SO0 pin (output)

SCLKO pin (output)

INTSIOO interrupt r

SIO0BUF

Write to SIOOBUF

Start operation

Reserved stop

)

01

Automatic wait

vyuuuyuyuy

Data A
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Data B
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y
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Data C
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I Anvinterrupt is-generated
The level is held for'the period after transmission in
equest -| ] of the internal clockx(1/2) -| case of reserved stop
XA B c
Writing data A Writing data B Writing-data C

Figure 17-4 8-bit Transmit Mode (Internal Clock and Reserved Stop)
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Figure 17-5 8-bit Transmit Mode (Internal Clock and Forced Stop)
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Start operation Reselzrved stop
SIO0CR<SIOS> ] )
SIO0CR<SIOM> :X 01 00
SIO0SR<SIOF> ] |
SIO0SR<SEF> ] |_ |

Stopped while keeping

the current level'in-the operation __i1_!
SIO0SR<TBFL> | with an-external clock W
i
Data A Data B Data C
A A A

S00 pin (outpu) L L, . O G G Gl G Gy G G Gl
SCLKO pin (input) _|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|

An interrupt is generated after
-| ] transmission in case of reserved stop -|

INTSIOO interrupt request ]

SIOOBUF XA B c

X Returned to the H level by setting —
Write to SIOOBUF [ SIOCR1<SIOM> to “00”

Writing data A Writing data B Writing data C

Figure 17-6 8-bit Transmit Mode (External Clock and Reserved Stop)

Start operation Reserved stop Start operation Reserved stop Forced stop
'
SIO0CR<SIOS> .
SIO0CR<SIOM> X 01 00 X 01 00
SIO0SR<SIOF>
SIOOSR<SEF> |_
SIO0SR<TBFL> |
Data A Data C Data C
r A N A N r A N
- EO TS E DT e T T O T T
500 pin (output)
SCLKO pin (input)
. Forced stop has priority
INTSIOO interrupt request ] ] ] over reserved stop
SIO0BUF XA B Xc ? D
When the operation is restarted
\ If two pieces of data are written, after a forced stop, the last data
Write-to SIOOBUF |- the latter data is effective written to the buffer is transmined.[
Writing Writing Writing Writing
data A data B data C data D

Figure 17-7 8-bit Transmit Mode (External Clock and Forced Stop)
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Figure 17-8 8-bit Transmit Mode (External Clock and Occurrence of Transmit Underrun Error)
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17.5.2 8-bit Receive Mode

The 8-bit receive mode is selected by setting SIOOCR<SIOM> to "10".

17.5.2.1  Setting

As in the case of the transmit mode, before starting the receive operation; select the transfer edges at
SIOOCR<SIOEDG>, a transfer format at SIOOCR<SIODIR> and a serial clock at SIOOCR<SIOCKS>. To
use the internal clock as the serial clock, select an appropriate serial clock‘at SIOOCR<SIOCKS>. To use an
external clock as the serial clock, set SIOOCR<SIOCKS>to "111".

The 8-bit receive mode is selected by setting SIOOCR<SIOM>to 10",
Reception is started by setting SIOOCR<SIOS> to "1".

Writing data to SIOOCR<SIOEDG, SIOCKS and SIODIR> is-invalid when the'serial communication is in
progress, or when SIOOSR<SIOF> is "1". Make these 'settings while the serial communication is stopped.
While the serial communication is in progress (SIOOSR<SIOF>="1"), only writing "00"to' SIOOCR<SIOM>
or writing "0" to SIOOCR<SIOS> is valid.

17.5.2.2 Starting the receive operation

Reception is started by setting SIOOCR<SIOS> to "1". External serial data is taken into the shift register
from the SIO pin according to the settings of SIOOCR<SIOEDG;, SIOCKS and SIODIR>.

In the internal clock operation; the serial clock of the selected baud rate is output from the SCLKO pin. In
the external clock operation, an external clock must be supplied to the SCLKO pin.

By setting SIOOCR<SIOS> to "1, SIOOSR<SIOF ‘and SEF> are automatically set to "1".

17.5.2.3 Operation-on completion of reception

When the data reception is completed, the'data is transferred from the shift register to SIOOBUF and an
INTSIOO interrupt request is generated. The receive completion flag SIOOSR<REND> is set to "1".

In the operation with the internal clock; the serial clock output is stopped until the receive data is read from
SIOOBUEF (automatic wait). At this time, SIOOSR<SEF> is set to "0". By reading the receive data from
SIOOBUF, SIOOSR<SEF>is setto "1", the serial clock output is restarted and the receive operation continues.

In_the operation with an external clock, data can be continuously received without reading the received
data from SIOOBUF. In this case, data must be read from SIOOBUF before the subsequent data has been fully
received. If the subsequent-data is received completely before reading data from SIOOBUF, the overrun error
flag SIOOSR<OERR> is'set to "1'. When an overrun error has occurred, set SIOOCR<SIOM> to "00" to abort
the receive operation./The data received at the occurrence of an overrun error is discarded, and SIOOBUF
holds the data valuereceived before the occurrence of the overrun error.

SIOOSR<REND> is cleared to "0" by reading data from SIOOBUF. SIOOSR<OERR> is cleared by reading
SIOOSR.

17.5.2.4  Stopping the receive operation

Set SIOOCR<SIOS> to "0" to stop the receive operation. When SIOOSR<SEF> is "0", or when the shift
operation is not in progress, the operation is stopped immediately. Unlike the transmit mode, no INTSIOO0
interrupt request is generated in this state.

When SIOOSR<SEF> is "1", the operation is stopped after the 8-bit data has been completely received
(reserved stop). At this time, an INTSIOO interrupt request is generated.
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After the operation has stopped completely, SIOOSR<SIOF and SEF> are cleared to "0". Other SIOOSR
registers keep their values.

The receive operation can be forced to stop by setting SIOOCR<SIOM> to "00" during the operation. By
setting SIOOCR<SIOM> to "00", SIOOCR<SIOS> and SIOOSR are cleared to "0" and the SIO stops the
operation, regardless of the SIOOSR<SEF> value. If the internal clock is selected, the SCLKO pin returns to
the initial level.

Reserved
SIO0CR<SIOS> stop —

SIO0CR<SIOM> 10

SIOOSR<SIOF> N—
Automatic wait

SIO0SR<SEF>

SIO0SR<REND>

memarciock | [ ][] [ e U L

Data A Data C
A A

r

SI0 pin (input) @@@@@@@ E@/ BitoXBitLYBit2}Bit3KBit4XBitsXBit6, B£7>/
SCLKO pin (output)

INTSIOO interrupt request

SIO0BUF L XA o Xc 0
) )
Read SIO0OBUF f Ik
Reading.data A Reading data C

Figure 17-9 8-bit Receive Mode (Internal Clock and Reserved Stop)
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Start operation

Forced stop Start operation Reserved stop Forc
'
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=
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Data A
A
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(U UH UL
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UUUUUL

Data B Data C
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it7 BitOABit1XBit2 Bi13
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L Returned to
thevinitial level

RNRRpSTY

Returned to
the.initial level

SIO0BUF

XA

Read SIO0OBUF

3
!
[

Reading data A

Figure 17-10 8-bit Receive Mode (Internal Clock and Forced Stop)
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Reserved stop

SIO0CR<SIOS>

I

SIO0CR<SIOM>

10

SIOOSR<SIOF>

SIOOSR<SEF>

SIOOSR<REND>

SI0 pin (input)
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A
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™ .
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SIO0BUF
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Figure 17-11 8-bit Receive Mode (External Clock and Reserved Stop)
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SIO0CR<SIOS>

SIO0CR<SIOM>

SIO0SR<SIOF>

SIO0OSR<SEF>

SIO0OSR<REND>

SI0 pin (input)

Start operation
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JUuyuuuy

JUtuuyd -yt

INTSIOO interrupt request

SIO0BUF

Read SIO0OBUF

Data B is discarded

Reading data A

Reading data C

Figure 17-12 8-bit Receive Mode (External Clock and Forced Stop)
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Figure 17-13 8-bit Receive Mode (External Clock and Occurrence of Overrun Error)
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17.5.3 8-bit transmit/receive mode

The 8-bit transmit/receive mode is selected by setting SIOOCR<SIOM>to "11".

17.5.3.1  Setting

Before starting the transmit/receive operation, select the transfer edges at SIOOCR<SIOEDG>, a transfer
format at SIOOCR<SIODIR> and a serial clock at SIOOCR<SIOCKS>! To'use the internal clock as the serial
clock, select an appropriate serial clock at SIOOCR<SIOCKS>. Touse an external clock as the serial clock,
set SIOOCR<SIOCKS>to "111".

The 8-bit transmit/receive mode is selected by setting SIOOCR<SIOM> to "11".

The transmit/receive operation is started by writing the first byte of transmit data to SIOOBUF and then
setting SIOOCR<SIOS> to "1".

Writing data to SIOOCR<SIOEDG, SIOCKS and SIODIR> is invalid when the serial communication is in
progress, or when SIOOSR<SIOF> is "1". Make these settings while the serial communication is stopped.
While the serial communication is in progress (SIOOSR<SIOF>="1"), only writing "00" to'SIOOCR<SIOM>
or writing "0" to SIOCR<SIOS> is valid.

17.5.3.2 Starting the transmit/receive operation

The transmit/receive operation is started by writing data'to SIOOBUF and then setting SIOOCR<SIOS> to
"1". The transmit data is transferred from SIOOBUF to the shift register, and the serial data is transmitted
from the SO0 pin according to the(settings of SIOOCR<SIOEDG, SIOCKS and SIODIR>. At the same time,
the serial data is received from the SI0 pin according to the settings of SIOOCR<SIOEDG, SIOCKS and
SIODIR>.

In the internal clock operation, the serial clock of the-selected baud rate is output from the SCLKO pin. In
the external clock operation; an external clock must be supplied to the SCLKO pin.

The transmit data becomes undefined if the transmit/receive operation is started without writing any trans-
mit data to’'SIOOBUF-

By setting SIOOCR<SIOS> to-"1", SIOOSR<SIOF and SEF> are automatically set to "1" and an INTSIO0
interrupt request is generated.

SIOOSR<SEF> is cleared to "0" when the 8th bit of data is received.

17.5.3.3 | Transmit buffer and shift operation

If any data is written to. SIOOBUF when the serial communication is in progress and the shift register is
empty, the written data'is transferred to the shift register immediately. At this time, SIOOSR<TBFL> remains
at "O".

If any data is written to SIOOBUF when some data remains in the shift register, SIOOSR<TBFL> is set to
"1". If new data is written to SIOOBUF in this state, the contents of SIOOBUF are overwritten by the new
value. Make sure that SIOOSR<TBFL> is "0" before writing data to SIOOBUF.

17.5.3.4 Operation on completion of transmission/reception

When the data transmission/reception is completed, SIOOSR<REND> is set to "1" and an INTSIOO inter-
rupt request is generated. The operation varies depending on the operating clock.
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(1)  When the internal clock is used

If SIOOSR<TBFL> is "1", it is cleared to "0" and the transmit/receive operation continues. If
SIOOSR<REND> is already "1", SIOOSR<OERR> is set to "1".

If SIOOSR<TBFL> is "0", the transmit/receive operation is aborted. The SCLKO pin becomes the
initial state and the SO0 pin becomes the "H" level. SIOOSR<SEF> remains at "0". When the subsequent
data is written to SIOOBUF, SIOOSR<SEF> is set to "1", the SCLKO pin outputs the clock and the
transmit/receive operation is restarted. To confirm the receive data, read it from SIOOBUF before writing
data to SIOOBUF.

(2) When an external clock is used

The transmit/receive operation continues. If the external serial clock is input without writing any data
to SIOOBUF, the last data value set to SIOOBUF is re-transmitted.”At this time, the transmit underrun
error flag SIOOSR<UERR> is set to "1".

When the next 8-bit data is received completely, before SIOOBUF is read, or in the state of
SIOOSR<REND>="1", SIOOSR<OERR> is set to ""1".

17.5.3.5 Stopping the transmit/receive operation

Set SIOOCR<SIOS> to "0" to stop the transmit/receive operation. When SIOOSR<SEF> is "0", or when
the shift operation is not in progress, the operation-is stopped immediately. Unlike the transmit mode, no
INTSIOO interrupt request is generated in this state.

When SIOOSR<SEF> is "1", the operation is stopped after the 8-bit data is received completely. At this
time, an INTSIOO interrupt request is-generated.

After the operation has stopped completely, SIOOSR<SIOF, SEF and TBFL> are cleared to "0". Other
SIOOSR registers keep their values.

If the internal clock has beenused, the SO0 pin automatically returns to the "H" level. If an external clock
has been used, the SO0 pinkeeps the last output value. To return the SO0 pin to the "H" level, write "00" to
SIOO0CR<SIOM>when'the operation is stopped:

The transmit/receive operation can be forced to stop by setting SIOOCR<SIOM> to "00" during the oper-
ation. By setting'SIOOCR<SIOM> to "00", SIOOCR<SIOS> and SIO0SR are cleared to "0" and the SIO stops
the operation, regardless of the/SIOOSR<SEF> value. The SO0 pin becomes the "H" level. If the internal
clock is selected, the SCLKO pin returns to the initial level.
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Figure 17-14 8-bit Transmit/Receive Mode (Internal Clock and Reserved Stop)
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Figure 17-15 8-bit Transmit/Receive Mode (External Clock and Reserved Stop)
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Figure 17-16 8-bit Transmit/Receive Mode (External Clock, Occurrence of Transmit Underrun
Error and Occurrence of Overrun Error)
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17.6 AC Characteristics

tscy |
tscyL tscyH |
V/'SCLKH
SCLK pin
VscLKL-
tsis tSiH

Sl pin —_—

tsop

SO pin ><

Figure 17-17 AC Characteristics

(Vss =0V, Vpp=4.5V -55V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
SCLK cycle time tscy 2./ fegek - -
SCLK "L" pulse width tscyL ! /_ f;?:k . .
SCLK "H" pulse width tsevh Internal/clock operation 1 /fegek } )

SO pin and SCLK pin load capacity=100 pF —15

Sl input setup time tsis 60 - -
Sl input hold time tsiH 35 - -
SO output delay time tsop -50 - 50 ns
SCLK cycle time tscy 2/ fegek - -
SCLK "L" pulse width tscyr 1/ fegek - -
SCLK"H" pulse width tsevH /| External clock operation 1/ fegek - -
Sl input setup time tsis SO pin.and SCLK pinload capacity=100 pF 50 - -
Sl input hold time tsiH 50 - -
SO output delay time tsop 0 - 60
SCLK low-level input voltage tscLKL 0 - Vpp % 0.30
SCLK high-level inputvoltage tscLKH Vpp * 0.70 - Vpp v

> Bl
SCLKO pin I l
Trailing edge atthe Leading edge at the
SO0 pin 5< 8th bit (receive edge) 1st bit (transmit edge)
Symbol Name Minimum time
SI0 pin tBl Interval time between bytes | 4/fcgck

Figure 17-18 Interval time between bytes
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18. Serial Bus Interface (SBI)

The TMP89CM46 contains 1 channels of serial bus interface (SBI).

The serial bus interface supports serial communication conforming to the I>C bus standards. It has clock synchro-
nization and arbitration functions, and supports the multi-master in which multiple masters are connected on a bus. It
also supports the unique free data format.
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18.1 Communication Format

18.1.1 I°C bus

The I2C bus is connected to devices via the SDA0 and SCLO pins and can communicate with multiple devices.
VDD

=

SDA SDA|— | ----- SDA|—
SCL SCL SCL
Device 1 Device 2 Device n

Figure 18-1 Device Connections

Communications are implemented between'a master and slave.

The master transmits the start condition, the slave addresses, the direction bit and the stop condition to the
slave(s) connected to the bus, and transmits and receives data.

The slave detects these conditions. transmitted from the master by the hardware, and transmits and receives
data.

The data format of the I*C bus that can communicate via-the serial bus interface is shown in Figure 18-2.

The serial bus interface does not support the following functions among those specified by the I>C bus stand-
ards:

1. Startbyte
2. 10-bit addressing
3. SDA and SCL pins falling edge slope control
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(a) Addressing format

|«— 8bits —>»|1|€ 1to8bits >{1|€ 1to8bits >|1]

FTTTTT
R|A A A
S| Slave address |/|C Data C Data C|P
WK K K

|<— 1 —>|<— 1 or more —>|
(b) Addressing format (with restart)

l«— 8bits —»|{1}€« 1to8bits »{1| |€«— 8bits —>|1}€« 1to8bits ~»f1]

T T T T FTTTTd
R|A A R|A A
S| Slave address |/|C Data C[S| Slave address, [/ |C Data C|P
W[K K WK K

I(— 1 —)'(—10rmore—>| I(— 1 —)l(— 1ormore—>|

S _ : Start condition
R/W : Direction bit
ACK : Acknowledge bit
P : Stop condition

Figure 18-2 Data Format of 12C Bus

18.1.2 Free data format
The free data format is for communication between a master and slave:

In the free data format, the slave address'and the direction bit are processed as data.

(a) Free data format

l«— 8bits —>|{1|« 1to8bits >|1|€ 1to8bits 1]

TTTTTTT T
A A
S Data C Data C Data C|P
K K K

|(— 1 —)'(— 1or more —)'

S Start condition
R/W-:-Direction bit
ACK : Acknowledge bit
P : Stop condition

Figure 18-3 Free Data Format
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18.2 Configuration

> INTSBI Interrupt request

Y

Noise _D

canceller

0
(@]
=

Input/output control

Y

n
o
>

Noise
canceller

>| Transfer
control
circuit <—
A A A+
Y| v N/ Y
Software Clock ) 3=
reset circuit | [control circuit > r(—:‘Sghilsftter clgr?tt% |
z A A A < circuit
g
o
E o
x ; 8
E E é E= 5
1) = ol 8| & 5 < 4 5% g @
= 0 o] <| | =z nl < S nl = 4
y Y
sBiocR2 | | ssiocrt | | 12coar | | sBiobBR | | sBiosRz2 |

Figure 18-4 Serial Bus Interface 0 (SBI0)
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18.3 Control

The following registers are used to control the serial bus interface and monitor the operation status.

+ Serial bus interface control register 1 (SBIOCR1)

+ Serial bus interface control register 2 (SBIOCR2)

+ Serial bus interface status register 2 (SBIOSR2)

+ Serial bus interface data buffer register (SBIODBR)
+ I2C bus address register (I2COAR)

In addition, the serial bus interface has low power consumption registers that save power when the serial bus interface
is not being used.

Low power consumption register 1

POFFCR1 7 6 5 4 3 2 1 0
(0XOF75) Bit Symbol - - - SBIOEN - - UART1EN UARTOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 |/Disable
SBIOEN 12C0 control
1| Enable
0 |- Disable
UART1EN | UART1 control
1 | Enable
0| Disable
UARTOEN | UARTO control
1| Enable

Note 1: When SBIOEN is cleared to "0", the clock-supply to the serial bus interface is stopped. At this time, the data written
to the serial bus interface control-registers is invalid. When the serial bus interface is used, set SBIOEN to "1" and
then write the data to the serial bus interface control registers.
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Serial bus interface control register 1
SBIOCR1 7 6 5 4 3 2 1 0
(0x0022) Bit Symbol BC ACK NOACK SCK
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock oscillation circuit clock
Note 2: Don't change the contents of the registers when the start condition is generated, the stop-condition is generated or the
data transfer is in progress. Write data to the registers before the start condition is' generated or during the period from
when an interrupt request is generated for stopping the data transfer ‘until.it is'released.
Note 3: After a software reset is generated, all the bits of SBIOCR2 register except SBIOCR2<SBIM> and the SBIOCR1, I2CO0AR
and SBIOSR2 registers are initialized.
Note 4: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR2 register, except SBIOCR2<SBIM>, and
the SBIOCR1, I2CO0AR and SBIODBR registers are initialized.
Note 5: When fcgck is 4MHz, SCK should be not set to 0y000, 0y001 or'Oy010 because it is not possible to satisfy the bus

specification of fast mode.

Serial bus interface control register 2

SBIOCR2 7 6 5 4 3 2 1 0
(0x0023) Bit Symbol MST TRX BB PIN SBIM < SWRST
Read/Write w w w w w R w
After reset 0 0 0 1 0 0 0

Note 1: When SBIOCR2<SBIM> is "0", no value can be written to SBIOCR2 except SBIOCR2<SBIM>. Before writing values to
SBIOCR2, write "1" to SBIOCR2<SBIM> to activate the serial-bus.interface mode.

Note 2: Don't change the contents of the registers, except SBIOCR2<SWRST>, when the start condition is generated, the stop
condition is generated or the data transfer is in progress. Write data to the registers before the start condition is generated
or during the period from when an’interrupt request is generated for stopping the data transfer until it is released.

Note 3: Make sure that the port is in a high state before switching the port mode to the serial bus interface mode. Make sure that
the bus is free before switching the serial bus interface'mode-to the port mode.

Note 4: SBIOCR?2 is a write-only register, and must not be accessed by using a read-modify-write instruction, such as a bit oper-
ation.

Note 5: After a software reset is generated, all the bits of SBIOCR2 register except SBIOCR2<SBIM> and the SBIOCR1, I2CO0AR
and SBIOSR2 registers are initialized.

Note 6: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR2 register, except SBIOCR2<SBIM>, and

the SBIOCR1, 12COAR and SBIODBR registers are.initialized.

Serial bus interface status register 2

SBIOSR2 7 6 5 4 3 2 1 0
(0x0023) Bit Symbol MST TRX BB PIN AL AAS ADO LRB
Read/Write R R R R R R R R
After reset 0 0 0 1 0 0 0 *
Note 1:* : Unstable
Note 2: When SBIOCR2<SBIM> becomes "0", SBIOSR is initialized.
Note 3: After a software reset is generated, all the bits of the SBIOCR2 register except SBIOCR2<SBIM> and the SBIOCR1, I2COAR
and SBIOSR2 registers are initialized.
Note 4: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR2 register, except SBIOCR2<SBIM>, and

the SBIOCR1, I12COAR and SBIODBR registers are initialized.
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I2C bus address register

I2COAR 7 6 5 4 3 2 1 0

(0x0024) Bit Symbol SA ALS
Read/Write R/W R/W R/W R/W R/W RW R/W R/W
After reset 0 0 0 0 0 0 0 0

Note 1: Don't set I2COAR<SA> to "0x00". If it is set to "0x00", the slave address is deemed to be matched when the I2C bus
standard start byte ("0x01") is received in the slave mode.

Note 2: Don't change the contents of the registers when the start condition is generated, the stop condition is generated or the
data transfer is in progress. Write data to the registers before the start.condition’is generated or during the period from
when an interrupt request is generated for stopping the data transfer until.it is released.

Note 3: After a software reset is generated, all the bits of the SBIOCR2 register except SBIOCR2<SBIM> and the SBIOCR1, I2COAR
and SBIOSR2 registers are initialized.

Note 4: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR2 register, except-SBIOCR2<SBIM>, and
the SBIOCR1, I2CO0AR and SBIODBR registers are initialized.

Serial bus interface data buffer register

SBIODBR 7 6 5 4 3 2 1 0
(0x0025) Bit Symbol SBIODBR

Read/Write R/W

After reset 0 0 0 | 0 | 0 | 0 0 0

Note 1: Write the transmit data beginning with the most significant bit (bit 7).

Note 2: SBIODBR has individual writing and reading buffers, and written data cannot be read out. Therefore, SBIODBR must not
be accessed by using a read-modify-write-instruction, such as a bit operation.

Note 3: Don't change the contents of the registers when the start condition.is-generated, the stop condition is generated or the
data transfer is in progress. Write data to the registers before the start.condition is generated or during the period from
when an interrupt request is generated for stopping the data transfer until it is released.

Note 4: To set SBIOCR2<PIN> to "1" by writing the dummy data to SBIODBR, write 0x00. Writing any data other than 0x00 causes
an improper value in the subsequently received data.

Note 5: When the operation is switched to STOP, IDLEO or SLOW. mode; the SBIOCR2 register, except SBIOCR2<SBIM>, and
the SBIOCR1, I2COAR and /SBIODBR registers are initialized.
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18.4 Functions

18.4.1 Low Power Consumption Function

The serial bus interface has a low power consumption register (POFFCR1) that saves power when the serial
bus interface is not being used.

Setting POFFCR1<SBIOEN> to "0" disables the basic clock supply to the serial bus interface to save power.
Note that this makes the serial bus interface unusable. Setting POFFCR1<SBIOEN>to "1" enables the basic clock
supply to the serial bus interface and makes external interrupts usable.

After reset, POFFCR1<SBIOEN> is initialized to "0", and this makes the serial bus interface unusable. When
using the serial bus interface for the first time, be sure to set POFFCRI<SBIOEN> to "1" in the initial setting of
the program (before the serial bus interface control registers are operated).

Do not change POFFCRI1<SBIOEN> to "0" during the serial bus interface operation, otherwise serial bus
interface may operate unexpectedly.

18.4.2 Selecting the slave address match detection and the GENERAL CALL detection

SBIOCR1<NOACK> enables and disables the slave address match detection-and the GENERAL CALL de-
tection in the slave mode.

Clearing SBIOCRI<NOACK> to "0" enables the slave address match’detection and the GENERAL CALL
detection.

Setting SBIOCRI<NOACK> to "1" disables the subsequent slave address match and GENERAL CALL de-
tections. The slave addresses and "GENERAL CALL" sent from the master are ignored. No acknowledgement
is returned and no interrupt request is generated.

In the master mode, SBIOCR1<NOACK> is ignored and has no influence on the operation.

Note: If SBIOCR1<NOACK> s cleared to "0" during data transfer in.the slave mode, it remains at "1" and returns
an acknowledge signal'of data transfer.

18.4.3 Selecting the number of clocks for data transfer and selecting the acknowledge-
ment or non-acknowledgment mode

1-word data transfer consists of data and an acknowledge signal. When the data transfer is finished, an interrupt
request is'generated,

SBIOCR1<BC> is used to select the number of bits of data to be transmitted/received subsequently.
The acknowledgment mode is activated by setting SBIOCR1<ACK>to "1".

The master device generates the clocks for an acknowledge signal and outputs an acknowledge signal in the
receiver mode. The slave device counts the clocks for an acknowledge signal and outputs an acknowledge signal
in the'receiver mode.

The non-acknowledgment mode is activated by setting SBIOCR1<ACK> to "0".

The master device does not generate the clocks for an acknowledge signal. The slave device does not count
the clocks for an acknowledge signal.

18.4.3.1  Number of clocks for data transfer
The number of clocks for data transfer is set by using SBIOCR1<BC> and SBIOCR1<ACK>.

The acknowledgment mode is activated by setting SBIOCR1<ACK> to "1".

Page 274
RA002



TOSHIBA TMP89CM46

In the acknowledgment mode, the master device generates the clocks that correspond to the number of data
bits, generates the clocks for an acknowledge signal, and generates an interrupt request.

The slave device counts the clocks that correspond to the data bits, counts the clocks for an acknowledge
signal, and generates an interrupt request.

The non-acknowledgment mode is activated by setting SBIOCR1<ACK>t0"0".

In the non-acknowledgment mode, the master device generates the clocks'that correspond to the number
of data bits, and generates an interrupt request.

The slave device counts the clocks that correspond to the data bits, and generates an interrupt request.

SBIOCR1<BC>="110", SBIOCR1<BC>="011",
SBIOCR1<ACK>="0" SBIOCRILACK>="1"

|
< > !
<€ >
I
|

b
Y

INTSBIO interrupt request —l

— 1

Figure 18-5 Number of Clocks for Data Transfer and SBIOCR1<BC> and SBIOCR1<ACK>

The relationship between the number of clocks for datatransfer and SBIOCR 1<BC> and SBIOCR1<ACK>
is shown in Table 18-1.

Table 18-1 Relationship between the Number of Clocks for Data Transfer and SBIOCR1<BC> and

SBIOCR1<ACK>
ACK=0 (Non-acknowledgment mode) ACK=1 (Acknowledgment mode)
B¢ Number ?::;Z?:f for §Qta Number of data bits R er ?:aﬂgf;s for data Number of data bits
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7

BC'is cleared to 000" by the start condition.

Therefore, the slave address and the direction bit are always transferred in 8-bit units. In other cases, BC
keeps the set value.

Note: SBIOCR1<ACK> must be set before transmitting or receiving a slave address. When SBIOCR1<ACK>
is cleared, the slave address match detection and the direction bit detection are not executed properly.

18.4.3.2  Output of an acknowledge signal

In the acknowledgment mode, the SDAO pin changes as follows during the period of the clocks for an
acknowledge signal.

In the master mode
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In the transmitter mode, the SDAO pin is released to receive an acknowledge signal from the
receiver during the period of the clocks for an acknowledge signal. In the receiver mode, the SDAO
pin is pulled down to the low level and an acknowledge signal is generated during the period of
the clocks for an acknowledge signal.

In the slave mode

When a match between the received slave address and the slave address set to 2COAR<SA>
is detected or when a GENERAL CALL is received, the SDAO pin.is pulled down to the low level
and an acknowledge signal is generated during the period of the clocks forjan acknowledge signal.

During the data transfer after the slave address match is detected or a "GENERAL CALL" is
received in the transmitter mode, the SDAO pin is released to receive an acknowledge signal from
the receiver during the period of the clocks for an acknowledge signal.

In the receiver mode, the SDAO pin is pulled down to the low'level and an acknowledge signal
is generated. Table 18-2 shows the states of the SCLO and SDAO pins in the acknowledgment
mode.

Note: In the non-acknowledgment mode, the clocks for an acknowledge signal are not generated-or-counted,

and thus no acknowledge signal is output.

Table 18-2 States of the SCLO and SDAO Pins/in-the Acknowledgment Mode

Mode Pin Condition Transmitter Receiver
Add the clocks for an acknowl- | Add the clocks for an acknowl-
SCLO - \ :
edge signal. edge signal
Master
Release the pin to receive an. | Output the low level as an ac-
SDAO - . ] h
acknowledge signal knowledge signal to the pin
Count the clocks for an ac- Count the clocks for an ac-
SCLO - : -
knowledge signal knowledge signal
When the slave address
match is detected ora ) Output the low level as an ac-
"GENERAL'CALL"is re- knowledge signal to the pin
Slave )
ceived
SDAO
During transfer after the
slave address match is Release the pin toreceive an | Output the low level as an ac-
detected or a "GENERAL | acknowledge signal knowledge signal to the pin
CALL" is received

18.4.4 Serial clock

18.4.4.1 _Clock source

SBIOCR1<SCK> is used to-set-the HIGH and LOW periods of the serial clock to be output in the master

mode.

RA002

tHigH(m/fcgek) tLow(n/fcgck)
SCK
m n
000: 9 12
001: 11 14
010: 15 18
011: 23 26
100: 39 42
101: 71 74
110: 135 138
111: 263 266
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thieH | tLow ' 1/fscl '

SCL output I | | | | |

tHigH = m/ fcgek
tLow =n/ fcgek
fscl =1/ (tHIGH * tLow)

Figure 18-6 SCL Output

Note: There are cases where the HIGH period differs from ty g selected-at SBIOCR1<SCK> when the rising
edge of the SCL pin becomes blunt due to the load capacity of the bus.

In the master mode, the hold time when the start condition is generated is tgy [s] and the setup time when
the stop condition is generated is tygy [S]-

When SBIOCR2<PIN> is set to "1" in the slave mode; the time that elapses before the release of the SCL
pin is tp ow [s]-

In both the master and slave modes, the high level period must be 3/fcgck[s] or'longer and the low level
period must be 5/fcgck[s] or longer for the externally inputclock, regardless of the SBIOCR1<SCK> setting.

<— tHigH —><— fLow —>

SCL input | | |

tHigH = 3/ fcgek
tyow = 5/ fegek

Figure 18-7 SCL Input

18.4.4.2 Clock synchronization

In the I>C bus; due to the structure of the pin, in-order to drive a bus with a wired AND, a master device
which pulls down a clock pulse’to lowwill,. in-the first place, invalidate the clock pulse of another master
device which generates a high-level clock pulse. Therefore, the master outputting the high level must detect
this to-correspond to it.

The serial bus interface circuit has a clock synchronization function. This function ensures normal transfer
even if there are two or more.masters on the same bus.

The example explains/clock synchronization procedures when two masters simultaneously exist on a bus.

SCL pin (Master 1) |Wait \\ Count start
. :
SCL pin (Master 2) Count reset / Count reset
g‘.
I’ A
1
Cc

Figure 18-8 Example of Clock Synchronization

SCL (Bus)

o-F=-=-==]-===-=
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As Master 1 pulls down the SCL pin to the low level at point "a", the SCL line of the bus becomes the low
level. After detecting this situation, Master 2 resets counting a clock pulse in the high level and sets the SCL
pin to the low level.

Master 1 finishes counting a clock pulse in the low level at point "b" and sets the SCL pin to the high level.
Since Master 2 holds the SCL line of the bus at the low level, Master 1 waits for counting a clock pulse in
the high level. After Master 2 sets a clock pulse to the high level at point "c" and detects the SCL line of the
bus at the high level, Master 1 starts counting a clock pulse in the high level. Then, the master, which has
finished the counting a clock pulse in the high level, pulls down the SCL pin to the low level.

The clock pulse on the bus is determined by the master device with the shortest high-level period and the
master device with the longest low-level period from among those master'devices connected to the bus.

18.4.5 Master/slave selection
To set a master device, SBIOCR2<MST> should be set to "1".

To set a slave device, SBIOCR2<MST> should be cleared to "0". When a stop condition‘on the bus or an
arbitration lost is detected, SBIOCR2<MST> is cleared to "0" by the hardware.

18.4.6 Transmitter/receiver selection

To set the device as a transmitter, SBIOCR2<TRX> should be set to "1"."To set the device as a receiver,
SBIOCR2<TRX> should be cleared to "0":

For the I°C bus data transfer in the slave mode, SBIOCR2<TRX> is set to "1" by the hardware if the direction
bit (R/W) sent from the master device is"1", and is cleared to "0" if the bit is "0".

In the master mode, after an acknowledge signal is returned from the'slave device, SBIOCR2<TRX> is cleared
to "0" by hardware if a transmitted direction bit is "1"; and is set to "1" by hardware if it is "0". When an
acknowledge signal is not returned, the current condition is-maintained.

When a stop condition on the bus or an arbitration lost.is detected, SBIOCR2<TRX> is cleared to "0" by the
hardware. Table 18-3-shows'SBIOCR2<TRX> changing conditions in each mode and SBIOCR2<TRX> value
after changing,

Note:When SBIOCR1<NOACK> is "1", the slave address match detection and the GENERAL CALL detection
are disabled; and thus SBIOCR2<TRX>remains unchanged.

Table 18-3 SBIOCR1<TRX> Operation in Each Mode

Mode Direction bit Changing condition TRX after changing
"Q" A received slave address is the "o"
Slave mode same as the value set to
" I2COAR<SA> ""
nge g
Master ACK signal is returned
mode nqn nn

When the serial bus interface circuit operates in the free data format, a slave address and a direction bit are not
recognized. They are handled as data just after generating the start condition. SBIOCR2<TRX> is not changed
by the hardware.

18.4.7 Start/stop condition generation

When SBIOSR2<BB> is "0", a slave address and a direction bit which are set to the SBIODBR are output on
a bus after generating a start condition by writing "1" to SBIOCR2 <MST>, SBIOCR2<TRX>, SBIOCR2<BB>
and SBIOCR2<PIN>. It is necessary to set SBIOCR1<ACK> to "1" before generating the start condition.
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SCLO pin

\

[E—— |

/AGXAS XA4 XA3 XAZ XA1 XAo XR/W

Start condition Slave address and direction bit Acknowledge signal

INTSBIO Interrupt

request  ___ |_ -

SDAO pin

Figure 18-9 Generating the Start Condition and a Slave Address

When SBIOCR2<BB>is "1", the sequence of generating the stop condition onthe bus is started by writing "1"
to SBIOCR2<MST>, SBIOCR2<TRX> and SBIOCR2<PIN> and writing "0" to SBIOCR2<BB>.

When a stop condition is generated. The SCL line on a bus is/pulled down to the low level by another device,
a stop condition is generated after releasing the SCL line.

SCLO pin L
SDAO pin \ ([ /o
- - - 1

o a

Stop condition

Figure 18-10.Stop Condition Generation

The bus condition can be indicated by reading the contents of SBIOSR2<BB>. SBIOSR2<BB> is set to "1"
when the start condition on the bus-is detected (Bus Busy State) and is cleared to "0" when the stop condition is
detected (Bus Free State).

18.4.8 Interrupt service request and release

When a serial bus interface circuit‘is-in the’ master mode and transferring a number of clocks set by
SBIOCR1<BC>and SBIOCR1<ACK> is complete, a serial bus interface interrupt request (INTSBIO) is generated.

In the slave mode, a serial bus interface interrupt request (INTSBIO) is generated when the above and following
conditions are satisfied:

At the end of the acknowledge signal when the received slave address matches to the value set by the
I12COAR<SA> with SBIODCR1<NOACK> set at "0"

Atthe end of the acknowledge signal when a "GENERAL CALL" is received with
SBIOCR1<NOACK> setat "0"

At the end of transferring or receiving after matching of the slave address or receiving of "GENERAL
CALL"

When a serial bus interface interrupt request occurs, SBIOCR2<PIN> is cleared to "0". During the time that
SBIOCR2<PIN> is "0", the SCLO pin is pulled down to the low level.
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tLow
SCLO pin is pulled G
to low when P
SCLO pin 1 2 3 7 8 9 | SBIOCR2<PIN>is"0"! | 1
INTSBIO interrupt request . ﬂ \

SBIOCR2<PIN> D /

Set SBIOCR2<PIN>to "1" or
write data to SBIODBR

Figure 18-11 SBIOCR2<PIN> and SCLO Pin

Writing data to SBIODBR sets SBIOCR2<PIN> to "1". The time from'SBIOCR2<PIN> being set to "1" until
the SBIO pin is released takes t; gw.

Although SBIOCR2<PIN> can be set to "1" by the software, SBIOCR2<PIN> can not be'cleared to "0" by the
software.

18.4.9 Setting of serial bus interface mode
SBIOCR2<SBIM> is used to set serial bus interface mode.
Setting SBIOCR2<SBIM> to "1" selects-the serial bus interface mode, Setting it to "0" selects the port mode.

Set SBIOCR2<SBIM> to "1" in order to, set serial bus interface. mode. Before setting of serial bus interface
mode, confirm serial bus interface pins-in-a high level, and then, write"'1" to SBIOCR2<SBIM>.

And switch a port mode after confirming that a bus is free. and set SBIOCR2<SBIM> to "0".

Note:When SBIOCR2<SBIM> is "0", no data can be-written to SBIOCR2 except SBIOCR2<SBIM>. Before
setting values to SBIOCR2, write "1" to SBIOCR2<SBIM>'to activate the serial bus interface mode.

18.4.10 Software reset

The serial bus interface circuit has a software reset function that initializes the serial bus interface circuit. If
the serial bus’interface circuit locks up, for.example, due to noise, it can be initialized by using this function.

A software reset is generated by writing "10" and then "01" to SBIOCR2<SWRST>.

After a software reset is generated; the serial bus interface circuit is initialized and all the bits of SBIOCR2
register;.except SBIOCR2<SBIM> and the SBIOCR1, I2COAR<SA> and SBIOSR2 registers, are initialized.

18.4.11 - Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus, a bus arbitration procedure is imple-
mented in order to guarantee the contents of transferred data.

Data on the SDA line is used for bus arbitration of the I>C bus.

The following shows an example of a bus arbitration procedure when two master devices exist simultaneously
on a bus. Master 1 and Master 2 output the same data until point "a". After that, when Master 1 outputs "1" and
Master 2 outputs "0", since the SDA line of a bus is wired AND, the SDA line is pulled down to the low level
by Master 2. When the SCL line of a bus is pulled-up at point "b", the slave device reads data on the SDA line,
that is data in Master 2. Data transmitted from Master 1 becomes invalid. The state in Master 1 is called "arbitration
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lost". A master device which loses arbitration releases the SDA pin and the SCL pin in order not to effect data
transmitted from other masters with arbitration. When more than one master sends the same data at the first word,
arbitration occurs continuously after the second word.

1
1
1
et @9 I A D S N
1
I A A\ U
SDA pin (Master 1) \ / \ :/ : K
[ The SDA pin becomes-"1" after losing arbitration.
1
|
SDA pin (Master 2) \ / \ : / \ /
SDA (Bus) \ / \ / \ /

1
1
1
1
:
1

b

Y R

Figure 18-12 Arbitration Lost

The serial bus interface circuit compares levels/of a SDA line of a bus with its'SDA pin at the rising edge of
the SCL line. If the levels are unmatched, arbitration is lost and SBIOSR2<AL>"is set to "1".

When SBIOSR2<AL> is set to "1", SBIODCR2<MST> and SBIOCR2<TRX>are cleared to "0" and the mode
is switched to a slave receiver mode. Thus; the serial bus interface circuit stops output of clock pulses during data
transfer after the SBIOSR2<AL> is set to."1". After the data transfer is.completed, SBICR2<PIN> is cleared to
"0" and the SCL pin is pulled down to-the low level.

SBIOSR2<AL> is cleared to "0" by writing data to the SBIODBR, reading data from the SBIODBR or writing
data to the SBIOCR2.

SCL pin 1 2 3 4 5 6 7 8 9 1 2 3
\
R DVRORN Ci72V. GTY/ GEY (Y GELY (CFLY, LY, G D7AXDEA XA

SCL pin [1] [2] [37 141 357 161 171 181 19
Master B > Stop clock output

SDA pin D7AXD6A T Releasing SDA pin and SCL pin
to high level as losing arbitration.

SBIOSR2<AL> |

SBIOCR2<MST> | )\

SBIOCR2<TRX> | AZ

SBIOCR2<PIN>

—]

Access to SBIODBR
or SBIOCR2

1 >

T
| A —

INTSBIO Interrupt request

Figure 18-13 Example When Master B is a Serial Bus Interface Circuit
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18.4.12 Slave address match detection monitor

In the slave mode, SBIOSR2<AAS> is set to "1" when the received data is "GENERAL CALL" or the received
data matches the slave address setting by I2COAR<SA> with SBIOCRI<NOACK> set at "0" and the I*’C bus
mode is active (I2COAR<ALS>="0").

Setting SBIOCR1<NOACK> to "1" disables the subsequent slave address match and GENERAL CALL de-
tections. SBIOSR2<AAS> remains at "0" even if a "GENERAL CALL" is received or the same slave address as
the 2COAR<SA> set value is received.

When a serial bus interface circuit operates in the free data format (I2COAR<ALS>= "1"), SBIOSR2<AAS>
is set to "1" after receiving the first 1-word of data. SBIOSR2<AAS> is|cleared to "0" by writing data to the
SBIODBR or reading data from the SBIODBR.

SCLO (BUS) o _é-_ : 1 2 3 4 5 6 7 8 9
! 1
! 1

SDAO (Bus) _\J / SA6 X SA5 X SA4 X SA3 X SA2 X SA1 X SAO X RIW /

v
Start condition Slave address + Direction bit

SDAO pin \ /

Output of an acknowledge signal

SBIOSR2<AAS>

Writing or reading SBIODBR (

INTSBIO Interrupt request |_|

Figure 18-14 Changes in the Slave Address Match Detection Monitor

18.4.13 GENERAL CALL detection monitor

SBIOSR2<AD0> is'set to " 1" when SBIOCRI<NOACK>is "0" and GENERAL CALL (all 8-bit received data
is "0" immediately- after a start condition) in aslave mode.

Setting SBIOCRI<NOACK> to "1" disables the subsequent slave address match and GENERAL CALL de-
tections., SBIOSR2<ADO0> remains at "0"even if a "GENERAL CALL" is received.

SBIOSR2<ADO0>is cleared to "0" when a start or stop condition is detected on a bus.

SCL (Bus)— " | 1 2 | 3 4 5 6 7 8 9
SDA (Bus) E _\ : / R R |

| F— P ——

v - -
Start condition GENERAL CALL Stop condition j

SDAO pin \ /

Output of an acknowledge signal

SBIOSR2<ADO> |

INTSBIO Interrupt request |_|

Figure 18-15 Changes in the GENERAL CALL Detection Monitor
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18.4.14 Last received bit monitor
The SDA line value stored at the rising edge of the SCL line is set to SBIOSR2<LRB>.

In the acknowledge mode, immediately after an interrupt request is generated, an acknowledge signal is read
by reading the contents of SBIOSR2<LRB>.

SCL 1 2 3 4 5 6 7 8 9

SDA / o7 X oe X ps X pe X b3 X b2 X b1 X/ b0 ) .

Acknowledgment

SBIOSR2<LRB> X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO XAcknowIedgment

Figure 18-16 Changes in the Last Received Bit Monitor

18.4.15 Slave address and address recognition mode specification

When the serial bus interface circuit is used in the T2C-bus mode, clear 2COAR<ALS> to "0", and set
I2COAR<SA> to the slave address.

When the serial bus interface circuit is used with a free data format net to recognize the slave address, set
I2COAR<ALS> to "1". With a free data format, the slave address and the direction bit are not recognized, and
they are processed as data from immediately-after the’start condition.
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18.5 Data Transfer of 1°C Bus

18.5.1 Deuvice initialization

Set POFFCR1<SBIOEN> to "1".

After confirming that the serial bus interface pin is high level, set SBIOCR2<SBIM>to "1" to select the serial
bus interface mode.

Set SBIOCRI<ACK> to "1", SBIOCR1<NOACK> to "0" and SBIOCRI1<BC>/to "000" to count the number
of clocks for an acknowledge signal, to enable the slave address match detection and the GENERAL CALL
detection, and set the data length to 8 bits. Set Tyjgy and T ow at SBIOCRI<SCK>.

Set a slave address at 2COAR<SA> and set 2COAR<ALS> to "0" to-select the I’C bus mode.

Finally, set SBIOCR2<MST>, SBIOCR2<TRX> and SBIOCR2<BB> to "0", SBIOCR2<PIN> to "1" and
SBIOCR2<SWRST> to "00" for specifying the default setting to-a slave receiver mode.

Note: The initialization of a serial bus interface circuit must be .complete within the time from all devices which
are connected to a bus have initialized to and device does not'generate a start condition. If not, the data
can not be received correctly because the other/device starts transferring before an end of the initiali-
zation of a serial bus interface circuit.

Example :Initialize a device

CHK_PORT: LD A, (P2PRD) ; Checks whether the serial bus.interface pin is at the high level
AND A, 0x18
CMP A, 0x18
JR NZ, CHK_PORT
LD (SBIOCR2), 0x18 ; Selects the serial bus interface mode
LD (SBIOCR?1), 0x16 ; Selects the acknowledgment mode and sets SBIOCR1<SCK> to "110"
LD (I2COAR), 0xa0 ;-Sets-the slave address to 1010000 and selects the 12C bus mode
LD (SBIOCR2), 0x18 ;. Selects the slave receiver mode

18.5.2 Start condition and slave address generation

Confirm a bus free status (SBIOSR2<BB>="(0").
Set SBIOCRI<ACK> to "1" and specify a slave address and a direction bit to be transmitted to the SBIODBR.

By writing "1" to SBIOCR2<MST>, SBIOCR2<TRX>, SBIOCR2<BB> and SBIOCR2<PIN>, the start condi-
tion-is generated on a bus and then, the slave address and the direction bit which are set to the SBIODBR are
output. The time from generating the START condition until the falling SBIO pin takes tHicH,

An interrupt request‘occurs at the 9th falling edge of a SCL clock cycle, and SBIOCR2<PIN> is cleared to "0".
The SCLO pin is pulled down to the low level while SBIOCR2<PIN> is "0". When an interrupt request occurs,
SBIOCR2<TRX> changes by the hardware according to the direction bit only when an acknowledge signal is
returned from the slave device.

Note 1: Do not write a slave address to the SBIODBR while data is transferred. If data is written to the SBIODBR,
data to be output may be destroyed.

Note 2: The bus free state must be confirmed by software within 98.0 us (the shortest transmitting time according to
the standard mode I2C bus standard) or 23.7ps (the shortest transmitting time according to the fast mode
I2C bus standard) after setting of the slave address to be output. Only when the bus free state is confirmed,
set "1" to SBIOCR2<MST>, SBIOCR2<TRX>, SBIOCR2<BB> and SBIOCR2<PIN> to generate the start con-
ditions. If the writing of slave address and setting of SBIOCR2<MST>, SBIOCR2<TRX>, SBI0OCR2<BB> and
SBIOCR2<PIN> doesn't finish within 98.0us or 23.7us, the other masters may start the transferring and the
slave address data written in SBIODBR may be broken.
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Example :Generate the start condition

CHK_BB: TEST (SBIOSR2).BB ; Confirms that the bus is free
JR F, CHK_BB
LD (SBIODBR), Oxcb ; The transmission slave address 0x65 and the direction bit "1"
LD (SBIOCR2), 0xf8 ; Write "1" to SBIOCR2<MST>, <TRX>, <BB> and <PIN> to "1"

1
-
1
SCLO pin : :| |1| |2| |3| |4| |5| |6| |7| |8| |9|
1
|
I AJ 7
SDAO pin : _\_:_/—\—/_\_/ \ _&_ /
1 J

- - ~ - Acknowledgem
o Slave address + Direction bit ent signal from
Start condition a slave

SBIOCR1<PIN>

Interrupt request
signal

SBIOCR2<TRX>

SBIOCR2 <TRX> is cleared to "0"
when the direction bit is "1"and an
acknowledge signal is returned.

Figure 18-17 Generating the Start Condition and the Slave Address

18.5.3 1-word data transfer

Check SBIOSR2<MST> by the-interrupt process after a-1-word data transfer is completed, and determine
whether the mode is a master or<slave.

18.5.3.1  When SBIOSR2<MST> is "1" (Master mode)

Check SBIOSR2<TRX> and determine whether the mode is a transmitter or receiver.

(1) When SBIOSR2<TRX> is "1" (Transmitter mode)

Check SBIOSR2<LRB>. When SBIOSR2<LRB>is "1", a receiver does not request data. Implement
the process to generate a stop condition (described later) and terminate data transfer.

When SBIOSR2<LRB>is "0", the receiver requests subsequent data. When the data to be transmitted
subsequentlyis other than 8 bits, set SBIOCR1<BC> again, set SBIOCR1<ACK> to "1", and write the
transmitted data to SBIODBR.

After writing the data, SBIOCR2<PIN> becomes "1", a serial clock pulse is generated for transferring
the subsequent 1-word data from the SCLO pin, and then the 1-word data is transmitted from the SDAO
pin.

After the data is transmitted, an interrupt request occurs. SBIOCR2<PIN> become "0" and the SCLO
pin is set to the low level. If the data to be transferred is more than one word in length, repeat the
procedure from the SBIOSR2<LRB> checking above.
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SCLO pin 1 2 3 4 5 6 7 8 9
Write to SBIODBR

SDAO pin \D7XD6XD5XD4XD3XD2XD1XDOX ,’I

Acknowledge signal
from the receiver

SBIOCR2<PIN> | |

INTSBIO Interrupt request H

Figure 18-18 Example when SBIOCR1<BC>="000" and SBIOCR1<ACK>="1"

(2) When SBIOSR2<TRX> is "0" (Receiver mode)

When the data to be transmitted subsequently-is other than 8 bits, set SBIOCR1<BC> again. Set
SBIOCR1< ACK> to "1" and read the received data’ from the SBIODBR (Reading data is undefined
immediately after a slave address is sent).

After the data is read, SBIOCR2<PIN> becomes "1" by writing the dummy data (0x00) to the
SBIODBR. The serial bus interface circuit outputs a serial clock pulseto-the SCLO pin to transfer the
subsequent 1-word data and sets the SDAO pin to "0" at the acknowledge signal timing.

An interrupt request occurs and-SBIOCR2<PIN> becomes "0". Then a serial bus interface circuit
outputs a clock pulse for 1-word data transfer and the acknowledge signal by writing data to the
SBIODBR or setting SBIOCR2<PIN> to "1" after reading the received data.

Read SBIODBR

— Write to SBIODBR

SCLO pin 9 | 1 2 3 4 5 6 7 8 9

SDAO pin D7 ¢ D6 % D5 1. D4 ¥ D3/¥ D2 ¥ DI ¥ DO
Acknowledge signal
to the transmitter

SBIOCR2<PIN> | |

INTSBIO Interrupt
request

Figure 18-19 Example when SBIOCR1<BC>="000" and SBIOCR1<ACK>="1"

To make the transmitter terminate transmission, execute following procedure before receiving a last
data.

1. Read the received data.
2. Clear SBIOCR1<ACK> to "0" and set SBIOCR1<BC> to "000".
3. To set SBIOCR2<PIN> to "1", write a dummy data (0x00) to SBIODBR.

Transfer 1-word data in which no clock is generated for an acknowledge signal by setting
SBIOCR2<PIN> to "1". Next, execute following procedure.

1. Read the received data.
2. Clear SBIOCR1<ACK> to "0" and set SBIOCR1<BC> to "001".
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3. To set SBIOCR2<PIN> to "1", write a dummy data (0x00) to SBIODBR.
Transfer 1-bit data by setting SBIOCR1<PIN>to "1".

In this case, since the master device is a receiver, the SDA line on a bus keeps the high level. The
transmitter receives the high-level signal as a negative acknowledge signal. The receiver indicates to
the transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, generate the stop condition to
terminate data transfer.

SCLO pin

SDAO pin \ /' D7 Y b6 ¥ D5 % Da ¥ D3 ¥ D2 % b1 ¥ Do /i Negative

""""""""""""""""""""""""""" acknowledge signal

to the transmitter

SBIOCR<PIN> | l
INTSBIO Interrupt |‘| : |‘| : l‘l
request : .

K— After reading the received data, clear LAﬂer reading the reveived
SBIOCR1<ACK> to "0" and writing the data, set SBIOCR1<BC> to
dummy data (0x00) "001" and write dummy data

(0x00)

Figure 18-20 Termination of Data Transfer in the Master Receiver Mode

18.5.3.2 When SBIOSR2<MST> is "0" (Slave mode)

In the slave mode, a serial bus‘interface circuit operates either in the normal slave mode or in the slave
mode after losing arbitration.

In the slave mode, the conditions of generating the serial bus interface interrupt request (INTSBIO) are
follows:

At the end of the acknowledge signal when the received slave address matches the value set by
the 2COAR<SA> with- SBIOCR1<NOACK> set at "0"

At the end of the acknowledge signal when a "GENERAL CALL" is received with
SBIOCRI<NOACK> set at 0"

At the end of transferring or receiving after matching of slave address or receiving of "GENERAL
CALL"

The serial bus interface circuit changes to the slave mode if arbitration is lost in the master mode. And an
interrupt request oecurs when the,word data transfer terminates after losing arbitration. The generation of the
interrupt request and the behavior of SBIOCR2<PIN> after losing arbitration are shown in Table 18-4.

Table 18-4 The Behavior of an interrupt request and SBIOCR2<PIN> After Losing Arbitration

When the Arbitration Lost Occurs during Transmission | When the Arbitration Lost Occurs during Transmission
of Slave Address as a Master of Data as Master Transmitter

interrupt request An interrupt request is generated at the termination of word-data transfer.

SBIOCR2<PIN> SBIOCR2<PIN> is cleared to "0".

When an interrupt request occurs, SBIOCR2<PIN> is reset to "0", and the SCLO pin is set to the low level.
Either writing data to the SBIODBR or setting SBIOCR2<PIN> to "1" releases the SCLO pin after taking

tLow-
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Check SBIOSR2<AL>, SBIOSR2<TRX>, SBIOSR2<AAS> and SBIOSR2<ADO0> and implement process-

es according to conditions listed in Table 18-5.

Table 18-5 Operation in the Slave Mode

SBIOSR2< | SBIOSR2< | SBIOSR2< | SBIOSR2< Conditions Process
TRX> AL> AAS> ADO>
The serial bus interface circuit loses arbi-
tration when transmitting a slave address,
1 1 0 and receives a slave address of which the
value of the direction bit sent from another Set the/number of bits in 1 word to
master is "1". SBIOCR1<BC> and write the transmitted
In the slave receiver mode, the serial bus data to the SBIODBR.
1 0 interface circuit receives a slave address
of which the value of the direction bit sent
1 from the master is "1".
Check SBIOSR2<LRB>. If jtis-setto "1", set
SBIOCR2<PIN> to "1" since the receiver
0 does not request subsequent data. Then,
In the slave transmitter mode, the serial | clear SBIOCR2<TRX>.to "0" to release the
0 0 bus interface circuit finishes the transmis- | bus. If SBIOSR2<LRB> is set to"0", set the
sion of 1-word data number<of bits in'1 word to SBIOCR1<BC>
and write the transmitted data to SBIODBR
since the receiver requests subsequent da-
ta.
The serial bus interface circuit loses arbi-
tration when transmitting a slave adldress, Write the dummy data (0x00) to the
1 10 | @ndreceivesaslaveaddress of whichthe | gponpg 14 sat SBIOCR2<PIN> to "1", or
value of the direction bit sent from another Write 1" 16 SBIOCR2<PIN> !
master is "0" or receives a "GENERAL ’
1 CALL".
The serial'bus.interface circuit loses arbi- The;]serllal bus |2terI/a\1/ge C'LCU('; s char:jged
tration-when transmitting a slave address o the slave mode. Write the dummy data
0 0 or data, and terminates transferring the (0x00) to the SBIODBR to clear
! SBIOSR2<AL> to "0" and set
0 worddasa, SBIOCR2<PIN> to "1".
In the slave receiver mode, the serial bus
interface circuit receives-a slave address | Write the dummy data (0x00) to the
1 1/0 of which the value of the direction bit sent | SBIODBR to set SBIOCR2<PIN> to "1", or
from the master is "0" or receives "GEN- | write "1" to SBIOCR2<PIN>.
0 ERAL CALL".
In the slave receiver mode, the serial bus Set the number of bits in 1-word to
h C Y ] ) - SBIOCR1<BC>, read the received data
0] 1/0 interface circuit terminates the receipt of ; the SBIODBR and write the d
1-word data: rom the a € the dummy
data (0x00).

Note:In the slave mode, if the slave address set in I2COAR<SA> is "0x00", a START Byte "0x01" in I12C bus standard
is received, the device detects slave address match and SBIOCR2<TRX> is set to "1". Do not set 2COAR<SA>
to "0x00™

18.5.4  Stop condition generation

When SBIOCR2<BB>.is- "1", a sequence of generating a stop condition is started by setting "1" to
SBIOCR2<MST>, SBIOCR2<TRX> and SBIOCR2<PIN> and clearing SBIOCR2<BB> to "0". Do not modify
the contents of SBIOCR2<MST>, SBIOCR2<TRX>, SBIOCR2<BB> and SBIOCR2<PIN> until a stop condition
is generated on a bus.

When a SCL line on a bus is pulled down by other devices, a serial bus interface circuit generates a stop
condition after a SCL line is released.

The time from the releasing SCL line until the generating the STOP condition takes tygy.
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Example :Generate the stop condition

LD (SBIOCR2), 0xD8 ; Sets SBIOCR2<MST>, <TRX> and <PIN> to "1" and SBIOCR2<BB> to "0"
CHK_BB: TEST (SBIOSR2).BB ;Waits until the bus is set free
JR T, CHK_BB

SBIOCR2<TRX>="1"
SBIOCR2<BB>="0"

SBIOCR2<MST>="1" }
SBIOCR2<PIN>="1"

If the SCL of the bus is pulled
down by other devices, the stop
condition is generated after it is

released
— Stop.condition

A
Y

SCLO pin

SCL (Bus)
SDAO pin K / \
1
|
SBIOCR2<PIN> | }

SBIOSR2<BB> |

Figure 18-21 Stop Condition Generation

18.5.5 Restart

Restart is used-to-change the direction of data transfer between a master device and a slave device during
transferring data, The following explains how to restart the serial bus interface circuit.

Clear SBIOCR2<MST>, SBIOCR2<TRX> and SBIOCR2<BB> to "0" and set SBIOCR2 <PIN> to "1". The
SDAO pin retains the high level and the SCLO-pin is released.

Since this'is not a stop condition, the bus is assumed to be in a busy state from other devices.

Check SBIOSR2<BB> until it becomes "0" to check that the SCLO pin of the serial bus interface circuit is
released:

Check SBIOSR2<LRB> until-it becomes "1" to check that the SCL line on the bus is not pulled down to the
low level by other devices.

After confirming that-the bus stays in a free state, generate a start condition in the procedure "18.5.2 Start
condition and slave address generation".

In order to meet the setup time at a restart, take at least 4.7us of waiting time by the software in the standard
mode I2C bus standard or at least 0.6us of waiting time in the fast mode I>C bus standard from the time of restarting
to confirm that a bus is free until the time to generate a start condition.

Note:When the master is in the receiver mode, it is necessary to stop the data transmission from the slave
device before the STOP condition is generated. To stop the transmission, the master device make the
slave device receiving a negative acknowledge. Therefore, SBIOSR2<LRB> is "1" before generating the
Restart and it can not be confirmed that SCL line is not pulled down by other devices. Please confirm
the SCL line state by reading the port.
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Example :Generate a restart

LD (SBIOCR2), 0x18 ; Sets SBIOCR2<MST>, <TRX> and <BB> to "0" and SBIOCR2<PIN> to "1"
CHK_BB: TEST (SBIOSR2).BB : Waits until SBIOSR2<BB> becomes "0"

JR T, CHK_BB
CHK_LRB: TEST (SBIOSR2).LRB ; Waits until SBIOSR2<LRB> becomes "1"

JR F, CHK_LRB

; Wait time process by the software

LD (SBIOCR?2), 0xf8 ; Sets SBIOCR2<MST>, <TRX>;<BB>and <PIN> to "1"
SBIOCR2<MST>="0" SBIOCR25MST>="1"
SBIOCR2<TRX>="0" SBIOCR2STRX>="1"

SBIOCR2<BB>="0" SBIOCR2<BB>="1"
SBIOCR2<PIN>="1" SBIOCR2<PIN>="1"

4.7 us min. in the.normal mode or

Start condition
0.6 us min..in-the fast mode \ ,
1

SCL (Bus)

SCLO pin

=

SDAO pin

SBIOSR2<BB>

TIhe™

AN

\
SBIOSR2<LRB> \
]

SBIOCR2<PIN>

Figure 18-22 Timing Diagram When Restarting
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18.6 AC Specifications

The AC specifications are as listed below.

The operating mode (fast or standard) mode should be selected suitable for frequency of fcgck. For these operating
mode, refer to the following table.

Table 18-6 AC Specifications (Circuit Output Timing)

Standard mode Fast mode
Parameter Symbol Unit
MIN. MAX. MIN. MAX.
SCL clock frequency fscL 0 fcgek / (m+n) 0 fcgek / (m+n) kHz
Hold time (re)start condition. This peri-
od is followed by generation of the first tHD:sTA m / fcgek - m /fcgck - us
clock pulse.
Low-level period of SCL clock (output) tLow n / fcgck - n /fcgek - us
High-level period of SCL clock (output) tHiGH m / fcgck - m / fcgck - us
Low-level period of SCL clock (input) tLow 5 / fcgck - 5/ fcgck - us
High-level period of SCL clock (input) tHiGH 3/ fcgck - 3/ fegek = us
- . Depends on the Depends on the
Restart condition setup time tsu:sTA software - software - us
Data hold time tHD:DAT 0 5/ fcgck 0 5 [ fcgck us
Data setup time tsu;DAT 250 - 100 - ns
Rising time of SDA and SCL signals tr 5 1000 - 300 ns
Falling time of SDA and SCL signals t - 300 - 300 ns
Stop condition setup time tsu;sTo m /fcgck - m / fcgck - us
Bus free time between the stop condi- t Depends on the B Depends on the ~ s
tion and the start condition BUF software software H
Time before rising of SCL after
SBICR2<PIN> is changed from "0" to tsu:scL n / fcgck - n / fegek - us
nqn
Note:For m and n, refer to"18.4.4:1 Clock source".
[ - [
|
\! | !
| ‘ | |
- I 1l |
11 [ |
Ll — t— k—t —
|
| ' THp;sTa | BUF
| | |
| 1
| |
| 1 |
| I
I ! I
- ! | - |
L Do
| | |
— r—lsysma — r—tsysTo

Figure 18-23 Definition of Timing (No. 1)
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SCL

SBICR2<PIN>

Figure 18-24 Definition of Timing (No. 2)

< >
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tsu;scL
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18.7 Revision History

Rev Description
" Serial bus interface control register 1" Revised SCK description. Added Note5.
"18.6 AC Specifications" Revised fcgck description.
RAQDT "Table 18-8 AC Specifications (Circuit Output Timing)" Revised value of "SCL clock frequency".
Revised from "normal mode" to "standard mode".
RA002 "18.5.1 Device initialization" Revised example of program.
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19. Key-on Wakeup (KWU)

The key-on wakeup is a function for releasing the STOP mode at the STOP pin or at pins KWI7 through KWIO0.

19.1 Configuration

SYSCR1<RELM>
| Rising edge P —
e Sy o fEISTor
release signal 1
(to be released Select
if set to “17) elector
( Port KWI1
@[ﬁ( (oot J=Caww:

KWucro[ T T T [T T-T1°]
(0xOFC4) 7 6 5 4 (3 2/100

a E—D KWI14
( E—D KWI5
g(_ E—D KWI7

KwueRi[ T T T T T T T
(OXOFC5) 7 6 5 4 3 2 1 0

Figure 19-1 Key-on Wakeup Circuit
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19.2 Control

Key-on wakeup control registers (KWUCRO0O and KWUCRI1) can be configured to designate the key-on wakeup
pins (KWI7 through KWI0) as STOP mode release pins and to specify the STOP mode release levels of each of these
designated pins.

Key-on wakeup control register 0

KWUCRO 7 6 5 4 3 2 1 0
(0OxOFC4) Bit Symbol KW3LE KW3EN KW2LE KW2EN KW1LE KW1EN KWOLE KWOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Low level
KW3LE S_TOP mode release level of KWI3 :
pin 1: | High level
i 0: | Disable
KW3EN Ir?put enable/disable control of KWI3
pin 1: | Enable
0: | Low level
KW2LE STOP mode release level of KWI2 W lev
pin 1: | High level
i 0: | Disable
KW2EN Ir?put enable/disable control of KWI2
pin 1: | Enable
0: 1. Low level
KW1LE STOP mode release level of KWI1 .
1:| High level
i 0: | Disable
KW1EN quut enable/disable control of KWI1
pin 1:1 Enable
0: | Low level
KWOLE S_TOP mode release level of KWIO :
pin 1:] High level
i 0: | Disable
KWOEN In_put enable/disable control of KWIO
pin 1: | Enable
Key-on wakeup control register1
KWUCR1 7 6 5 4 3 2 1 0
(0OXOFC5) Bit Symbol KWT7LE KW7EN KW6LE KW6EN KWS5LE KW5EN KWA4LE KWA4EN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Low level
KW7LE STOP mode release level of KWI7 :
pin 1: | High level
i 0: | Disable
KW7EN Ir?put enable/disable control.of KWI7
pin 1: | Enable
0: | Low level
KW6LE STOP mode release level of KWI6 .W Vi
pin 1: | High level
i 0: | Disable
KWBEN Ir?put enable/disable control of KWI6
pin 1: | Enable
0: | Low level
KW5LE S_TOP mode release level of KWI5 .
pin 1: | High level
i 0: | Disable
KWSEN quut enable/disable control of KWI5
pin 1: | Enable
0: | Low level
KWALE S_TOP mode release level of KWI4 :
pin 1: | High level
i 0: | Disabl
KW4EN In_put enable/disable control of KWI4 Isable
pin 1: | Enable
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19.3 Functions

By using the key-on wakeup function, the STOP mode can be released at a STOP pin or at KWIm pin (m: 0 through
7). After resetting, the STOP pin is the only STOP mode release pin. To designate the KWIm pin as a STOP mode
release pin, therefore, it is necessary to configure the key-on wakeup control register (KWUCRn) (n: 0 or 1). Because
the STOP pin lacks a function for disabling inputs, it can be designated as a pin for receiving a STOP mode release
signal, irrespective of whether the key-on wakeup function is used or not.

Setting KWUCRn and P4PU registers

To designate a key-on wakeup pin (KWIm) as a STOP mode release pin; set KWUCRn<KWmEN>to "1".
After KWIm pin is set to "1" at KWUCRn<KWmEN>, a specific: STOP. mode release level can be specified
for this pin at KWUCRn<KWmLE>. I[f KWUCRn<KWmLE> is/set to "0", STOP mode is released when an
input is at a low level. If it is set to "1", STOP mode is released when an input is at a high level. For example,
if you want to release STOP mode by inputting a high-level signal into a KWIO pin, set KWUCRO<KWOEN>
to "1", " and KWUCRO<KWOLE> to "1".

Each KWIm pin can be connected to internal pull-up resistors. Before connecting to internal pull-up re-
sistors, the corresponding bits in the pull-up control register (P4PU) at port P4 must be setto "1".

Starting STOP mode
To start the STOP mode, set SYSCRI<RELM>'to "1" (Ievel release mode), and SYSCR1<STOP>to "1".

To use the key-on wakeup function, do not set SYSCRI1<RELM> to "0" (edge release mode). If the key-
on wakeup function is used in edge release mode; STOP mode cannot be released, although a rising edge is
input into the STOP pin. This is because the KWIm pin enabling inputs to be received is at a release level
after the STOP mode starts.

Releasing STOP mode

To release STOP mode, input a high-level signal into the STOP pin or input a specific release level into
the KWIm pin for which receipt of inputs is enabled. If you wantto release STOP mode at the KWIm pin,
rather than the STOP pin, continue inputting a low-level signal into the STOP pin throughout the period from
when the STOP mode is started to when it is released:

If the STOP pin or KWImpin is already at a‘release level when the STOP mode starts, the following
instruction will be executed without starting the STOP-mode (with no warm-up performed).

Note 1: If an analog voltage is applied to KWIm pin-for-which receipt of inputs is enabled by the key-on wakeup control
register (KWUCRN) setting, a penetration current will flow. Therefore, in this case, the analog voltage should be
not applied to this pin.

Table 19-1 STOP Mode Release Level (edge)

Release level (edge)

SYSCR1<RELM>="1"

Pin name —n
(level release mode) SYSCR1<RELM>="0

(edge release mode)
KWUCRn<KWmLE>="0" | KWUCRN<KWmLE>="1"

STOP "H" level Rising edge

KWIm "L" level | "H" level Don't use
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Example :A case in which STOP mode is started with the release level of the STOP pin set to a high level and the release
level of KWIO set to a low level (connected to an internal pull-up resistor of the KWIO pin)

DI ; IMF<0
SET (P4PU).0 ; KWIO (P40) connected to a pull-up resistor
LD (KWUCRO0), 0y00000001 ; the KWIO pin is set to enable inputs, and its release level is set
; to a low level.
LD (SYSCR1), 0y10100000 ; Starting in level release mode
Page 298

RAOQ000



TOSHIBA TMP89CM46

20. 10-bit AD Converter (ADC)

The TMP89CM46 has a 10-bit successive approximation type AD converter.

20.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 20-1.

It consists of control registers ADCCR1 and ADCCR?2, converted value registers ADCDRL and ADCDRH, a DA
converter, a sample-hold circuit, a comparator, a successive comparison cireuit, etc.

DA converter
f————
VAREFD—I_L I FMW—W— - — - —m— - — - — A D AVSS
P ! R2 R R/2
AvDD [} togo - Reference A
voltage
Input selector Sample-hold "~

I circuit |
I

ANo [F—A v M—os—y
5 s A 10

Analog

comparator Y Successive,

AIN7 [(— nS N —| Shift clockl_’ approximation circuit
10

INTADC
4“ A | Control circuit I >
AA A (L
SAIN 1%} [a) q
AINEN 2 s 3 92 s X
<| |AMD ACKY Y Y
| apbccri || apccrz | | ADcDRL || ADCDRH
AD converter control registers 1 and 2 AD converted value registers 1 and 2

Figure 20-1 10-bit AD Converter

Note 1: Before using the AD converter, set an appropriate value to the 1/O port register which is also used as an analog input port.
For details, see the section on "I/O ports".

Note 2: The DA converter current (IREF) is automatically-cut off at times other than during AD conversion.
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20.2 Control

The AD converter consists of the following four registers:

1. AD converter control register 1 (ADCCRI1)

This register selects an analog channel in which to perform AD conversion, selects an AD conversion
operation mode, and controls the start of the AD converter.

2. AD converter control register 2 (ADCCR?2)

This register selects the AD conversion time, and monitors the operating status-of the AD converter.
3. AD converted value registers (ADCDRH and ADCDRL)

These registers store the digital values generated by the AD converter.
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AD converter control register 1

ADCCR1

(0x0034) Bit Symbol

ADRS

AMD

AINEN SAIN

Read/Write

R/W

R/IW

R/W R/IW

After reset

ADRS

AD conversion start

0:
1:

AD conversion start

AMD

AD operating mode

00:
01:
10:
11:

AD operation disable; forcibly stop. AD operation
Single mode

Reserved

Repeat mode

AINEN

Analog input control

0:
1:

Analog input disable
Analog input enable

SAIN

Analog input channel select

0000:
0001:
0010:
0011:
0100:
0101:
0110:
01141:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

AINO
AIN1
AIN2
AIN3
AIN4
AIN5
AING
AIN7
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

Reserved

Note 1: Do not perform the following operations on the ADCCR1 register while AD conversion is being executed
(ADCCR2<ADBF>="1").

- Changing/SAIN

- Setting AINEN to "0"

- Changing AMD (except a forced stop by setting AMD to "00")

- Setting ADRS to."1"
Note 2: If you want to disable all analog input channels, set AINEN to "0".

Note 3: Although analog input pins are also used as.input/output ports, it is recommended for the purpose of maintaining the
accuracy of AD conversion that you do not execute input/output instructions during AD conversion. Additionally, do not
input-widely-varying signals into the ports adjacent to analog input pins.

Note 4: When STOP, IDLEO or SLOW mode is started, ADRS, AMD and AINEN are initialized to "0". If you use the AD converter
after returning to NORMAL-mode, you-must reconfigure ADRS, AMD and AINEN.

Note 5: “After-the start of AD conversion, ADRS is automatically cleared to "0" ("0" is read).
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AD converter control register 2

ADCCR2 7 6 5 4 3 2 1 0
(0x0035) Bit Symbol EOCF ADBF - - "0" ACK

Read/Write R R R R w R/W

After reset 0 0 0 0 0 0 0 0

. 0: | Before conversion or during conversion
EOCF AD conversion end flag i+l . d
: | Conversion en

. 0: | AD conversion being halted
ADBF AD conversion BUSY flag . .
1: | AD conversion being executed

000: | 39/fcgck
001: | 78/fcgck

010: | 156/fcgck
AD conversion time select (exam- 011: | 312/fcgck
ACK ples of AD conversion time are
shown in the table below)

100: | 624/fcgck
101: | 1248/fcgck
110: | Reserved
111: | Reserved

Note 1: Make sure that you make the ACK setting when AD conversion‘is in a halt condition (ADCCR2<ADBF>="0").
Note 2: Make sure that you write "0" to bit 3 of ADCCR2:
Note 3: If STOP, IDLEO or SLOW mode is started, EOCF.and ADBF are initialized-to "0",

Note 4: If the AD converted value register (ADCDRH) is read, EOCF is cleared to "0" It isalso cleared to "0" if AD conversion is
started (ADCCR1<ADRS>="1") without reading-’ADCDRH after completing AD conversion in single mode.

Note 5: If an instruction to read ADCCR2 is executed, 0 is-read from bits 3 through 5.

Table 20-1 ACK Settings and Conversion Times Relative to Frequencies

Frequency (fcgck)

ACK setting C°”t;’ne1r:'°” 10MHz | 8MHz | 5MHz | 4MHz “| 25MHz | 2MHz 1MHz | 0.5MHz |0.25 MHz

000 39/fcgek - - - - 15.6 us 19.5 us 39.0 us 78.0pus | 156.0 us
001 78/fcgck - - 15.6 us 195 s 31.2 us 39.0 us 78.0us | 156.0 ys -
010 156/fcgck 15.6 ps 19.5 ps 31.2.us 39.0-us 62.4 us 78.0 us 156.0 ps - -
011 312/fcgck 312 us 39.0 ps 62.4 us 780pus | 124.8 us | 156.0 us - - -
100 624/fcgck 62.4 us 780ps | 1248 pus | 156.0 ps - - - - -
101 1248/fcgck. | 124.8 ys | 156.0 ps - - - - - - -
11* Reserved

Note 1: Spaces indicated by "-" in the-above table mean that it is prohibited to establish conversion times in these spaces.
fcgck:-High Frequency oscillation. clock [Hz]
Note 2: Above conversion times do.not-include the time shown below.
- Time from when ADCCR1<ADRS> is set to 1 to when AD conversion is started
- Time from when AD conversion is finished to when a converted value is stored in ADCDRL and ADCDRH.
If ACK = 00*, the longest conversion time is 10/fcgck (s). If ACK = 01*, it is 32/fcgck (s). If ACK = 10%, it is 128/fcgck(s).
Note 3: The conversion time must be longer than the following time by analog reference voltage (VAREF).
-VAREF=45t05.5V 15.6 ps or longer
-VAREF =2.7t0 55V 31.2 ps or longer
-VAREF=22t05.5V 124.8 ps or longer
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AD converted value register (lower side)

ADCDRL 7 6 5 4 3 2 1 0
(0x0036) Bit Symbol ADO7 AD06 ADO5 ADO4 ADO3 AD02 ADO1 ADOO
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
AD converted value register (upper side)
ADCDRH 7 6 5 4 3 2 1 0
(0x0037) Bit Symbol - - - - - : ADO9 ADO8
Read/Write R R R R R R R R
After reset 0 0

Note 1: Aread of ADCDRL or ADCDRH must be read after the INTADC interrupt is generated or after ADCCR2<EOCF> becomes

",

Note 2: In single mode, do not read ADCDRL or ADCDRH during AD conversion (ADCCR2<ADBF>="1"). (If AD conversion is
finished in the interim between a read of ADCDRL and a read of ADCDRH, the‘INTADC. interrupt request is canceled,

and the conversion result is lost.)

Note 3: If STOP, IDLEO or SLOW mode is started, ADCDRL and ADCDRH are initialized-to "0".
Note 4: If ADCCR1<AMD> is set to "00", ADCDRL and ADCDRH are initialized to "0".
Note 5: If an instruction to read ADCDRH is executed, "0"is read from bits 7 through 2.

Note 6: If AD conversion is finished in repeat mode in the-interim between a read of ADCDRL and a read of ADCDRH, the previous
converted value is retained without overwriting the AD_converted value register.In this case, the INTADC interrupt request

is canceled, and the conversion result is lost.
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20.3

20.3.1

Functions

The 10-bit AD converter operates in either single mode in which AD conversion is performed only once or repeat
mode in which AD conversion is performed repeatedly.

Single mode
In single mode, the voltage at a designated analog input pin is AD converted only once.

Setting ADCCR1<ADRS> to "1" after setting ADCCRI<AMD> to "01" allows AD conversion to start.
ADCCRI<ADRS> is automatically cleared after the start of AD. conversion, As AD conversion starts,
ADCCR2<ADBF>issetto "1". Itis cleared to "0" if AD conversion is finished-or if AD conversion is forced to
stop.

After AD conversion is finished, the conversion result is stored in the AD converted value registers (ADCDRL
and ADCDRH), ADCCR2<EOCF> is set to "1", and the AD conversion finished interrupt (INTADC) is gener-
ated. The AD converted value registers (ADCDRL and ADCDRH) should be usually read according to the
INTADC interrupt processing routine. If the upper side (ADCDRH) of the AD converted value register is read,
ADCCR2<EOCF> is cleared to "0".

Note: Do not perform the following operations on the ADCCR1. register when AD conversion is being-executed
(ADCCR2<ADBF>="1"). If the following operations-are performed, there is the possibility that AD con-
version may not be executed properly.

» Changing the ADCCR1<SAIN> setting

+ Setting ADCCR1<AINEN> to "0"

» Changing the ADCCR1<AMD> setting (except a forced stop by setting AMD to "00")
+ Setting ADCCR1<ADRS> to "1"

AD conversion start AD conversion start

ADCCR1<ADRS> |_| |_|

ADCCR2<ADBF>

Status of ADCDRL Indeterminate X Result of the first conversionX Result of the second conversion
and ADCDRH
Clearing EOCF based on
ADCCR2<EOCF> the conversion result
! \ ! \
INTADC interrupt H |_|
request
Read of ADCDRH —I —I
Read of conversion result Read of conversion result
Read of ADCDRL ﬂ |_|
Read of conversion result Read of conversion result

Figure 20-2 Single Mode

20.3.2 Repeat mode

In repeat mode, the voltage at an analog input pin designated at ADCCRI1<SAIN>is AD converted repeatedly.

Setting ADCCR1<ADRS>to "1" after setting ADCCR1<AMD>to "11" allows AD conversion to start. After
the start of AD conversion, ADCCR1<ADRS> is automatically cleared. After the first AD conversion is finished,
the conversion result is stored in the AD converted value registers (ADCDRL and ADCDRH), ADCCR2<EOCF>
is set to "1", and the AD conversion finished interrupt (INTADC) is generated. After this interrupt is generated,
the second (next) AD conversion starts immediately.
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The AD converted value registers (ADCDRL and ADDRH) should be read before the next AD conversion is
finished. If the next AD conversion is finished in the interim between a read of ADCDRL and aread of ADCDRH,
the previous converted value is retained without overwriting the AD converted value registers (ADCDRL and
ADCDRH). In this case, the INTADC interrupt request is not generated, and the conversion result is lost. (See
Figure 20-3.)

To stop AD conversion, write "00" (AD operation disable) to ADCCRI<AMD>. As "00" is written to
ADCCRI1<AMD>, AD conversion stops immediately. In this case, the converted value-is not stored in the AD
converted value register. As AD conversion starts, ADCCR2<ADBF> is set to "1". It is cleared to "0" if "00" is
written to AMD.

ADCCR1<AMD> x “117 X “00”
AD conversion start
ADCCR1<ADRS>
! AD conversion is
: %115 ended. . "
: Result of the Result of the 3rd Result of the 4th I'ne conversion.resu
ggen;ya?:rosyl]on / X 2nd conversion )( conversion conversion is not stored.
g;%tth% SSISDRL Indeterminate X Result of the 1st conversion X Result of the Srd Resyne ¥
ADCCR2<EOCF> | | |
' A ! A ! K
i /o ! ) Aread of the
INTADC interrunt . s conversion result
p AN will clear EOCF.
A -
Read of ADCDRH / -| _| -|
Read of Read of Read of
conversion conversion conversion
Read of ADCDRL result result result
The INTADC interrupt request is cRc()er?\;je?sfion cRoer%je?sfion cRoerfgje?sTion
not generated in the interim sult result result

between a read of ADCDRL
and a read of ADCDRH:

Figure 20-3 Repeat Mode

20.3.3 AD operation disable and forced stop of AD operation

If you want to force the AD converter to-stop when AD conversion is ongoing in single mode or if you want
to stop the AD.converter when AD conversion'is ongoing in repeat mode, set ADCCRI<AMD> to "00".

If ADCCRI<AMD> is set“to \"00", registers ADCCR2<EOCF>, ADCCR2<ADBF>, ADCDRL, and
ADCDRH are initialized to "0".
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20.4 Register Setting

1. Setthe AD converter control register 1 (ADCCR1) as described below:
From the AD input channel select (SAIN), select the channel in which AD conversion is to be performed.
Set the analog input control (AINEN) to "Analog input enable".
At AMD, specify the AD operating mode (single or repeat mode).

2. Set the AD converter control register 2 (ADCCR?2) as described below:

At the AD conversion time (ACK), specify the AD conversion time. For information on how to specify
the conversion time, refer to the AD converter control register 2 and Table 20-1.

3. After the above two steps are completed, set "1" on the AD conversion start (ADRS) of the AD converter
control register 1 (ADCCR1), and AD conversion starts immediately if single mode is selected.

4. As AD conversion is finished, the AD conversion end flag (EOCF) of the AD converter control register 2
(ADCCR2) is set to "1", the AD conversion result is stored in the AD converted value registers (ADCDRH
and ADCDRL), and the INTADC interrupt request is generated.

5. After the conversion result is read from the AD converted value register (ADCDRH), EOCF is cleared to
"0". EOCF will also be cleared to "0" if AD conversion is performed once again before reading the AD
converted value register (ADCDRH). In this case, the previous conversion result is retained until AD con-
version is finished.

Example: After selecting the conversion time 15.6 ys-at 10 MHz and the analog input' channel, AIN3 pin, perform AD
conversion once. After checking EOCF, store the conversion result in the HL register. The operation mode is

single mode.

: (Port setting) ;Before setting AD converter registers, make an appropriate port
;register setting.(For further details, refer to the section that describes
;1/0 ports.)

LD (ADCCR1), 0y00110011 ;Select AIN3 and operation mode

LD (ADCCRZ2), 0y00000010 ;Select conversion'time (156/fcgck)

SET (ADCCR1). 7 ;ADRS = 1 (AD conversion start)

SLOOP : TEST (ADCCR2). 7 ;EOCF =17
J T, SLOOP
LD HL, (ADCDRL) ;Read result data

20.5 Starting STOP/IDLEO/SLOW Modes

If STOP/IDLEO/SLOW mode is started, registers ADCCR1<ADRS, AMD, AINEN>, ADCCR2<EOCF, ADBF>,
ADCDRL and ADCDRH are initialized to "0". If any of these modes is started during AD conversion, AD conversion
is suspended; and the AD converter stops (registers are likewise initialized). When restored from STOP/ IDLEO/
SLOW mode, AD) conversion is not-automatically restarted. Therefore, registers must be reconfigured as necessary.

If STOR/IDLEO/SLOW mode!is started during AD conversion, analog reference voltage is automatically discon-
nected and; therefore, there.is no possibility of current flowing into the analog reference voltage.
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20.6 Analog Input Voltage and AD Conversion Result

Analog input voltages correspond to AD-converted, 10-bit digital values, as shown in Figure 20-4.

A
3FF, T —
3FE, T
() H ~
3 .,
3
> 3FD, T ~
8
5 = «
> e
= )
3
A GHT 7
< P ’
02y T % -
0y T 1~ -
S , . . . . VAREF - AVSS
T T )] T T T T >
0 1 2 10211022 1023 1024 1024

3
Analog input voltage

Figure 20-4 Relationships between Analog Input Voltages and AD-converted Values
(typical values)
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20.7 Precautions about the AD Converter

20.7.1 Analog input pin voltage range

Analog input pins (AINO through AIN7) should be used at voltages from VAREF to VSS. If any voltage outside
this range is applied to one of the analog input pins, the converted value on that pin becomes uncertain, and
converted values on other pins will also be affected.

20.7.2 Analog input pins used as input/output ports

Analog input pins (AINO to AIN7) are also used as input/output ports. Inusing one of analog input pins (ports)
to execute AD conversion, input/output instructions at all other pins (ports) must not be executed. If they are
executed, there is the possibility that the accuracy of AD conversion may-deteriorate. This-also applies to pins
other than analog input pins; if one pin receives inputs or generates outputs, noise may occur and its adjacent
pins may be affected by that noise.

20.7.3 Noise countermeasure

The internal equivalent circuit of the analog input pins.is shown in Figure 20-5. The higher the output impedance
of the analog input source, the more susceptible it becomes'to noise. Therefore, make sure the output impedance
of the signal source in your design is 5 kQ orless: It is recommended that a capacitor be attached externally.

5 kQ (max)

5 kQ(typ)
AAA
IE_WVTD Wy e
Permissible signal Internal capacitance: }
source impedance: C=22pF(typ) ;

DA converter

% Internal resistance: Analog comparator
AINi

Note) i=71to 0

Figure 20-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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20.8 Revision History

Rev

Description

RA002

"20.4 Register Setting" Revised ADCCR2 value and comment of example program.
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21. Input/Output Circuit

21.1 Control Pins

The input/output circuitries of the TMP89CM46 control pins are shown below.

Control pin 110 Circuitry Remarks
XIN Input X
Refer to the PO ports in the chapter of Input/Output Ports.
XOouT Output
XTIN Input .
Refer to the PO ports in the chapter of Input/Output Ports.
XTOUT Output
RESET Input Refer to the P1 ports in the chapter of Input/Output Ports.
R
MODE Input R =100.0 (typ.)
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22. Electrical Characteristics

22.1 Absolute Maximum Ratings

The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

(Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply voltage Vbp -0.3t0 6.0 \%
PO, P1, P2 (excluding P23 and P24), P4, P7, P8, _
Vint P9, PB (tri-state port) 0.3t0Vpp 03
Input voltage Vinz P23, P24 (sink open drain port) -0.3to'Vpp+ 0.3 v
VN3 AINO to AIN7 (analog input voltage) -0.3to'Aypp + 0.3
Output voltage VouT1 =0.3to-Vpp+.0.3 \%
I PO, P1, P2 (excluding P23 and P24), P4, P7, P8, 18
ouT1 P9, PB (tri-state port) :
lout2 PO, P1, P2,/P4, P9 (pull-up resistor) -0.4
Output current (per pin)
I PO, P1, P2, P4, P74 to P77, P8, P9 (tri-state
ouT3 3.2
port)
louTa P70 to P73, PB (large current port) 30
mA
sl PO, P1, P2 (excluding P23'and P24), P4, P7, P8, -30
ouT1 P9, PB(tri-state port)
Zlout2 PO, P1; P2, P4, P9 (pull-up resistor) -4
Output current (total)
PO, P1, P2, P4, P74 to P77, P8, P9 (tri-state
ZlouTs 60
port)
ZlouTa P70 to P73, PB (large current port) 120
Power dissipation (Topr = 85°C) Pp 250 mwW
Soldering temperature (time) Tsld 260 (10 s)
Storage temperature Tstg -55t0 125 °C
Operating temperature Topr -40 to 85
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22.2 Operating Conditions

The operating conditions for a device are operating conditions under which it can be guaranteed that the device will
operate as specified. If the device is used under operating conditions other than the operating conditions (supply
voltage, operating temperature range, specified AC/DC values etc.), malfunction may occur. Thus, when designing
products which include this device, ensure that the operating conditions for the device are always adhered to.

(Vss =0V, Topr = -40 to 85°C)

Parameter Symbol Pins Condition Min Max Unit
fc =10.0 MHz 2.7
fc = 8.0 MHz 2.2
NORMAL1, 2 modes
fcgek = 10.0 MHz 4.3
IDLEO, 1, 2 modes
fcgek = 4.2 MHz 2.7
Supply voltage Vbp 5.5 Y
fcgck = 2.0 MHz
SLOW1, 2'modes
fs = 32.768 kHz 2.2
SLEEPO, 1 modes
STOP mode
ViK1 MODE pin Vpp %.0.70
Vpp24.5V
Input high level ViH2 Hysteresis input Vpp % 0.75 Vpp
ViH3 Vpp <4.5V. Vpp %0.90
\Y
V||_1 MODE pin VDD x 0.30
Vpp 245V
Input low level Vi Hysteresis input 0 Vpp % 0.25
Vi3 Vpp <45V Vpp x 0.10
Vpp=2.2t055V 1.0 8.0
fc XIN, XOUT
Vpp=27t055V 1.0 10.0
Vpp~=22t055V 2.0 MHz
Clock frequency
fcgck Vpp=27t055V 0.25 4.2
Vpp=4.3t055V 10.0
fs XTIN, XTOUT Vpp =2.2t0 5.5V 30.0 34.0 kHz
M) | . . . M :
551" - - 55
43 T- 43 T
CY ) | (©
2711 et R 2.7 1
! : )| ©|: !
22 % T prmmmmees 221 — e A
I > R T T s
9 < = [MHZz] < o < [MHZ]
o
Gear clock(fcgcek) frequency range High-frequency clock(fc) frequency range

fc, fc/2 or fc/4 can be used as gear clock (fcgck).
Only fc/2 or fc/4 can be used as gear clock (fcgck).

Only fc/4 can be used as gear clock (fcgck).

Figure 22-1 Clock gear (fcgck) and High-frequency clock (fc)
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22.3 DC Characteristics

(Vss =0V, Topr = -40 to 85°C)

Parameter Symbol Pins Condition Min Typ. Max Unit

Hysteresis voltage Vhs Hysteresis input - 0.9 - \%
IINt MODE Vpp =55V

Input current IIN2 PO, P1, P2, P4, P5, P7, P8, P9, PB | VIN = Vmope = 5.5 VIO V - - +2 pA
IIN3 RESET, STOP
Rinz RESET pull-up 100 220 500

Input resistance Res ﬁg;‘igfnge:ﬁ'ﬁj‘;g P23 and Vpp =5.5V, VN = Vmope =0V %0 s 100 kQ
ILo1 P23, P24 (skin open drain port) Vpp =5.5V,Vour=5.5V - - 2

Output leakage current PO, P1, P2 (excluding P23 and pA
ILo2 P24), P4, P5, P7, P8, P9, PB (tri- | Vpp = 5.5V, Vout =5.5 VIO'V. - = +2

state port)

Output high voltage VoH Except P23, P24, XOUT, XTOUT | Vpp=4.5V, lon.=-0.7 mA 4.1 < -

Output low voltage VoL Except XOUT, XTOUT Vpp=4.5V, lop.=1.6 mA - - 0.4 v

Output low current loL P70to P73, PB (Large current port) | Vpp =45V, VoL =10V - 20 - mA

Note 1: Typical values show those at Topr = 25°C and Vpp =5.0'V.

Note 2: Input current ljn3 : The current through pull-up resistor is not'included.

Note 3: V|y : The input voltage on the pin except MODE pin, Vmope : The input voltage on the MODE pin

(Vss =0V, Topr = -40 to 85°C)

Parameter Symbol Pins Condition Min Typ. Max Unit
’ VN =5.3V/0.2V A
m.
Supply current in fcgek = 10.0-MHz _ 5.2 75
IDLEO, 1, 2 modes fs = 32.768 kHz : :
Supply current in _ 1 29
SLOW1 mode Vop = 30V
Supply current in Ipp VIN'=2.8V/0.2V j 0 )
SLEEP1 mode VMope=2-8V/0.1V
Supply current in fs'= 32.768 kHz - 9 20 pA
SLEEPO mode
VDD =55V
Supply currentin STOP ViN=5.3V/0.2V _ 8 20
mode
VMODE=5-3V/O-1V

Note 1: Typical yalues shown are Topr=25°C.and Vpp = 5.0 V, unless otherwise specified.

Note 2: Ipp does not include IgrgE. It is the electrical current in the state in which the peripheral circuitry has been operated.
Note 3:- Each supply currentin SLOW2 mode is equivalent to that in IDLEO, IDLE1 and IDLE2 modes.
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22.4 AD Conversion Characteristics

(Vss = 0.0V, 4.5V < Vpp < 5.5V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Avpp - 1.0 - Avbbp
Power supply voltage of analog control A v
circuit VDD DD
\Y
Analog reference voltage range (Note AV B _
4) AREF 3.5
Analog input voltage range VaIN Vss - VAREF
Power supply current of analog refer- lner Vop = Avop =VaRer = 5.5V - 06 10 mA
ence voltage Vss = Ayss = 0.0V ’ '
Non-linearity error < - +2
: Vpp =Aypp = 5.0V

Zero point error = - +2

VSS = AVSS =0.0V LSB
Full scale error - - +2

VAREF =5.0V
Total error - - +2

(Vss =0.0V, 2.7 V < Vpp'< 4.5V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Avpp - 1.0 ~ Avpbbp
Power supply voltage of analog control A vV,
circuit VDD DD
\Y

Analog reference voltage range (Note AV B _
4) AREF 2:5
Analog input voltage range VaiN Vss - VAREF
Power supply current of analog refer- lner Vob = Avpp = VAREF = 4.5V / 05 0.8 mA
ence voltage Vss=Ayss =0.0V : :
Non-linearity error - - +2

VDD = AVDD =27V
Zero point error - - +2

VSS =AVSS =0.0V. LSB
Full scale error v =27V - - +2

AREF = 2.
Total error - - +2
(Vss =0.0V,2.2V<Vpp <27V, Topr =-40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF Avpp - 0.9 - Avpbbp
Power supply voltage of analog control A vV,
circuit VDD DD
f ( v

Analog reference voltage range (Note AV _ _
4) AREF 2.2
Analog input voltage range VAN Vss - VAREF
Power-supply-current of analog refer- Inee Vob = Avpp = VAREF = 2.7 V _ 0.3 05 mA
ence voltage Vgs = Aygs = 0.0V ’ ’
Non-linearity error - - +4

Vpp = A =22V
Zero point error bb VDD - - +4

Vss = Ayss = 0.0V LSB
Full scale error v PR - - +4

AREF = 2.

Total error - - +4

Note 1: The total error includes all errors except a quantization error, and is defined as the maximum deviation from the ideal
conversion line.

Note 2: Conversion times differ with variation in the power supply voltage.

Note 3: The voltage to be input to the AIN input pin must be within the range Varer to Vss. If a voltage outside this range is input,
converted values will become indeterminate, and converted values of other channels will be affected.

Note 4: Analog reference voltage range: AVarer = VAREF — Vss
Note 5: If the AD converter is not used, fix the Aypp and Vargr pins to the Vpp level.
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22.5 Power-on Reset Circuit Characteristics

Power supply voltage (Vpp)
Operating voltage

VPROFF
VPRON

’ ! tPRON
Power-on reset signal | I \

T . terOFE

A 1

CPU and peripheral circuit
reset signal I

/ Warm-up counter start

1
1
Warm-up counter clock | | ! J”””HH”]

tpwup

Figure 22-2 Power-on Reset Operation Timing

Note: Care must be taken in system designing since-the power-on reset circuit may not fulfill its functions due to the
fluctuations in the power supply voltage (Vpp).

(Vss=0 V, Topr = =40 to 85°C)

Symbol Parameter Min. Typ. Max. Unit

VPROFF Power-on reset releasing voltage\°® 1.85 2.02 2.19

VPRON Power-on reset detecting-voltageN°® 1.70 1.85 2.00 v

tPROFF Power-on reset releasing response time = 0.01 0.1

tPrRON Power-on reset detecting response time - 0.01 0.1 ms
tPrRW Power-on reset minimum pulse width 1.0 - -

tpwup Warming-up time after a reset.is cleared - 102 x 2%fc - s
tvop Power supply rise time - - 5 ms

Note 1: Because the power-on reset releasing voltage and the power-on reset detecting voltage change relative to one another,
the detected voltage will never become inverted.

Note 2: A'clock output by an oscillating-circuit is used as the input clock for a warming-up counter. Because the oscillation fre-
quency does not stabilize until an oscillating circuit stabilizes, some errors may be included in the warming-up time.

Note 3: Boost the'power supply voltage such that typp becomes smaller that tpyyyp.
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22.6 Voltage Detecting Circuit Characteristics TMP89CM46

22.6 Voltage Detecting Circuit Characteristics

Power supply voltage (Vpp)

A

Operating voltage

Level of detected voltage

| VLTPW
| >
I

1!
t t
VLTON > 1 ¢ 3 | 1 EVLTOFF

h

Signal to request the voltage : rl Iy
detection interrupt i

I

Voltage detection reset signal ! \
T

Figure 22-3 Operation Timing of the Voltage Detecting Circuit

Note:Care must be taken in system designing since the power-on-reset circuit may not fulfill its functions due to the
fluctuations in the power supply voltage (Vpp).

(Vss =0V, Topr = -40 to 85°C)

Symbol Parameter Min. Typ. Max. Unit
tvLTOFF Voltage detection releasing response time - 0.01 0.1
tvLTON Voltage detecting detection responsetime - 0.01 0.1 ms
tvLtPw Voltage detecting minimum pulse width 1.0 - -
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22.7 AC Characteristics

(Vss =0V, Vpp = 4.3 V to 5.5 V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.100 - 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOW1, 2 modes
117.6 - 133.3
SLEEPO, 1 modes
High-level clock pulse width tweH For external clock operation (XIN input). 0.0
X X - ns
Low-level clock pulse width tweL fc =10.0 MHz
High-level clock pulse width twsH For external clock operation (XTIN input)
- 15.26 - us
Low-level clock pulse width twsL fs = 32.768 kHz
(Vss = 0V, Vpp = 2.7 V'to 4:3 V, Topr = -40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.238 - 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOW1, 2 modes
117.6 T 133.3
SLEEPO, 1 modes
High-level clock pulse width twen For external clock operation (XIN input). 50.0
7 X - ns
Low-level clock pulse width twoL fc=10.0 MHz
High-level clock pulse width twsH For external clock operation (XTIN inplt)
- 15.26 - us
Low-level clock pulse width twsL fs = 32.768 kHz
(Vss =0V, Vpp = 2.2 V to 2.7 V, Topr = -40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.500 - 4
IDLEO, 1, 2 modes
Machine cycle time tey ps
SLOWH1, 2 modes
117.6 - 133.3
SLEEPO, 1 modes
High-level clock pulse width twen For external clock operation (XIN input). 625
- . - ns
Low-level clock pulse width twel fc = 8.0 MHz
High-level clock pulse width twsH For external clock operation (XTIN input)
- 15.26 - us
Low-level clock pulse width twsL fs = 32.768 kHz
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22.8 Oscillating Condition TMP89CM46

22.8 Oscillating Condition

XIN XOuT XTIN XTOUT

[ [

| S S

(1) High-frequency oscillation (2) Low-frequency oscillation

Note 1: To ensure stable oscillation, the resonator position, load capacitance, etc. must be-appropriate. Because these factors
are greatly affected by board patterns, please be sure to evaluate operation on the board on which-the device will
actually be mounted.

Note 2: The product numbers and specifications of the resonators supplied by Murata Manufacturing Co., Ltd. are subject to
change.

For up to date information, please refer to the following
http://www.murata.com

Page 320
RAOQ005



TMP89CM46

TOSHIBA

22.9 Handling Precaution

- The solderability test conditions are shown below.
1. When using the Sn-37Pb solder bath

Solder bath temperature = 230°C
Dipping time = 5 seconds
Number of times = once

R-type flux used
2. When using the Sn-3.0Ag-0.5Cu solder bath

Solder bath temperature = 245°C

Dipping time = 5 seconds

Number of times = once

R-type flux used
The pass criteron of the above test is as follows: Solderability rate until forming >95%

When using the device (oscillator) in places exposed to high electric fields such as cathode-ray tubes, we
recommend electrically shielding the package in order to-maintain normal operating condition.
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22.10 Revision History

TMP89CM46

22.10 Revision History

Rev Description
RA003 Made minor formatting changes.
RAOO4 "22.5 Power-on Reset Circuit Characteristics" Revised spec of Power-on reset detecting voltage (Vpron)-
"22.3 DC Characteristics" Added Note 3.
RA005 "22.9 Handling Precaution" Revised mark of lead-free.

RAOQ005
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23. Package Dimensions

LQFP48-P-0707-0.50D Rev 01
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively “Product”) without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product’s quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all
relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for
Product and the precautions and conditions set forth in the “TOSHIBA Semiconductor Reliability Handbook”and (b) the instructions for
the application that Product will be used with or for. Customers are solely responsible for all aspects of their own product design or
applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or applications;
(b) evaluating and determining the applicability of any information contained in this document, or.in charts, diagrams, programs,
algorithms, sample application circuits, or any other referenced documents; and (c) validating.all.operating parameters for such
designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS’ PRODUCT DESIGN OR APPLICATIONS.

Product is intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly stated in-this document.
Product is neither intended nor warranted for use in equipment or systems thatrequire extraordinarily high levels of quality and/or
reliability and/or a malfunction or failure of which may cause loss of human life, bodily injury, serious property damage or serious public
impact (“Unintended Use”). Unintended Use includes, without limitation, equipment.used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains; ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices; €levators and escalators, devices related to electric
power, and equipment used in finance-related fields. Do not use Product for-Unintended Use unless specifically permitted in this
document.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in-whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use,.or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights-of third parties that may-result from-the use of Product. No license to
any intellectual property right is granted by this document, whether‘express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPTAS PROVIDED IN-THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR'NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or. technology for any military purposes, including without limitation,
for the design, development, use;-stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction’'weapons). Product'and related software and technology may be controlled under the Japanese Foreign
Exchange and Foreign Trade Lawand-the U.S. Export/Administration Regulations. Export and re-export of Product or related software
or technology are strictly prohibited exceptiin compliance with all-applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details-as to.environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with/applicable laws and regulations.
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