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TOSHIBA TMP89FM42

CMOS 8-Bit Microcontroller

TMP89FM42

The TMP89FM42is a simle-chip 8-hit high-speedand high-functionality microconputer incorporatiy 32768
bytes of FAshMemory. Itis pinconpatible with the TMP&®CM42 (Mask RQM version). The TMP89FM4Zan
realize operatiosequivaent tothose of te TMP89CM42 by programimg the on-chipFlash Menory.

Product No. ROM RAM Package Flash MCU Emulation Chip
(Flash)
TMP89FM42UG 32768 bytes 2048 bytes LQFP44-P-1010-0.80B * TMP89CM42UG * TMP89C900XBG

Note : *; Under development

1.1 Features

1. 8-bitsingle chipmicroconputer TLCS-&0/C1 series
- Indruction executiorime :

100 ns(at 10 MHz)

122 us (at 32.76&Hz)
- 133typesé& 732 basic instructins
2. 25 interruptsaurces (External : 6 ternal : 19 Exceq reset)
3. Input / Ouput ports (40 pins)

Note : Two of above pins can not be used for the 1/0O port, because they should be connected with the high frequency OSC input.

Large curremoutput: 8 pins(Typ. 20mA)

4. Watchdog timer
- Interruptor reset can besected by thgprogram.
Power-on reset circuit
Voltage cetection circuit
Divider autput function
Time basetimer
16-bittimer courter : 2 ch
- Timer, Exterral trigger Evert Courter, Window, Puke width measurerant PPG OO PUT males

© o N o>

This product uses the Super Flash® technology under the licence of Silicon Storage Technology, Inc. Super Flash® is registered trademark of Silicon Storage
Technology, Inc.

» The information contained herein is subject to change without notice. 021023_D

» TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general can

malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when

utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid situations

in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most

recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for

Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc. 021023_A

The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equip-

ment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are neither

intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunction or failure of

which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments,

airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments, medical instru-

ments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's

own risk. 021023_B

» The products described in this document shall not be used or embedded to any downstream products of which manufacture, use and/or
sale are prohibited under any applicable laws and regulations. 060106_Q

* The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by impli-
cation or otherwise under any patents or other rights of TOSHIBA or the third parties. 070122_C

» The products described in this document are subject to foreign exchange and foreign trade control laws. 060925_E

* For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitled Quality and
Reliability Assurance/Handling Precautions. 030619_S

RAO000 Page 1
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1.1 Features
TMP89FM42

10.8-bit timer caunter: 4 ch
- Timer, Event Counter, PWM, PPG OUTPUTmodes

- Usable ag 16bit timer, 12-bt PWM ouput and 16-bitPPG outpt by the cascade corettion of two
channels.

11. Real time clock
12.UART : 1ch
13.UART/SIO : 1ch Note :One SIO chanel can baisedatthe same time.

14.1°C/SIO : 1ch
15.Key-onwake-up : 8 ch
16.10-bit sccessie apgoximation type AD corverter
- Analog input : 8ch
17.0n-chipdebugfunction
BreakEvent
- Trace
- RAM monitor
- Flash memay writing
18. Clock ogeraton node contol circuit : 2 circuit

Singde clock node / Duaklock made
19.Low power consurption operaton (8 mode)
- STOP male:
Oscillation sops.(BatteryCapacito back-up.)
- SLOW1 maode:
Low power consumption ogeraton usirg low-frequemry clock.(High-frequency clock sta.)

- SLOW2 made:
Low power consurption operaton usirg low-frequerty clock.(Hgh-frequency clock oscllate.)
- IDLEO node:

CPU stops, and only therie-Based-ier(TBT) on peripherals operate usirfigh frequency clock
Releasedvhen the referendime setto TBT has elapsed.

- IDLE1 node:
TheCPU stos, and peripérals operate usintggh frequency clock Release by ietrupus(CPU
restats).

- IDLE2 node:
CPUstops and pepherals operatusing high and lev frequencyclock. Rekaseby interruputs. (CPU
restats).

- SLEEPO mode:
CPU stops, and only thenie-Based-imer(TBT) on peripterals operate usirlgw frequery clock.
Releasedvhen the referendime setto TBT has elapsed.

- SLEEP1 mode:

CPU stps, ard peipheralsoperate usig low frequency clock Release by ietruput.(CPU restarts).
20.Wide operatia voltage:

4.3V to5.5V at 10MHz /32.768 kHz
2.7Vt0 5.5V at 4.2 MHz /32.768 kHz
2.2V t0 5.5V at 2MHz /32.768 kHz

RA000 Page 2
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TOSHIBA

TMP89FM42

1.2 Pin Assignment

(TXD1/RXD1) P91 1]
(PWMO02/PPG02/TC02) P80 1T

P90 (TXD1/RXD1)
P77 (INT4)
P76 (INT3)
P75 (INT2)

7)
6)
5)
4)
3)
2)

P74 (DVO)
P47 (A
P46 (Al
P45 (A
P44 (A
P43 (A
P42 (A

®m ® N N NN

2

P41 (AINL/KWIL)
[LTIP40(AINO/KWIO)

34
35
(PWM03/PPG03/TC03) P81 CT1]36 20[ATVAREF/AVDD
(PWM00/PPG00/TCO0) P70 CITT]37 oTTP27
(PWMO1/PPG01/TCO1) P71 [CTT]38 1BTTIP26
(PPGAO/TCAQ) P72 CI1T]39 17T 1P25(SCLKO)
(PPGAL/TCAL) P73 [IT]40 16 [TT1P24(SCLO/SIO)
(SO0/RXDO/TXDO) PB4 [TT]41 15[TT1P23(SDA0/SO0)
(SI0/TXDO/RXDO) PB5 [CIT]42 14 TT1P22(SCLKO)
(SCLKO) PB6 [TT]43 Q 13[TT1P21(RXDO/TXDO/SIO/OCDIO)
PB7 T1T]44 o o 2JTTP20(TXDO/RXD0/SO0/OCDCK)
dNmtowo~0o0 9 d
¢8goegedias
— N
2% EZSEES
0 <olusleZz
S =g 5‘% =~
~ e

Figure 1-1 Pin Assignment
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1.3 Block Diagram

TMP89FM42

1.3 Block Diagram

High—frequency clock
oscillator

Low—frequency clock
oscillator

Timing Generater

Standby Controller

Interrupt Controller

Power On Reset

Time Base Timer

GPU (T LCS-8704C10

10-bit AD Converter(8ch)

[2C/SI0 (1ch}

Key On Wakeup (8ch)

Register BANK
BarE0 =R

) a iy a
B [ B [
B} E a] E
H L H L

I I

I I

PS

== wm

bit

Real Time Clack

UART/SIO (1ch)

8bit Timer / Counter{dch)

Yoltage Detecting Circuit

Watch Dog Timer

PO

P1

P2

P4

PT

2]

2]

PB

16bit Timer /
Counter(2ch)

BOOTROM(4096bytes)

UART (1ch)

RAM(2048bytes)

FLASH(32768bytes)

Figure 1-2 Block Diagram
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TOSHIBA TMP89FM42

1.4 Pin Names and Functions

The TMP®FM42 has MCU mde, parallePROM node,ard serial PROM mode. Table 1-1 shows the pifunc-
tionsin MCU made. The seridPROM node is eplained latelin aseparate chagt

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

Pin Name Input/Output Functions

P03 10 PORTO3

XTOUT o Low frequency OSC output

P02 10 PORTO2

XTIN | Low frequency OSC input

P01 10 PORTO1

XOouT o High frequency OSC output

P00 10 PORTO0

XIN | High frequency OSC input

P13 10 PORT13

INT1 | External interrupt 1 input

P12 10 PORT12

INTO | External interrupt O input

P11 10 PORT11

INTS | 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 clock input/output 0

SI0 | Serial data input 0

P23 10 PORT23

SDAO 10 12C bus data input/output O

SO0 o Serial data output 0

P22 10 PORT22

SCLKO 10 Serial clock input/output O

P21 10 PORT21

RXDO | UART data input 0

TXDO [¢] UART data output 0

SI0 | Serial data input 0

OCDIO 10 OCD data input/output

P20 10 PORT20

TXDO o UART data output 0

RXDO | UART data input 0

SO0 o Serial data output 0

OCDCK | OCD clock input

P47 10 PORTA47

AIN7 | Analog input 7

KwWI17 | Key-on wake-up input 7

P46 10 PORT46

AIN6 | Analog input 6

KWI16 | Key-on wake-up input 6
RAO000 Page 5
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1.4 Pin Names and Functions

TMP89FM42

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

Pin Name Input/Output Functions
P45 10 PORT45
AIN5S | Analog input 5
KWI5 | Key-on wake-up input 5
P44 10 PORT44
AIN4 | Analog input 4
KWI4 | 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
KwiI1 | Key-on wake-up input 1
P40 10 PORT40
AINO | Analog input 0
KWIO | Key-on wake-up input 0
P77 10 PORT77
INT4 | External interrupt 4 input
P76 10 PORT76
INT3 | External interrupt 3 input
P75 10 PORT75
INT2 | External interrupt 2 input
P74 10 PORT74
DVO o Divider output
P73 10 PORT73
TCA1l | TCA1 input
PPGA1 o PPGAL output
P72 10 PORT72
TCAO | TCAO input
PPGAO o PPGAO output
P71 10 PORT71
TCO1 | TCO1 input
PPGO1 (0] PPGO1 output
PWMO1 (¢] PWMO1 output
P70 10 PORT70
TCO00 | TCOO0 input
PPG00 o PPGOO0 output
PWMO00 o PWMOO output
P81 10 PORT81
TCO03 | TCO3 input
PPGO3 (0] PPGO3 output
PWMO03 (¢] PWMO03 output
P80 10 PORT80
TC02 | TCO02 input
PPG02 o PPGO02 output
PWMO02 o PWMO02 output
P91 10 PORT91
RXD1 | UART data input 1
TXD1 o UART data output 1

RAO000
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TOSHIBA TMP89FM42

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

Pin Name Input/Output Functions
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 O
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 | UART data input 0
SO0 o Serial data output 0
MODE | Test pin for out-going test (fix to Low level).
Analog reference voltage input pin for A/D conversion. / Ana-
VAREF / AVvDD | )
log power supply pin.
VDD | VDD pin
VSS | GND pin
RAO00 Page 7
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1.4 Pin Names and Functions
TMP89FM42
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TOSHIBA

2. CPU Core

2.1 Configuration

The CPU core coiets of aCPU, asysem clock controlleand are<t circuit.

This chapter describes the CROreaddresspacethesysem clockcontroller and the rescircuit.
2.2 Memory space

The870/C1 CPU memorgpace consistsf a cale aredo be accesseds instructian operation cales andperands

and adata area to be acesesl asaurces and destitions oftransfer anatalculation infructions.

Both thecodeand data areas hair@ependent 64-Kbyteddress gaces

2.2.1 Code area

Thecode areat®res operation codes, operands, vectbida for vector calinstructions andnterrupt vector

tables.

The RAM, the BOOT®M and the Flash are mapped in toelearea.

0x0000 SWI instruction SWI instruction
OX003F (OXFF) is fetched. (OXFF) is fetched.
0x0040 RAM RAM
SWI instruction
(2048 bytes) (2048 bytes)
0x083F (OXFF) i fetched.
SWI instruction SWI instruction SWI instruction
(OXFF) is fetched. (OXFF) is fetched. (OXFF) is fetched.
0x1000 BOOTROM BOOTROM
OXL7EFE (2048 bytes) (2048 bytes)
0x1800
OX7FFF
0x8000 Flash Flash Flash Flash
(32768 bytes) (32768 bytes) (32768 bytes) (32768 bytes)
OXFFAO | vector table for vec- Vector table for vec- Vector table for vec- Vector table for vec-
tor call instructions tor call instructions tor call instructions tor call instructions
OXEFBE (32 bytes) (32 bytes) (32 bytes) (32 bytes)
OxFFCC Interrupt vector Interrupt vector Interrupt vector Interrupt vector
table table table table
OXEFEE (52 bytes) (52 bytes) (52 bytes) (52 bytes)
Immediately after re- When the RAM is When the When the RAM and
set release mapped in the code BOOTROM is the BOOTROM are

area

mapped in the code
area

mapped in the code
area

Note: Only the first 2 Kbytes of the BOOTROM are mapped in the memory map, except in the serial PROM mode.

Figure 2-1 Memory Map in the Code Area

RA001 Page 9
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2. CPU Core

2.2 Memory space
TMP89FM42

2211 RAM

The RAM is mappd in the dat areaimmediately after reset relsa

By seting SYSCR3<RAREA> to"1" andwriting &XD4 to SYSCR4 RAM canbe meppedto 0x0040to
0x083F inthe code area to execeithe program

At this time, ly setthg SYSCR<R/CTR> to"1" and writing 0xD4 to SYSCRA4, vedr table for vector
call instructions and interrupt exdepset can beapped to RAM.

In theserial PROMmade, the RM is mappedto 0x0040to 0xO83F in the cock area, regrdless d the
value of SYSCR3<RAREA>. The program cabe exaitedon the RAMusing the RAM loader function.

Note 1: When the RAM is not mapped in the code area, the SWI instruction is fetched from 0x0040 to 0x083F.

Note2: 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 RIW RIW R/IW
After reset 0 0 0 0 0 0 0 0
Specifies mapping of the RAM in 0:| The RAM is not mapped from 0x0040 to 0xO83F in the code area.
RAREA | the code area 1:| The RAM is mapped from 0x0040 to 0x083F in the code area.

Vector table for vector call instruc- .
Vector table for interrupt

Specifies mapping of the vector tions
RVCTR tablg for vector call instructions 0: OXEFAQ to OXFFBE in the code area OXFFC8 to OxFFFF in the code
and interrupts area

1:] Ox01AO0 to 0x01BF in the code area [ 0x01C8 to OxO1FD in the code area

Note 1: The value of SYSCR3<RAREA> is invalid until 0xD4 is written into SYSCR4.
Note 2: To assign vector address areas to RAM, set SYSCR3<RVCTR> to "1" and SYSCR3<RAREA> to "1".

Note 3: Do not set SYSCR3<RVCTR> to "0" by using the RAM loader program. If an interrupt occurs with SYSCR3<RVCTR> set
to "0", the BOOTROM area is referenced as a vector address and, therefore, the program will not function properly.
Note 4: Bits 7 to 3 of SYSCRS3 are read as "0".

System control register 4

SYSCR4 7 6 5 4 3 2 1 0
(0xOFDF) 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 SYSCRS3 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 opera-
tion.

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 fcgck is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, IRSTSR<FCLR> may be enabled at unexpected timing.
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System control status register 4
SYSSR4 7 6 5 4 3 2 1 0
(0xOFDF) Bit Symbol - - - - RVCTRS RAREAS | (RSTDIS)

Read/Write R R R R R R R R
After reset 0 0 0 0 0 0

RAREAS Status of mapping of the RAMinthe | 0: | The enabled SYSCR3<RAREA> data is "0".

code area 1: | The enabled SYSCR3<RAREA> data is "1".

RVCTRS Status of mapping of the vector 0: | The enabled SYSCR3<RVCTR> data is "0".

address in the area 1: | 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?

JRS F, TRANS_RAM

2.2.1.2 BOOTROM

The BOOTRMM isna mapped in the codareaor the data area after reset reteas

Seting FLSMD<BAREA> to "1" maps the BOOTROM to 0xQ00 to Ox1FF in the code areaard to
0x1000 to 0x17FF in the datarea. TheBOOTROM can be edgiwritten into the Flash by usig the Ap-
plication Programing InterfacgAPI) integatedin the BOOTROM.

Note 1: When the BOOTROM is not mapped in the code area, an instruction is fetched from the Flash or an
SWI instruction is fetched, depending on the capacity of the internal Flash.

Note 2: Only the first 2 Kbytes of the BOOTROM are mapped in the memory map, except in the serial PROM
mode.

Flash memory control register 1

FLSCR1 7 6 5 4 3 2 1 0
(0xOFDO) Bit Symbol (FLSMD) BAREA (FAREA) (ROMSEL)
Read/Write R/W R/W R/W R/W
After reset 0 1 0 0 0 0 0 0

0:| The BOOTROM is not mapped to 0x1000 to O0x17FF in the code area and
to 0x1000 to Ox17FF in the data area.

1:| The BOOTROM is mapped to 0x1000 to 0x17FF in the code area and to
0x1000 to 0x17FF in the data area.

Specifies mapping of the
BOOTROM in the code and data
areas

BAREA

Note: The flash memory control register 1 has a double-buffer structure comprised of the register FLSCR1 and a shift register.
Writing "OxD5" to the register FLSCR2 allows a register setting to be reflected and take effect in the shift register. This
means that a register setting value does not take effect until "OxD5" is written to the register FLSCR2. The value of the shift
register can be checked by reading the register FLSCRM.
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TMP89FM42
Flash memory control register 2

FLSCR2 7 6 5 4 3 2 1 0
(0XOFD1) Bit Symbol CR1EN

Read/Write w

After reset * * * * * * * *

CRIEN FLSCRL1 register 0xD5 | Enable a change in the FLSCR1 setting

enable/disable control Others | Reserved
2.2.1.3 Flash

The Fhshis mappedto 0x8000 to O¥FFFin the code area after etselease.

2.2.2 Data area

The dataarea stores the data to #Eessedis sources anddestinationsf transferand calculationnstruc-
tions.

The SFR, the RAM, the BOOTRORNd tle FLASH are mapped ihe data area.

0x0000 SFR1 SFR1
OX003F (64 bytes) (64 bytes)
0x0040 RAM RAM
Ox083F (2048 bytes) (2048 bytes)

OXFF is read OXFF is read
OxOE40 SFR3 SFR3
OXOEFF (192 bytes) (192 bytes)
0x0F00 SFR2 SFR2
OXOFFF (256 bytes) (256 bytes)
0x1000 BOOTROM
OX17FF (2048 bytes)
0x1800

OXFF is read OXFF is read
OX7FFF
0x8000 Flash Flash

(32768 bytes) (32768 bytes)
OXFFFF

Immediately after re- When the
set release BOOTROM is

mapped in the data
area

Note: Only the first 2 Kbytes of the BOOTROM are mapped in the memory map, except in the serial PROM mode.

Figure 2-2 Memory Map in the Data Area
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2221 SFR

The SFR ignapped b 0x000 to 0xO03F (SFRL), 0XOF00 to OxGFF (SFR) and 0xOE4Go OXOEFF
(SFR3) in the datareaafter resetelease.

Note: Don't access the reserved SFR.

2.2.2.2 RAM

The RAM is mappd to Ox@40to Ox083F in the data area &ftreset redase.

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 ini-
tialization routine.

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?

JRS F, CLR_RAM

2.2.2.3 BOOTROM

The BOOTRMM isna mapped in the codareaor the data area after reset reteas

Seting FLSMD<BAREA> to "1" maps the BOOTROM to 0xQ00 to Ox1FFin the code areaand to
0x1000 to 0x17FF in the datarea. ThaBOOTROM can be edgiwritten into the Flash by usig the Ap-
plication Programing InterfacgAPI) integatedin the BOOTROM.

Note 1: When the BOOTROM is not mapped in the data area, OxFF is read from 0x1000 to Ox17FF.

Note2: Only the first 2 Kbytes of the BOOTROM are mapped in the memory map, except in the serial PROM
mode.

Flash memory control register 1

FLSCR1 7 6 5 4 3 2 1 0
(0x0FDO) Bit Symbol (FLSMD) BAREA (FAREA) (ROMSEL)
Read/Write R/W R/W R/W R/W
After reset 0 1 0 0 0 0 0 0

0:| The BOOTROM is not mapped to 0x1000 to 0x17FF in the code area and
to 0x1000 to 0x17FF in the data area.

1:| The BOOTROM is mapped to 0x1000 to 0x17FF in the code area and to
0x1000 to 0x17FF in the data area.

Specifies mapping of the
BAREA BOOTROM in the code and data
areas

Note: The flash memory control register 1 has a double-buffer structure comprised of the register FLSCR1 and a shift register.
Writing "OxD5" to the register FLSCR2 allows a register setting to be reflected and take effect in the shift register. This
means that a register setting value does not take effect until "OxD5" is written to the register FLSCR2. The value of the shift
register can be checked by reading the register FLSCRM.

Flash memory control register 2

FLSCR2 7 6 5 4 3 2 1 0
(OxOFD1) Bit Symbol CRI1EN
Read/Write w
After reset * * * * * * * *
RA001 Page 13
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CRI1EN

FLSCRA1 register
enable/disable control

0xD5
Others

Enable a change in the FLSCR1 setting
Reserved

2.2.2.4 Flash

The Fhshis mappedto 0x8000 to OXFFFFin the dda area after resrelease.
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2.3 System clock controller

2.3.1 Configuration

The systenclock controller consists ofa clock geerator a clock gear, a timing generatgra warm-up
couner and an operath male catrol circuit

[ WuCCR | [ WUCDR |

Warm-up counter

INTWUC interrupt

3 \

XEN/XTEN

| |
STOP [ TBTCR | SYSCR1 | [ SYSCR2 |

Clock generator DVICK ﬂ
XIN 5 i
ﬁ

_| High-frequency i fe fegek > i
[m] : clock oscillation + > Ciljck1g§ar1 Timing Operation mode
; circuit : (x1/4,x1/2,x1) generator control circuit
XouT ; :

TFCGCKSEL i ...... i

A

il

—_— .
: H System control register
_| XTIN H Clock gear control register System clock
: Low-frequency clock fs
] oscill':tion ciyrcuit T 1/4
777 XTOUT & Oscillation/stop control
Figure 2-3 System Clock Controller
2.3.2 Control

The system clock controller is contied by systentontol register 1 ($SCR1),system controtegister 2
(SYSCRZ2), the warm-up coter contrd register (WWLCR), the warm-p counter data register (ACDR) ard
theclock gear controlregister (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 R/W RIW R/W R R R R
After reset 0 0 0 0 1 0 0 0

Operate the CPU and the peripheral circuits

STOP Activates the STOP mode ' ) o .
1:| 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)
OUTEN Selects the port output state in the 0:| High impedance
STOP mode 1:| Output hold
- ) 9
DVICK Selects the input clock to stage 9 of 0:] fcgck/2

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".
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TMP89FM42

Note 3: If the STOP mode is activated with SYSCR1<OUTEN> set at "0", the port internal input is fixed to "0". Therefore, an exter-

nal 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 instruc-

tion, such as LDW, which executes 2-byte data transfer at a time.
Note 6: Don't set SYSCK1<DV9CK> 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< DV9CK >.

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/IW RIW RIW RIW R/IW 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 or start oscillation
XTEN Controls the low-frequency clock 0:| Stop oscillation
oscillation circuit 1:| Continue or start oscillation
0:| Gear clock (fcgck) (NORMAL1/2 or IDLE1/2 mode)
SYSCK Selects a system clock
4 1:| Low-frequency clock (fs/4) (SLOW1/2 or SLEEP1 mode)
IBLE 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)
16 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 SLEEPO 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/IW R/W R
After reset 0 0 0 1 1 0 1
WUCRST Resets and stops the warm-up 0:f -
counter 1:| Clear and stop the counter
00 : | Source clock
Wucply | Setects the frequency division of the | 01 Source clock / 2
warm-up counter source clock 10 : | Source clock / 22
11:| source clock / 28
Selects the warm-up counter 0:| Select the high-frequency clock (fc)
WUCSEL
source 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 O is read as "1".

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.
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Warm-up counter data register

WUCDR
(OXOFCE)

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

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

Clock gear control register

CGCR
(OXOFCF)

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

FCGCKSEL | Clock gear setting

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

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 clak generator generates thasle clock for thesystem clocks$o be supplied to the CPU core and
peripheral circuits.

It contains tvo oscillation circuits: one for thehigh-frequency cbck ard the oher for theow-frequercy
clock.

The oscillation circuit pins are ajsused as port$0. Forthe settingto use themas portsrefer to the
chapter of/O Ports.

To use prts POCand P0Olas he high-frequery clock oscillation circuits (the XIN and XOUT pirs), set
POFCOto "1" and therse SYSCR2<XEN>to"1".

To use portsP02 and P03 ake low-frequency cldcoscillation circuts (the XTIN and XTOUT pins),
set POFC2 to "1" and éimset SYSCR2<XTEN> to "1".

The highfrequency (fc) cbck and the lowfrequency (fs) clock can easily bebtained by connectng an
oscillator betveen the XIN and XOU pinsand betweerthe XTIN and XTOUT pinsrespectiely.

Clock input from an externaiscillabr is also posi#le. In this casegxternal clocks arapplied to the
XIN/XTIN pinsard the XOUI/XTOUT pins are kep open.

Enabing/disading theoscillation of the hgh-frequency cbck ascillation circuit ard the low-frequerty
clock cscillation circuit and switching the pn funcion to portsarecontrolled by the séiware andchard-
ware.

The software catrol is executed y SYSMR2<XEN>, SYSCRXXTEN> and tle POport function con-
trol registerPOFC.
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The hardware control is execdtby resetelease amthe operatio modecontrolcircuit whenthe ger-
ation is swithed to tle STOP node aglescribedin "2.3.5 Operaton mode contol circuit".

Note: No hardware function is available for external direct monitoring of the basic clock. The oscillation fre-
guency 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 deadck of the CPltoredueto the softvare-contolled enabhg/disablng of the oscil-
lation, an nternal factor resas generaed depending on the combination of values the clock selected as
the main systemclock, SYSCR2<XEN>, SYSCR2<XTEN>ard the POport furction cortrol regiser
POFCO.

Table 2-1 Prohibited Combinations of Oscillation Enable Register Conditions

syscr2 | syscrz | svscr2
POF
OFCo <XEN> | <XTEN> | <syscks 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
stopped.
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
stopped.
0 1 Dot Care | Don't Care The high-frequency clock oscillation circuit is allowed to

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

Note: 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".

mnesmem e High-frequency clock:--------------2---00 s  RRRRERELECELELEY Low-frequency clock ---=-=-=-====-=r=xzmmnmny
XIN XOUT XIN XOUT XTIN XTOUT XTIN XTOUT
(Open) § | (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 isa circuit that selects a geelock (fcgck) dotained by dividing the Hgh-frequercy
clock (fc) and iputs itto the timing generabr.
Selects aivided clok at CGAR<FCGCKSEL>.

Two machine cycleare needed after CGCR<FCGCKSEis>xhanged before the gear clock (fcgck) is

changed.
The gear clock (fcgckhay belongerthan thesetclock width, immedately afterCGCR<FCG&SEL>
is changed.
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Immediately aftereset release, the gear clock @kjgbecomes thelock thatis a quarter othe high-
frequency clak (fc).

Table 2-2 Gear Clock (fcgck)

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

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

2.3.3.3 Timing generator

The iming generator is a muit that gererates sysm clocks tobe suplied tothe CPU coreand he
peripheralcircuits, from thegearclock (fcgck)or the clock thats a quarter of he low-frequencyclock
(fs). The timing generabr has the flowing functions:

1. Gereration of the man systemclock (fm)
2. Generabn of clocks for the tmercounter the tine basdimer and otbr perpheral circits

Main system clock
fm

Y

Main system clock generator »| Machine cycle counter

SYSCR2<SYSCK> T )
SYSCR1<DV9CK> : > ;

Prescaler Divider Divider

Gear clock fegck > 1 —+>{1]2][3]4]5]6]7]8 )—»ASY—AQ [10[11]12]13[14]15[16[17]18]19]20]21]

B
ﬁultiplexer
A quarter of the basic clock

for the low-frequency clock

Y Y Y YYYYYYYY YYVYVYVYYVYY YYVY

| Timer counter, time base timer and other peripheral circuits

Figure 2-5 Configuration of Timing Generator

(1) Configuration of timing generator

The timinggenerator consists afmainsystemclock generatgma prescalea 21-stage divideand
a machine cycle counter

1. Main systemclock gererator

This circuitselects the gear otk (fcgck) or the clock that & quarter of tke low-frequercy
clock (fs) for the main systenclock (fm) to operate the CPU 1o

Clearing SYSCR2<SYSCK> to "®lects the geaclock (fcgck). Seting it to "1" selects
the clo& that is aquarter otthe low-frequencyclock (fs).

It takes ecertain period of time after SYS®2<SYSW> is changedbefore tle main sys-
temclockis swiched. If he curertly operating oscillation circuit is stoged tefore the man
systemclock is swtched, the internal couwlition becomes ashown in Eble 2-1and asystem
clock resetoccurs. For etails of clock switching, referto "2.3.6 Operaton Mode Control".
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2. Prescaler ahdivider

These dicuits divide fcgck The dvided cbcks aresupplied © the timer cainter, the time
basetimer and oher peripheral circuits.

When bothSYSCR1<DV9CK> and SYSCR2<SYSGkare"0", the inputclock to stag®
of the divider becoras the ouput of sage8 of the dvider.

When SYSCR<DV9CK> or SYSR2<SYS®&> is "1", theinput clock to stage @f the
divider becomes f4. When SYS®R2<SYSCK> is "1", the ouputs o siages 1 b 8 of the
divider arl prescaler are spped

The prescaler and divider areated to "O'at a rest and at theend of the warm-uppera
tion that followvs the release @TOP node.

3. Machine cycle
Instructon execubnis synchronized with the man systemclock (fm).

The mnimum instruction execuion unit is called a "machineycle". One machine cycle
correspodsto one man system clak.

There are #otal of 11 different type®f instuctions fa the TLCS-870C1 Series: 1@ypes
rangingfrom 1-cycle ingructions which reyuire one machine cyel for execution, to 10-
cycle instructions, which require 10 machayeles forexecution, and 3-cycle instructions,
which requre 13machire cyclesfor execution.

2.3.4 Warm-up counter

The warm-upcounter is a ccuit that courts the hijh-frequencyclodk (fc) and the bw-frequencyclock (fs),
and it conistsof asource cloclsekction circuit a 3-stag frequency division circuit and a 14-stge cainter.

The warm-up counter is used to secure the time afpewer-on resetis rekasedefore he suply voltage
becomesstable and secure the tirafter the STOP male is released dhe operaton male is changebefae
the oscilation by the osclhtion circuit becomestable.

| WUCCR | | SYSCR2 | SYSCR1

WUCSEL | WUCDIV WUCRST XEN| XTEN ]
STOP
Y _ VY Y INTWUC interrupt
>

Warm-up counter

>
controller <€ Enable CPU operation
S \ 2 Enable/disable counting up
Clock for high-frequency clock A 4 S
oscillation circuit (fc) —»A 7 2 D Y
Clock for low-frequency clock —B cz—>|1]2[3|4]5]6]|7]8]9]10[11|12l13}14]
oscillation circuit (fs) B : ’
> A 3

[0,1,234567
WUCDR

Figure 2-6 Warm-up Counter Circuit
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2.3.4.1 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 counteserves to secure the tiraiter a poweion resetis releasd beforethe supply
voltagebecomes stable and the tiratter aresetis released d&fore the cscillation by the high-fre-
guency clocloillation circuitbecomes stable.

Whenthe power is turnedn and the gpply voltage exceeds thmoweron reserelease voltage,
the warm-upcounter reset ghal isreleased. At thisime, the CPU and theperipheralcircuits are
held in the resestae.

A reset signalnitializes WUCCRWUCSEL>to "0" and WUCCR<WUCDV> to "11", which
selects the lgh-frequencyclock (fc) asthe inpu clock tothe warm-up counter.

When a resetis releasedor the warm-upcouner, the hgh-frequency cbck (fc) is input to the
warm-up counterandthe 14-stage counterasts counting the hgh-frequencyclock (fc).

Whenthe upper 8 bits of the warm-up counter becomeequalto WUCDR, countingis stopped am
areset is released for the CPU and the peripheral circuits

WUCDR is initi alizedto 0x66 afterresetreleasewhich makes the warm-uptime 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 oscillation cir-
cuit becomes stable.

(2) When the STOP mode is released

The warm-up counteres/es to secure the timefter the oscillation is enabled by the hardware
beforetheo<illation becomestableat the réeaseof the STOP mode.

The hgh-frequey clock (fc) or the low-frequency clock (fs),which generaes the mai system
clock when the SOP mode isacivated is sekcted ashe inputclock for frequencydivision circtit,
regardlesf WUCCR<WUCSEL>.

Before the SDP mode is activated, select the divisiorate of the input clock to the warmup
counter at WUCCR<WUCDI¥ and sethe warm-up time alVUCDR.

Whenthe STOP mode is releas, the 14-fage countestarts counting the input clock selected
the frequency divisioncircuit.

Whenthe ugper 8 bits of the warm-up counter becomeequalto WUCDR, countingis stopped ard
the gperaton is restartedy aninstruction that followsthe STOP modeactivationinstruction.

Clock that generates the main system
clock when the STOP mode is acti- WUCCR<WUCSEL> | WUCCR<WUCDIV> Counter input clock Warm-up time
vated

00 fc 28 /fc to 255 x 28/ fc
01 fc/2 27 /fcto 255 x 27 [ fc

fc Don't Care
10 fc/ 22 28 /fcto 255 x 28/ fc
1 fc /23 2% /fcto 255 x 2%/ fc
00 fs 26 /fsto 255 x 28/ fs
01 fs/2 27 /fsto255x 27 [ fs

fs Don't Care
10 fs/ 22 28 /fsto 255 x 28/ fs
1 fs /23 2% /fsto 255 x 2%/ 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 trsrethe time after the scillation iserabledby the sdtware before e
ogillation becomes stable, & mode changérom NORMAL1 to NORMAL2 or from SLOWL1 to
SLOW?2.

Select the inputlock to the frequecy divisioncircuit at WUCCR<WUCSEL>.
Select the inputlock to the 14stagecounter at W CCR<WUCDIV>.

After the warm-upite is set at WICDR, setthg SYSCR2<XEN> pSYSCR2<XTEN> td'1" allows
the stoped oscilation circuit to sart cscillation ard the 14-stage courtter © start couting the selead
inpu clock.

When the pper 8 bis of the canter become equal WWUCDR, anINTWU C interrupt cccurs, couting
is stopped anthe counte is cleared.

SetWUCCR<WUCRST> to "1" tadiscmontinue the warm-up operation.

By seting it to "1', the cowt-up eraton is stopged, the varm-up counteris cleared, and
WUCCR<WUCRST?> is cleare "0".

SYSCR2<XEN> and SYSCR2JEN> hold the valleswhen WUCQR<WUCRST> is et to "1". To
restart the warm-up operatioBY SCR2<XEN> orSYSCR2<XTEN> must becleared td'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<WUCSEL> | WUCCR<WUCDIV> Counter input clock Warm-up time
00 fc 28 /fcto 255 x 28/ fc
. 01 fc/2 27 /fcto 255 x 27 [ fc
10 fc/ 22 28 /fcto 255 x 28/ fc
1 fc /23 2% /fcto 255 x 29/ fc
00 fs 25 /fsto 255 x 28/ fs
01 fs/2 27 /fsto255x 27 [ fs
! 10 fs/ 22 28 /fsto 255 x 28/ fs
u fs /23 2% /fsto 255 x 2%/ 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 operaton mode cantrol circuit starts ad sbpsthe oscillation circuits for tre high-frequery ard low-
frequencyclocks, andswitchesthe man system clock (fm).

There arehree operating modethe single-clock mode, he dwal-clock mode andthe STOP node. These
modes are controlled like system catrol registers (SYSCR1 and SYSCR2).

Figure 2-7 slows the opratng male trarsition diagram.

2.3.5.1 Single-clock mode

Only thegear clockfcgck) is used fotheoperation irthe sngle-clockmode.
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Themainsystenclock (fm) is gereratedfrom the gear clock (fcgck)Therdore, the mahine cycle time
is 1ficgck|s].

The gear clok (fcgek) is generated frorthe high-frequency clak (fc).

In the sihgle-clock mode, tke lowfrequerty clock gereration crcuit pins P03 (XTIN) andP04
(XTOUT) can beusedas thd/O ports.

(1) NORMALL mode

In thismode,the CPUcore and th@eripherakircuits operataising thegear clock (fcgck).

TheNORMAL1 mode becomesctive after reset releas

(2) IDLE1 mode
In this mode, the CPU anthe wathdogtimer st and he peripheral circuét operat using he
gear clockfcgck).
The IDLE1mode is activated by setting SCR2<IDLE>to "1" in the NORMAL1 mode.
When the IDLEImode is activatedthe CPU and th wathdaog timer stop.

When the interrupt latch enabledby the interrug enable rgister EFRbecomes'l", the IDLE1
mode is released theNORMAL1 mode.

When thelMF (interrupt masteerable flag) is'1" (interruptserabled), the operatioreturns nor-
mal afterthe interrupt processing is copfeted.

Whenthe IMF is "0" (interrupts diabled), the operationis restarted byhe irstructon that follows
the IDLE1 mode activatiomstruction.

(3) IDLEO mode

In this mode, th&€€PU andthe peripheracircuitsstop, exept the oscillaibn circuits andthe time
base tiner.

In theIDLEO mode, the peripheraircuits stop in the states whére IDLEO mode isctivated or
become theame ashe states whenraset is relesed. For operations of the peipheral circuits in the
IDLEO mode, refer to theectbn ofeach peripheral circuit.

The IDLEOmMode i activatedby seting SYSCR2<TGH\LT> to "1" in the NORMAL1 mode.

When the IDLEOmode isactivaed, the CPUstgps ard the timing generabr stos the clock sipply
to the perpheralcircuits except the time base tirar.

Whenthe falling edgeof the source clok seleced atTBTCR<TBTCK>is detcted, he IDLEO
mode isreleasedthe timing generabr stars the clock supply to all the peripheral cirdts ard the
NORMAL1 mode isrestored.

Note that the IDLEO mode isactivated and resarted regamdless of the seting o
TBTCR<TBTEN>.

When the IDLEO mode iactivated with TBTCRE¥BTEN> set at "1, the INTTBT interrugt latch
is set aftethe NORMAL mode is restored.

Whenthe IMF is "1" and the EF5 (thindividual interrupt erable flag for the time kase tmer) is
"1", the operatia retuns normakftertheinterrupt processig is conpleted

Whenthe IMF is "0" or when the IMF i81" andthe EF5 (be indvidualinterrypt enalte flag for
the time base tirar) is "0", the peraton is restarted the nstructio that fdlows the IDLEO mde
activation instruction.
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2.3.5.2 Dual-clock mode

The gea clock (fcgck) and the low-frequency clogls) are ugd for the opraton in the duaiclock
mode

The mainsystemclock (fm) is gererated fromthe gearclock (fcgck) in theNORMAL2 or IDLE2
mode, andgenerated fronthe clockthat s a quarter bthe lowfrequency clock (fs) in the SLOWI2 or
SLEEPO/1 mode. Therefgrthe mace cycle time isl/fcgck [§ in the NORMALZ2or IDLE2 mode and

is 4ffs [s] inthe SLOWY/2 or SLEEPO/Imode.

P03 (XTIN) andP04(XTOUT) areusedas tle low-frequency clock oscillation circuit pins.(These s
cannot be used &© ports in thedual-clock mode.)

The geraton of the TLCS-8D/C1 Seaies becomes the single-clock mafter rest releag. To operate
it in the dual-clock modegllow the low-frequencyclock to oscilate at the beghing ofthe praggram

(1) NORMAL2 mode

In this mode, he CPUcoreoperates sing the gearclock (fcgck), and theeripheral circuitsoper-
ate using the gear clock ¢fck) or the clockhat isa quarteiof thelow-frequency clak (fs).

(2) SLOW2 mode

In this mode,the CPU core andhe peripheral circuits operatesing the clock that is a qgarterof
the low-frequencyclock (fs).

In the SLOW mode, some peripheral circuitbecome the same as thmtes when a resis
releasel. Foroperations of the peripheral circuitsthe SLOWmode refer tothe fctionof each

peripheral circuit.

Set SYSAR2<SYSCK> to switch the operatio mode from NORMAL2 to SLOW2 or from
SLOW?2 toNORMAL2,

In the SLOW2mode,outputsof the prescaler athstages 1to 8 of thedivider stop.

(3) SLOWI1 mode

In thismode, thehigh-frequency cbck cscillation circuit stops @eraton andthe GPU coreand te
peripheral circuitoperate usig the clockthat is aquarter ofthe low-frequency clocks).

This node requies less poer to operate th high-frequency clock oscillatin circuit thanin the
SLOW2 mode.

In the SLOWmode, some peripheral circuitbecome the same as th&tes when a resis
releasel. Foroperations of the peripheral circuitsthe SLOWmMmode refer tothe ®ctionof each

peripheral circuit.
SetSYSCR2<XEN> to switch the operaton betveen the SL@&/1 and SLAQV2 modes.

Inthe SLOW1 oiSLEEPL mode putputsof the pe<aler andstages 1 to 8 othe divider stop.

(4) IDLE2 mode
In this mode, the CPU anthe wathdogtimer stg and he peripheral circust operae using he
gearclock (fcgck)or the clockhat isa quarter of the low-frequencyclock (fs).

The IDLE2 mode can be activated and redeldinthe same way as for the IDLE1 mode. The oper-
ation returns to the NORMAL2 mode after ths mode is re¢ased

RA001 Page 24

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

(5) SLEEP1 mode

In this mode, he Hgh-frequery clock oscillation circuit stqps operaton, he CPUandthe watch-
dog timer stop, and tle perpheral circuis operat using the clock that ia quarter of the low-fre
guency clocKfs).

In the S EEP1 mode, somepeiiphera circuits kecome the same as the statdegen a eset is
releasel. For operations of the pgrheralcircuits in the SLEEPinode,refer to the sectioonf each
peripheral circuit.

The S EEPL mode can be activated argeasedin the same way a®if the DLE1 mode.The
operation returns to the 3 OW1 mode afterthis mode iseleagd.

In the SLOW1 oiSLEEPL mode putputsof the pesaler andstages 1 to 8 athedivider stop.

(6) SLEEPO mode

In thismode, the high-frequey clock oscilation circuit stogs operationthe ime base tiner qgoer-
ates usindheclock thatis aquarter of thdow-frequency clock (fs)andthe core andhe peripheral
circuits sta.

Inthe S EEPO mode, the periphak circuitsstopin the states whetihe SLEEPO mode is activated
or becomdhe sameas the stateshen a reset ireleased. For operatisof the pempheralcircuitsin
the SLEEPGnode, refer to theection ofeach periphefaircuit.

The S EEPO mode can be activated araleasedin the same way a®if the DLEO mode.The
operation returns to the 3. OW1 mode afterthis mode igeleagd.

In the SLEEPO mde,the CPU stop andthe timing gereratar stogs the clack supply to the periph-
eral circuits excephe time base tirar.

2.3.5.3 STOP mode

In this mode, allthe operatims in the system, ncluding the oscillation circuits, are stppedand te
internal states in &fct before the systemas stopped are hel with low power consurption.

In the STOP mode, the pheralcircuits $op in the states when the &P node is activated or become
thesameas the tteswhen areset is released. For opations of the peripheral circuits in the GF mode,
referto the setion of each peripheralicuit.

The STOPmode is activated bgetting SYSCR1<SIP> to "1".

The STOP mode is releaslby the SDP mode raasesignals. After thavarm-up time haslapsedthe
operaton returns tothe nmodethatwasactive beforethe STOP mode, and the opationis restared by the
instructian that folbws the SDP maleacivation instruction.

RA001 Page 25

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

2. CPU Core
2.3 System clock controller
TMP89FM42

2.3.5.4 Transition of operation modes

RESET

Reset release

Warm-up that
IDLEO follows reset
mode release

Warm-up completed
SYSCR2<TGHA [>="1" (Note 2)

SYSCR2<IDLE> ="1" | v SYSCR1<STOP> ="1"
IDLEO NORMAL1
mode = mode
Interrupt ~ STOP mode release
signal
: SYSCR2<XTEN> ="1"
(a) Single-clock mode SYSCR2<XTEN> = "0"
SYSCR2<IDLE> = "1" | SYSCR1<STOP> ="1"
IDLE2 NORMAL2
mode o mode _
Interrupt STOP mode release
SYSCR2<SYSCK> = "1»  Signa
SYSCR2<SYSCK> = "0" STOP
SLOW?2
mode
SYSCR2<XEN> ="1"
SYSCR2<XEN> ="0"
SYSCR2<IDLE> ="1" ¢ SYSCR1<STOP>="1"
SLEEP1 SLOW1
mode - mode _

STOP mode release

Interrupt A | :
(Notle 2) SYVSCR2<TGHALT> ="q" 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
. Watchdog Time base Other periph- . .
Operation mode f CPU core Machine cycle time
peratl High-fre- Low-fre- timer timer eral circuits ine cycie t
quency quency
RESET Reset Reset Reset Reset
NORMAL1 Operate Operate
Oscillation Operate 1/ fcgcek [s]
Single clock | IDLE1 Stop Operate
IDLEO Stop Stop
Stop
STOP Stop Stop Al
Operate with Operate with
NORMAL2 the high fre- the high/low
quency frequency 1/ fegck [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- the low fre- 4/ fs [s]
quency quency
SLEEP1 Stop
SLEEPO Stop Stop
Stop
STOP Stop Stop Al

2.3.6 Operation Mode Control

2.3.6.1 STOP mode

The STOP node s contolled by system controlregster1l (SYSCR1) and he STOP node release sig-

nals.

(1) Startthe STOP mode

The STOP node is started bgeting SYSAR1<STOP> to"1". In the STOP male, the folbwing
states are maintained:

1. Both the hid-frequency and lowfrequency clock osciltion circuits stop oscillationandall

2.

(2) Release the STOP mode

internaloperatias are sipped
The data memoryhe registerandthe programstatus word i@ all heldin the states in

effect before SDP node was strted The port oyput lath isdeterminedby the valwe of
SYSCR1<OUTEN>.

[SET (SYSCRL1).7]) wieh stared the STOP male.

The prescalr and tle divider of thetiming generator are clearéal "0".
The program couer holds the addessof theinstruction 2 aheadf the instucton (e.g.,

The STOP node s released byhe follbwing STOP mode release signals.istals released by a
reset bytheRESET pin, a poweion reset an reset byte vokage degction circuts. Whena reset is
releasel, the warm-up starts. After the ma-up iscompeted the NORMAL1 maode becores acive.

1. Releas by the SP pin
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2. Releaséby key-on wakeup
3. Releas by the volage detectiowircuits
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. Releas bythe STOP pin
Release thesTOP mode by using the STOP pin.

To release th&TOP nodeby wsing the STOP ph, set VOCR2<VDSS> t0"00" or "10".
(For details of VDCR2, refer to theextion of vdtage degctioncircuits.)

The STOPmode release by the SP pin inclueés tre lewel-senstive releag mode and the
edge-sasitive release modejtherof which can be selected at SYSC<RELM>.

The STOP pin is also used akeP11 port andheINT5 (externalinterrug input 5) pin.

- Level-senstive release mde
The STOP mdeisreleased by settintheSTOP pin high.

Setthg SYSCRKRELM> to"1" selects tklevel-sersitive releasenode.

This male isusedfor the capacitor backupvhen the nain power suppy is cut off ard
the longterm battery backup

Even if aninstruction for startingthe STOP mode isxecute while theSTOP pin in-
put is high, the STOP mde des rot start. Thus, tostartthe STOP node n the levet
sensitive relase mode, is necesary for the program to fitsconfirm that theSTOP pin
inputis low.

This can be confired by testing the port by the sdftwareor usinginterrups
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 the SLOW mode with an INT5 interrupt
(Warm-up time at release of the STOP mode is about 450ms at fs=32.768 KHz.)

PINTS: TEST (POPRD).5 ; To reject noise, the STOP mode does not start
JRS F, SINT5 ; if the STOP pin input is high.
LD (SYSCR1), 0x40 ; Sets up the level-sensitive release mode
LD (WUCCR), 0x03 ; WUCCR<WUCDIV> = 00 (No division) (Note)
LD (WUCDR),0xE8 ; Sets the warm-up time

; 450 ms/1.953 ms = 230.4 — round up to OXE8

DI ; IMF=0
SET (SYSCR1).7 ; Starts the STOP mode

SINTS: RETI

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>.

STOP pin \ VIH \

e A AR
R A EEAHRHRHRR
1 WMMMMMM

1
NORMAL mode ——>»6€——— STOP mode —————»<«—— Warm-up —>»j<«—— NORMAL mode

N
>~ <~

xouT pin  ([[II1IAREER

Confirm by program that k— The STOP mode is released by the hardware.
the STOP pin input is low Always released if the
and start the STOP mode. STOP pin input is high.
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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 teasemode
In thismode, the STOP mdeisreleased at the risingdge of the STOP pin input.

Setthng SYSCRKRELM> t0"0" selectgheedge-sensitive relsa mode.

Thisis uged in applicationgvhere arelatively short program ixecuted repeatedat
periodic intervals. This periodi signal (for example,a clockfrom a low-power con-
sunption cscillator) is input to the STOP pin. Inthe edge-sensite release nute, the
STOPmode is startedven when th&TOP pin input is high

Example: Starting the STOP mode from the NORMAL mode
(Warm-up time at release of the STOP mode is about 200ms at fc=10 MHz.)

LD (WUCCR),0x01 ; WUCCR<WUCDIV> = 00 (No division) (Note)
LD (WUCDR),0x20 ; Sets the warm-up time

; 200ms/ 6.4pus = 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>.

STOP pin M A N \
(I

1
: : NORMAL_, 4
NORMAL mode ——>6€—— STOP mode ——<€— Warm-up —e 40 —764— STOP 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.

XOUT pin

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)
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2. Releaseby the key-on wakeup
The STOP node is released byputing the prescribetevel to the key-onwakeuppin.
Thelevel to releas theSTOP modecan be dected from'H" and"L".

For release by the keyn wakeup, refer to sectin"K ey-an 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.

3. Releas by the volage detectiowircuits

The STOP mode is released by #h sipply voltage detedon by the vdtage detection cir-
cuits

To release the SIP node byusing the voltage detedbn circuis, set VDE&R2<VDSS>to
"01" or "10".

If the voltage detection operatiormode of the votage dete@bn circuits is set to generate
resetsignals(when VDCR2<VDXxMOD> is 1 (x=1to 2)), the SDP mode is released and a
reset is appbd as son as the supy voltage becmes lower than #hdetection voltage.

When the supply voltage becomes equalo or higherthan the dedction voltage of tke volt-
age detectiogircuits, the rest is releaseand thewarmup starts. Ater the warm-up is com-
pleted, the NORMALInodebecomes active.

If the voltage detection operatiormode of the votage dete@bn circuits is set to generate
interrupt request sigals (when \DCR2<VDXxMOD> is 0 (x=1 to 2), the STOP male is
released win the suppl voltage becormes equal to orhigher thanthe detection voltage.

For detai$, refer to tk sectbn of the voltage detectiocircuits.

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.

(3) STOP mode release operation
The STOP mode iseleagdin the followingsequence:

1. Ogillation starts. For thesdllation start operation in eachade,referto "Table 2-4 Oscil-
lation Start Operation atReleaseof the STOP Mode".

2. Warm-up is executetb secue the tine reqiredto gabilize oscilléion. The internabpera-
tions renain stopped duing warm-up. The wam-up time is seby the warmup courer,
depending on the<tillator characterigcs.

3. After thewarmup time tes elapsed, th@ormd operationis resartedby the instructian that
follows the SOP maode sart instruction. At this time, theprescaler anthe divider ofthe
timing generator are clearéal"0".

Note: When the STOP mode is released with a low hold voltage, the following cautions must be
observed.
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 than the 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).
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Table 2-4 Oscillation Start Operation at Release of the STOP Mode

Operation mode before the STOP High-frequency Low-frequency I -
. Oscillation start operation after release
mode is started clock clock
. The high-frequency clock oscillation circuit starts
Single-clock High-frequency oscillation
9 NORMAL1 clock oscillation - ) L
mode circuit The low-frequency clock oscillation circuit stops
oscillation.
. The high-frequency clock oscillation circuit starts
High-frequency Low-frequency oscillagon q Y
NORMAL2 clock oscillation clock oscillation cir- ) —_ -
L . The low-frequency clock oscillation circuit starts
circuit cuit L
oscillation.
Dual-clock mode
The high-frequency clock oscillation circuit stops
Low-frequency . g g y P
- . oscillation.
SLOW1 - clock oscillation cir- _— -
cuit The low-frequency clock oscillation circuit starts
oscillation.

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 BEEPL modes are cordited by the system controtegister 2 (SYSCR2) and
maskabk interrugs. The folowing staes are maintained duritgesemodes

1. TheCPU and tbwatchdog timer stoptheir operations.The peripleral circuit cortinue to oper-
ate.

2. The data memoy, the redsters,the programstatis word ard the port ouput lachesareall held
in the statusn effect beford DLE1/2 orSLEEP1 mode wastated.

3. The progamcouwnter Iolds the adiressof the instruction 2 ahead d theinstruction which starts
the DLE1/2 orSLEEP1 mode.
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v

Starting IDLE1/2 mode or
SLEEP1 mode by an
instruction

CPU and WDT stop

Yes

Reset input Reset

Interrupt
request

(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 interrug mastererable flag (IMF) is sé to "0", setthe indvidual irterrupterable flag
(EF) to"1", which releasetDLE1/2 and SLEP1modes.

To stat the IDLE1/2 or SLEEP1 mode set SYSCR2<IDLE> t81".

If the release condition gatisfed whenit is attemptedo start the DLE1/2 or SLEEPL mode,
SYSCR2<IDLE> remainsleared ad the IDLE12 orSLEEP1 mdewill nat be stard.

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 gener-
ated 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 S EEP1 modes include a normatlease modand an interupt release mode.
These modes argelected at thanterrupt masterenable flag(IMF). After releasingIDLE1/2 or
SLEEP1 node, SYSCR2<IDLE>s autanaically cleaed to"0" and the operatio modeis reurned
to themode precedintheIDLE1/2 or SLEEP1 mode.

The IDLE1/2 andSLEEP1 modes are als@leasedby a reset bythe RESETpin, a pover-on reset
anda reset bythe voltage detectin circuik. After releaing the rest, the wam-up starts. After the
warm-up is complets theNORMAL1 mode becomesctive.

* Normal release mode (IMF ©")

ThelDLE1/2 or SLEEP1 modeis released whetthe interupt latd enabledy the individ-
ual interrupt enabl8ag (EF)is "1". Theoperaionis resartedby the instruction that follows
the IDLE1/2 orSLEEP1 node startnstructian. Normally, the interrupt latch (IL) of the irter-
rupt sourceusedfor releasing mst becleared to "0" byoad irstructions.

* Interrupt release mode (IMF"%")

ThelDLE1/2 or SLEEPL modeis released whetthe interupt lath enabledy the individ-
ual interrug enalbe flag (EF) §"1". After theinterrugt is processed, the egaton is restared
by the instuction thatfollows thelDLE1/2 or SLEEP1 mode starinstruction.

2.3.6.3 IDLEO and SLEEPO modes

The IDLEO and SLEEPO modeasecontrolledby thesystem controtegister2 (SYSCR2)ard the tine
basetimer cortrol regiser (TBTCR). Thdollowing statesare maintained durg thelDLEO andSLEEPO
modes:

» Thetiming generator eps the cloclsupply to the pempheral circits excepthe time base tmer.

» Thedata memorytheregiders,the program statusord and the port outplatches are all held in
the dates in ekct before théDLEO or SLEEPO node wasstarted

» The progamcounter holds the addess @ theinstruction 2 aheadof theinstruction which starts
the IDLEO or SLEEPO mode.
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T

Stopping peripherals by
instructions

12

Starting IDLEO or SLEEPO
mode by an instruction

7

| CPU and WDT stop |

Reset input
No
TBT source clock
falling edge

Yes

Reset

TBTCR<TBTEN>

nqn

TBT interrupt
enabled
Yes

Yes (Interrupt release mode)

(Normal release mode)

| Interrupt processing |

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 nodes
Stop (dsable)the perpheralssuch as timercounter
To startthe IDLEO orSLEEPO mde, set SBCR2<TGHALT>to "1".

» Release the IDLEGQNdSLEEPO modes

The IDLEO and SLEEPO modeésclude a normalrelease modand an interruptrelease
mode.Thesemodesare séected atthe interrupt master endbp flag (IMF), the individual inter-
rupt enableflag (EF5) for the time basetimer and TBTCR<TBTEN>. After rekasng the
IDLEO or SLEEPO mode SYSCR2<TGHAD> is automatically cleged to "0" and th@pera
tion mode is returned to the modepreceding the IDLEO or SLEEPOnode. If
TBTCR<TBTEN> has been set at "1the INTTBT interrug latch is set.

The IDLE) and SLEEPO modesare also released byrasetby the RESET pin, a power-on
resetand areset by lte votage detedbn circuits. When a reset is relesd, thewarm-up sarts
After the wam-up iscompleted, the NORMAL1modebecomes active.
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(1) Normal release mode (IMF, EF5, TBTCR<TBTEN> ="0")

The IDLEO or SLEEPO mode igeleasedvhen thefalling edge of the aurce clock selected at
TBTCR<TBTCK> is detected. Aér the DLEO or S.EEPO mode is eleagd, the operation is
restated by thenstructionthatfollows the IDLED or SLEEPO mode start instruction.

When TBTCR<TBTEN> is "1, the time base tmerinterupt laichis set

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

The IDLEO or SLEEPO mode igeleasedvhen thefalling edge of the aurce clock selected at
TBTCR<TBTCK> isdetected. After the releaghe INTTBT interrupt processings started.

Note 1: The IDLEO or SLEEPO mode is released to the NORMAL1 or SLOW1 mode by the asynchro-
nous 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 SLEEPO mode will
not be started.

2.3.6.4 SLOW mode

The SLOWmode is conblled bysystemcontrolregister2 (SYSCR2).

(1) Switching from the NORMAL2 mode to the SLOW1 mode

SetSYSCR2<SYSCK> to "1".

When a maximum of 2ffcgck + 10fs [s] has ehpsed since SYSCR2<SYSCKs setto "1", the
main systentlock (fm)is switched tds/4.

After switching, wat for 2 machire cycles or longerand then @dar SYSCR2<EN> to "0" to turn
off the high-frequemy clock oscilator.

If the oscilation of the low-frequency clack (fs) is unstabe, canfirm the stable osillation at the
warm-upcounter kefore implemering the procedure dscribedatove.

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 clear-
ing 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.

L

Quarter of the low-frequency clock
(fs

14)

L 5 5

Gear clock (fcgek)

SYSCR2<SYSCK> \ \

Main system clock _|_|_|_|_|_|_|_‘_| < 10/fs (max.) > I—I I—Ii

! 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)
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Example 1: Switching from the NORMAL2 mode to the SLOW1 mode (when fc is used as the basic clock for the high-fre-
guency clock)

SET (SYSCR2).4 ; SYSCR2<SYSCK> =1
; (Switches the main system clock to the basic clock for the low-frequen-
cy 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)

Example 2: Switching to the SLOW1 mode after the stable oscillation of the low-frequency clock oscillation circuit is con-
firmed at the warm-up counter (fs=32.768KHz, warm-up time = about 100 ms)

; #### Initialize 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)

; #H#HE Interrupt service routine of warm-up counter interrupts ####

PINTWUC: 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 cir-
cuit)
RETI
i
VINTWUC: Dw PINTWUC ; INTWUC vector table

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

Set SYSCR2<XEN> to "1" to erable the high-frequacy clock (fc) to oscilate. Confirm at the
warm-up countethat the oscillation of thbasicclock for the Hgh-frequercy clockhas stabilized,
andthen clear SYSCR2<SYSCK> to "0".

Whena meximum of 8fs + 2.5/fcgck [s]has ehpsedsince SYSCR2<SYSCKis cleared to "0",
the mainsystem clocKfm) is switched to fcgck.

After switching, waitfor 2 maclne cyclesor longer and therclear SYSCR2<XTEN> to "0" to
turn off the low-frequency clek oscillator.

The SLOW mode is also released by a reset bRESETpin, a paveron resetand a reseby the
voltagedetection circuitsWhena resets releasd, the warm-upstarts After the warm-up i€om-
pleted, theNORMAL1 mode becomeactive.

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

Gear clock (fcgek)

SYSCR2<SYSCK> /— 2.5{fcgck(max.)
1
1
Main system clock

| 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 0, 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 oscilla-
tion circuit is confirmed at the warm-up counter (fc = 10 MHz, warm-up time = 4.0 ms)

; #it#H Initialize routine ###H#

SET (POFC).2 ; POFC2=1
(Uses P02/03 as oscillators)
|
1
i
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
SET (EIRL). 4 ; Enables INTWUC interrupts
SET (SYSCR2) .6 ; SYSCR2<XEN>=1

(Starts the oscillation of the high-frequency clock oscillation circuit)

; ##t#Ht 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
i
VINTWUC: DW PINTWUC ; INTWUC vector table
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2.4 Reset Control Circuit

Thereset circuit controlshe external and int@al factor reats andinitializes the system.

2.4.1 Configuration
The resetortrol circuit consists of the fdlowing resetsignal gemration circuits:

External reset jput (external factq
Power-on reset fiternal facor)

Voltage detection reset 1 (iternal faobr)
Voltage detection reset 2 (iternal faobr)
Watchdog timer rese(internalfactor)
System clockese (intemal facior)
Trimming dat reset(intemal factr)
Flashstandbyreset (iterral factor)

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

| Power-on reset signal r*® External reset input enable reset signal

© N o g~ DN PR

| Voltage detection reset 1 signal

Voltage detection reset 2 signal

CPU/peripheral
circuits reset signal

Watchdog timer reset signal Warm-up counter

Warm-up
counter reset
signal

System clock reset signal

System clock control circuit

Trimming data reset signal

Flash standby reset signal

Figure 2-14 Reset Control Circuit

2.4.2 Control
The reset control circuit is contrel by system control register 3Y(SCR3), system control gster 4

(SYSCRA4),systemcontrol status regter (SYSSR4) anthe internal factor reset detecticstatusregiste
(IRSTSR).

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 RIW RIW RIW
After reset 0 . 0 0 0 0 0 0 0

0 : Enables the external reset input.

RSTDIS External reset input enable register . .
P g 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 OxB2 is written into SYSCRA4.
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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 unex-
pected timing.

Note 4: Bits 7 to 3 of SYSCRS3 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>.

0xD4 : Enables the contents of SYSCR3<RAREA> and SYSCR3
SYSCR4 | Writes the SYSCRS3 data control code. <RVCTR>.

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 opera-
tion.

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 fcgck 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

(0xOFDF) 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 input enable 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 sig-
nals. The value written in SYSCR3 is reset by a power-on reset and other reset signals.

Note 2: Bits 7 to 3 of SYSCR4 are read as "0".

Internal factor reset detection status register

IRSTSR 7 6 5 4 3 2 1 0
(0xOFCC) Bit Symbol FCLR FLSRF 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
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FCLR Flag initialization control -
g : Clears the internal factor reset flag to "0".

FLSRF Flash standby reset detection flag Detects the flash standby reset

TRMDS | Trimming data status L
: Detect state of abnormal trimming data

TRMRF Trimming data reset detection flag ) Detects the trimming data reset

LVD2RF | Voltage detection reset 2 detection flag ) .
: Detects the voltage detection 2 reset.

LVD1RF | Voltage detection reset 1 detection flag - .
: Detects the voltage detection 1 reset.

SYSRF System clock reset detection flag ) Detects the system clock reset

0
1
0
1
0
1
0
1
0:-
1
0
1
0
1
0
1

WDTRF | Watchdog timer reset detection flag ) .
: Detects the watchdog timer reset.

Note 1: IRSTSR is initialized by an external reset input or power-on 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: IRSTSR<FCLR> is initialized by a power-on reset, an external reset input or an internal reset factor.

Note 4: Set IRSTSR<FCLR> to "1" and write 0x71 to SYSCR4. This enables IRSTSR<FCLR> and the internal factor reset detec-
tion status register is clear to "0". IRSTSR<FCLR> is cleared to "0" automatically after initializing the internal factor reset
detection status register.

Note 5: 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.

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

2.4.3 Functions

The power-on reset, exdrnal resetinput andinternalfacta resetsignak areinput to the warm-upcircuit of
the clockgeneratar
During reset, the warm-up cancircuitisresef and the CPland the peripheral circuits are reset.

After reset is releasethe warm-up counter startsunting the high frequermty clock (fc), and execugs the
warmup operationthat follows reset release.

During the warm-up peraion that follows rest release, the trimming dats loaded from the non-volatile
exclusive use memory for agustment of the ladeér resistorthat generateshe conparison votage forthe
poweronresetand the votage detedbn circuits.

When the warm-up operation that folNsreset release fnished, theCPU starts ercutbn ofthe praggram
from the resevector addresgtoredin addresses OxFFRB OxFFFFE

When a resesignalis input during the warmup operdion thatfollows reset releasehe warm-up canter
circuit is reset.

Thereset operation is commdaa the poweron reset, ebernal reset inpuand internal factor resets, except
for the inttialization of sone specal function regisersand the intialization of the voltage detection circuits.

Whena resets appliedthe peipheral circuis beomethe stateas showrin Table 2-5.
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Table 2-5 Initialization of Built-in Hardware by Reset Operation and Its Status after Release

Built-in hardware

During reset

During the warm-up opera-
tion that follows reset

Immediately after the
warm-up operation that fol-

mode:0x01FF

release lows reset release
MCU mode: MCU mode: MCU mode:
Program counter (PC) OXFFFE OXFFFE OXFFFE
9 Serial PROM Serial PROM Serial PROM

mode:0x01FF

mode:0x01FF

Stack pointer (SP)

O0x00FF

Ox00FF

O0Xx00FF

RAM

Indeterminate

Indeterminate

Indeterminate

1Y)

General-purpose registers (W, A, B, C, D, E, H, L, IX and

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.

2.4.4 Reset Signal Generating Factors

Reset signals are generated by each factfwllasys:

2.4.4.1 External reset input (RESET pin input)

PortP10is also used athe RESETpin, andit serves agheRESETpin afterthe power isturnedon.

If the supjy voltage is bwer than the recanmendedoperatig vdtage rarge, for exanple, when te
poweris turned on, the supplvoltage is radedto the operatng votage rage with theRESETpin kep at
the "L" level, anda reset is apj@d 5us after tke oscilation is sabilized.

If the suppy voltage s within the recormended geraing voltagerange, he RESETpin is keptat the
"L" level for 5 us with the salhili zedoscillation and thera resgis applied.

In eachcas, aftera resetis appied, it is releasd byturning theRESET pin to "H" andthe warm-up
operatiorthat followsreset release gets started.
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2.4 Reset Control Circuit
TMP89FM42

Note: When the supply voltage is equal to or lower than the detection voltage of the power-on reset circuit,
the power-on reset remains active, even if the RESET pin is turned to "H".

Operating voltage

_>; - 1

X Reset time X

RESET pin : :

T Duringl; reset Warm-up operation . CPU and peripheral circuits
periphera tart ti
circuitsreset7//////////////////// \ Start operation
Figure 2-15 External Reset Input (when the power is turned on)
A

Operating voltage

R le— |
X Reset time |
RESET pin X :
During reset Warm-up operation CPU and peripheral circuits
Reset signal //// \ start operation
Figure 2-16 External Reset Input (when the power is stabilized)
RAO001 Page 42

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

2442

2443

2444

2.4.45

2.4.4.6

2447

Power-on reset

The powetonreset isaninternal factor redehat occursvhen the power igurned on.

Whenpower supply voltage ges on, if tle supgy voltage isequal to orlowerthan the releasmvoltage
of the poweron reset circuita resesignalis generated anidlit is higher thanhe rekbasng woltage of the
poweron reset circuit, a reset signateleased.

When paver sipply voltage g@es down, if the suply voltageis equal toor lower than thedetecting
voltage of the paver-on reset circuit, aesetsignal is generated.

Refer to "Powepn Reset circitl'.

Voltage detection reset
The voltage dection reseis an internal factor res¢éhatoccurs when it isletected that theupply volt-
age haseache apredetemined detectiowoltage.

Refer to "\bltage Detection Circuit'.

Watchdog timer reset
The wathdaog timer resetd an irterral facor resethat ocarrs when an overflow of thwatchdog time
is detected.

Refer to "Watchdog Tmer".

System clock reset

The system clock resés an internaffactor reset that occurs whenist deteatd thatthe oscilltion
enable register is s acombinaton thatputs the CPU intaleadlak.

Refer to "Clock Contol Circuit".

Trimming data reset
The trimming dita reset is annternal factor resethat occus whenthe trimming deta latcked in the
internal circuit is broken den duing operaton due to nose orotherfactors.

The trinming dcata is a @ta bit provided foradjustnentof the ladder resistor that generates the compar-
ison voltage for the poer-on reset and the Vage det¢ctioncircuits.

This bit is loadedfrom the nan-volaile exclusive use menory during the warmup time that follows
reset releas@PWUP) andatchedinto the internalcircuit.

If the trimming data badedfrom thenon-vdatile exclsive use menory during the warm-upoperatio
thatfollows rest release is abmmal, IRSTSR<TRMDS> isesto "1".

When IRSTSR<TRMDS> is readas"1" in the intialize rouine immediately afterreset release, the
trimming data reed tobe rebadel by gererating aninternal factoreset, such agsystem clockeset, and
activating thewarm-ip operatioragain.

If IRSTSR<TRMDS> is stliset b "1" after regatedreading, the detection voltage of the voltage detec
tion circuit and pwer-onreset aicuit does notsatisfythe characteristic specifien theelectric character-
istics. Design the systeso that the sstemwill not bedamagedn such acase.

Flash standby reset

The flash standby resetasiinterral factor resegeneratd by the reading a writing of data é the flash
memory while it is on stardby.

Refer to "Flash Memory".

RA001

Page 43

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

2. CPU Core
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2.4.4.8 Internal factor reset detection status register

By reading thenternal factor resedetection statusegisteiRSTSR afer the releas of aninternal fae
tor reset,except the power-on ret, the factorwhich causes resetcan be detged.

The internal factor res detectionstaus regster is intialized ty an exérnal reset inpt or power-on
reset.

Set IRSTSR<FCLR to "1" and write Ox7L to SYSCR4.This enabledRSTSRFCLR> am the interral
factor reset deteicin statisregisteris clear to "0". IRSTSR<FCLR>is cleaed to"0" automatically afte
initializing the interral facta reset dedction stauisregiser.

Note 1: Care must be taken in system designing since the IRSTSR may not fulfill its functions due to disturb-
ing 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.

2.4.4.9 How to use the external reset input pin as a port

To use theexternal reseinput pinasa port, keep e exernal resetinput pin atthe "H' level untl the
poweris turnedon ard the warm-up operath thatfollows reset relase is firshed.

After the warmup operatio thatfoll ows reset releass finished, set P1PUO t{" and P1QRO to "0",
and connect a pull-up resistor foport. Then seBYSCR3<RSTDIS to "1" and write 0xB2o SYSCRA4.
Thisdisables the external reset fuinctiand nakesthe external reset put pin usable as normalport.

To use the pin as an external regiet when it isused as @ort, set PLPU@ "1" and P1CRO to "0" and
connect the putup resstor to putthe pinto theinput mode Then clear S8CR3<RSDIS> to "0" and
write 0xB2 to SYSCR4. This enablése external reetfunctionand m&es thepin usable stheexternal
reset npu 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

"2.3.4.1 Warm-up counter operation when the oscillation is enabled by the hardware"
Fixed specification from T.B.D. to 0x66.

RA001
"Figure 2-15 External Reset Input (when the power is turned on)" and "Figure 2-16 External Reset Input (when the power is stabilized)"

Deleted "Recommended".
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3. Interrupt Control Circuit

The TMP89FM42 has a totel 25 interrupt saurces exclding resetInterrupts can benested wih priorities. Three

of the internainterrupt sources areon-maskable whil¢éhe rest are maskable.

Interrupt sourcesreprovidedwith interrug latches (IL) which hald interrupt requess, and haeindepedentvec-
tor addresses. Whemrequest for aimterrupt is generaed, its interrugt latchis set to "1" which requests the CPltb
accet the interrupt. Acceptance of intepts isenabled or disableby software using the interrupt mastenable
flag (IMF) and individual endb flag (EF) for eah interrupt source. Iinultiple meskabk interrupts are gneraed
simultaneusly, theinterrupts are acceptéd order ofdesending priority The piorities aredeterninedby the inter-
rupt priority charge control register (ILPRSL-ILPRS6) asLevels and determined by the hardwasethebasic prior-

ities.

However there are no prioritizethterrupt sources amog norrmaskable interrupts.

Vector Address _
Interrupt sources Enable condition Interrupt (Mew mode) Eizlrc
latch RVCTR=0 | RVCTR=1 |
enabled enabled
Internal/
External (Reset) Non-maskable - OxFFFE - 1
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 / INTSIOO 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 Ox01EE 9
Internal INTVLTD IMF AND EIRH<EF9> =1 ILH<IL9> OxFFEC 0x01EC 10
Internal INTADC IMF AND EIRH<EF10>=1 ILH<IL10> OXFFEA Ox01EA 11
Internal INTRTC IMF AND EIRH<EF11>=1 ILH<IL11> OxFFE8 0x01E8 12
Internal INTTCOO 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/INTSIOO0 IMF AND EIRH<EF15>=1 ILH<IL15> OXFFEO 0x01EO 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> OxFFD8 0x01D8 20
External INT4 IMF AND EIRE<EF20> =1 ILE<IL20> OxFFD6 0x01D6 21
Internal INTTCAL IMF AND EIRE<EF21>=1 ILE<IL21> OxFFD4 0x01D4 22
Internal INTRXD1 IMF AND EIRE<EF22> =1 ILE<IL22> OxFFD2 0x01D2 23
Internal INTTXD1 IMF AND EIRE<EF23>=1 ILE<IL23> OxFFDO 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: OXFFFA and OxFFFB function not as interrupt vectors but as option codes in the serial PROM mode. For details, see
"Serial PROM Mode".
Note 3: 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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Note 4: Do not set SYSCR3<RVCTR> to "0" in the serial PROM mode. If an interrupt is generated with SYSCR3<RVCTR> ="0",
the software refers to the vector area in the BOOTROM and the user cannot use it.
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3.2 Interrupt Latches (IL25 to IL3) TMP89FM42

3.2 Interrupt Latches (IL25 to IL3)

An interrupt latch is provided for each interrupt sousxegept for a software interrtignd an und@ed ingruc-
tion executbn interrupt When an inérrupt request is generatk the latch is setto "1", and the CPU is requested to
accet the interruptf its acceptaneis erabled. Thenterrupt latch icleared td'0" immediately ater the interrupt is
acceted. Allinterrupt latches anaitialized to "0" duringreset.

The irterruptlatchesarelocated at addresses G0, 0x0FEL, OXOFE2, MFE3in SFR areaEachlatchcanbe
cleared to "0'individualy by aninstruction. Howevwer, IL2 and IL3 interrypt latchescamot be clearedby instruc-
tions.

Do not useany read-modify-wite ingruction, such as a bit manipulatior operation instruction, because it may
clear irterruptrequests generated idhthe irstruction is execugd.

Interruypt latches cannobe seto "1" by usingan instructon. Witing "1" to an irterruptlatch s equivalent to deny-
ing clearingof theinterruptlatch, ard not seting the interrugt latch

Sinceinterrug latches can be read bysiructions, the satus of interrupt requestscanbe monitored by softvare.

Note: In the main program, before manipulating an interrupt latch (IL), 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 IL (Enable interrupt by El
instruction).

In the interrupt service routine, the IMF becomes "0" automatically and need not be cleared to "0" normally. How-
ever, if using multiple interrupt in the interrupt service routine, manipulate the IL before setting the IMF to "1".

Example 1: Clears interrupt latches

DI ; IMF <0

LD (ILL), Oy00111111 , IL7t01L6 - 0

LD (ILH), O0y11101000 ; IL12,1L10t0 IL8 < 0
El ; IMF« 1

Example 2: Reads interrupt latches

LD WA, (ILL) s W ILH, A« ILL

Example 3: Tests interrupt latches

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

The interupt enable regiter (EIR) enablesand disables the accepta ofinterrupts except fo thenon-maskable
interrupts (softvare nterrupt, undefined nstructian interrupt andwatchcag interrug). Non-maskale interrups are
acceted regardlessf the contentsf the EIR.

The EIR consis of the interrypt maser enablelag (IMF) and the individal interrupt enablélags (EF).These
registersarelocatedat addresses XD03A, 0x003B, 0x003C, 0x003D in the SFR areaand they can be read and writ-
ten by irstructions (including read-malify-wri te instructons seh as ki manpulationor operatim instructons).

3.3.1 Interrupt master enable flag (IMF)

The interrupimaster enablftag (IMF) enables and diblestheacceptancef all maskable interruptlear-
ing theIMF to "0" disables the acceptance of all maséatterruptsSeting the IMF to "1"enables the accep-
tance of tieinterrugs thatare specified byhe individual interrupt enable flags

When an interrupis accepted, the IMKs stacked andhen clearedo "0", which temporarily digblesthe
subsequehmaskale interrupts. After the irterruptsenice routine is executed, tiséaked data, which wathe
status before interrugtcceptance, reloaded the IMF by returninterruptinstruction [RETIJ/[RETN].

The IMF islocated @ bit 0 in EIRL (Address: 0x@A in SFR), and cabe read adh written by instructions
The IMF is normHy set and cleared by [Eand [DI] instructons respctively. During reset, the IMF is inial-
ized to "0".

3.3.2 Individual interrupt enable flags (EF25 to EF4)

Each of thes@lags enables andisables thecceptaoe ofits maskable interrupSetting the corresponding
bit of an individualinterrupt enablélag to "1" enables acceptanceitsfinterrupt, and setting ¢éhbit to "0" dis
ables aceptance.

During resetall the irdividual interrupt enalte flags are intialized to "0 and no maskable nterrugs are
acceped urtil theflags 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" normally.
However, if using multiple interrupt in the interrupt service routine, manipulate the EF before setting the IMF to
"1t

Example: Enables interrupts individually and sets IMF
DI i IMF <0
LDW (EIRL), 0y1110100010100000 ; EF15to EF13, EF11, EF7,EF5 « 1

; Note: IMF should not be set.

El ; IMF«1
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3.3 Interrupt Enable Register (EIR)

TMP89FM42
Interrupt latch (ILL)
ILL 7 6 5 4 3 2 1 0
(OXOFEQ) Bit Symbol L7 L6 IL5 L4 L3 - - -
Read/Write RIW R/IW R/IW RIW R R R R
After reset 0 0 0 0 0 0 0
. INTTXDO INTRXDO / INTTBT INTWUC INTWDT
Function
INTSIOO0
Interrupt latch (ILH)
ILH 7 6 5 4 3 2 1 0
(0OXOFE1) Bit Symbol IL15 IL14 IL13 IL12 IL11 IL10 IL9 IL8
Read/Write R/W R/W R/W R/W RW R/IW R/W R/W
After reset 0 0 0 0 0 0 0 0
Function INTSBIO0/ INTTCAO INTTCO1 INTTCOO0 INTRTC INTADC INTVLTD INTS
INTSIOO0
Interrupt latch (ILE)
ILE 7 6 5 4 3 2 1 0
(0OXOFE2) Bit Symbol 1L23 1L22 IL21 IL20 IL19 IL18 IL17 IL16
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 INTTXD1 INTRXD1 INTTCAL 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 0 0 0 0 0 0
Function INTTCO3 INTTCO02
Read Write
Clears the interrupt request
0:| No interrupt request ptred
(Notes 2 and 3)
IL25t0 IL4 1:| Interrupt request
Does not clear the interrupt
Interrupt latch
request
(Interrupt is not set by writing "1".)
IL3 0: | No interrupt request
1:| Interrupt request

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

Note 2:

Note 3:
Note 4:

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 EIl

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".

Do not clear IL with read-modify-write instructions such as bit operations.
When a read instruction is executed on ILL, bits O 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 RIW 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 en-
able 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 RW R/IW R/W R/W
After reset 0 0 0 0 0 0 0 0
Function INTSBIO/ INTTCAO INTTCO1 INTTCOO INTRTC INTADC INTVLTD INTS
INTSIOO0

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 R/W R/W R/W R/W R/W R/W

After reset 0 0 0 0 0 0 0 0
Function INTTXD1 INTRXD1 INTTCAL 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/IW R/IW R/W R/W
After reset 0 0 0 0 0 0 0 0
Function INTTCO3 INTTCO02

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 piority of maslkade interrupts (IL4 to IL25) canbe changd to four levels, Lesls O to 3, regardless dhe
basic prorities 5 to 26 Interruptpriorities canbe changedby the interrypt priority change contol register (ILPRS1
to ILPRS®6). D raise the interruptpriority, setthe Levelto a larger nunber. To lower the interrupt priority, set he
Level to a smallenumber Whendifferentmaskake interrugs are gneraed simultaneady atthe samedvel, the
interrupt with higher basic pirity is procesed preferentiallfFor examplewhen the ILPRStegiser isset to 00
and irterrugs IL4 andIL7 are generaed at the sane time, IL7 is peferentially processed (provitl that EF4 ad
EF7 hae beenenalbed).

After reset iseleasedall maskalte interrupts are seto priority level O (the lowest prority).

Note: In the main program, before manipulating the interrupt priority change control register (ILPRSL1 to 6), be sure to
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. How-
ever, if using multiple interrupt in the interrupt service routine, manipulate ILPRS1 to 6 before setting the IMF to "1".

Interrupt priority change control register 1

ILPRS1 7 6 5 4 3 2 1 0
(OXOFFO) Bit Symbol ILO7P ILO6P ILO5P 1LO4P
Read/Write R/IW RIW R/IW R/IW
After reset 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:| Levell
ILO5P Sets the interrupt priority of IL5. 10: | Level 2
ILO4P Sets the interrupt priority of IL4. 11: | Level 3 (higher priority)
Interrupt priority change control register 2
ILPRS2 7 6 5 4 3 0
(OxOFF1) Bit Symbol IL11P IL10P ILO9P ILO8P
Read/Write RIW RIW RIW R/IW
After reset 0 0 0 0 0 0
IL11P Sets the interrupt priority of IL11. 00: | Level O (lower priority)
IL10P Sets the interrupt priority of IL10. 01:| Level1
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 0
(0OXOFF2) Bit Symbol IL15P IL14P IL13P IL12P
Read/Write R/IW RIW R/IW RIW
After reset 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:| Levell
IL13P Sets the interrupt priority of 1L13. 10: | Level 2
IL12P Sets the interrupt priority of 1L12. 11: | Level 3 (higher priority)
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Interrupt priority change control register 4
ILPRS4 7 6 5 4 3 0
(OxOFF3) Bit Symbol IL19P IL18P IL17P IL16P
Read/Write R/IW RIW R/IW R/IW
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 IL18. 01:| Levell
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
ILPRSS5 7 6 5 4 3 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 IL23. 00: | Level O (lower priority)
IL22P Sets the interrupt priority of 1L22. 01:| Level 1
IL21P Sets the interrupt priority of 1L21. 10: | Level 2
IL20P Sets the interrupt priority of 1L20. 11: | Level 3 (higher priority)
Interrupt priority change control register 6
ILPRS6 7 6 5 4 3 0
(OXOFF5) Bit Symbol - - IL25P IL24P
Read/Write R/IW RIW R/IW R/IW
After reset 0 0 0 0 0 0
- - 00: | Level O (lower priority)
- - 01:| Level 1
IL25P Sets the interrupt priority of IL25. 10: | Level 2
IL24P Sets the interrupt priority of 1L24. 11: | Level 3 (higher priority)
RAO003
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3.5 Interrupt Sequence
TMP89FM42

3.5 Interrupt Sequence

An interrupt requaswhich raised inteupt latch, is held, until interrupt eccepted or interrupt latch éeared to
“0” by reséting or an instruction. lerrupt acceptance sequence requires 8-madatycles after the completion of
the currentnstructian. The inerrupt senice task terrmatesupon exection of an inerrupt return instructn [RETI]
(for maskable inerrupts) or [RETN] (for nonmaskable interrups).

3.5.1 Initial Setting

Using an interrpt requres specifyingan SP (staclpointer) for it in advarte. The SP isa 16bit regiser
pointing atthe startaddressof a stackThe SHs post-decremented wharsubroune cal or apushinstructian
is exectied @ whenan interryt request is acceped. Itis pre-ircremented whea returnor pop instruction is
executed. Thefore, the tack become desper toward lowestack locationaddressesBe sure to reserve a
stack area havipan appropriate sizgasedonthe SP settig.

The SP$initialized b 00FFHafter a resetf you needo change the SEo so right after a reset or whidre
interrupt maser enate flag (MF) is“0".

Exanple :SPseting

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 acceptangerocessings packaed asfollows.

1. Theinterrupt maser enabldlag (IMF) is cleared td'0” in orderto disabletheacceptance of anfpl-
lowing interrug.

2. The interruptatch (IL) forthe irterrupt ®urce accepteis cleared t¢'0".

3. Theconens of the program couter (PC) and thprogram siatus word, including the interrug master
enable flagIMF), are saved (Phi&d) on thestack in sequence &fSW +IMF, PCH, PCL Mean-
while, the stak pointer(SP) is decrementday 3.

4. The entry addregsnterruptvector) ofthe correspodinginterrupt service program, loaeld on the
vector table, is trafisred to tke progamcounter.

5. Theinstruction storedtahe entry addresof the interrupt sewice piogram isexecued

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

Exanple: Correspodence beveen vector table address for INTTBI the entry address theinterrupt
service program

Vector table address Vector table address
T N\ N\
OxFFF4 0x03 |:> 0xD203 OxOF
OxFFF5 0xD2 0xD204 0x06
N N

Figure 3-2 Vector table address and Entry address
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3.5.3

A maskabldnterrupt isnotaccepted until the I isset to“1” evenif the maskale interrypt is requestdin
the inerruptsenice rouine.

In order toutili ze nestednterrupt service, he IMF must be seto “1” in the interrupt service program. InHis
ca®, aceptableinterrupt ®urcesare selectively enabled by thalimidualinterrug enabé flags.

To avod overload@d nestng, clear he indvidual interrug enatbe flagwhaose interrug is currenty seniced,
befae setthg IMF to“1”. As for non-maskal# interrupt, keep inerrugt service shater conparedwith lengh
betweeninterrug requess.

Saving/restoring general-purpose registers

During interrupt acceptangeroessing the program counter (PC) aride program statusiord (PSW
includes IMF) are automatically saven the stack, buthe gneralpurposeregisters are not. These rdgis
must be saved bsoftware if neessaryWhen multiple iterrupt services arpested, it is alsmecesary to
avoidusing the same datmemory area fo savngregistes. The folowing methods are used tsaverestorethe
general-prpose regisrs.

3.56.3.1 Using PUSH and POP instructions

To save only apecific registerPUSHand POP irtsuctionsare available.

Exanple :Using PUSHand POP instructins

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
PCL PCL PCL b-2
PCH PCH PCH b-1
PSW PSW PSW 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 apecific registewithout nested iterrugs, daa trarsferinstructions are available.

Example :Save/store registeing data transfénstructins

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

Interrupt
Int t t .
nterrupt accep ance; service task

Saving
registers

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-mdtiple interrupt handing, the register bBnk function canbe usedto save/restore #hgeneral-
purpose regigrs at dime. The registebank functon saves (swihes) tke generatpurpose registerdy
executirg a register banknanpulation instruction (sud as LD RBS,1) at tle beghning of an nterrupt
service tak. It isunnecessary to re-execute the s&ggi bankmanpulation instruction at the endof the
interrupt servicdask because exding the RETI instruction makesraurn automatically to theegiste
bank thawvasbeing used by thmain task according to the content ibfe 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).

Exanple :Savhg/restoringegisters, usiganinstructon for trarsfer with data nemory (with the main taskusing the regs-
ter bark 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 acceptance Interrupt

» service task
The register bank
BANKO is in use.

Switching occurs to
LD (RBS).1 | 6 register bank BANK.

Interrupt return

A return is made automatically to
the register bank BANKO.

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

3.5.4 Interrupt return

Interrypt retun instructions [RETI)/[RETN] performas folows.

[RETI)/[RETN] Interrupt Return

restored from tha stack.

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

2. Stack pointer (SP) is incremented by 3.

RA003
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3.6 Software Interrupt (INTSW)

Executing the SWI instruction generatesoftware inteupt and immediately stars interruptprocessindINTSW
is the top-priority interrugt).

Use the SWI nstructian only for addess errodetecton or for debugging describedbelow.

3.6.1 Address error detection

OxFF is read ifor some caussuchas noig the CPU attenpts to fetch an istruction from a non-existem
memory address. Code OxFRaisSWI instructon, soa softwareriterrug is gereratedandanaddressrroris
detected. Thedalress error detectiorange can b&urther expanded by writing OXFF to unused areasn the pro-
gram memory

3.6.2 Debugging

Debuggng efficiency canbe increasedy placing the SWI irstruction at the sdtware break point seting
address.

3.7 Undefined Instruction Interrupt (INTUNDEF)

When the CPU trieto fetch andexeatean instructdn thatis not defined, INTUNDEF is generated and statite
interrupt processing. INTUNDEF isicceped even if amther non-maskale interrugt is in process. The awent po-
cess is discdinued and the INUNDEF interrupt process startsoa afterit is requested

Note: The undefined instruction interrupt (INTUNDEF) forces the CPU to jump into the interrupt vector address, as soft-
ware interrupt (SWI) does.
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3.8 Revision History

Rev

Description

RA003

Revised from WDTCR1<WDTOUT> to WDCTR<WDTOUT>

Added chapter "3.5 Interrupt Sequence"

"Figure 3-3 Saving/restoring general-purpose registers" Revised SP position
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4. External Interrupt control circuit

External interruptsletects theharge of the input signal and gererates arinterrupt reqest Noise carbe remoed
by the biuit-in digital nolse cancedr.

4.1 Configuration
The external interrupt contreircuit conssts of a noise cancelleainedge deection circuit,a level detection cir-

cuit andaninterrugt signal gereration circuit.
Externally input signiz areinputto the rising edge or fling edge ofeveldetection aicuit for each external inter-
rupt, after naseisremovwed by the nasecarceller.

A . Falling edge Interrupt request signal INT]j inter
INT] pin D—) Noise canceller ? detection circuit [~ 2|  generation circuit request
i=0,5
fcgek fs/4
Figure 4-1 External Interrupts 0/5
- . Rising edge
INTi pin D >| Noise canceller > detection circuit > Interrupt request INTi int. "
T signal generation f—————> Iinterrup
fs/4 | Falling edge - circuit request

[ tecti ircuit
detection circui =110 3

Z
A B C DS[€
INTIES

AAA

INTILVL

y

fcgek 112(3]4 EINTCRI

Figure 4-2 External Interrupts 1/2/3

| Rising edge
7| detection circuit
Y
. ) Falling edge
INT4 pin D—> Noise canceller > L >
detection circuit Ipterrupt requgst INT4 interrupt
T signal generation f|——— > request
fs »| Level detection > circuit
Z circuit
A B c DS \
AAA INT4ES
INT4LVL
Y
fegek 1]2]3]4] [ ENTCR4 |

Figure 4-3 External Interrupt 4
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4.2 Control
Externalinterrupts are conttieed by tke following regsters:
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/IW RIW R/W R/W R/IW RIW RIW R/W
After reset 0 0 0 0 0 0 0 0
0| Disable
INTS5EN INT5 control 1| Enable
0| Disable
INT4EN INT4 control 1| Enable
INT3EN | INT3 control 0| Disable
1| Enable
INT2EN INT2 control 0| Disable
1| Enable
INT1EN INT1 control 0| Disable
1| Enable
INTOEN INTO control 0| Disable
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 corre-
sponding 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
(0xOFD8) Bit Symbol - - - INTLLVL INTLES INTINC
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0
Noise canceller pass signal level . .
. . . Initial state or signal level "L"
INIZLVL when the interrupt request signal is . i
. 1:| Signal level "H
generated for external interrupt 1
00 : | Aninterrupt 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
.| fegek [Hz .
INTING Sets the noise canceller sampling | 90 gck 2] 00:| fs/4 [Hz]
interval for external interrupt 1 01:| fegek /2% [Hz] 01: | fs/4 [Hz]
10: | fegek /28 [Hz) 10: | fs/4 [Hz)
11: fogek / 2% [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

RAO000 Page 64

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

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 EINTCRL1 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
NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the inter-
rupt 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 2 1 0
(0xOFD9) Bit Symbol - - - INT2LVL INT2ES INT2NC
Read/Write R R R R RIW RIW
After reset 0 . 0 0 0 0 0

Noise canceller pass signal level
INI2LVL when the interrupt request signal is
generated for external interrupt 2

Initial state or signal level "L"
1:| Signal level "H"

00 : | Aninterrupt 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
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
.| fegek [Hz .
INT2nG | Sets the noise canceller sampling 00 | fegckl 2] 00: | fs/4 [Hz]
interval for external interrupt 2 01: | fegek /27 [Hz] 01: | fs/4 [Hz]
10| fcgek / 28 [Hz) 10: | fs/4 [Hz]
11: fogek / 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 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
NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the inter-
rupt 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 EINTCR2 are read as "0".

External interrupt control register 3

EINTCR3 7 6 5 4 3 2 1 0
(0xOFDA) Bit Symbol - - - INT3LVL INT3ES INT3NC
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0
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Noise canceller pass signal level
INI3LVL when the interrupt request signal is
generated for external interrupt 3

Initial state or signal level "L"
1:| Signal level "H"

00 : | Aninterrupt 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
.| fegek [Hz .
INT3NG Sets the noise canceller sampling | 90 gck 2] 00:| fs/4 [Hz]
interval for external interrupt 3 01: | fegek /27 [Hz] 01:| fs/4 [Hz]
10| fegek / 28 [Hz) 10: | fs/4 [Hz]
11: fogek / 24 [Hz] 11:| fs/4 [Hz]

fcgek: Gear clock [Hz], fs: Low-frequency clock [Hz]

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.

Interrupt requests may be generated when EINTCRS3 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
NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the inter-
rupt 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.

Bits 7 to 5 of EINTCR3 are read as "0".

External interrupt control register 4

EINTCR4
(OXOFDB)

7 6 5 4 3 2 1 0
Bit Symbol - - - INT4LVL INT4ES INTANC
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0

Noise canceller pass signal level
INI4LVL when the interrupt request signal is
generated for external interrupt 4

Initial state or signal level "L"
1:| Signal level "H"

00 : | Aninterrupt 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
INT4ES ating condition for external interrupt pass signal
4 10 :| Aninterrupt request is generated at both edges of the noise canceller
pass signal

11 : | Aninterrupt request is generated at "H" of the noise canceller pass signal

NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
.| fegek [Hz .
INTanc | Sets the noise canceller sampling 00 ;| fegckl 2] 00: | fs/4 [Hz]
interval for external interrupt 4 01: | fegek /2% [Hz] 01: | fs/4 [HZ]
10: | fegek /28 [Hz) 10: | fs/4 [Hz)
11: fegek / 24 [Hz] 11:| fs/4 [HzZ]

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.

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
NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the inter-
rupt 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 4: The contents of EINTCRx<INTxLVL> are updated each time an interrupt request signal is generated.
Note 5: Bits 7 to 5 of EINTCR4 are read as "0".

4.3 Function

The condtion for generatingnterruptrequest signals andthe noisecarcel ime can be setor external interrups 1
to 4.

The condtion for gerrating interrupt requessigrals andthe noisecancel ime arefixed for exérnal interrupts 0
and 5.

Table 4-1 External Interrupts

) N Interrupt request External interrupt pin input signal width and noise removal
Source Pin Enable conditions | . | d
signal generated at NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
Less than 1/fcgck: Noise Less than 4/fs: Noise
__ IMF AND EF16 = . More than 1/fcgck and less than 2/ More than 4/fs and less than 8/fs: Inde-
INTO INTO Falling edge ; i
1 fcgek: Indeterminate terminate
More than 2/fcgck: Signal More than 8/fs: Signal
Falling edge Less than 2/fspl: Noise Less than 4/fs: Noise
IMF AND EF17 = . 9 ecg More than 2/fspl and less than 3/fspl+1/ | More than 4/fs and less than 8/fs: Inde-
INT1 INT1 Rising edge . .
1 Both edges fcgek: Indeterminate terminate
g More than 3/fspl+1/fcgck: Signal More than 8/fs: Signal
Falling edge Less than 2/fspl: Noise Less than 4/fs: Noise
IMF AND EF18 = . 9 edg More than 2/fspl and less than 3/fspl+1/ [ More than 4/fs and less than 8/fs: Inde-
INT2 INT2 Rising edge . K
1 Both edges fcgek: Indeterminate terminate
9 More than 3/fspl+1/fcgck: Signal More than 8/fs: Signal
Falling edae Less than 2/fspl: Noise Less than 4/fs: Noise
IMF AND EF19 = . 9 ecg More than 2/fspl and less than 3/fspl+1/ [ More than 4/fs and less than 8/fs: Inde-
INT3 INT3 Rising edge h Rk
1 Both edges fcgek: Indeterminate terminate
9 More than 3/fspl+1/fcgck: Signal More than 8/fs: Signal
Falling edge Less than 2/fspl: Noise Less than 4/fs: Noise
INT4 INT4 IMF AND EF20 = | Rising edge More than 2/fspl and less than 3/fspl+1/ | More than 4/fs and less than 8/fs: Inde-
1 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
— . More than 1/fcgck and less than 2/ More than 4/fs and less than 8/fs: Inde-
INT5 INT5 IMF AND EF8 =1 | Falling edge : .
fcgek: 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 functon that saves pwer by using the low power consumption regiser
(POFFCR3 whenthey are notised.

Seting POFFCRIINTXEN> to "0" stops (disabés) the basicclock for exernal interrugs ard helps save
power Note that this makes externalinterrupts unavailable. Seting POFFCR3<INTXEN> ¢ "1" supgies
(enables) the basic clofor externalinterrugs and maks exernal interrupts availahe.

After reset, PBFCR3<INTXEN> § initializedto "0" and external interrupts become unavailable. When
usingthe externalinterruptfunction for the firsttime, be sure to set POFFCRINTXEN> to"1" in the irtial
seting of softvare (befoe operatig the external iterruptcontrol regsters).

Note: Interrupt request signals may be generated when INTXEN is changed. Before changing INTXEN, clear the cor-
responding 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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4. External Interrupt control circuit

4.3 Function
TMP89FM42

4.3.2 External interrupt O

Externalinterrupt O detects th falling edge othe INTO pin andgenerags interruptrequest sigals.

In NORMAL1/2 or IDLE1/2 mock, pulses of lesthan 1fcgckare remwedas ndse andpuses of 2fcgck or
more are recognized agnals.

In SLOW/SLEEP mode, pulses lglssthan 4/fsare remued as naseand pises of 8/fs omore arerecog-
nized assignals.

4.3.3 External interrupts 1/2/3

External interrugs 12/3 detect te falling edge, he risingedge or both edges of the INT1, INT2 andINT3
pins and geerate interruptrequest sigals.

4.3.3.1 Interrupt request signal generating condition detection function

Select nterrupt requessignalgeneratig corditionsat EINTCRx<INTXES> for exterral 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=1t0 3

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

The lewel of a signalthathas passethroudh the noise canckdr when aninterrupt requests generaed
canbe readby wising EINTCRx<INTXLVL>. When loth edges are selected as ddten edges, the edge
where an ingrruptis generated can be detedtby readig EINTCRX<INTXLVL>.

INTi pin I
Signal that has passed through 1 1]

the noise canceller

Interrupt request signal N
(detected at the falling edge)

INT x LVL 1

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

INT x LVL T

Interrupt request signal

(detected at both edges) Il Il Il
INT x LVL
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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 node, a sigral that has been saited by fcgck is samied atthe samfing

interval selected at EINTRX<INTxXNC>. If the same leveils detected threeonsecutie times, the signal
isrecanized as a gnal If nat, the signalsremowed as nése.

Table 4-3 Noise Canceller Sampling Lock

EINTCRx<INTXNC> Sampling interval
00 fcgek
01 fcgeki2?
10 fcgekr2®
11 fcgeki2®

V Y ¥V ¥ ¥ ¥V ¥V ¥V ¥ ¥ v vy
NTipn ¢ ¢ ¢\ [ [eemy] | LR

i=1to 3 \ \
R

Signal after noise removal

'
' ' ' ' '
' ' ' ' '
' ' ' ' '
'
' ' ' ' '
! ! ! ! !
T
' ' ' ' '
i i i i i

Figure 4-5 Noise Cancel Operation

In SLOW1/2 or $EEPL mode, aignal is sampled biphelow frequency clocklivided by 4. f the sme
level is detectetvice consecutivelythesignal is recognizeds asignal.

In IDLEO, SLEEPO or SOP mode, the nose carcdler samping operatia is stpped ad an exerral
interrupts areunavailable. WWen operaton returns to NORMAL1/2, IDLEL/2, SLON1/2 or SLEEP1
mode samplingoperation remrts.

Note 1: If noise is input consecutively during sampling of external interrupt pins, the noise cancel function
does not work properly. Set EINTCRx<INTxXxNC> 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 out-
put 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
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.

4.3.4 External interrupt 4

External interrupt4 detects tke faling edg, the risingedge, bth edyes or "H" kvel of the INT4 ph andgen-
erates ingrrupt request signal

4.3.4.1 Interrupt request signal generating condition detection function

Select an irgrrupt request sigal generatng cordition at EINTCR4A<INT4ES> for external irgrrupt 4.
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4. External Interrupt control circuit

4.3 Function
TMP89FM42

Table 4-4 Selection of Interrupt Request Generation Edge

EINTCR4<INT4ES> Detected at
00 Rising edge
01 Falling edge
10 Both edges
11 "H" level interrupt

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

The lewel of a signalthathas passethroudh the noise canckdr when aninterrupt requests generaed
canbe readby wsing EINTCR4<INT4LVL>. When loth edges are selected as d#ien edges, the edge
where an ingrruptis generated can be detedtby readig EINTCRA<INTALVL>.

INT4 pin
Signal that has passed through

the noise canceller

Interrupt request signal Il
(detected at the falling edge)

INT4LVL I

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

INTALVL J

Interrupt request signal I N N
(detected at both edges)

INT4LVL

Interrupt request signal m

(level detection)

INTALVL |

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

4.3.4.3 Noise cancel time selection function

In NORMAL1/2 or IDLE1/2 node, a sigral that has been saited by fcgck is samied atthe samjing
interval selected at EINDRX<INT4NC>. If the same levels dekcted threeonsecutie times, the signal
isrecgnized as a gnal If nat, the signals remowed as ndse.
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Table 4-5 Noise Canceller Sampling Lock

EINTCR4<INT4NC> Sampling interval
00 fcgek
01 fcgeki2?
10 fcgek/2®
1 fcgeki2?

L2000 A A A A S A A A A |

INT4 pin

Signal after noise removal

'
' ' ' '
| ' ' '
' ' '
' ' ' '
' ' ' '
' ' ' '
' ' ' '
'
' ' ' '
! i i i
T ' ' '
' ' ' '
i i i i
' ' ' '

Figure 4-7 Noise Cancel Operation

In SLOW1/2 or $EEPL mode, aignal is sampled biphelow frequency clocklivided by 4. f the sme
level is detectetivice consecutivelythesignal is recognizeds asignal.

In IDLEO, SLEEPO or SOP mode, the nose carcdler samping operatia is stgpped ad an exerral
interrupts areunavailable. Wen operaton returns to NORMAL1/2, IDLE1/2, SLON1/2 or SLEEP1
mode samplingoperation retarts.

Note 1: When noise is input consecutively during sampling external interrupt pins, the noise cancel function
does not work properly. Set EINTCRx<INTxXNC> 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
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.

4.3.5 External interrupt 5

Externalinterrupt 5 detects t falling edge othe INT5 pin andgenerags interruptrequest sigals.

In NORMAL1/2 or IDLE1/2 mock, pulses of lesthan 1fcgckare remwedas nase andpuses of 2fcgck or
more are recognized agnals.

In SLOW/SLEEP mode, pulses legfssthan 4/fsare remuged as naseand pilses of 8/fs omore areaecog-
nized assignals.
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4. External Interrupt control circuit

4.3 Function
TMP89FM42
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5. Watchdog Timer (WDT)

Thewatchdogtimer is afail-safesystemto detct rapidy the GPU malfunctions suctes entessloops die tospu-
rious noise®r the deadlock conditionandreturn the CPU to asystem recoveryoutine.

The watcldog timer sgnak usedfor detecing malfunctionscan beprogrammed as watathog inerrupt reqeestsig-
nals or wathdogtimer reset sigals.

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

fegek/2' or fs/23 ——>>]

= 8-bit up counter I
12 5 9| Source clock Overflow Interrupt Watchdog timer interrupt requestl
] —_— >
fcgcmm OrfS/zv 5 | ! | 2 | 3 | 4 | 5 | 6 | ! | 8 ? reques‘t)/reset
fegek/2 " or fs/2" — § . ) )
signal control Watchdog timer reset signal

fcgcklz16 or fs/2° —>_V) > ci?cuit >

\

{ YYVY Y YY
Clear time control circuit
A

CPU/peripheral circuits reset N

Disable
control circuit
4
Disable code Clear code
(0xB1) (0x4E)
Control code s § ; %
decoder Szl 8 @ (2 |2
H2 [ O
ClHIS
\
[ wocNT | [ wocor| [ woctR | [ wbsT |

Figure 5-1 Watchdog Timer Configuration

5.2 Control

The wathdag timer is cotrolled by the watcklogtimer contol regster (WDCTR), the wathdog timer corirol
code register (WCDR), thewatchdog timer countenonitor (WDCNT) and tlke watchdog timer status (VIDST).

The wathdogtimer is enabled autmatically just afer the warm-up ograton thatfoll ows reset is firshed.

Watchdog timer control register

WDCTR 7 6 5 4 3 2 1 0
(0xOFD4) Bit Symbol - - WDTEN WDTW WDTT WDTOUT
Read/Write R R RIW RIW RIW RIW
After reset 1 0 1 0 0 1 1 0
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5. Watchdog Timer (WDT)

5.2 Control
TMP89FM42
Enables/disables the watchdog 0:| Disable
WDTEN . .
timer operation. 1:| Enable

00 : [ The 8-bit up counter is 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 code after the
first quarter of the overflow time has elapsed.

WDTW Sets the clear time of the 8-bit up 10:| A watchdog 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 DVOCK=1
. 18 11 1
WDTT Sets the overflow time of the 8-bit 0o: 2 fegek 2" ls 27fs
up counter. 01: 22%cgek 21%fs 213ts
10: 222ffcgek 21555 2155
11: 2%4Jfcgek 2Vts 2Y7s
WDTOUT Selects an overflow detection signal 0: | 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
(OxOFDS5) Bit Symbol WDTCR2

Read/Write w

After reset 0 0 0 0 0 0 0 0

Ox4E : | Clears the watchdog timer. (Clear code)
WDTCR?2 Writes watchdog timer control 0xB1 : | Disables the watchdog timer operation and clears the 8-bit up
codes. counter when WDCTR<WDTEN> is "0". (Disable code)

Others : | Invalid

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 th t value of the 8-bit
WDCNT onfiors the countvaiue ot the 5-bl The count value of the 8-bit up counter is read.
up counter
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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
Watchdog timer interrunt request No watchdog timer interrupt request signal has occurred.
WINTST2 . 9 ptred 1:| A watchdog timer interrupt request signal has occurred due to the over-
signal factor status 2 .
flow of the 8-bit up counter.
’ . 0:| No watchdog timer interrupt request signal has occurred.
Watchdog timer interrupt request : R . .
WINTST1 X 1:| Awatchdog timer interrupt request signal has occurred due to releasing of
signal factor status 1 R A .
the 8-bit up counter outside the clear time.
WDTST Watchdog timer operating state sta- 0: Operat?on disabled
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.

5.3 Functions

The watchdbg timer candetectthe GPU malfurctions and dkadlockby detectng the overflow of the 8-bit up
couner and detctingreleasingof the 8-bitup counter ouside the cleatime.

The watchday timer stoppag and oher amormalties can k detected ly readng the coun value of the 8-bit p
couner atrandomtimes andconparing the value to the last readvalue.

5.3.1 Setting of enabling/disabling the watchdog timer operation

Seting WDCTR<WDTEN> to"1" enabés the watcldog imer operaton, and e 8-kt up courter starts
couning the saurceclock

WDCTR<WDTEN> & initialized b "1" after the warm-up peraton that follows resetis released. This
means thathe watchdog timeis enabled.

To disabk the watcldog imer operatia, clear WDCTR<WDTEN> to "0" and wite OxB1 into WDCDR.
Disabling the watchdag timer operatn clears the 8-biip 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 watchdog timer operation is disabled preferentially and the overflow
detection is not executed.

To re-enakbe the watchday timer operatio, set WDCTR<WDTEN> to "1". Thereis no need to write eon-
trol code inb WDCDR.

|
Watchdog timer source clock r:—l—‘_l—l— I L I
| ( { {

8-bit up counter value _, ooH X ot X FFH
|

00H

- <

WDCTR<WDTEN>

Overflow time —— >

WDCTR<WDTEN>
Overflow time

Interrupt request signal

B e B

|
|
T
|
|
il
|
|
14— 1 clock (max.) —>
|
|

Figure 5-2 WDCTR<WDTEN> Set Timing and Overflow Time
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5. Watchdog Timer (WDT)

5.3 Functions
TMP89FM42

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> setghe clear time ofhe8-bit up counter

When WDCTR<WDTW> is "00", the clear time is eqtmthe overflow time of the 8-ki up cainter, and he
8-bit upcountercanbecleared at any time.

When WDCTR<WDTW> is nd "00", the ckar time is fixed b only a certan periodwithin the overflav
time of the 8-bitup counter If the operatia for releagng the 8bit up courter is attenpted outside the clear
time, a watchdg timerinterrugt requestsignal occus.

At this time, the watchday timer is not cleared bt continues caonting. If the 8-bit up caunter is not cleared
within the cleatime, a watchdog timeeset regest sigal or a watchdag timer interryt request sigal occus
due to tle overflow, depending on the WDCTR<WDTOUT> settihg.

8-bit up counter value FFRYGORXTTHX = = = 3FAXA0RX - - - TFAXEOAX, - - - BFOKCORX = = - FEmYoonX

When WDCTR<WDTW> is “11” | L outside the clear time
|

| | |
When WDCTR<WDTW> is “00” | ; Clear time — ; >|
| | |
| |
When WDCTR<WDTW> is “01” |<& Outside the clear time Arsi T Clear time T >
| | |
When WDCTR<WDTWS> is “10” <«—————— Outside the clear time >‘4 Clear time ————>1
| |
|
|

|
| .

>=: 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> ts theoverflowtime ofthe 8-t up cownter.

When the 8bit up caunter overflows, a watcldog timer resetrequest signal or a wathdog timer interrupt
requestsignal occurs, degnding on the WECTR<WDTOUT> settiry.

If the watcldog timer interrugt request signal is selead as the @ifunction detection sigral, the vatchday
counger coninues counting, e\en after he overflow has occured.

Thewatchdg timer tenporarily stops couting tp in the STOP male (including warm-up) or inthe IDLE/
SLEEP mode,and estartscounting up a&r the STOP/IDLE/SLEEP mode isreleased. @ prevent the &it up
couner from overflowing immedately after the STOPADLE/SLEEP node b released, ti is reconmended b
clear the 8-bitup courter before tke operaton node 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

DVICK = 0 DVOCK = 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

11 1.678 4.000 4.000
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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> selectsa signalto be generated whehe owerflow ofthe 8-ht up counteris deected.

1. Whenthe watchdog timerinterruptrequessignal is €lected (when WDCTR<WDOUT> is "0")

ReleasingVDCTR<WDTOUT> to "0" cawses awatcldog timer irterruptrequessignal to occur
when the 8-if up counter overflows.

A watchdog timer interrugs a non-maskable interrug@nd is requesis always accepted,gard-
less of tleinterrug mastererable flag(IMF) seting.

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 instruction, too many levels of nest-
ing may cause a malfunction of the microcontroller.

2. Whenthe watchdog timer resetrequessigral is selecteqwhen WDCTR<WDTOUT> is"1")

Seting WDCTR<WDTOUT> to "1" causes a watcld imer reset requestignal to occu when
the 8-bit up couner owerflows.

This watchda timer resetequest sgnalresetgshe TMP89FM42andstarts the warm-up operation.

5.3.5 Writing the watchdog timer control codes

Thewatchdogtimer controlcodes are writeninto WDCDR.

By writing &X4E (clear cale) nto WDCDR, the 8bit up counteris clearedo "0" andcontinues couating the
source clock.

When WDCTR<WDIEN> is "0", writing OxB1 (disable code)into WDCDR disabés tke wathdogtimer
operation

To prevent the 8-bit up coumtfrom overflowing, clear the 8-bit up countér aperiodshorter tlan te over-
flow time of the 8-bitup couner and wihin the clear tine.

By designing the prgram sothat no overflev will occur, the program mélinctions and deadock can be
detectedhroughinterrugs generaed by watchdogtimer interrugt requestsignals.

By appling a reset tathe nicroconputer usirg watchdog timer resetreqiest signak, the CPU can be
restored frommalfunctions and deddck.

Example: when WDCTR<WDTENS> 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 reset request 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 B
half of its overflow time and within a peri-
od 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 B
half of its overflow time and within a peri-
od of the overflow time minus 1 source
clock cycle. LD  (WDCDR), OX4E : Clear the 8-bit up counter

Note:If the overflow of the 8-bit up counter and writing of OX4E (clear code) into WDCDR occur simultaneously, the
8-bit up counter is cleared preferentially and the overflow detection is not executed.
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5. Watchdog Timer (WDT)

5.3 Functions
TMP89FM42

5.3.6 Reading the 8-bit up counter

The counter value of the 8-bit up courner can be reaby readingVDCNT.

Thestoppaye of the8-bit up counter can be detectadreadng WDCNT atrardomtimes andconparing the
value tothe last read value.

5.3.7 Reading the watchdog timer status

The wathdogtimer status can be read at WDST

WDST<WDTST> issetto "1" whenthe watchdog imer operation is enlled, and itis clearedo "0" when
the watcllog tmeroperaton is disabed.

WDST<WINTST2> is set to "1" wkena wathdogtimer interrupt request sigal occurs due tahe overflav
of the 8-bit up couter.

WDST<WINTSTZ is setto "1" when a watcHogtimer interruptreqestsignaloccurs de to he operatio
for releasing th&-bit up caunter autside the cleartime.

You can know which facor has cased a watcHog imer interrupt request sigmal by readig
WDST<WINTST2> and WDI<WINTST1> in the wathdog timer interrupt senice rouine.

WDST<WINTST2> and VDST<WINTST1> are clearetb "0" whenWDST is readlf WDST isread athe
sane time as tke condiion for turning WDST<WINTST2> or WDST<WIN'ST1> to "1" is satisfied,
WDST<WINTST2> orWDST<WINTST1> is ®t to "1", ratherthan being cleared.

8-bit up counter value FFHX00RYOTHY = = = --- --- ---
| |

|
When WDCTR<WDTW> is “10” |<———— Outside the clear time = Clear time !
| | |
Writing of 4EH (clear code) ] : : :
| | |
Reading of WDST ! [ ! I
Interrupt requesh signal generatgd by cléaring | Interrupt reqyiest signal generated by the
the 8-bit up couhter outside thef clear tine | overflow of the 8-bit up counter
Watchdog timer interrupt request signal | | |
| \ | | ( \
WDST<WINTST1> _l I \ \
WDST<WINTST2>

Figure 5-4 Changes in the Watchdog Timer Status

RAO000 Page 78

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

6. Power-on Reset Circuit

The poweron resetcircuit generats a reset Wenthe pwer is tunedon When te suply voltage & lower than
the detedbn voltage of the pover-on reset circii, apower-on reset sigal isgeneraed.

6.1 Configuration

The poweron reset circuit comsts of areference volege generatiogircuit and acomparata.

The suply voltage divided by ladler resstor is conparedwith the votage generated hifie reference vthge gen-
eration circuit bythe comparator

VDD

; Comparator
+

» Power-on reset signal

Reference voltage
generation circuit

o

Figure 6-1 Power-on Reset Circuit .

When paver sipply voltage ges on, if the sugp voltageis equalto a lower than te rekasng vdtage of the
poweron resefircuit, apower-on resetsigral is generate@ndif it is higherthanthe releasing vdiage of the power
on reset circujta powefronrest signal is released.

6.2 Function

When power suply voltagegoes @wn, if the supplyvoltage is equal to or lower thanthe cetecting woltage 6 the
poweron resetcircuit, apower-on resetsignalis gererated

Until the pover-onreset gjnal is generatk awarm-up circuit and aCPU is reset.

When the powepn rest signal isreleased, the warm-up circuitastivated The reset ofthe CPU and pepheral
circuits isreleased after the warm-up gnthatfollows reset release hakapsed.

Increasehe supply voltage inb the operatig range dting the periodfrom detecton d the power-on resetrelease
voltage until theend ofthe warm-up time that followsset release. the supply voltge h& not reached the operat-
ing range by tk endof the warm-up tne thatfollowsreset retase, the TMPH-M42 cannboperate prperly.
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6. Power-on Reset Circuit
6.2 Function
TMP89FM42

Supply voltage (VDD)
Operating voltage

VPROFF
VPRON

D
Power-on ' t PRON _, t PROFF
reset signal |

Warm-up counter start

.
tpwup '

1
1
o
1 1 I
Warm-up ” X ' '
counter clock ' : ;
1
| |
1
1
1
1

1
1
CPU/peripheral circuits '

reset signal ” I

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 \oltage detection circuitdetects any decrease the supjy voltage and generates vage detegon interrugt
reguestsignals and vtiage degctionreset gjnals.

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

Thevoltage atection circuit corsists of a reference Wage generatio circuit, a deection voltage levelselectiom
circuit, a comparator andontrol registers.

The suppy voltage(VDD) is divided by the ladder resistoand input to the deteabn voltage selecton circuit. A
voltage is sacted in lhe detection vokage selectin circuit depewing on the detection voltage (MDxLVL), and
compared tdhe reference voltage the comparatoMhen thesupply voltage (VDD) becomes lower thathe detee
tion voltage (VIXLVL), a votage detedbn interrug requessignal ora vokage detedbn resetsignal is generated.

Either the vdtage dtection interruptrequestsignal or the voltage detection reset signal cansbéected by pro-

gramming the software.

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

Voltage detection reset signal 1

’ Interrupt request signal Voltage detection interrupt
generation circuit request signal
) Voltage detection STOP mode
release signal

FIF

LS

Reference voltage
generation circuit

Y
v

Voltage detection reset signal 2

VD2LVL
VD1LVL
VD1SF
VD1F
VD2SF
VD2F

VDCR1

7.2 Control

D1MOD

VD2MOD
VD2EN

VI
VD1EN

VDCR2

Figure 7-1 Voltage Detection Circuit

The vdtage detkection circuit is controlled by votage detedbn cortrol regsters 1,2 and 3.

Voltage detection control register 1

VDCR1 7 6 5 4 3 2 1 0
(0xOFC6) Bit Symbol VD2F VD2SF VD2LVL VD1F VD1SF VDI1LVL
Read/Write RIW Read Only RIW RIW Read Only R/W
After reset 0 0 0 0 0 0 0 0
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7. Voltage Detection Circuit

7.3 Function
TMP89FM42

Voltage detection 2 flag (Retains
VD2F the state when VDD<VD2LVL is
detected)

0:VDD > VD2LVL
1:VvDD < VD2LVL

Voltage detection 2 status flag
VD2SF (Magnitude relation of VDD and
VD2LVL when they are read)

0:VDD > VD2LVL
1:VvDD < VD2LVL

00:2.35+0.15/-0.15V
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
VD1F the state when VDD<VD1LVL is
detected)

0:VDD > VD1LVL
1:VDD <VD1LVL

Voltage detection 1 status flag
VD1SF (Magnitude relation of VDD and
VDI1LVL when they are read)

0:VDD > VD1LVL
1:VvDD < 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

VDI1LVL Selection for detection voltage 1

Note 1: VDCR1 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
(0xOFC7) Bit Symbol - - SRSS VD2MOD VD2EN VD1MOD VD1EN
Read/Write R R R/W R/IW R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
00: | Release STOP mode depending on the state of the STOP pin
01: | Release STOP mode when the supply voltage (VDD) becomes higher
Selection for the STOP mode than the detection voltage (VI?xLVL) .
SRSS 10: | Release STOP mode depending on the state of the STOP pin or when the
release source . .
supply voltage (VDD) becomes higher than the detection voltage (VDx-
LVL)
11: | Reserved
VD2ZMOD Selects the operation mode of volt- 0: | Generate a voltage detection 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
VDIMOD Selects the operation mode of volt- 0: | Generates a voltage detection interrupt request signal
age detection 1 1: | Generates a voltage detection reset signal
VDI1EN 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 VDCR?2 are read as "0".

7.3 Function

Two detetion voltages (VDxVL, x=1-2) can be set in ¢hvoltage detection circuitFor each voltage, enabling/
disabing the votage detctionand tle operaion to be execied wten the suply voltage (VDD) becanes laver than
the detecton voltage (VDxLVL) canbeprogramned.
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7.3.1 Enabling/disabling the voltage detection operation

Seting VDCR2<VDXEN> to "1" enabks the wltage detecion operatim. Seting it to "0" disales the per-
ation

VDCR2<VDXxEN>is cleared to "0" immediely aftera poweron reset or aesetby an external res inputis
released.

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

7.3.2 Selecting the voltage detection operation mode

If the vdtage dttection qoeraion mode is set togenerate vibage detection interrug request sigals
(VDCR1<VDxMOD>="0") and VDMR2<VDxEN>is set to "1",a vdtage detction interrug reqiestsignal is
generatedvhen the supply voltage (VD)ecoms lower tranthe detedion vdtage (VDxXLVL).

If the vdtage detecton operation mode b setto generate viiage detecton reset sigals (VDCRXVDx-
MOD>="1") andVDCR2<VDXEN> is setto "1", a wltage detction reset sigal is generated wén tre siypply
voltage (VDD) becanes lower than #adetection voltage (VDxLVL).

VDCR1 and VDCRZ2are initialized bya poweron regt or an external res input only. Therefore, the volt-
age @tection resetsigrals are gneratd continuausly, aslong as the supplvoltage (VD) is lower thanthe
detecton vdtage (VDXLVL).

Note: If the voltage detection mode is set to generate voltage detection interrupt request signals and the supply volt-
age (VDD) becomes lower than the detection voltage (VDXLVL) in the STOP, IDLEO or SLEEPO mode, a volt-
age detection interrupt request signal is generated after the operation mode is released and returned to
NORMAL or SLOW mode.

VDD level

Detection voltage level

VDCR2<VDxEN>

Voltage detection interrupt
request signal

Voltage detection reset signal

Figure 7-2 Voltage Detection Interrupt Request Signal and Voltage Detection Reset Signal

7.3.3 Selecting the detection voltage level

Select a detection voltage VDCR1<VDxLV/L>.

7.3.4 \Voltage detection flag and voltage detection status flag

The magitude relatbn betweenthe suppy voltage (VDD) and the deteain votage (VDxLVL) can be
checkedby reading VDCR&VDxF> ard VDCR1<VDxSF>.

If VD CR2<VDxEN> issetat"1", whenthe suppf voltage (MDD) becones lower than the dedction voltage
(VDxLVL), VDCR1<VDxF>isset to"1" and isheld in this state. VDCR4&VDxF> is not cleared to "0" wdn
the supp} voltage (MDD) becanes equalo or higher than the detea@in vdtage (VDXLVL).

When VDCR2<VDXEN> is cleackto "0" afterVDCR1<VDxF> is set to "1, the prevous stagis sill held.
To clear VDCR1<VDxF>, "0" mustbe written to it
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7. Voltage Detection Circuit

7.3 Function
TMP89FM42

If VD CR2<VDxEN> issetat"1", whenthe suppf voltage (MDD) becones lower than the dedction voltage
(VDXLVL), VDCR1<VDxSF> is seto "1". Whenthe suply voltage (VDD becomes eggal © or higher ttan
thedetecton voltage (VDxLVL), VDCR1<VDxSF> is clearedo "0".

Unlike VDCR1<VDxF>, VDCR1<VDxSF>doesnot hold the setstate.

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 opera-
tion mode is returned to NORMAL or SLOW mode.

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

VDD level : :

Detection voltage level

VDCR2<VDxEN>

|
!
|
|
i
|
i
|
i
|
1
'
i
| |
i

|
|
|
|
i
|
|
i
' Write “0” to VDCR1<VDxF
|
|
|
|
i
i
|
|
|

VDCR1<VDxF>

VDCR1<VDxSF>

k\The flag is not set because VDCR2<VDXEN> is “0”.

Figure 7-3 Changes in the Voltage Detection Flag and the Voltage Detection Status Flag

7.3.5 Selecting the STOP mode release signal

By setthg VDCR2<SRSS>d select he vdtage deection STOP mode release signal as theOFTmode
release signal, SIP modecan be released when thepplyvoltage (VDD) beomes equal to or higher than
the detecion voltage (VDXLVL).

To use this function, set VDCR2<VDxMOD> to "0" ard set the operatiomale to generate vizlge dedc-
tion interrug request signals. In addiion, before tle operaton is switchedto STOP mode, clear SYSR1
<RELM> t0"0" andselectthe edgeeleasanode.

If the level release mode is selectedl the supplyoltage (VDD is equalto or higher than te detection
voltage (VDxLVL), STOPmode cannbbe activatd.

Seting VDCR2<SRSS> to "00" alvs STOP moet to be released depéding on the state dhe STOP pin.

Seting it to "01" allows STOP node tobe retagd when he suppy voltage (VDD) becanes equato or
higher thanthe detecton vokage (MDXLVL).

Seting it to "10" allovs STOP maleto be releasediepending on the stteof the STOP pin or whenthe sup-
ply voltage (VDD) becomes el to or higher than th detection voltage (VIXLVL).

Refer toSectim 2 "CPU for settngsto activate or releas&€TOP mode.

Note 1: After STOP mode is released by a voltage detection STOP mode release signal, the interrupt latch
becomes "1". If it is undesirable to accept an interrupt after STOP mode is released, disable interrupts
before STOP mode is activated. In addition, clear the interrupt latch before enabling interrupts after STOP
mode is released.

Note 2: If the supply voltage (VDD) becomes equal to or higher than the detection voltage (VDxLVL) within 1
machine cycle after SYSCR1<STOP> is set to "1" and STOP mode is activated, STOP mode is not
released.

Note 3: When the voltage detection interrupt request signal of the voltage detection circuit is used as the STOP
mode release signal, take into account sudden fluctuations in the supply voltage (VDD) and changes near
the detection voltage (VDxLVL) in setting the detection voltage (VDXLVL) and the warm-up time.
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VDD level

Detection voltage level

VDCR1<VDxSF>

| | |
Voltage detection interrupt n ; ; ; |_|
request signal 1 | | | |
NORMAL mode ——3 <~ STOP mode —»i<€~ Warm-up € NORMAL mode =€~ STOP mode (< Warm-up i< NORMAL mode —
\ o \ ) 1
STOP mode is STOP mode is released at the falling STOP mode is STOP mode is released at the falling

activated by activated by

edge of VDCR1<VDxSF>
programming. programming.

Figure 7-4 STOP Mode Release by VDCR1<VDxSF>

edge of VDCR1<VDxSF>

7.4 Reqgister Settings

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

When te qoeraton mode & set b generate voltagedetecton interrupt request sigral, meke the following
seting:

In this case,setting VDCR2<SRSS> allows SIP male to be releasedhen the suply voltage (VDD)
becones equl to orhigherthan tre detection voltage (VDxLVL).

1. Clear the voltagdetectioncircuit interrug enable flag to "0".
2. Setthe detectdin vokage at VD®R1<VDXLVL>(x=1 to 2).

3. Clear VDCRZVDxMOD> to"0" to set the operation made togererate vdtage deecion interupt
request sgnals.

SetVDCR2<VDXEN> to "1" toenalte the votage deteddn operaion.
Wait for 5 [us] or more untl the voltage detection circut becones stabie.
Make sure tat VDCR1<VDxSF> is "0".

Clearthe voltage detectin circuit irterrugt latch to"0" andset tke interrug enable fhg to "1" to
enable interrupts.

N o g A

Note:If the set value of detection voltage (VDxLVL) is close to the supply voltage (VDD), voltage detection request
signals may be generated frequently. At the return from the voltage detection interrupt processing, execute
appropriate wait processing depending on fluctuations in the system power supply and clear the interrupt
latch.

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

When the opraton male isset togenerat voltage detection reset signal male the following setthg:

1. Clear the voltagdetectioncircuit interrug erable flag to "0".
2. Setthe detectin votage at VD®R1<VDxLVL>(x=1 to 2).

3. Clear VDCR&ZVDxMOD> to"0" to set the operation made togererate vdtage deecion interupt
request sgnals.

SetVDCR2<VDXEN> to "1" toenalte the votage deteddn operaion.

Wait for 5 [us] or more untl the voltage detection circuit becones stable.

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

SetVDCR2<VDxMOD> to "1" to setthe operatio moce to generateroltagedetection reset sigals.

N o g A

Note 1: 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 detec-
tion reset until clearing of VDCR2<VDxEN> to "0", a voltage detection reset signal is generated immedi-
ately.
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7.4 Register Settings
TMP89FM42

Note 2: The voltage detection reset signals are generated continuously as long as the supply voltage (VDD) is
lower than the detection voltage (VDxLVL).
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7.5 Revision History

Rev Description
RA001 " Voltage detection control register 1" Revised VD1LVL and VD2LVL.
RA002 Revised from VDCR2<VDXxLVL> to VDCR1<VDxLVL>
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8. 1/0 Ports

Table 8-1 List of I/O Ports

Port name Pin name Number of pins Input/output Secondary functions
P03 to POO 4 Also used as the high-frequency oscillator connection pin and the
Port PO Input/output _g d y. . P
(Note) (Note) low-frequency oscillator connection pin
Also used as the external reset input, the external interrupt input and
Port P1 P13 to P10 4 Input/output . .
the STOP mode release signal input
Also used as the UART input/output, the serial interface input/output
Port P2 P27 to P20 8 Input/output . . .
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
Also used as the timer counter input/output, the divider output and
Port P7 P77 to P70 8 Input/output . .
the external interrupt input
Port P8 P81 to P80 2 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
Also used as the UART input/output and the serial interface input/out-
Port PB PB7 to PB4 4 Input/output put

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

Each aitput port contains a lath, which hdds the ouputdata. Noinput port has a latchsothe exernal input data
should be externajl held until the inpu data is readrom outside or readng shouldbe performedseveral tines
befae pracessig. Figure 8-1 shows ingt/output timing exanples.

External datas readfrom an I/O pat in the read cyclduring execution ofhe readnstruction. Thistiming canna
be recgnizedfrom outside, so tht transént input such as chatileg must beprocessed pthe pragram Data & out-
putto anl/O port in the rext cycleof the write cycle duringxecutionof the wite instructian.

Fetch cycle Fetch cycle Read cycle

System clock | | | | | | | |
1

Instruction | IIExampIe: LD A, (x); |

execution cycle T 0

Internal read I

signal el —, T

Data input X X

(a) Input timing

| Fetch cycle Fetch cycle Write cycle
——————— > ————>
System clock | | | | | | | |
1 1
Instruction o -l Example: LD (x), A| l ---------------------

execution cycle =~~~ ; R e TR
i i

Internal write
signal -=-- P W
'

Data input X%

(b) Input 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. 1/0 Ports

8.1 1/0 Port Control Registers
TMP89FM42

8.1 1/0O Port Control Registers

Thefollowing control registerare usedor 1/0 ports. (The porhumber isndicated in place of.) Registers that
canbe set vary depaiing on the portFor detds, refer to tk descripion of eaclport.

* PxDR register

This is the register faeting output da. Whena port is set tothe "ouput mode”, the valuepgecified at
PxDR is output from the pat.

* PxPRD register

Thisis the regsterfor readirg input dai. Whenapott is set o the "input mode", thecurrentport input
status can be redny readingPxPRD.

* PxCR regiser

This registe switches a porbetweeninput ard ouput. A port can be switchedbetween the'input
modée' and the "ouput mode”.

* PxFC register

This register enables the secondary functigipa of each port. The secondary functianput of each
port can beenabledor disabled.

PxOUTCR regster
This regster swithesthe port ouput betveen the C-MO®utput and the opn dran output.

* PxPU register

This register determes whelier o nat the huilt-in pull-up resstor is conne@d whena port is usedhi
the inpu modeor asthe open drain otput
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8.2

List of I/O Port Settings

Forthe seting metlods for indvidual 1/0 ports, refer tahe following tabie.

Table 8-2 List of I/O Port Settings

Register set value

Port name Pin name Function
PxCR PxXOUTCR PxFC Other required settings
Port PO Port input 0 0
P03 to POO
Port output 1 0
Without
P03 XTOUT * .
Without register
P02 XTIN * register 1
PO1 XouT * Without
register
POO 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
With With:
P13 INTL input 0 tthout fthout
register register
P12 INTO input 0
P11 INT5 input 0
P11 STOP input 0
P10 RESET input * Note 1
Port P2 Port input 0 * *
P27 to P20
Port output 1 * 0
SCLKO input 0 * * SERSEL<SRSEL0>="01"
P25
SCLKO output 1 * 1 SERSEL<SRSEL0>="01"
b4 SCLO input/output 1 Without 1 SERSEL<SRSEL0>="*0"
Sl input 0 register * SERSEL<SRSEL0>="01"
b3 SDAO input/output 1 Without 1 SERSEL<SRSEL0>="*0"
SO output 1 register 1 SERSEL<SRSEL0O>="01"
SCLKO inout 0 N N SERSEL<SRSEL0>="10"
P SERSEL<SRSEL2>="0"
P22
SCLKO outnut 1 N 1 SERSEL<SRSEL0>="10"
P SERSEL<SRSEL2>="0"
SERSEL<SRSELO>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="0"
P21 SERSEL<SRSELO>="0*"
TXDO output 1 * 1 SERSEL<SRSEL2>="0"
UATCNG<UATOIO>="1"
SI0 inout 0 N N SERSEL<SRSEL0>="10"
P SERSEL<SRSEL2>="0"
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Table 8-2 List of I/O 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>="0"
UATCNG<UATO0IO>="0"
P20 SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="0"
UATCNG<UATOIO>="1"
SO0 output 1 N 1 SERSEL<SRSEL0>="10"
P SERSEL<SRSEL2>="0"
Port P4 Port input 0 *
Port output 1 0
P47 to P40 AIN7 to AINO 0 Wlthout 1
register
KWI7 to KWI4 * * KWUCR1
KWI3 to KWIO * * KWUCRO
Port P7 Port input 0 *
P77 to P70
Port output 1 0
. Without
P77 INT4 input 0 .
register
Without
P76 INT3 input 0 I . ou
register
Without
P75 INT2 input 0 I . ou
register
P74 DVO output 1 Without 1
TCAL input 0 register *
P73 ——
PPGAL1 output 1 1
TCAOQ input 0 * SERSEL<TCAOSEL>="00"
P72
PPGAO output 1 1
TCO1 input 0 *
P71
PPGO1 / PWMO1 output 1 1
TCOO input 0 *
P70 —
PPG00 / PWMO0O output 1 1
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Table 8-2 List of I/O Port Settings

Register set value

Port name Pin name Function
PxCR PXOUTCR PxFC Other required settings
Port P8 Port input 0 *
P81 to P80
Port output 1 0
TCO3 input 0 Without *
P81 K
PPGO3 / PWMO3 output 1 register 1
TCO02 input 0 *
P80
PPG02 / PWMO2 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<UAT1I0>="1"
TXD1 output 1 * 1 UATCNG<UAT110>="0"
P90
RXD1 input 0 * 0 UATCNG<UAT110>="1"
Port PB Port input 0 * *
PB7 to PB4
Port output 1 * 0
SERSEL<SRSEL0>="10"
SCLKO input 0 * *
by SERSEL<SRSEL2>="1"
PB6
SERSEL<SRSEL0>="10"
SCLKO output 1 * 1

SERSEL<SRSEL2>="1"

SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="1"
UATCNG<UAT0IO>="0"

nEn

SERSEL<SRSELO>=
TXDO output 1 * 1 SERSEL<SRSEL2>="1"
UATCNG<UATOIO>="1"

PB5

SERSEL<SRSEL0>="10"

I 1 * *
Si0input 0 SERSEL<SRSEL2>="1"

SERSEL<SRSELO0>="0*"
TXDO output 1 * 1 SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="0"

nE

SERSEL<SRSEL0>=
RXDO input 0 * * SERSEL<SRSEL2>="1"
UATCNG<UATOIO>="1"

PB4

SERSEL<SRSEL0>="10"

1 * 1
SO0 output 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
numeric charac- Meaning
ters

0 Set "0".

1 Set "1".

. Don't care

(Operation is the same whether "1" or "0" is selected.)
Without register There is no register that corresponds to the bit.
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8. 1/0 Ports

8.3 /0 Port Registers
TMP89FM42

8.3 1/0 Port Registers

8.3.1 Port PO (P03 to P0O0)

Port PO isa 4-bit input/output porthat can bese to input or output foeach bitindividually, and it isalso
used as thhigh-frequery oscillaion connecton pin and the lowfrequency oscilkation connedbn pin.

Port POcontains aprogrammable pull-up resstor on the VDD side. Ths pull-up resistor came wsed when
the port is used in the pit mode.

Table 8-3 Port PO

- - - - P03 P02 PO1 P00

Secondary - - - - XTOUT XTIN XOouT XIN
function

M) VDD
Pull-up control
(for each bit) § > I

Programmable
POPUO write pull-up resistor

Input/output control
(for each bit)

POCRO write

Rin3

Functi trol __D—
unction control _D

VDD
(for each bit) %
POFCO write I > o P00
(XIN)
Output latch I

(for each bit)

) T R
PODRO write ?
2 QF
3
&1 POPRDO read
@
j VDD
© Pull-up control
< > (for each bit) § > | Rf
o 1
c Programmable
- POPU1 write pull-up resistor.
RiN3
Input/output control
—

(for each bit)

POCR1 write

]
System clock reset > ")—\
_

VDD
(internal factor reset)
Ro
9 §WWo —o—|:| P01
—o0
(XOUT)
Output latch —~—

(for each bit)

i} R
PODR1 write P ?
X\
N I §
POPRD1 read
SYSCR2<XEN>

Note1 : R = 1002 (typ.)
Note2 : Rf = 1.2MQ (typ.)

N SYSCR1<STOP> Note3 : Ro = 0.5kQ (typ.)
ote3 : Ro = 0.5k (typ.
SYSCR1<OUTEN> QDO— Noted : Rins = 50k (typ.)

Reset signal

Figure 8-2 Port PO (P00, P0O1)
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Pull-up control

(for each bit)

VDD

POPU2 write

Input/output control

(for each bit)

POCR2 write

—>

Function control ) >—‘—)—\
_/

(for each bit)

VDD ;
POFC2 write 1
Output latch -
> _

(for each bit)

PODR2 write

Programmable
pull-up resistor

Rin3

Pull-up control

POPRD2 read r

(for each bit)

| Rf

Internal data bus

POPU3 write

Input/output control

(for each bit)

POCR3 write

—

VDD %
Output latch E : e
— &

(for each bit)

Programmable
pull-up resistor

Rins

Ro

$ :,—o—| P03
(XTOUT)

?R

PODRS3 write
QN
POPRD3 read

SYSCR2<XTEN>

A~ SYSCR1<STOP>
SYSCR1<OUTEN> EDO—
Reset signal

Note1

Note3

: R =100Q (typ.)
Note2 :
: Ro = 220kQ (typ.)
Note4 :

Rf = 6MQ (typ.)

Rin3 = 50kQ (typ.)

Figure 8-3 Port PO (P02, P0O3)
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8. I/0 Ports
8.3 1/0 Port Registers

TMP89FM42
Port PO output latch
PODR 7 6 3 2 1 0
(0x0000) Bit Symbol - P03 P02 PO1 P00
Read/Write R R RIW R/IW R/IW RIW
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 PO input/output control
POCR 7 6 3 2 1 0
(0xOF1A) Bit Symbol - POCR3 POCR2 POCR1 POCRO
Read/Write R R RIW R/IW R/IW R/IW
After reset 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 3 2 1 0
(0x0F34) Bit Symbol - - POFC2 - POFCO
Read/Write R R R R R/IW R R/W
After reset 0 0 0 1
o Port func- Port 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 POFC0O must be set to "1".

Note 2: Symbol "I' means secondary function input

Port PO built-in pull-up resistor control

POPU 7 6 3 2 1 0
(0x0F27) Bit Symbol - POPU2 POPU2 POPUL POPUO
Read/Write R R R R/W R/W R/W R/W
After reset 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 con-
nected.)
Port PO input data
POPRD 7 6 3 2 1 0
(0x000D) Bit Symbol - POPRD3 POPRD2 POPRD1 POPRDO
Read/Write R R R R R R R
After reset 0 0 * * * *
. If the port is in the input mode, the contents of the port
Function .
are read. If not, "0" is read.
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Table 8-4 POPRD Read Value (P00 to P01)

Set condition
POPRDi read value
POFCO POCRI
* 1 "0"
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 "0"
1 * "0"
0 0 Contents of port
Note 1: * : Don’t care
Note 2:j=2,3
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8. I/0 Ports
8.3 1/0 Port Registers

8.3.2 Port P1 (P13 to P10)

Port P1is a 4-bitinput/ouput port that can be set to jiutor outputfor each bit indvidually, and is also used
as tle external interrupt input, the STOP male release gnalinputand the external resetpoit

Port P1contains aprogrammable pull-up resstor onthe VDD side. Ths pull-up resistor came wsed when
the port is used in the pot mode.

After reset, pin P10 ses as the egtnal reset inpit. To use pin P10 asport, referto "How to useexterral

reset inpt pinas aport”.

Table 8-6 Port P1

P13

P12

P11

P10

Secondary
function

INT1

INTO

INTS
STOP

RESET

RA005

Downloaded from Elcodis.com electronic components distributor

Page 98



http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TpesEaz
VDD
|
1
N VDD
Pull-up control Reset
(for each bit) AT I pull-up resistor
S
—I—)_I Programmable § Rin2
P1PU write pull-up resistor
g Rins
o Input/output control = VDD
®© (for each bit) <
= —l
hel
— P1CR write >—| P10
©
=
° Output latch -~
= (for each bit) "
P1DR write ? R
Q=
P1PRD read
A Note1 : R = 100Q (typ.)
SYSCR3<RSTDIS> Note2 : Rin2 = 220kQ (typ.)
EN Note3 : Rin3 = 50kQ (typ.)
SYSCR4 B2H write
Power-on reset signal
Reset 1
Reset 2

Low-voltage detection reset 1 signal
Low-voltage detection reset 2 signal
Watchdog timer reset signal
System clock reset signal

Trimming data reset signal

Flash standby reset signal

T

O VDD
Pull-up control
(for each bit) AN
Programmable
P1PU write pull-up resistor
s Rins
a Input/output control VDD
© (for each bit)
©
el
— P1CR write P1i
©
[=
° Output latch
= (for each bit) v
{=
Peripheral P1DR write
functions (|
P1PRD read q Note1 : R = 1000 (iyp)
AN _— e —— ote1: R = Q (typ.
Interrupt INTO, INT1, INTS, STOP Note2 : Rin3 = 50kQ (typ.)
STOP e e e P Note3:i=1~3
i SYSCR1<STOP> tIn case of P12
control H ! and P13
! SYSCR1<OUTEN> :a”
E Reset signal
Reset signal
Figure 8-4 Port P1
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8. I/0 Ports
8.3 1/0 Port Registers

TMP89FM42
Port P1 output latch
P1DR 7 6 5 4 3 2 1 0
(0x0001) Bit Symbol - - - - P13 P12 P11 P10
Read/Write R R R R RIW R/IW R/IW RIW
After reset 0 0 0 0 0 0 0 0
0: Outputs L level when the output mode is selected.
Function t
1: Outputs H level when the output mode is selected.
Port P1 input/output control
P1CR 7 6 5 4 3 2 1 0
(0xOF1B) Bit Symbol - - - - P1CR3 P1CR2 P1CR1 P1CRO
Read/Write R R R R RIW R/IW R/IW RIW
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
o: ‘ INTL INTO INTS
Function [0} INTO (1) INT5 (1) i
STOP ()
1: ‘ Output mode (port output)
Note: Symbol "I" means secondary function input
Port P1 built-in pull-up resistor control
P1PU 7 6 5 4 3 2 1 0
(0xOF28) Bit Symbol - - - - P1PU4 P1PU2 P1PU1 P1PUO
Read/Write R | R R R RIW RIW RIW RIW
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 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 P1 input data
P1PRD 7 6 5 4 3 2 1 0
(0x000E) Bit Symbol - - - - P1PRD3 P1PRD2 P1PRD1 P1PRDO
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 read. If not, "0" is read.

Function

Table 8-7 P1PRD Read Value

Set condi-
tion P1PRDi read value
P1CRi
0 Contents of port
1 "0"
Note 1: * : Don't care
Note 2: i=0to 3
RA005 Pae 10
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8.3.3 Port P2 (P27 to P20)

Port P2is an 8-bit iput/output porthatcan be séto input oroutput for eaclbit individually, and it is also
used as th serial bus interfac@put/ouput, the serial interface put/autput, the UART input/output and the
on-chipdehug function.

The outputcircuit hasthe P-channebutput control function andeither the sink open dain output or the C-
MOS ouput canbe sekcted. Port P2ontains aprogrammeble pull-up resistor o the VDD side. Thispull-up
resista can bausedwhen the pd is used in teinputmode or as a sik opendrain output.

When this port is ued as theserial bus interface, # rial interface othe UART, setting for serial interface
selecting fundion isalsoneededFor details, rier to"8.4 Serialinterface Selectingunction".

Forthe on-chip debg function, referto the chapr of "On-chip DebugFurction (OCD)".

Table 8-8 Port P2

P27 P26 P25 P24 P23 P22 P21 P20

- - SCLKO SI0 SO0 SCLKO SI0 SO0

Secondary SCLO SDAO RXDO TXDO
function TXDO RXDO
OCDIO | OCDCK
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8. 1/0 Ports

8.3 /0 Port Registers
TMP89FM42

M VDD

Pull-up control

(for each bit)
Programmable

P2PU write pull-up resistor

RiN3

Output control >—|—>_

(for each bit) |

P20UTCR write

Input/output control )
(for each bit)

P2CR write

VDD

Function control
(for each bit)

P2FC write

Internal data bus

Output latch
(for each bit)

functions P2DR write

~

Peripheral :
Functions enclosed by the
___________________________ + | dotted line are for P20,

: SCLKO, SO0, TXDO P21,P22 and P25 only. ? R
SI00 bbbttt fip

UARTO LA P2PRD read —4
SCLKO, S10, RXDO Note1 : R = 100Q (typ.)

Note2 : Rina = 50k (typ.)

SYSCR1<STOP> Note3:i=0t02,5t0 7
SYSCR1<OUTEN> EDO—
Reset signal
Input/output control
(for each bit)

P2CR write

Function control
(for each bit)

P2FC write

Output latch
(for each bit) =

P2j

Peripheral
functions

Internal data bus

P2DR write

SCLO, SDA0, SO0

SI00 QQl |

12C0 \~ P2PRD read
SCLO, SDAQ, SI0 Note1 : R = 100 (typ.)

Note2:j=3,4
SYSCR1<STOP>
SYSCR1<OUTEN> %
Reset signal

Figure 8-5 Port P2
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Port P2 output latch

P2DR 7 6 5 4 3 2 1 0
(0x0002) Bit Symbol p27 P26 P25 P24 P23 P22 P21 P20
Read/Write R/IW RIW RIW RIW RIW R/IW R/IW RIW
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. (Serves as Hi-Z or pull-up depending on settings of P2OUTCR
"| and P2PU.)
Port P2 input/output control
P2CR 7 6 5 4 3 2 1 0
(0x0F1C) Bit Symbol P2CR7 P2CR6 P2CR5 P2CR4 P2CR3 P2CR2 P2CR1 P2CRO
Read/Write R/W R/W R/W R/IW R/W R/IW R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
o: - - SCLKO (1) SI0 (1) - SCLKO (1) RXDO (1) RXDO (1)
SI0 (1)
Function
Output mode (port output)
L - - SCLKO (0) | scLo (110) | SDA0 (/0) | SCLKO (0) [ TXD0(0) TXDO (O)
SO (0) S00 (0)

Note: Symbol "I' means secondary function input. Symbol "O" means secondary function output. Symbol "I/O" means secondary

function input/output

Port P2 function control

P2EC 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 R/IW R/W R/W
After reset 0 0 0 0 0 0
0: Port function
Function N SCLKO (0) [ ScLo (110) | SDA0 (/0) | SCLKO (0) [ TXD0o (0) | TXDO (0)
: SO0 (0) SO0 (0)
Port P2 output control
P20UTCR 7 6 5 4 3 2 1 0
(0x0F43) Bit Symbol P20UT7 P20UT6 P20UTS5 - - P20UT2 P20UT1 P20UTO
Read/Write R/W R/W R/W R R R/IW R/W 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
RAO005 Page 13
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8.3 1/0 Port Registers

TMP89FM42
Port P2 built-in pull-up resistor control
p2PU 7 6 5 4 3 2 1 0
(0x0F29) Bit Symbol P2PU7 P2PU6 P2PU5 - - P2PU2 P2PUL 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 0
o: The built-in pull-up resistor is not con- The built-in pull-up resistor is not con-
"| nected. nected.
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 con- open drain output. Under any other con-
ditions, setting to "1" does not make the ditions, 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 If the port is used in the input mode or as
Function the open drain output, the contents of the | are 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 "o"
1 1 Contents of port
Note: *: Don'’t care
Note: i=0to2,5t07
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8.3.4 Port P4 (P47 to P40)

Port P4is an 8-bit iput/output porthatcan be séto input oroutput for eaclbit individually, and it is also

used as thanabg input andthe key-on wakep input.

Port P4contains aprogrammable pull-up resistor on the VDD side. Ths pull-up resistor came wsed when
the port is used in the pot 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 KWI16 KWI5 KWI4 KWI3 KWI2 Kwil KWIO
SYSCR1<STOP>
SYSCR1<OUTEN> 3:)—
N VDD
Pull-up control
(for each bit) I
_% Programmable
P4PU write pull-up resistor
Ring
Input/output control d
» (for each bit)
=1
Q
o P4CR write
©
©
_ Function control
2 (for each bit)
o
= P4FC write —{ ] Pai
Output latch e
(for each bit) -
Peripheral
functions P4DR write
KWIi enable signal ? R
Key-on /—p—
wakeup \R: s
\~ P4PRD read
KWIi Note1 : R = 100€ (typ.)
Note2 : RiN3 = 50kQ (typ.)
. Note3:i=0to 7
AINi enable signal Reset signal
AD ADCCR1<AINEN>
AlINi
>J

Figure 8-6 Port P4
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8. I/0 Ports
8.3 1/0 Port Registers

TMP89FM42
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/IW R/IW RIW RIW RIW R/IW R/IW R/IW
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
P4ACR 7 6 5 4 3 2 1 0
(OXOF1E) Bit Symbol PACR7 PACR6 PACR5 PACR4 PACR3 PACR2 PACR1 P4CRO
Read/Write R/IW R/IW RIW RIW RIW R/IW R/IW RIW
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
0:
Function AIN7 (1) AING (1) AINS5 (1) AIN4 (1) AIN3 (1) AIN2 (1) AIN1 (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 (KWUCRm<KWnEN>="1"), there is no need to set P4CRi. (i=7 to O,
m=1to 0, n=3 to 0)

Port P4 function control

PAEC 7 6 5 4 3 2 1 0

(0x0F38) Bit Symbol P4FC7 P4FC6 P4FC5 P4FC4 P4FC3 P4FC2 P4FC1 P4FCO
Read/Write RIW RIW RIW R/W R/W RIW RIW RIW
After reset 0 0 0 0 0 0 0 0

0: | Port function
Function

1| AN7@) AING (1) AINS5 (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

(0x0F2B) Bit Symbol P4PU7 P4PU6 P4PUS5 P4PU4 P4PU3 P4PU2 P4PUL P4PUO
Read/Write R/W R/W R/IW R/W R/W R/IW 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.

Function 1 (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 PACRi="0"). Under any other conditions, setting to "1" does not make the resistor con-

nected.)
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.
RAO005 Page 1®
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Table 8-11 P4PRD Read Value

Set condition

P4PRDi read value

PACRI P4FCi
0 0 Contents of port
* 1 0"
1 * "0"

Note 1: *: Don'’t care
Note 2:i=0to 7

RA005
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8.3.5 Port P7 (P77 to P70)

Port P7is an 8-bit ipput/output porthatcan be séto input oroutput for eaclbit individually, and it is also
used as thexternalinterruypt input, the divderoutput and tle timercounter input/output.

Table 8-12 Port P7

P77 P76 P75 P74 P73 P72 P71 P70
INT4 INT3 INT2 DVO PPGA1 PPGAO PPGO1 PPGO00
Secondary ____ .
. TCAl TCAO PWMO1 PWMO00
function
TCO1 TCOO0

N
Input/output control
(for each bit)
P7CR write
» e d
2 : - : VDD
a H Function control H
© e (for each bit) ! D—
© H '
hel H T '
- P7FC write : P7i
< : :
° Output Iatclh H 0 S : <
Peripheral c (for each bit) : ! (Note3)
functions - ' 1 :
P7DR write :
Divider | |l e e ] Functions enclosed by
H SPERT the dotted line are for
output , PPGAT, § 01, R
PPGO0, VMDA, Pwmon | 10 P70 o
External | = | |  tececcccccccccccccccciiciincnananananand
interrupt /np
P7PRD read INT4, INT3, INT2 0
TCAD 7 TCA1, TCAO, TCO1, TCO0 Note1: R = 1000 (typ.)
TCA1 , . B Note2:i=0to 7
TCO00 SYSCR1<STOP>

Note3 : Nch large current
TCO1 SYSCR1<OUTEN> 2{)— (Only P70 to P73)
Reset signal

Figure 8-7 Port P7

RA005 Page 1B

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42
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 RIW RIW RIW RIW RIW R/IW R/IW RIW
After reset 0 0 0 0 0 0 0 0
) Outputs L level when the output mode is selected
Function
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/IW R/IW RIW RIW RIW R/IW R/IW RIW
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
o INT4 (1) INT3 (1) INT2 (1) - TCAL () TCAO (1) TCO1 (1) TCO0 (1)
Function Output mode (port output)
L - - - DVO (O) PPGAL (O) | PPGAD (O) | PPGoL (0) | PPGOO (O)
PWMO1 (O) [ PwWMOO (O)

Note: Symbol "I" means secondary function input. Symbol "O" means secondary function output.

Port P7 function control

P7FC
(OXOF3B)

Port P7 input data

P7PRD
(0x0014)

7 6 5 4 3 2 1 0
Bit Symbol - - - P7FC3 P7FC3 P7FC2 P7FC1 P7FCO
Read/Write R R R 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 DVO (0) PPGAL (O) | PPGAD (O) PPGO1 (O) PPGO00 (O)
‘ PWMO1 (O) | PWMOO (O)
7 6 5 4 3 2 1 0
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.

Note 1: *: Don'’t care
Note 2:i=0to 7

Table 8-13 P7PRD Read Value

Set condition

P7PRDi read value

P7CRi
0 Contents of port
1 0"

RA005

Downloaded from Elcodis.com electronic components distributor

Page 1®


http://elcodis.com/parts/6146142/tmp89fm42.html

8. 1/0 Ports

8.3 1/0 Port Registers
TMP89FM42

8.3.6 Port P8 (P81 to P80)

Port P8s a 2-bit input/outptport thatcan beset to inpubr output foreach biindividually, and it isalsoused
asthe timer couner input/output

Table 8-14 Port P8

P81 P80
Seconda - - - - - - PPGO3 PPGO2
. & PWMO03 PWMO02
function TCO3 | TCO2
N
Input/output control
(for each bit)
P8CR write
172
2 VDD
© D,
©
el
© - P
@
c H
5 Output Iatc_h H 0 S -~
Peripheral z (for each bit) H :
functions - 1 H
P8DR write : Functions enclosed by
ymmsmmmmsmssse-soaoaooo--o- 2 | the dotted line are for
P81 and P80 only. g R
1 PPG03, PPG02, PWM03, PWMO02 H
TCO3 D
TCO02 <P
QH
A P8PRD read .
TCO3. TCO2 Note1 : R = 1009 (typ.)
- Note2:i=0to 1
SYSCR1<STOP>
SYSCR1<OUTEN> ED—
Reset signal
Figure 8-8 Port P8
RA005 Page 10
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Port P8 output latch

PSDR 6 5 4 1 0
(0x0008) Bit Symbol - - - P81 P80
Read/Write R R R R R/W R/W
After reset 0 0 0 0
o: 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
P8CR 6 5 4 1 0
(0x0F22) Bit Symbol - - - P8CR1 P8CRO
Read/Write R R R R R/W R/W
After reset 0 0 0 0
Input mode (port input)
0:
TCO3 (1) TCO2 (1)
Function Output mode (port output)
L PPGO3 (O) | PPGOZ (O)
PWMO03 (O) | PwMo2 (O)

Note: Symbol "I' means secondary function input. Symbol "O" means secondary function output.

Port P8 function control

PSEC 6 5 4 1 0
(0x0F3C) Bit Symbol - - - PSFC1 PSFCO
Read/Write R R R R R/IW RIW
After reset 0 0 0 0 0
0: Port function
Function N PPGO3 (0) | PPGO2 (O)
' PWMO3 (O) | PwWMO2 (O)
Port P8 input data
P8PRD 6 5 4 1 0
(0x0015) Bit Symbol - - - P8PRD1 P8PRDO
Read/Write R R R R R R
After reset 0 0 * *
If the port is used in the
Function input mode, the contents

of the port are read. If not,
"0" is read.

Note 1: *: Don't care

Table 8-15 P8PRD Read Value

Set condition

P8PRDi read value

P8CRi
0 Contents of port
1 "o"

RA005

Downloaded from Elcodis.com electronic components distributor

Page 111



http://elcodis.com/parts/6146142/tmp89fm42.html

8. 1/0 Ports

8.3 1/0 Port Registers
TMP89FM42

Note 2: i=0to 1

RA005 Page 12

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA

TMP89FM42

8.3.7 Port P9 (P91 to P90)

Port P9is a 2-bitinput/outputport that can besd to input or output foeach bitindividually, and it isalso

used ashe UART.

The outputcircuit hasthe P-channebutput control function andeither the sink open dain output or the C-
MOS ouput canbe sekcted. Port P@ontains aprogrammeble pull-up resistor o the VDD side. Thispull-up
resista can bausedwhen the pd is used in teinputmode or as a sik opendrain output.

When this portis used agshe UART, settingfor the saial interface selecting fution is also needed. For

details, refer to "8.4 Sl InterfaceSelecting Function”.

Table 8-16 Port P9

P9Il P90
Secondary RXD1 TXD1
function TXD1 RXD1
N VDD
Pull-up control
(for each bit) oY I
o Programmable
P9PU write pull-up resistor
Rin3
Output control 9
(for each bit) |
P9OUTCR write
: 1O
El
Qa Input/output control
© (for each bit)
©
©
— PICR write
©
c
° Function control VDD
z (for each bit)
PYFC write ’J_)_ — ] P
Output latch S <
(for each bit) 0
PIDR write
Peripheral
functions R
TXD1
QW
UART1 P9PRD read e
A RXD1 Note1 : R = 100 (typ.)
Note2 : RiN3 = 50kQ (typ.)
SYSCR1<STOP> Note3:i=0to 1
SYSCR1<OUTEN> EDO—
Reset signal
Figure 8-9 Port P9
RAO005 Page 13
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Port P9 output latch
PODR 7 6 5 4 3 2 1 0
(0x0009) Bit Symbol - - - - - - P91 P90
Read/Write R R R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
o: Outputs L level when the
' output mode is selected.
Outputs H level when the
Function output mode is selected.
1: (Serves as Hi-Z or pull-up

depending on settings of
P9OUTCR and P9PU.)

Port P9 input/output control

POCR 7 6 5 4 3 2 1 0
(0xOF23) Bit Symbol - POCR1 POCRO
Read/Write R R R/W R/W
After reset 0 0
Input mode (port input)
A o RXD1 (1) I RXDL1 (1)
Function
Output mode (port output)
v TXD1 (O) | TXD1 (O)

Note: Symbol "I" means secondary function input. Symbol "O" means secondary function output.

Port P9 function control

POFC 7 6 1 0
(0xOF3D) Bit Symbol - POFC1 POFCO
Read/Write R R R/IW RIW
After reset 0 0
0: Port function
Function
1: TXD1(0) | TXD1(O)
Port P9 output control
P9OUTCR 7 6 1 0
(0XOF4A) Bit Symbol - POOUTL P9OUTO
Read/Write R R R/IW RIW
After reset 0 0
. 0: C-MOS output
Function
1: Open drain output
Port P9 built-in pull-up resistor control
P9PU 7 6 1 0
(0x0F30) Bit Symbol - P9PUL PIPUO
Read/Write R R R/IW RIW
After reset 0 0
o The built-in pull-up resistor
Eunction 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.)

RA005 Page 14
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Port P9 input data

POPRD 7 6 5 4 3 1 0
(0x0016) Bit Symbol R - B - P9PRD1 P9PRDO
Read/Write R R R R R R R
After reset 0 0 * *
If the port is used in the
input mode or as the sink
Function open drain output, the

contents of the port are
read. If not, "0" is read.

Table 8-17 P9PRD Read Value

Set condition

PICRI POOUTCRI

PIPRDi read value

0 * Contents of port
1 0 "0"
1 1 Contents of port

Note 1: * : Don’t care
Note 2:i=0to 1

RA005
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8.3.8 Port PB (PB7 to PB4)
Port PB is an 4-bit input/opitit port that came seto input oroutpu for eachbit individually, and it isalso
used asheserial interface inpiutput and th& ART input/output.

The outputcircuit hasthe P-channebutput control function andeither the sink open dain output or the C-
MOS output can beelected.

When thisport is useds the seriainterfaceor the UART, setting for serialnterface selecting functiois
also needed. For details, refer'84 Seriallnterface Selectingunction”.

Table 8-18 Port PB

PB7 PB6 PB5 PB4 - - - -
- SCLKO SI0 SO0 - - - -
Secondary RXDO | TXDO
function TXDO | RXDO
U
Output control
(for each bit)
PBOUTCR write
1)
=} L
o Input/output control ’_(1_)_
© (for each bit)
©
hel
— PBCR write
© bbbk bbb bbbl
c ! .
5 ! Function control
c ! (for each bit) '
o : 1o
PBFC write PBi
Output latch : 0 S <
(for each bit) ; . " (Note2)
Peripheral : !
PRORwite || e aones e o
: SCLKO, SO0, TXDO | PB6 to PB4 only. R
SI00 e tetletlet fiP
UARTO L~ PBPRD read =4
SCLKO, SI0, RXDO Note1 : R = 10022 (typ.)
Note2 : Nch large current
SYSCR1<STOP> Note3:i=4to7
SYSCR1<OUTEN> ED—
Reset signal
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 RIW R/IW R/IW RIW R
After reset 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 PB input/output control
PBCR 7 6 5 4 0
(0x0F25) Bit Symbol PBCR7 PBCR6 PBCR5 PBCR4 -
Read/Write RIW R/IW R/IW RIW R
After reset 0 0 0 0 0
) 0: | Input mode (port input)
Function
1: | Output mode (port output)
Port PB function control
PBEC 7 6 5 4 0
(OxOF3F) Bit Symbol - PBFC6 PBFC5 PBFC4 -
Read/Write R R/IW R/IW RIW R
After reset 0 0 0 0
0: Port function
Function N SCLKO (0) | TXDO (0) | TXDO (0)
: SO0 (0)
Port PB output control
PBOUTCR 7 6 5 4 0
(0xOF4C) Bit Symbol PBOUT7 PBOUT6 PBOUT5S PBOUT4 -
Read/Write RIW R/IW R/IW RIW R
After reset 0 0 0 0 0
. 0: [ C-MOS output
Function
1: | Open drain output
Port PB input data
PBPRD 7 6 5 4 0
(0x0018) Bit Symbol PBPRD7 PBPRD6 PBPRD5 PBPRD4
Read/Write 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.
RAO005 Page 17
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Table 8-19 PBPRD Read Value

Set condition

PBCRi PBOUTCRI

PBPRDi read value

0 * Contents of port
1 0 "0"
1 1 Contents of port

Note 1: * : Don'’t care
Note 2:i=4to7

RA005

Downloaded from Elcodis.com electronic components distributor

Page 18


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

8.4 Serial Interface Selecting Function

On the TMPS9FM42, the built-in srial interface (SIO, UAR and PC) communication pins ard interrupt saurce

assgnment can be admnged Two out of three furctions, SIOQ UARTO andI?C0, can be used #te sme timeby
usingthis sekecting function.

The imput pins of the 16-bit timer cownter AO input (TCAO inpuf) canbechangediy using this sekcting functon.

UART1 Port ] P (TxD1)
P91 (RXD1)

Port :| PB4 (TXDO0 / SO0)
PB5 (RXDO0 / S10)
Selector PB6 (SCLKO)
Selector 1
UARTO 0* 0 Port :l P20 (TXDO0 / SO0)
10 S P21 (RXDO / SI0)
S | P22 (SCLKO)
SI00 [ SERSEL
Selector <SRSEL2>
01 Port :l P23 (SDAO / SO0)
12C0 *0 P24 (SCLO/ SI0)
S P25 (SCLKO)
SERSEL<SRSELO>
Selector
TCAO 00 Port :l P72 (TCAO)
01 P21 (RXDO0)

10—P91 (RXD1)

SERSEL<TCAQOSEL>

Figure 8-11 Serial Interface Selecting Function

Serial interface selection control register

SERSEL 7 6 5 a4 3 2 1 0

(0xOFCB) Bit Symbol TCAOSEL SRSEL2 ‘ SRSELO
Read/Write RIW RIW R RIW R R RIW RIW
After reset 0 0 0 0 0 ' 0 0 0

00: | P72 input (TCAO)
16-bit timer counter AO input switch- | 01: [ P21 input (also used as RXDO0)

TCAOSEL
ing 10: | P91 input (also used as RXD1)
11: | Reserved
SRSEL2 Select UARTO/SIOO0 input/output 0: | Select P20, P21, P22
port 1: | Select PB4, PB5, PB6

00: | Select UARTO, 12C0O
01:| Select UARTO, SIO0
10: | Select SIOO, 12C0
11: | Reserved

SRSELO Serial interface selection 0

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.
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Note 2: It is recommended to clear the interrupt latch for the applicable serial interface immediately after changing SERSEL. Inter-

UART input/output change control register

UATCNG
(0XOF57)

rupt latches are common to INTRXD and INTSIO and 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.

7 6 5 4 3 2 1 0
Bit Symbol - - - - - - UAT1IO UATO0IO
Read/Write R R R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
RXD pin TXD pin
0:] P91 P90
UAT1IO | Select UARTL input/ output port
elec input/ output por 1| poo po1
SERSEL SERSEL SERSEL SERSEL
<SERSEL2>="0" | <SERSEL2>="1"| <SERSEL2>="0" | <SERSEL2>="1"
UATOIO | Select UARTO input/ output port
0:] P21 PB5 P20 PB4
1:| P20 PB4 P21 PB5

Note 1: The operation for changing UATCNG must be executed while the applicable serial interface operations are stopped.

Table 8-20 Select input/output port and interrupt

Port
SERSEL | SERSEL | UATCNG Interrupt
<SRSELO | <SRSEL2 | <UATO0IO UARTO0/SIO0 12C0/SI00
> >
PB4 PB5 PB6 P20 P21 P22 P23 P24 P25 IL7 IL6 IL15
o 0] Note | Note | Note | TXPO | RXDO | Noie
| ! ! 1 | rxoo| Txpo| ! Note
00: SDAO | SCLO 1 INTTXDO | INTRXDO INTSBIO
N 0:] TXDO | RXDO | Note | Note | Note | Note
1:| Rxpo | TXDO | 1 1 1 1
o 0] Note | Note | Note | TXPO | RXDO | note
1] 1 1 1 | rxoo| TxpO| 1 SCLK
01: SO0 SI0 0 INTTXDO | INTRXDO INTSIOO0
N 0:] TXDO | RXDO | nNote | Note | Note | Note
1:| rxpo | TxDO | 1 1 1 1
o Oorl: Note Note Note 300 310 SCLK
1 1 1 0 Note
10: SDAO | SCLO 1 - INTSIOO0 INTSBIO
LK N N N
1| oorz:| soo | sio | =€ ote | Note | Note
0 1 1 1
11: Oor1l: Oorl: Reserved

Note 1: Can be used as a port. (Set the function register (PxFC) to "0".)
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8.5 Revision History

Rev

Description

RA002

"Table 8-1 List of I/O Ports" Added description to P9 Port.

"Table 8-2 List of I/O Port Settings" Added description of UART setting to P90 and P91.

" Port P2 input/output control" Added RXDO(l) to P20. Added TXDO(O) to P21.

"8.3.10 Port P8 (P81 to P80)" Added description about P8 Port.

"8.3.11 Port P9 (P9741 to P90)" Deleted description about serial interface (SI0).

"8.3.13 Port PB (PB75 to PB04)" Added detail description about PB port.

"8.4 Serial Interface Selecting Function" Deleted description about SIO1 and UART1.

"Figure 8-17 Serial Interface Selecting Function" Added PB Port. Deleted P92 and P94 Ports.Deleted SIO1.

" Serial interface selection control register" Deleted SRSEL1. Revised SRSEL2 description from “output” to “input/output".
Deleted Table 8-20.

RA003

"Figure 8-2 Port PO (P00, PO1)", "Figure 8-3 Port PO (P02, P03)" Added damping resistor (Ro).
"Figure 8-4 Port P1" Deleted STOP control from P11 pin input.

RA004

Defined symbol of programmable pull-up resistor to R;\3. Defined symbol of reset pull-up resister to Rjy.

"8.3.2 Port P1 (P13 to P10)" Deleted description of "or as a sink open drain output”
"8.3.6 Port P4 (P47 to P40)" Deleted description of "or as a sink open drain output”

RA005

"Figure 8-4 Port P1" Revised reset control signal.
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9. Special Function Registers

The TMP89FM42 adopts the memory magpl/O system, andll peripherahardwaredata catrol ard transfer
operatioms are performedhrough the special faction regsters (SFR).SFR1is mapped ;m addresses 30 to
0x003F, SFR2 is maped on adrksses 08FQ to 0XOFFF, and SFR3 is maged on adesses 0QE40 toOXOEBF

9.1 SFR1 (0x0000 to 0x003F)

Table 9-1 SFR1 (0x0000 to 0x003F)

Address Register Name Address Register Name
0x0000 PODR 0x0020 SIOO0SR
0x0001 P1DR 0x0021 SIOOBUF
0x0002 P2DR 0x0022 SBIOCR1
0x0003 Reserved 0x0023 SBIOCR2/SBIOSR2
0x0004 P4DR 0x0024 I2COAR
0x0005 Reserved 0x0025 SBIODBR
0x0006 Reserved 0x0026 TOOREG
0x0007 P7DR 0x0027 TO1REG
0x0008 P8DR 0x0028 TOOPWM
0x0009 P9DR 0x0029 TO1PWM
0x000A Reserved 0x002A TOOMOD
0x000B PBDR 0x002B TO1IMOD
0x000C Reserved 0x002C TOO01CR
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 P9PRD 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 SIOO0CR 0x003F PSW

Note 1: Do not access reserved addresses by the program.
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9.2 SFR2 (0xOF00 to OXOFFF)

Table 9-2 SFR2 (0OxOF00 to OXOF7F)

Address Register Name Address Register Name Address Register Name Address Register Name
0x0F00 Reserved 0x0F20 Reserved 0x0F40 Reserved 0x0F60 Reserved
0x0F01 Reserved O0x0F21 P7CR 0x0F41 Reserved 0x0F61 Reserved
0x0F02 Reserved 0x0F22 P8CR O0x0F42 Reserved O0x0F62 Reserved
0x0F03 Reserved 0x0F23 POCR O0x0F43 P20UTCR O0x0F63 Reserved
0x0F04 Reserved 0x0F24 Reserved 0x0F44 Reserved 0x0F64 Reserved
0x0F05 Reserved 0x0F25 PBCR 0x0F45 Reserved 0x0F65 Reserved
0x0F06 Reserved 0x0F26 Reserved 0x0F46 Reserved 0x0F66 Reserved
0x0F07 Reserved O0x0F27 POPU 0X0F47 Reserved 0Xx0F67 Reserved
0x0F08 Reserved O0x0F28 P1PU 0x0F48 Reserved 0x0F68 Reserved
0x0F09 Reserved 0x0F29 P2PU 0x0F49 Reserved O0x0F69 Reserved
0XxO0FO0A Reserved O0x0F2A Reserved OXOF4A P9OUTCR OXOF6A Reserved
0x0F0B Reserved 0x0F2B P4PU 0xOF4B Reserved 0x0F6B Reserved
0x0F0C Reserved 0x0F2C Reserved 0x0F4C PBOUTCR 0x0F6C Reserved
0x0FOD Reserved 0x0F2D Reserved 0x0F4D Reserved 0x0F6D Reserved
O0XOFOE Reserved OxOF2E Reserved OXOF4E Reserved OxOF6E Reserved
O0xOFOF Reserved OxOF2F Reserved OxOF4F Reserved OxOF6F Reserved
O0xOF10 Reserved 0x0F30 POPU O0x0F50 Reserved 0x0F70 Reserved
O0xOF11 Reserved 0x0F31 Reserved 0x0F51 Reserved 0x0F71 Reserved
0x0F12 Reserved 0x0F32 Reserved 0Xx0F52 Reserved 0x0F72 Reserved
0x0F13 Reserved 0x0F33 Reserved 0x0F53 Reserved 0x0F73 Reserved
OxOF14 Reserved OxO0F34 POFC OxOF54 UART1CR1 Ox0F74 POFFCRO
O0x0F15 Reserved O0x0F35 Reserved O0x0F55 UART1CR2 O0x0F75 POFFCR1
O0xOF16 Reserved 0x0F36 P2FC O0xOF56 UARTI1DR OxOF76 POFFCR2
Ox0F17 Reserved O0x0F37 Reserved O0x0F57 UART1SR OxOF77 POFFCR3
OxOF18 Reserved OxOF38 P4FC OxOF58 TD1BUF/RD1BUF OxOF78 Reserved
0x0F19 Reserved 0x0F39 Reserved 0x0F59 Reserved O0x0F79 Reserved
OxOF1A POCR OXOF3A Reserved OXOF5A Reserved OXOF7A Reserved
0x0F1B P1CR 0x0F3B P7FC 0xOF5B Reserved 0xOF7B Reserved
Ox0F1C P2CR O0x0F3C P8FC O0x0F5C Reserved O0x0F7C Reserved
0xO0F1D Reserved 0xO0F3D POFC 0xO0F5D Reserved 0xO0F7D Reserved
OxOF1E P4CR O0xOF3E Reserved OxOF5E Reserved OxOF7E Reserved
OxOF1F Reserved OxOF3F PBFC OxOF5F Reserved OxOF7F Reserved
Note 1: Do not access reserved addresses by the program.
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Table 9-3 SFR2 (0xOF80 to OxOFFF)

Address Register Name Address Register Name Address Register Name Address Register Name
0x0F80 Reserved O0xOFAOQ Reserved 0xO0FCO Reserved OXOFEO ILL
0x0F81 Reserved OxOFA1 Reserved O0xOFC1 Reserved OxOFE1 ILH
0x0F82 Reserved 0X0FA2 Reserved 0xOFC2 Reserved OXOFE2 ILE
0x0F83 Reserved OxOFA3 Reserved 0xO0FC3 Reserved OXOFE3 ILD
0x0F84 Reserved OxOFA4 Reserved O0xO0FC4 KWUCRO OxOFE4 Reserved
0x0F85 Reserved O0xOFA5 Reserved 0xO0FC5 KWUCR1 OxOFE5 Reserved
0x0F86 Reserved O0xOFAB Reserved 0x0FC6 VDCR1 OxOFE6 Reserved
0x0F87 Reserved OxOFA7 Reserved O0XxO0FC7 VDCR2 OXOFE7 Reserved
0x0F88 TO2REG O0xOFA8 TALDRAL O0xO0FC8 RTCCR OXOFE8 Reserved
0x0F89 TO3REG O0XO0FA9 TA1DRAH 0xOFC9 Reserved OXOFE9 Reserved
OxOF8A TO2PWM OXOFAA TA1DRBL OxOFCA Reserved OXOFEA Reserved
0xOF8B TO3PWM O0xOFAB TA1DRBH 0xOFCB SERSEL OxOFEB Reserved
0x0F8C T02MOD O0xOFAC TALIMOD 0x0FCC IRSTSR OxOFEC Reserved
0xO0F8D TO3MOD O0xOFAD TALCR 0xOFCD WUCCR OXOFED Reserved
O0xOF8E TO23CR OxOFAE TA1SR OxOFCE WUCDR OxOFEE Reserved
OxOF8F Reserved OXOFAF Reserved O0XOFCF CGCR OXOFEF Reserved
0x0F90 Reserved 0x0FBO Reserved 0xO0FDO FLSCR1 O0xOFFO ILPRS1
O0x0F91 Reserved 0xOFB1 Reserved OxOFD1 FLSCR2/FLSCRM OxOFF1 ILPRS2
0x0F92 Reserved 0x0FB2 Reserved 0xOFD2 FLSSTB OxOFF2 ILPRS3
0x0F93 Reserved 0x0FB3 Reserved 0xO0FD3 SPCR OxOFF3 ILPRS4
0x0F94 Reserved 0x0FB4 Reserved 0xO0FD4 WDCTR O0xOFF4 ILPRS5
0x0F95 Reserved 0x0FB5 Reserved O0xOFD5 WDCDR OXOFF5 ILPRS6
0x0F96 Reserved 0xOFB6 Reserved 0xOFD6 WDCNT OxOFF6 Reserved
0x0F97 Reserved 0x0FB7 Reserved 0xO0FD7 WDST OxOFF7 Reserved
0x0F98 Reserved 0xOFB8 Reserved 0xO0FD8 EINTCR1 OxOFF8 Reserved
0x0F99 Reserved 0x0FB9 Reserved 0xO0FD9 EINTCR2 OxOFF9 Reserved
OxOF9A Reserved OxOFBA Reserved O0xOFDA EINTCR3 OXOFFA Reserved
0x0F9B Reserved 0x0FBB Reserved 0xO0FDB EINTCR4 OxOFFB Reserved
0x0F9C Reserved O0xOFBC Reserved O0xOFDC SYSCR1 OxOFFC Reserved
O0xOF9D Reserved 0xOFBD Reserved 0XOFDD SYSCR2 O0XOFFD Reserved
O0xOF9E Reserved O0XOFBE Reserved O0xOFDE SYSCR3 OXOFFE Reserved
OxOF9F Reserved O0XxOFBF Reserved OxOFDF SYSCR4/SYSSR4 OXOFFF Reserved

Note 1: Do not access reserved addresses by the program.
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9. Special Function Registers
9.3 SFR3 (0XOE40 to OXOEFF)

TMP89FM42

9.3 SFR3 (0xOE40 to OXOEFF)

Table 9-4 SFR3 (0OxOE40 to OXOEBF)

Address Register Name Address Register Name Address Register Name Address Register Name
O0x0E40 Reserved 0x0E60 Reserved O0x0E80 Reserved O0XO0EAO0 Reserved
O0x0E41 Reserved Ox0E61 Reserved Ox0E81 Reserved OxOEA1 Reserved
0x0E42 Reserved 0x0E62 Reserved 0x0E82 Reserved OXOEA2 Reserved
O0x0E43 Reserved O0x0E63 Reserved 0xOE83 Reserved O0XO0EA3 Reserved
Ox0E44 Reserved Ox0E64 Reserved Ox0E84 Reserved OXOEA4 Reserved
0x0E45 Reserved 0x0E65 Reserved O0x0E85 Reserved OXOEA5 Reserved
0x0E46 Reserved 0x0E66 Reserved 0x0E86 Reserved OXOEA6 Reserved
Ox0E47 Reserved Ox0E67 Reserved Ox0E87 Reserved OXO0EA7 Reserved
O0x0E48 Reserved O0x0E68 Reserved OxOE88 Reserved OXOEA8 Reserved
0x0E49 Reserved 0x0E69 Reserved 0x0E89 Reserved O0XOEA9 Reserved
OXO0E4A Reserved OXOEBA Reserved OXO0EBA Reserved OXxOEAA Reserved
0xO0E4B Reserved O0xO0E6B Reserved 0xO0E8B Reserved OxOEAB Reserved
0x0E4C Reserved 0Xx0E6C Reserved 0Xx0E8C Reserved OxOEAC Reserved
0X0E4D Reserved 0X0E6D Reserved 0x0E8D Reserved OxOEAD Reserved
OXOE4E Reserved OXOEG6E Reserved OXOE8E Reserved OxOEAE Reserved
OXOE4F Reserved OXOE6F Reserved OXOE8F Reserved OXOEAF Reserved
0x0E50 Reserved 0x0E70 Reserved 0x0E90 Reserved 0xOEBO Reserved
Ox0E51 Reserved O0x0E71 Reserved 0x0E91 Reserved O0x0EB1 Reserved
O0x0E52 Reserved Ox0E72 Reserved 0x0E92 Reserved O0Xx0EB2 Reserved
0x0E53 Reserved 0x0E73 Reserved 0x0E93 Reserved Ox0EB3 Reserved
O0x0E54 Reserved Ox0E74 Reserved 0x0E94 Reserved O0XO0EB4 Reserved
O0x0E55 Reserved Ox0E75 Reserved 0x0E95 Reserved O0XO0EBS5 Reserved
0X0E56 Reserved 0X0E76 Reserved 0X0E96 Reserved 0xOEB6 Reserved
O0x0E57 UATCNG Ox0E77 Reserved 0x0E97 Reserved OX0EB7 Reserved
O0x0E58 Reserved O0x0E78 Reserved 0x0E98 Reserved O0XxO0EB8 Reserved
0x0E59 Reserved O0x0E79 Reserved 0x0E99 Reserved O0x0EB9 Reserved
OXOE5A Reserved OXOE7A Reserved OXOE9A Reserved OXOEBA Reserved
0xO0E5B Reserved OxO0E7B Reserved 0x0E9B Reserved 0x0EBB Reserved
O0X0E5C Reserved 0x0E7C Reserved 0Xx0E9C Reserved O0xO0EBC Reserved
O0XxO0E5D Reserved Ox0E7D Reserved 0x0E9D Reserved O0xO0EBD Reserved
OXOE5E Reserved OXOE7E Reserved OXO0E9E Reserved O0x0EBE Reserved
OXOE5F Reserved OXOE7F Reserved OXOE9F Reserved OxOEBF Reserved
Note 1: Do not access reserved addresses by the program.
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Table 9-5 SFR3 (OXOECO to OXOEFF)

Address Register Name Address Register Name Address Register Name Address Register Name
0X0ECO Reserved 0Xx0EDO Reserved OXOEEO Reserved OXO0EFO Reserved
O0x0EC1 Reserved O0x0ED1 Reserved OXOEE1 Reserved OxO0EF1 Reserved
0X0EC2 Reserved 0Xx0ED2 Reserved OXOEE2 Reserved Ox0EF2 Reserved
O0X0EC3 Reserved 0Xx0ED3 Reserved OXOEE3 Reserved OXOEF3 Reserved
OxO0EC4 Reserved O0xO0ED4 Reserved OXOEE4 Reserved OXOEF4 Reserved
OXOEC5 Reserved OxOED5 Reserved OXOEE5 Reserved OXOEF5 Reserved
O0X0EC6 Reserved 0X0ED6 Reserved OXOEE6 Reserved OXOEF6 Reserved
O0X0EC7 Reserved 0X0ED7 Reserved OXOEE7 Reserved OXO0EF7 Reserved
O0XxO0EC8 Reserved O0xO0ED8 Reserved OXOEE8 Reserved OxOEF8 Reserved
OxOEC9 Reserved O0xOED9 Reserved OxOEE9 Reserved OXOEF9 Reserved
OXOECA Reserved OXOEDA Reserved OxOEEA Reserved OXO0EFA Reserved
OXxO0ECB Reserved O0xOEDB Reserved OxOEEB Reserved OXO0EFB Reserved
O0xO0ECC Reserved 0xOEDC Reserved OXxOEEC Reserved OxOEFC Reserved
0XOECD Reserved 0XOEDD Reserved OXxOEED Reserved O0XOEFD Reserved
OXO0ECE Reserved OXOEDE Reserved OxOEEE Reserved OXO0EFE Reserved
OxOECF 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 TMP®FM42 haslow power consumtion redsters (FFCRN) that save powr whenspecific penpheral
functions are unsed. Eachibof the low power cansunptionregisters cabe seto erabe or disabé eactperipheral
function. (n =0, 1,2, 3)

The tasicclock supfly to each periphal function is disabed fa power saing, by setting th corresponidg bit of
the low power congmption regiters (FOFFCRN) © "0". (The disalbdd pempheral functons becora unavailable.)
Thebasic clocksupply to eaclperipheal function isenabled and the functidrecomes available ksetting the cor-
respomling bit of the lowpower corsumption regsters (POFFCRnto "1".

After reset, the lo power consumtion register{POFFCR) are initidized to '0", andthusthe peripheral func
tionsare unawilable. Wren each peripheréunction is used for #first time,be sure to set the correspoing bit of
the low power cansunption regisers (PGFCRnN) to"1" in the initial setings of the program(before operatig the
control register for thpelipheral function)

When a peripbral functon is opratng, the corespnding bit of the lov power corsumption registers
(POFFCRH must not be charegl to "0".If it is changed,the perpheral furction may operate unepectedy.
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10. Low Power Consumption Function for Peripherals

TMP89FM42
10.1 Control
The low power cansunption function is cottrolled by the lowv power cansunption registergPOFFCRI). (n =0, 1,
2,3)
Low power consumption register O
POFFCRO 7 6 5 4 3 2 1 0
(0XOF74) Bit Symbol - - TC023EN | TCOO1EN - - TCA1EN TCAOEN
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0 0 0
TCO23EN | TC02,03 control 0| Disable
1| Enable
TCOO1EN | TC00,01 control 0| Disable
1| Enable
0| Disable
TCA1EN TCAZ1 control 1| Enable
0 | Disable
TCAOEN TCAO control 1| Enable
Low power consumption register 1
POFFCR1 7 6 5 4 3 2 1 0
(OXOF75) Bit Symbol - - - SBIOEN - - UART1EN | UARTOEN
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
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 RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0 0 0
0 | Disable
RTCEN RTC control 1| Enable
0| Disable
SIO0EN SIO0 control 1| Enable
Low power consumption register 3
POFFCR3 7 6 5 4 3 2 1 0
(OXOF77) Bit Symbol - - INTSEN INT4EN INT3EN INT2EN INT1EN INTOEN
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
RAO001 Page 13
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INTSEN INT5 control 0| Disable
1| Enable
INT4EN | INT4 control 0| Disable
1| Enable
INT3EN | INT3 control 0| Disable
1| Enable
0 | Disable
INT2EN INT2 control
1| Enable
0| Disable
INT1EN INT1 control
1| Enable
Disabl
INTOEN | INTO control 0| Disable
1| Enable
RAO001 Page 13
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11. Divider Output (DVO)

This function outputs approximately 508aty pulsedhat can be usetb drive the piezoelectibuzzer or othe
device.

11.1 Configuration

fegek/212 or fs/2°

fogek/2 or fs/2* Selector
fegek/220 or fs/2® >_g
P T e Vo
2
DVOCK DVOEN
DVOCR

Figure 11-1 Divider Output

11.2 Control

The divicer output is controlled byhe divider ouput control regster(DVOCR).

Divider output control register

DVOCR 7 6 5 4 2 0
(0x0038) Bit Symbol - - - DVOEN DVOCK
Read/Write R R R R R/IW R/IW
After reset 0 0 0 0
DVOEN Enables/disables 0: Disable the divider output
the divider output 1: Enable the divider output
NORMAL 1/2, IDLE 1/2 mode SLOW1/2
SLEEP1
DV9CK=0 DVOCK=1 mode
bvock | Selects the divider output frequency 00 fcgek/212 fs/25 fs/25
unit: [Hz] 01 fegek/21L fs/24 fsi2®
10 fcgck/210 fs/23 fs/23
11 fcgek/2° Reserved Reserved

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

Note 2: DVOCR<DVOENS> 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".

11.2.1 Function

Select tle divider ouputfrequency at DV@R<DVOCK>.
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11. Divider Output (DVO)

11.2 Control
TMP89FM42

Thedivider ouput isenabéd by setting DVOCR<DVOEN> to "1". Then The recanguar waves sedcted by
DVOCR<DVOCK> is ouput from DVO pin.

It is disabledby clearng DVOVR<DVOEN>to "0". And DVO pin keeps "H" level

When tte operatia is changd to STOP or IDLEGSLEEPO mode, DVOR<DVOEN>is cleared to "0" and
theDVO pin outputs the "H" level

The dvider output sourceclock operatesegardessof the vale of DVOCR<DVOEN>.

Therefae, tre freqency of the firstdivider autput after DVOCR<DVOEN> isset to"1" is not the frequeny
set at D/OCR<DVOCK>.

When the operation ischanged to the softwaré&STOP or IDLEQO/SLEEPO male is activated and
DVOCR<DVOENS> is clearedto "0', the freqency of the divider outputis not the fregency set at
DVOCR<DVOCK>.

TBTCR<DVOEN> L
DVO output
Divider output timing chart
Figure 11-2 Divider Output Timing

When te geraion is chaged fran NORMAL mode to SLOW modeor from SLOW mode b NORMAL
mode, the divider output frequencyedmot reach the expected valdeeto synchronization othe gear clock
(fcgck) andthe low-frequency clock (fs).

Example: 2.441 kHz pulse output (fcgck = 10.0 MHz)
LD (DVOCR), 00000100B ; 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
DVOCK = 0 DVOCK = 1 mode
00 2.441 k 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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11.3 Revision History

Rev Description
RA001 Deleted SLEEP2 description.
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12. Time Base Timer (TBT)

The time basdimer generates the tira base fa key scaning, dynami displayand other processes. lalso po-
vides a tine base tmerinterrupg (INTTBT) in acertaincycle.

12.1.1 Configuration

fcgek/2?? or fs/215 >
fcgek/i220 or fs/213 |
fegek/i2S or fs/28 y—
fegek/2t3 or fs/28 y— |
fegek/22 or fs/25 y— |
fcgek/2 or fs/24 S|
fegek/210or fs/23 |

fogek/2® >

12.1 Time Base Timer

1008|893

Source clock

Falling edge

>

IDLEO, SLEEPO

Rel

detector

12.1.2 Control

3
TBTCK

TBTEN

| TBTCR

.

Figure 12-1 Time Base Timer Configuration

Time base timer control register

INTTBT

request

Interrupt request

The time base tirer is controked by the time base tirar contol register (TBTCR).

TBTCR 7 6 5 4 3 2 1 0
(0x0039) Bit Symbol - - - TBTEN TBTCK
Read/Write R R R R RIW R/W
After reset 0 0 0 0 0 0
TBTEN Enables/disables the time base 0: Disables generation of interrupt request signals
timer interrupt requests 1: Enables generation of interrupt request signals
NORMAL 1/2, IDLE 1/2 mode
TBTCK SLOW1/2, SLEEP1
DVOCK =0 DVICK =1 mode
000 fcgck/222 fs/21° fs/21°
001 fcgck/220 fs/213 fs/213
Selects the time base timer interrupt 010 fegck/2t® fs/28 Reserved
TBTCK frequency = .
Unit: [Hz] 011 fcgek/2 fs/2 Reserved
100 fcgek/212 fs/2° Reserved
101 fegek/21t fs/24 Reserved
110 fcgek/210 fs/23 Reserved
11 fegek/28 Reserved Reserved

Note 1: fcgek : 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.
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12. Time Base Timer (TBT)

12.1 Time Base Timer
TMP89FM42

Note 3: TBTCR<TBTCK> should be set when TBTCR<TBTEN> is "0".

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 thesource clock frequendpr the timebas timer by TBTCR<TBTK>. TBTCR<TBTCK> $ould
be changed when TBTCR<TBTEN> is "@0therwisethe INTTBT interruptrequest & generaed atunex-
pected timing.

Setting TBTCR<TBTHI> to "1" causesntermupt reques signalsto occur at thefalling edgeof the source
clock. WhenTBTCR<TBTEN>is cleared to "0, nointerrupt request signaivill occu.

When the operation is changtdthe STOP mode, TBTCR<TBTEN> is cleared to "0".
The sourcelock ofthe timebas timeroperatesregardles®f the TBTCR<TBTEN> value.

A time base imer interrupt is gereratedat the first falling edge of the sourcelock after a ime base tmer
interrupt request is enabled. Therefoitte perod from when tre time TBTCR<TBTEN> is setto "1" to the
time when the first iterrug requesbccus isshater than tte frequency periodet at TBTCR<TBCK>.

Source clock J
1 1 1

TBTCR<TBTEN>

A

|
1
1
1
INTTBT interrupt E ” H
! I
1
1

request
Interrupt period '
Time base timer enable

Figure 12-2 Time Base Timer Interrupt

When te geraion is chaged fran NORMAL mode to SLOW modeor from SLOW mode b NORMAL
mode, The interrugt requestwill not occur at the expectetiming due to synchronizatioof the gear clock
(fcgck) and the low-frequacy clock (fs). It is recommened hat the operationmode is changed when
TBTCR<TBTEN> is '0".

Table 12-1 Time Base Timer Interrupt Frequency (Example: when fcgck = 10.0 MHz and fs =

32.768 kHz)
Time base timer interrupt frequency [Hz]
TBTCK NORMAL1/2, IDLE1/2 mode NORMAL1/2, IDLE1/2 mode
SLOW1/2, SLEEP1 mode
DVICK =0 DVIOCK =1
000 2.38 1 1
001 9.54 4 4
010 305.18 128 Reserved
011 1220.70 512 Reserved
100 244141 1024 Reserved
101 4882.81 2048 Reserved
110 9765.63 4096 Reserved
111 39062.5 Reserved Reserved

Example: set the time base timer interrupt frequency to fcgck/21® [Hz] and enable interrupts.
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DI
SET
El
LD
LD

(EIRL). 5

(TBTCRY), 0y00000010
(TBTCRY), 0y00001010

; IMF <0

; Set the interrupt enable register

7 IMF « 1

; Set the interrupt frequency

; Enable generation of interrupt request signals

RA001
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12.2 Revision History

Rev Description
RA001 Deleted SLEEP2 description
RAO001 Paye 10

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

13. 16-bit Timer Counter (TCA)

The TMP89FM42 cotains 2 chanels of high-performance 16sit timer courters (TCA).

Thischaper describes the 16-hitner counter AO. Fothe 16-bit timercourter A1, replace the SFR ddesses ah
pin nanes, asshown inTable 13-1 and dble 132.

Table 13-1 SFR Address Assignment

Low power
consump-
tion register

TAXDRAL TAXDRAH TAXDRBL TAXDRBH TAXMOD TAXCR TAXSR
(Address) (Address) (Address) (Address) (Address) (Address) (Address)

Timer counter A0 TAODRAL | TAODRAH | TAODRBL | TAODRBH | TAOMOD TAOCR TAOSR POFFCRO
(0x002D) | (0x002E) | (0x002F) | (0x0030) (0x0031) (0x0032) (0x0033) | <TCAOEN>
Timer counter AL TAIDRAL | TAIDRAH | TAIDRBL | TAIDRBH | TAIMOD TAICR TALSR POFFCRO
(0xOFA8) | (0xOFA9) | (0xOFAA) | (OxOFAB) | (OXOFAC) | (OXOFAD) | (OXOFAE) | <TCA1EN>

Table 13-2 Pin Names

Timer input pin PPG output pin
Timer counter A0 TCAO pin PPGAO pin
Timer counter A1 TCAL pin PPGAL pin
RAO001 Page 14
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13. 16-bit Timer Counter (TCA)

13.1 Configuration

TMP89FM42
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TOSHIBA TMP89FM42

13.2 Control

Timer Counter AQis controlled by the low power corsumption regster (PG-FCRO), he timer counter AO mode
register (TAOMOD), the timercourter AO contol regster(TAOCR) andtwo 16-bit timer AO registers (TAODRA and
TAODRB).

Low power consumption register O

POFFCRO 7 6 5 4 3 2 1 0
(0X0F74) Bit Symbol - - TCO023EN TCOO1lEN - - 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| Disabl
TCO23EN | TC02,03 control sable
1| Enable
0| Disabl
TCO01EN | TC00,01 control sable
1| Enable
0| Disable
TCALEN TCAl |
C CA1 contro 1| Enable
0| Disabl
TCAOEN TCAO control sable
1| Enable
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13. 16-bit Timer Counter (TCA)

13.2 Control
TMP89FM42
Timer counter AO mode register
TAOMOD 7 6 5 4 3 2 1 0
(0x0031) Bit Symbol TAODBE TAOTED TAOMCAP TAOCK TAOM
TAOMETT
Read/Write R/W R/W R/W R/IW R/W
After reset 1 0 0 0 0 0 0 0
Disable th | ffi
TAODBE Double buffer control 0 isable the double buffer
1| Enable the double buffer
TAOTED External trigger input selection 0 RISI.ng edge/H level
1| Falling edgel/L level
TAOMCAP Pulse width measurement mode 0 Dpuble edge capture
control 1| Single edge capture
TAOMETT | External trigger timer mode control 0 Tr!gger start
1| Trigger start & stop
NORMAL 1/2 or IDLE 1/2 mode
SLOW1/2 or SLEEP1
SYSCR1<DVOCK> | SYSCR1<DV9CK> mode
="0" ="1"
TAOCK Timer'counter 1 source clock 00 fcgek/210 fs/23 fs/23
selection
01 fegek/28 fegek/28 -
10 fegek/2? fcgek/22 -
11 fegek/2 fcgek/2 -
000 | Timer mode
001 | Timer mode
010 | Event counter mode
TAOM Timer counter 1 operation mode 011 [ PPG output mode (Software start)
selection 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
TAOCAP
(0x0032) Bit Symbol TAOOVE TAOTFF TAONC - - TAOS
TAOMPPG
Read/Write RIW R/IW R/IW R R R/IW RIW
After reset 0 1 0 0 0 0 0 0
0| Generate no INTTAO interrupt request when the counter overflow
occurs.
TAOOVE Overflow interrupt control .
P 1| Generate an INTTAO interrupt request when the counter overflow
occurs.
. 0| Clear
TAOTFF Timer F/F control
1| Set
NORMAL 1/2 or IDLE 1/2 mode SLOW1/2 or SLEEP1 mode
00 No noise canceller No noise canceller
TAONC Noise canceller sampling interval 01 fegek/2 _
setting
10 fegek/2? -
1 fcgek/2® 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: Do not set TAONC to "01" or "10" when the SLOW 1/2 or SLEEP 1 mode is used. Setting TAONC to "01" or "10" stops the
noise canceller and no signal is input to the timer.
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13. 16-bit Timer Counter (TCA)
13.2 Control

TMP89FM42
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| No overflow has occurred.
TAOOVF Overflow flag
1| Atleast an overflow has occurred.
0| No capture operation has been executed.
TAOCPFA | Capture completion flag A 1| Atleast 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".
Timer counter AO register AH
TAODRAH 15 14 13 12 11 10 9 8
(0x002E) Bit Symbol TAODRAH
Read/Write R/W
After reset 1 1 1 1 1 1 1 1
Timer counter AO register AL
TAODRAL 7 6 5 4 3 2 1 0
(0x002D) Bit Symbol TAODRAL
Read/Write R/W
After reset 1 1 1 1 1 1 1 1
Timer counter AO register BH
TAODRBH 15 14 13 12 1 10 9 8
(0x0030) Bit Symbol TAODRBH
Read/Write R/W
After reset 1 1 1 1 1 1 1 1
Timer counter AO register BL
TAODRBL 7 6 5 4 3 2 1 0
(0x002F) Bit Symbol TAODRBL
Read/Write R/W
After reset 1 1 1 | 1 | 1 1 1 1
Note 1: When a write instruction is executed on TAODRAL (TAODRBL), the set value does not become effective immedi-
ately, 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 reg-
ister and the higher level in this order.
Note 2: The timer counter A0 register is not writable in the pulse width measurement mode.
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13.3 Low Power Consumption Function

Timer couter AO has thelow power corsumption regiser (POFFCRO) thasaves poer cansunption when he
timer is notused

Seting POFFCRO<TCAEN> to "0" disableste bast clocksuppy to timer counter AO to save power. Note that
this makes the tiner unisalle. Setthg POFFCRO<TCAHBN> to "1" enabks the basiclock siypply to timer counter
A0 and allows the timer toperate.

After resetPOFFCRO<TCAEN> isinitializedto "0", and this makes he timer unusabé. Whenusing the imer
for the firsttime, besue b setPOFFCRO<TCAEN>  "1" in theinitial settirg of the program (befae the imer
control register is operated).

Do nat charge POFFCROTCAOEN> to"0" during the timer operatia. Otherwise timer caunter AOmay operate
unexpectedy.
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13. 16-bit Timer Counter (TCA)

13.4 Timer Function
TMP89FM42

13.4 Timer Function

Timer courter AO hassix types of operatiormodes; tiner, exterral trigger timer, event courdr, window, pulse
width measuremerand programmble pusegenerae (PPG)output maodes.

13.4.1 Timer mode
In the timer node, tke up-couter couns upusingtheinternalclock, ar interrugs can le generated regu-
larly at pecified times.

13.4.1.1 Setting

Setting the gperaton mode seledon TAOMOD<TAOM> to "000" or "001" activates the timer mode.
Select thesource cloclkat TAOMOD<TAOCK>.

Setthg TAOCR<TAOS> to "1" starts te timer operatia. After the timer is started, writigto TAOMOD
arnd TAOCR<TAOOVE> becmnes indid. Be surgo conplete the regired node settigs before startm
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
STAOCK> [ S CR1<DVICK> | SYSCRI<DVICK> SSL;OE\Qlllﬁ;;e fcgck=10MHz | fs=32.768KHz | fcgck=10MHz | fs=32.768KHz
="0" ="

00 fegek/210 fs/23 fs/23 102.4pus 244.1us 6.7s 16s

01 fegek/28 fcgek/2® 6.4us 419.4ms

10 fegek/2? fegek/22 400ns 26.2ms

11 fcgek/2 fcgek/2 200ns 13.1ms

13.4.1.2 Operation

Settng TAOCR<TA0S> to "1" allove the 16-bit up counter to incremenbasedon the selected internal
source clock.When a match between the up-count@lue and the value set to timer register A
(TAODRA) is detectd, an INTTAO interupt requst is gererated and the up courter is cleared @
"0000H'. After beirg clearedthe upcoungr corinues couting. Settng TAOCR<TAOS> to "0" during
the timer operatio causes #aup counter to stopcounting andbe cleared to "OGH".

13.4.1.3 Auto capture

The ktest catens of the up counter canbe Bken into timer regster B (TAODRB) by seting
TAOCR<TAOACAP> to "I' (autb captue functbon). When TAOCR<TAOACAP> is "1", the current con-
tents of the upcounter can be read by readiTAODRBL. TAODRBH is loaded atthe same time as
TAODRBL is read. Therefore, vén reading thecapturedvalue, be swe to read TAODRBL ard
TAODRBH in this order (The captue imeis the timing when AODRBL is read.) The auto capture func
tion can ke usedwhether the imer is operatilg or stopped Whenthetimeris stogped, AODRBL is read
as "OOH". AODRBH keepsthe captued value aftethe timer stopsbut it is cleared to "OOH" when
TAODRBL isreadwhil e the imer is sbpped

If the tmer is startedvith TAOCR<TAOACAP> writtento "1", the aub captre iserabledimmediately
after tre imer is strted

Note 1: The value set to TAOCR<TAOACAP> cannot be changed at the same time as TAOCR<TAO0S> 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 TMP®FM42 contains an 8bit tenporary buffer. When a write instruction is executed on
TAODRAL, the data is first stredinto this temparary bufer, whetherthe double buffer is enabledr
disabled. Subsequentlyhena write instructions executecbn TAODRAH, the set vale is stored
into the dauble bufer or TAODRAH. At the sameitne, the set @ue in the tenporary hifferis stored
into the daible bdferor TAODRAL. (This strictureis designed to enabtae set value®f the lower
level andhigherlevel registers anultaneaisly.) Theefore, vhen seting datato TAODRA, besure
write the datainto TAODRAL and TAODRAH in this order.

See Figure 13-1 fahe tenporary bufer configuratbn.

(2) Double buffer .

In the TMP89FM42 the dauble bufer can be sed by seting TAOCR<TAODBF>. Seting
TAOCR<TAODBF> to "0"disables the ddale bufer. Seting TAOCR<TAODBF> to "1" erablesthe
double bufer.

See Figure 13-1 fdhe douwble bufer configuratian.

- When the double btdr isenabled

When awrite instuction is executed on AODRAH during the tiner operatio, the set
value is first stored ind the dbuble bufer, and TAODRAH/L are nd updated mmediately.
TAODRAH/L comparehe up countevalueto thelast setvalues. If tke valies are ratched,
an INTTCAO interrupt request is generat and the doble bufer set vale is storedin
TAODRAHY/L. Subsegantly, the metch detection is executedusing a rew setvalue.

When a readnstruction is executed oPADDRAH/L, the daible buffer valie (the last set
value)is read, rathethanthe TAODRAH/L values(the currenteffective values).

When a write istruction is executedbn TAODRAH/L while the imer is stoppd, the set
valueisimmedately storedinto bah the double buffer and RODRAH/L.

- When the doble bufer isdisabled

When awrite instuction is executed on AODRAH during the tiner operatio, the set
value is inmedately stored mto TAODRAH/L. Suksequenty, the math dekction is exe-
cuted usng a newset value.

If the valles seto TAODRAHY/L are smaldr than the up couar valie, the math detection
is executd usirg a rew set valie afer the upcouner overflows. Thereforethe interrup
requestinterval may belonger thanthe seleced time. If that is goroblem, enabé the doulbe
buffer.

When a write istruction is executedbn TAODRAH/L while the tmer is stoppd, the set
valueis immediately ®oredinto TAODRAH/L.
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13. 16-bit Timer Counter (TCA)
13.4 Timer Function

TMP89FM42

¢ Timer start ¢Timer stop
TAOCR<TAO0S>
TAOMOD<TAODBE>
Source clock a l !
Counter e foX 2 X2 X3 X p hstfXoX 2 K2Xo

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 C
Match detection Match detection
TAODRAH m (|> r <|)
A v i V)
INTTCA 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<TA0S>
TAOMOD<TAODBE>
Source clock 5 l ’ !
Counter ko X 2 X2 X3 X p kKo X 1 X RisthhoX 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 ) ON s
Match detection Match detection ‘L Match detection

TAODRAH m Q A r ?

Reflected at the same time as data +) +) Reflected by +)

. is written into TAODRAH while i

INTTCA interrupt request the timer is stopped ﬂ " an interrupt "

When the double buffer is enabled (TAOMOD<TAODBE>="1")

Figure 13-2 Timer Mode Timing Chart
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TAOCR<TAOQ0S>

¢ Timer start ¢Timer stop

TAOMOD<TAOACAP>

Counter

TAODRBL

TAODRBH

Read TAODRBL _[ [ |

Read TAODRBH

TAODRBH is updated when TAODRBL is read
K o 18 o o 00

[ [ [ [

Y VY \4 \ 4 \ 4 Y VY
Read Read Read Read Read Read Read
value value value value value value value
00H OOH FEH 18H 18H 00H OOH

Figure 13-3 Timer Mode Timing Chart (Auto Capture)
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13. 16-bit Timer Counter (TCA)

13.4 Timer Function
TMP89FM42

13.4.2 External trigger timer mode

In the exemal trigger timer mode, the W counter starts cainting whenit is triggered by the input to the
TCAO pin.

13.4.2.1 Setting

Setting the gperaton mode seledbon TAOMOD<TAOM> to "100" activates thextemal trigger timer
mode Select the souragdock at ROMOD<TAOCK>.

Select the trigg edge at the tgger edge inpu sekction TAOMOD<TAOTED>. Seting
TAOMOD<TAOTED> to"0" seleds the rising edge, ard seting it to "1" selects the fahg edge.

Note thatthis mode uses tie TAO input pin, and tle TCAO pin must be set tdhe irput mode befaeharn
in port setings.

The operationis stared by seting TAOCR<TAO0S> b "1". After the tiner is started writing to
TAOMOD and TAOCR<TAOOVE> is disabed. Be surdo canplete the reqired node seinhgs befare
startirg the tmer.

13.4.2.2 Operation

After the tmer is started, wan tre sekcted tiggeredge ismpu to the TCAOpin, the upcourter incre-
ments accordingp the €lected surce clok. When a match betweethe up counter value and thealue
setto timerregister A (TAODRA) is deteded anINTTAO interrupt request isgeneraed and the ugounter
iscleared to "000H". After beirg cleared, the up counteontinues ounting.

When AOMOD<TAOMETT> is"1" andthe edge opposite to the sgkdtriggeredye is detectedthe
up counter stops cownting and is cleared to "0081". Sutsequenty, whenthe seécted triggr edge is
detected, the upountemrestrts counting. In ths mode, an inerruptrequest can be generateddsjecting
that theinput pulse exceeds eertan pulse width. If AOMOD<TAOMETT> is "0", the detection othe
selecededgeard the oppsite edge is igmed duing the perod fromthe detection of the specified trigge
edgeand the starbf counting throughuntil the math detection.

Settng TAOCR<TAOS> to "0" during the timer operation causeshe wp counter b stgp counting andbe
cleared to "0O000H".

13.4.2.3 Auto capture

Refer to "13.4.1.3 Autcaptue”.

13.4.2.4 Register buffer configuration

Refer to "13.4.1.4 Regfier bufer configuratian”.
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TAOCR<TA0S>

TAOMOD<TAOTED>

TAO pin input

Source clock

¢ Timer start

¢Timer stop

Counting
start

Edge is invalid

Counting

during counting  start

]
UL

L4

'

0 ﬂﬂ

Edge is invalid

during counting

Counter n 2K 0
A Counter A Counter
Write to TAODRAL Write n clear Nl write s clear
Write to TAODRAH [l write m [ write r
TAODRAL n ) s e
Match detection Match detection
TAODRAH m Q r Q
A v [
INTTCA interrupt request Reflected by writing to TAODRAH H t ”
\ 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

start start stop start
TAO pin input J T T { T

Source clock

UL

ju

)G 0
A Counter Counter A Counter
Write to TAODRAL Write n clear clear H Write s clear
Write to TAODRAH [ Write m [ Write r
TAODRAL n ) S C
Match detection Match detection
TAODRAH m Q r Q
g Y i v
INTTCA interrupt request Reflected by writing to TAODRAH H t
\ Reflected by writing
When the trigger is started and stopped (TAOMOD<TAOMETT>="1") to TAODRAH
Figure 13-4 External Trigger Timer Timing Chart
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13. 16-bit Timer Counter (TCA)

13.4 Timer Function
TMP89FM42

13.4.3 Event counter mode

In the eventounter mode, thep counter couns up atthe edge ofheinpu to the TCAOpin.

13.4.3.1 Setting

Setting the opraton male seéction TAOMOD<TAOM> to "010" acivates tke evert couner male.

Set the trigger edge atthe exérnal trigger input sekction TAOMOD<TAOTED>. Seting
TAOMOD<TAOTED> to "0' selects the risinggdge, and seiig it to "1" selects the falhg edge for cant-
ing up.

Note thatthis mode uses tie TAO input pin, and tle TCAO pin must be set tdhe irput mock befaeharn
in port setings.

The operationis stared by seting TAOCR<TAO0S> b "1". After the tinmer is started writing to
TAOMOD and TAOCR<TAOOVE> is disabed. Be surdo canplete the reqired node seihgs befare
startirg the timer.

13.4.3.2 Operation
After the evert courter male isstarted, when #hsekctedtrigger edge is ingt to the TCAO pin, the up
counter increments.

When amatch between thgp counter value and thvalue set to tiner regster A (TAODRA) is detected,
anINTTAO interrug request is generated and the up ¢euis clearedo "0000H". After beirg cleared,
the up cainter coninues cainting ard courts up ateach edge of tke inpu to the TCAO pn. Seting
TAOCR<TAOS> to "0" duringthe operaton causeghe up couter to stopcounting and be clearetb
"0000H".

The maximum frequencyto be syplied is fcgck/2 [Hz] (in the NORMAL 1/2 or IDLE 12 mode) a fs/
2 [Hz] (in the 3 OW 1/2 or S EEP 1 mode)anda pule width oftwo machinecydesor more is required
at boththe "H"and "L" levels

13.4.3.3 Auto capture

Refer to "13.4.1.3 Aut captue”.

13.4.3.4 Register buffer configuration

Refer to "13.4.1.4 Regfier bufer configuratian”.
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¢ Timer start ¢Timer stop
TAOCR<TAQ0S>
TAO pin input ! k
Counter ko X 1 X2 X 3)
A Counter clear A Counter clear
Write to TAODRAL Write n H Write s
Write to TAODRAH [ Write m [ Write r
TAODRAL n D) S )
Match detection Match detection|

TAODRAH m <|> r <|>

A v S
INTTCA interrupt request Reflected by writing to TAODRAH H t H

\ 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. 16-bit Timer Counter (TCA)
13.4 Timer Function
TMP89FM42

13.4.4 Window mode

In the wirdow mode, the up cauer cownts up at the sing edg of the puse thatislogicalanded praluctof
theinput pulse b the TCAO pin (window puse)andthe internalclock.

13.4.4.1 Setting

Setting the geraton mode sekection TAOMOD<TAOM> to "101" activateshe window mode. Select
the surce clok at TAOMOD<TAOCK>.

Select he window pulse level at the trigger edge input selecton TAOMOD<TAOTED>. Seting
TAOMOD<TAQTED> to "0" enakes couning up as log as he window pulse is at tie "H" level. Seting
TAOMOD<TAQTED>to "1" emables couting up as lang asthe window pulkeis at the "L"level.

Note thatthis mode uses he TAO input pin, and tle TCAO pin must be set téhe iput mode befaeham
in port setings.

The operationis stared by seting TAOCR<TAO0S> b "1". After the tinmer is started writing to
TAOMOD and TAOCR<TAOOVE> is disabed. Be surdo canplete the reqired node seinhgs befare
startirg the timer.

13.4.4.2 Operation

After the operatio is stared, whenthe lewel selectecat TAOMOD<TAOTED> isinputto the TCAO pin,
the up counter incremenégcording to the sourceadk selected atAOMOD<TAOCK>. When a match
betweenthe up counter \lme and the value set tomer register A(TAODRA) is detected, an INTAD

interrup requests generatednd the upcourteris cleared to "0000H". Aftelbeing cleared, thep counte
restartscounting.

The maxmum frequerty to be syplied must be slow erough for the program to aralyze the court
vaue. Define afrequerty pulsethatis suficiently lower than tle programmed internal surceclock.

Settng TAOCR<TAOS> to "0" during the timer operation causeshe wp counter b stgp counting andbe
cleared to "0O000H".

13.4.4.3 Auto capture

Refer to "13.4.1.3 Autcaptue”.

13.4.4.4 Register buffer configuration

Refer to "13.4.1.4 Regfier bufer configuratian”.
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TAOCR<TAOS>

TAOMOD<TAOTED>

TAO pin input

Source clock

Counter

¢ Timer start

¢Timer stop

I
L

Count in the period of H level

Write to TAODRAL Write n

Write to TAODRAH

TAODRAL

TAODRAH

Count in the period of H level

A\ Counter clear

[

Write m

Match detection

m

?

INTTCA interrupt request t Reflected by writing to TAODRAH

v
[

During the H-level counting (TAOMOD<TAOTED>="0")

Figure 13-6 Window Mode Timing Chart
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13. 16-bit Timer Counter (TCA)

13.4 Timer Function
TMP89FM42

13.4.5 Pulse width measurement mode

In the pulse width measuneent modethe up counter strtscourting atthe rising/falling edge(s)f the input
to the TCAOpin and meagesthe inpu pulse width based orthe internal clak.

13.4.5.1 Setting

Setting the operatio mode seledon TAOMOD<TAOM> to "110" activakes the plse widh measure-
ment mode. Selethe ®urce clockat TAOMOD<TAOCK>.

Select the trigg edge at the tgger edge inpu sekction TAOMOD<TAOTED>. Seting
TAOMOD<TAOTED> to"0" selects lte risirg edye, andsettihgit to "1" sekcts tke falling edye asa trig-
ger to starthe capture.

The operation after capturings determinedby the pise width measirement modecontrol
TAOMOD<TAOMCAP>. Settng TAOMOD<TAOMCAP> t0"0" selectsthe doulte-edje capure. Seing
TAOMOD<TAOMCAP> to "1" sekcts the single-edgmpture.

The operation to bexecuted in casef anoverflow of the up counter en be selected at the overflow
interrug contol TAOCR<TAOOVE>. Settig TAOOVE to "1" makes an INTTAO interruptrequest occur
in case of aroverflow. Setthg TAOOVE to "0" makes noINTTAO interrugt request occum case of an
overflow.

Note thatthis mode uses tie TAO input pin, and tke TCAO pin must be set tahe irput mode befaehan
in port setings.

The operationis stared by seting TAOCR<TA0S> D "1". After the tiner is started writing to
TAOMOD and TAOCR<TAOOVE> is disabed. Be surdo canplete the reqired node seinhgs befae
startirg the tmer.

13.4.5.2 Operation

After thetimer is started, Wwenthe setcted tigger edge(start ede) is input to the TCAO pin, the wp
counter incremets accoding o the selead saurce cbck. Susequeny, when the edg oppasite tothe
selected edgis detectedthe up countevalue iscaptued into TAODRB, an INTTAO interrupt requestis
generaed, and ROSR<TAOCPFB>is setto "1". Dependng on the TAOMOD<TAOMCAP> setthg, the
operationdiffers adollows:

» Doube-edge capture (WhenTAOMOD<TAOMCAP> is "0")

The up couter coriinuescounting upafterthe edgeoppositeto the selected edgedetected.
Subsequentlywhen the selectetigger edje is input, the yp cownter vale is captued into
TAODRA, an INTTAO interrugt requesis generaed, andTAOSR<TAOCPFA> is setto "1". At
this time, the upcounter iscleared to "000H".

» Single-edge capte (When AOMOD<TAOMCAP> is "1")

The up couter stgs counting upard is clearedo "000CH" whenthe edge oppsite tothe
selected edgés detectedSubseguently whenthe sart edge isinpu, the up couter restarts
increment.

When the up counter ovewfls during capturirg, the overflow flag TAOSR<TAOOVF> is seto "1". At
this time, an INTRAO interrug request occes if the overflav interrug cortrol TAOCR<TAOOVE> is set
to "1".

The capture completion flags (AMOSR<TAOCPFA, TAOCH-B> ard the owrflow flag
(TAOSR<TAOOVF>) are clearetb "0" automatielly when TAOSR is read.
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The capured \alue must be read fronTAODRB (and aso from TAODRA for the doulde-edye captire)
before the nektrigger edge $ detected. If the captredvalue & not read it becones undefinedTAODRA
and TAODRB mus beread by umg a 16-bit accss instruction.

Settng TAOCR<TAOS> to "0" during thetimer operatio causeshe yp counter b stgp counting andbe
cleared to "0000H".

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 INTTAO interrupt request occurs. In this case, the capture starts when the selected
trigger edge is detected next.

¢ Timer start ¢Timer stop

TAOCR<TA0S>

TAOMOD<TAOTED>

TAO pin input Count star
ount star l:
A

Source clock
mn
'O € 66
Counter clear Counter clear
TAODRBH, L X o Xmn
After the timer is started, if the falling edge
INTTCA interrupt request is detected first, no interrupt occurs. ]

Single-edge capture (TAOMOD<TAMCAP>="0")

¢ Timer start ¢Timer stop

TAOCR<TA0S>

TAOMOD<TAOTED>

TAO pin input
Source clock

Count start

Counter
Counter clear Counter clear
TAODRBH, L X o X mn
TAODRAH, L X o st
After the timer is started, if the falling edge
INTTCA interrupt request is detected first, no interrupt occurs. ]

Double-edge capture (TAOMOD<TAMCAP>="1")

Figure 13-7 Pulse Width Measurement Mode Timing Chart
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13. 16-bit Timer Counter (TCA)

13.4 Timer Function
TMP89FM42

13.4.6 Programmable pulse generate (PPG) mode

In the PPG otput modk, an arlitrary duty pulseis output by two timerregisers.

13.4.6.1 Setting

Setting the operationmode selectio TAOMOD<TAOM> to "011" activaesthe PPG atput mode.
Select the aurce clock at AOMOD<TAOCK>. Seéct coninuous or one-stot PPG otput at
TAOCR<TAOMPPG>.

Set the PPG output cycle 2A0DRA andset the time until the ouputis reversed fist at WODRB. Be
sureto setregister valueso thafTAODRA is larger than TAODRB.

Note thatthis mode usesthe PPGAD pin. the PPGAO pin must be set tahe ouput node keforehandin
port settngs.

Set the inital state of tke PPGAO pin at the tiner flip-flop TAOCR<TAOTFF>. Seting
TAOCR<TAOTFF> to "1" selects the "H"level as tke initial stae of the PPGAD pin. Seting
TAOCR<TAOTFF>t0 "0" selecs the "L" level asthe initial state of thePPGAO pin.

The operationis stared by seting TAOCR<TAO0S> b "1". After the tiner is started writing to
TAOMOD andTAOCR<TAOOVE, TAOTFF> is dsabled Be sure o conplete the requied mode settings
before starting the timer.

13.4.6.2 Operation

after the tiner is startd, the up couner incremets.

When amatchbetween the up counter value and the ealet tdimer register B (RODRB) is detected,
the PPGAO pin is changed 6 the "H" level if TAOCR<TAOTFF> i "0", or thePRGAO pin is changd to the
"L" level if TAOCR<TAOTFF> is "1".

Subseqently, the upcounter catinues canting. Whena netch betwveenthe up courter value ard the
value set to timer register A(TAODRA) is detected, he PRGAO pin is changed to the "L'level if
TAOCR<TAOTEFF>is "0", or thePRGAO pin is chamged b the "H" level if TAOCR<TAOTFF>is "1". At
this time, an INTRO interrug request occus. If the PPG aiput cortrol TAOCR<TAOMPPG> is setd
"1" (one-slot), TAOCR<TA0S> isauomatically clearedto "0" and the tmerstagps.

If TAOCR<TAOMPPG> is set td0" (continuaus), the p cownter is clearedo "0000H" and cantinues
counting and PPG aitput. When TAOCR<TAO0S> & setto "0" (including the atio stop by the me-sha
operation) during the PPGoutput, the PPGAO pin reurns tothe level set in AOCR<TAOTFF>.

TAOCR<TAOMPPG> can be @nged dring the operatio. Changng TAOCR<TAOMPPG> fran "1" to
"0" during te operaton canced the one-shobperaion and enales the cotinuous geraton. Charnging
TAOCR<TAOMPPG>from "0" to "1" during the operatiorclears ROCR<TA0S> to "0" and stops the
timer autonatically after tke currert pulse ouputis conpleted.

Timer registers AandB canbe setto the doulde buffer. Settng TAOCR<TAODBF> to"1" enableshe
double bufer. When the vales seto TAODRA and TAODRB are changd durirg the PPGutput with the
double bufer enabéd, the witing to TAODRA ard TAODRB will nat immediately becane efective bu
will becone effective whena math betweenTAODRA andtheup countr is dekcted. If the double bufer
is disabled the writing o TAODRA and TAODRB will become d&ctive immediatelylf the written value
issmalkr thantheup counter value, the up couter overflows. After a cyat, thecouner metch process is
executed taeverse the dput
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13.4.6.3 Register buffer configuration

(1) Temporary buffer

The TMP®FM42 contains an 8bit tenporary buffer. When a write instruction is executed on
TAODRAL (TAODRBL), the data is first stored ito this temprary bufer, wheter he dowble bufer
is enabéd or dsabed. Subequenty, when a write irstruction is execied on AODRAH
(TAODRBH), the set @ue is stoedinto the dule bufer or AODRAH (TAODRBH). At the sane
time, the set vale in the temporary bufer is sbred into the doble bufer or TAODRAL
(TAODRBL). (This stucture is degined to emalde the set vales of tle lowerlevel register andthe
higherlevel regiser simutaneously) Therefore whenseting datato TAODRA (TAODRB), be sue
to write the data into TAODRAL and TAODRAH (TAODRBL and TAODRBH) in this order.

See Figure 13-1 fahe tenporary bufer configuratbn.

(2) Double buffer .

In the TMP89FM42 the dauble bufer can be sed by seting TAOCR<TAODBF>. Seting
TAOCR<TAODBF> to "0"disables the ddale bufer. Seting TAOCR<TAODBF> to "1" emablesthe
double bufer.

See Figure 13-1 fahe douwble bufer configuratian.

- When the double btdr isenabled

When a write ingruction isexecuted oTAODRAH (TAODRBH) during the timer opera-
tion, the set &ue is first stored ito the daible huffer, ard TAODRAH/L are notupdaed
immediately TAODRAH/L (TAODRBHY/L) comparethe las setvaluesto the countewalue.
If a match is deteced an INTTCAO interrug requesis generateé@nd he daible bufer set
valueis stored ino TAODRAH/L (TAODRBH/L). Subsequetly, the match deectionis exe-
cuted usng a newset value.

When a read irtsuction is executed oiTAODRAH/L (TAODRBH/L), the dowle bufer
value (the st setvalue) is read not the TAODRAH/L (TAODRBH/L) values (the curreh
effective values).

When awrite instructon isexecuted on AODRAH/L (TAODRBHI/L) while the tiner is
stopped, the set value igmmediately storedinto both the doble bufer and AODRAH/L
(TAODRBHI/L).

- When the doble bufer isdisabled

When a write ingruction isexecuted oiTAODRAH (TAODRBH) during the timer opera-
tion, the setvalue is inmediately stored inTAODRAH/L (TAODRBHY/L). Subseqgently, the
math detectdn is executedsing a new setalue.

If the valies seto TAODRAH/L (TAODRBHI/L) are snaller thanthe up counter value, the
up cainter owerflows aml the match detecton is executed using a new set value. As altes
the ouput pulsewidth may belonger than the set tien If that isa problemenalbe the doulte
buffer.

When awrite instructon isexecuited on AODRAH/L (TAODRBH/L) while the tiner is
stopped the set @ueisimmedately stored into AODRAH/L (TAODRBHIL).
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13. 16-bit Timer Counter (TCA)
13.4 Timer Function

TMP89FM42
¢ Timer start Timer stop ¢
TAOCR<TAOQ0S>
TAOMOD<TAOTFF>
Source clock
3O 0B B BEHH 0616 o
A Counter A Counter
Write to TAODRAL, H || write n [l write s clear clear
Write to TAODRBL, H  [|write m [write r
TAODRAL, H n Match detection@p| s Match detection
TAODRBL, H m Match detection @ F Match detection Q Match detectionQ
PPGO pin output T | 47
) Becomes the level set at TAOTFF i v Reflected by an i vJ i Returns to the level
INTTCA interrupt request  when the timer is stopped : ] interrupt requesti ] ! set at TAOTFF
-« > < > <«
m ' r ! r !
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Continuous (TAOCR<TAOMPPG>="0")
Double buffer (TAOMOD<TAODBE>="1")
¢ Timer start .
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n
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Write to TAODRAL, H Write n

Write to TAODRBL, H [| write m
TAODRAL, H n Match detection
TAODRBL, H m Match detection

;
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INTTCA interrupt request  when the timer is stopped set at TAOTFF
< m >
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<

—

n (1 cycle)

One-shot (TAOCR<TAOMPPG>="1")

Figure 13-8 PPG Mode Timing Chart
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13.5 Noise Canceller

Thedigital noisecancellercan be usd inthe operatio madesthat usethe TCAO pin.

13.5.1 Setting

When the djital noise cancédér is used, the put lewel is sanpled at the samphg intervals set at
TAOCR<TAONC>. When thesame levelis detectedhree tmesconsecutiely, the level of the input to the
timer is changed

Seting TAOCR<TAONC> to anyvalues han"00" allows the noisecanceller tcstart operation, regardless of
the TAOCR<TAOQS> value.

When thenoise canceller is usealjow the timer tostart after a periodfdime thatis equal tofour timesthe
sanpling interval afterTAOCR<TAONC> isset ha elapsed. Thigabilizestheinput sgnal. .

Set TAOCR<TAONC> whie the tiner is sbpped (TAOCR<TA0S> = "0"). When TAOCR<TA0S> is "1",
writing isignored.

In the SLOW 1/2 or SLEEP 1mode, seihg TAOCR<TAONC> to "11" selecs fs/2 asthesource abck for the
operation Seting TAOCR<TAONC> to0 "00" disabksthe roise careller Seting TAOCR<TAONC>to "01" or
"10" disabks tke TCAO pin input.

Table 13-4 Noise Cancel Time ( fcgck = 10 [MHz] )

TAONC Sampling interval Time removed as noise | Time regarded as signal
00 None
01 200 ns (2/fcgcek) 600 ns or less 800 ns or more
10 400 ns (4/fcgck) 1.2 psor less 1.6 ps or more
11 25.6 us (256/fcgcek) 76.8 us or less 102.4 us or more
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13. 16-bit Timer Counter (TCA)
13.6 Revision History

TMP89FM42
13.6 Revision History
Rev Description
RA001 "Table 13-3 Timer Mode Resolution and Maximum Time Setting" Revised Resolution and Maximum time of TAOMOD<TAOCK>=11.
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14. 8-bit Timer Counter (TCO)

TheTMP89M42 cortains 4 channslof high-performance 8-bit tier counters (TCO). Eadhmer can be wed for
time measuement am puse ouputwith a prescrilbed width. Two 8-bittimer counters are cascathle b form a 16bit

timer.

This chapter describeéschannels o8-bit timer counters 00Onal 01. For8-bit timer counter§2 and03, replace the
SFR addresses and piames as showin Table 141 andTable 14-2.

Table 14-1 SFR Address Assignment

Low power
16-bit mode TOXREG TOXPWM TOXMOD TOxxCR consumption
(Address) (Address) (Address) (Address) ) P
register
Timer counter 00 Lower TOOREG TooPWM TOOMOD
(0x0026) (0x0028) (0x002A) TOO1CR POFFCRO
Timer counter 01 Higher TOIREG To1PWM TOIMOD (0:002€) <TCO0LEN>
g (0x0027) (0x0029) (0x002B)
Timer counter 02 Lower TO2REG To2PWM T02MOD
(Ox0F88) (OxOF8A) (OxOF8C) TO23CR POFFCRO
Timer counter 03 Higher TO3REG TosPwM TO3MOD (©x0Fe8) <TCOIEN>
d (0x0F89) (OxOF8B) (Ox0F8D)

Table 14-2 Pin Names

Timer input pin PWM output pin PPG output pin
Timer counter 00 TCOO pin PWMO pin PPGO pin
Timer counter 01 TCO1 pin PWML1 pin PPG1 pin
Timer counter 02 TCO02 pin PWM2 pin PPG2 pin
Timer counter 03 TCO3 pin PWM3 pin PPG3 pin
RA002 Pae 16

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

14. 8-bit Timer Counter (TCO)

TMP89FM42

14.1 Configuration
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Figure 14-1 8-bit Timer Counters 00 and 01
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14.2 Control

14.2.1 Timer counter 00

The timercounter 00 is conblled bythe timer couer 00mode regiser (TOOMOD) andtwo 8-bit timer reg-
isters (TOREG and TOOPWM).

Timer register 00

TOOREG 15 14 13 12 11 10 9 8
(0x0026) Bit Symbol TOOREG

Read/Write RIW

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. 8-bit Timer Counter (TCO)

TMP89FM42
Timer counter 00 mode register
TOOMOD 7 6 5 4 3 2 1 0
(0x002A) Bit Symbol TFFO DBEO TCKO EINO TCMO
Read/Write RIW R/W R/W R/W 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 buff trol
ouble butler contro 1| Enable the double buffer
NORMAL1/2 or IDLE1/2 mode
SLOW1/2 or SLEEP1
SYSCR1<DV9CK> SYSCR1<DV9CK> mode
=g = e
000 fegek/21t fs/24 fs/24
001 fegek/210 fs/23 fs/23
8 8 R
TCKO Operation clock selection 010 fegek/2 fegek/2
011 fegek/28 fcgek/28 -
100 fegeki2® fcgek/2® -
101 fegek/22 fcgek/22 -
110 fegek/2 fcgek/2 B
111 fcgek fegek fs/2?
) . Select the internal clock as the source clock.
Selection for using external source 0 .
EINO clock 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 s invalid during the timer operation.

Note 3: In the 8-bit timer/event modes, the TFFO setting is invalid. In this mode, when the PWMO0 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 TOO1CR<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 PWMO0 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 TOOLCR<TCAS>, the timer start is controlled at TOO1CR<TO1RUN>. Timer 00 is not

started by writing data into TOO1CR<TOORUN>.
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14.2.2 Timer counter 01

Timer coungr Olis contolled bytimer cainter 01 node register (TOLMOD) andtwo 8-bit timer regsters
(TO1REG ard TOLPWM).

Timer register 01

TO1REG 15 14 13 12 11 10 9 8
(0x0027) Bit Symbol TO1REG

Read/Write RIW

After reset 1 1 1 1 1 1 1 1

Timer register 01

TOLPWM 7 6 5 4 3 2 1 0
(0x0029) [ Bit Symbol TOLPWM

Read/Write R/IW

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. 8-bit Timer Counter (TCO)

TMP89FM42
Timer counter 01 mode register
TO1IMOD 7 6 5 4 3 2 1 0
(0x002B) Bit Symbol TFF1 DBE1 TCK1 EIN1 TCM1
Read/Write RIW R/IW RIW R/IW 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 =
000 fegek/21t fs/24 fs/24
001 fegek/210 fs/2® fs/2®
8 8 R
TCK1 Operation clock selection 010 fegek/2 fegek/2
011 fegek/28 fegek/28 -
100 fegeki2® fcgek/2* -
101 fegek/22 fcgek/22 -
110 fegek/2 fcgek/2 B
111 fcgek fegek fs/2?
) . 0| Select the internal clock as the source clock.
Selection for using external source .
EIN1 clock 1| Select an external 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 e e
8-bit timer/event counter modes 16-bit timer/event counter modes
. . 01 L L
TCM1 Operation mode selection 8-bit timer/event counter modes 16-bit timer/event counter modes
10| 8-bit pulse width modulation out- 12-bit pulse width modulation out-
put (PWM) mode put (PWM) mode
11| 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 TOLMOD while the timer is stopped. Writing data into TO1IMOD is invalid during the timer operation.

Note 3: In the 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

Timercounters00 and Olhave the lowpower consunption regster (PG-FCRO) am timer 00and 01 cottrol
regigers in common.

Low power consumption register 0

POFFCRO 7 6 5 4 3 2 1 0
(OxOF74) Bit Symbol - - TCO023EN TCOO1EN - - TCA1EN TCAOEN
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
0| Disable
TCO023EN TC02,03 control
1| Enable
0| Disable
TCOO01EN TCO00,01 control
1| Enable
Disabl
TCAIEN | TCAL control 0| Disable
1| Enable
Disabl
TCAOEN | TCAO control 0| Disable
1| Enable
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Timer counter 01 control register
TOO1CR 7 6 5 4 3 2 1 0
(0x002C) Bit Symbol - - - - OUTAND TCAS TOLRUN 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 PWMO and PPGO pins and the timer
01 output from the PWM1 and PPG1 pins.
1| Output a pulse that is a logical ANDed product of the outputs of timers
00 and 01 from the PWM1 and PPG1 pins.

OUTAND | Timers 00 and 01 output control

0| Use timers 00 and 01 independently (8-bit mode).

TCAS Ti 00 and 01 d trol ) :
fmers Shan cascade contro 1| Cascade timers 00 and 01 (16-bit mode).

Timer 01 control
TO1RUN Timers 00/01 control
(16-bit mode)

0| Stop and clear the counter
1| Start

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 tim-
ers 00 and 01 after STOP mode is released.

Note 2: When a read instruction is executed on TOO1CR, bits 7 to 4 are read as "0".

Note 3: When OUTAND is "1", output is obtained from the PwWM1 and PPGL1 pins only. There is no timer output to the PWMO0 and
PPGO pins. If the PWMO0 and PPGO pins are set as the function output pins in the 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 TCO1LRUN and TCOORUN are changed from "0" to "1".
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14.2.4 Operation modes and usable source clocks

The operatons malesof the 8-bittimersand the usable souragdocks are listethelow

Table 14-3 Operation Modes and Usable Source Clocks (NORMAL1/2 and IDLE1/2 modes)

TCKO 000 001 010 011 100 101 110 111
fegek/2!t | fogek/2® TCoi
Operation mode or or fcgek/2® | fegek/i2® | fegok/2* | fogek/2? | fegeki2 fegek pin input
fsi2? fs/23
o | 8-bit imer 0 0 o o} o) 0 0 0 -
3
Q .
€ | 8-bit event counter - - - - - - - - 0
2
= | 8-bit PWM 0 0 o] o} o) 0 0 0 -
o
B )
8-bit PPG 0 0 o o} o) o} 0 0 -
w | 16-bit timer 0 0 o 0 o) 0 0 0 -
3
g | 16-bitevent
- - - - - - - - o]
@ | counter
E
2 | 12-bit PWM 0 0 o] o} o) o] 0 0 0
&
—
16-bit PPG 0 0 o 0 o) o] 0 0 0

Note 1: O: Usable, -: Unusable
Note 2: Set the source clock in the 16-bit modes on the TCO1 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: i=0, 1 (i=0 only in the 16-bit modes)
Note 5: The operation modes of the 8-bit timers and the usable source clocks are listed below.

Table 14-4 Operation Modes and Usable Source Clocks (SLOW1/2 and SLEEP1 modes)

TCKO 000 001 010 011 100 101 110 111 TCoi
ll
Operation mode fs/24 fs/23 - - R R R fs/22 pin input

o | 8-bittimer 0 o) - - - - - o) -
3
o
€ | 8-bit event counter - - - - - - R R o
9]
E )
= 8-bit PWM 0 0 - - - - - 1o} _
=
b

8-bit PPG 0 0 - - - - - o .
. 16-bit timer 0 0 - - - - - o) -
S
g | 16-bitevent
= - - - - - - - - o
[ counter
E
£ | 12-bit PWM 6} o) - - - _ . o o
&
-

16-bit PPG 0 0 - - - - . o o

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 couters @ and01 have he low power consurptionregisters (P@GFCRO) that save power when theners
are notused.
Seting POFFCRETCOO0IEN> to "0" disables the basic dk supply to timercounters00 and 01 tcsave power.

Note that this rendershe timers uusable. Seitg POFFCRO<TCO01EN> to "1" enaldehebasicclock supply to
timer counters 00and01 andallowsthe timers to opate.

After resetPOFFCRO<TCOQEN> are intializedto "0", andthis makes the timersunusable. When using the tim-
ers fa the first time, ke sue tosetPOFFCRO<TCOOEN> to "1" in the hitial settng of the pogram (beforethe
timer contol registers are operated).

Do notchange POFFCRO<TCOBN> to "0" during the timer goeraton. Otherwise timer cainters 00 an@1 may
operate unexgctedly
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14.4 Functions

Timer countersTCO0andTCO1 have 8bit modesin which they are sedindepenéntly and16-bit modesin which
they arecascaded.

The 8-bit modesnclude four operatiomodes; the8-hit timer mode, he 8-biteventcourter mode, the 8bit pulse
width madulation output (PWM) mode andthe 8-hit programnable puse generaed output (PPG) node.

The 16-bit modes inalide fouroperaton modes; the 16-bt timer node, the 1&it eventcouner node, the 1ait
PWM modeandthe 16-bit PPGmode.
14.4.1 8-bit timer mode
In the &bit timer mode, the up-courter couns upusirg the internalclock, am interrugs canbe gneraed

regdarly atspecifiedtimes.The geraton of TC00is descrilbed below, andthe sane appliesto the operationof
TCOL. (Repkce TCO0G by TCO1-).

14.4.1.1 Setting

TCO0O0is pu into the 8-bt timer male bysdting TOOMOD<TCMO> to "00" or "01"TO01CR<TCAS>
to "0" and TOOMM<EINO>to "0". Select thesaurce clockat TOOMOD<TCKO>. Set the count value
be ugd forthe matchdetection asn8-bit valueatthe timer registefOOREG

Set TOMOD<DBEO> to "1" to use the dble bufer.

Settng TOOXCR<TOORW> to "1" starts the aggraton. After the timer is stared, writing to TOOMCD
becomes inglid. Be sue to conplete the requred mode settigs before stairig the timer.

14.4.1.2 Operation

Settng TOQLCR<TOMRUN> to "1" allows the8-bit up counter toincremem basedonthe selead irter-
nal source clock. When a match betweehe up couter value andhe TOOREG set valuie dgected, an
INTTOO interrupt reqiest isgeneraed and the up couter is deared td'0x00". After being cleared, the up
counter restarts couing. Setthg TOOXCR<TOORW> to "0" duing the tmer operatiormakes tk up
counter sbp couring and be clearetb "0x00".

14.4.1.3 Double buffer

The doulle bufer canbe usedfor TOOREG by seting TOOMCD<DBEO>.The dauble buffer is disakd
by seting TOOMOD<DBEO>to "0" or enalted by seting TOOMCD<DBEO> to "1".

* When tle dauble buffer is enabled

Whena write instruction is executezh TOOREGduringthe timer operatiorthe &t value is
initially stored n the double bufer, ard TOREG is not immediately updated TOOREGcom-
pares te previous setvaue with the up courter value. Wherthe values matchan INTTOO
interrupt request is generated and the llewbuffer set vale is stored in TOOREGSulse-
quently, the metch deection is exeated using aewset value.

Whena write instruction is eecited onTOOREG whie the timer is stoped, the set vak is
immediately storedin boththe doulle bufer anrd TOOREG
* When tte dauble buffer is disaldd
Whena write instruction is executesh TOOREGduringthe timer operatiorthe &t value is

immediately staed in TOOREG Subsequenly, the match detection is executedusirg a newset
value.
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If the value setto TOGREG is snaller thanthe p cownter valie, the metch cetection is exe-
cuted ushg anew setvalue afterthe yp counter overflows Therefore,the interrupt request
interval maybe lorger than the sekcted tine. If the valie set to TOREG is equalto the wp
counter value, tle match detecton is exected mmediately after dtais writteninto TOOREG
Therefore, th interrugt requestinterval maynat be an integal multiple of the sourceclock

(Figure 14-3)If these are mblens, enake the doble bufer.

Whena write instruction is eecued onTOOREG whie the timer is stogped, the set vak is

immediately storedin TOOREG

Whena readnstructionis execuéd on TMREG the lsstvalue writteninto TOOREGIs read ot regard-

less of the TOAMOD<DBEG> settng.

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
SLOW1/2 or
STOKO> I SYSCR1<DVACK> | SYSCRI<DVOCK> | st pEpt mode | C9CK=10MHZ | 15=32.768KHz | fcgek=10MHz | fs=32.768KHz
="Q" ="
000 fcgck/21t fs/24 fs/24 204.8us 488.2us 52.2ms 124.5ms
001 fegek/210 fs/23 fs/23 102.4us 244 1ps 26.1ms 62.3ms
010 fcgek/28 fcgek/28 - 25.6us - 6.5ms -
011 fegek/28 fcgek/28 - 6.4us - 1.6ms -
100 fegek/2? fcgck/2? - 1.6us - 408ps -
101 fogek/22 fogek/22 - 400ns - 102us -
110 fcgek/2 fcgek/2 - 200ns - 51us -
111 fcgck fcgek fs/22 100ns 122.1ps 25.5us 31.1ms
(Example) Operate TCOO in the 8-hit timer mode with the operation clock of fcgck/22 [Hz] and generate interrupts at 64 ps intervals

(fcgck = 10 MHz)

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),0xE8 ; Selects the 8-bit timer mode and fcgck/22

LD (TOOREG),0xA0 ; Sets the timer register (64us / (2%/fcgck) = OXAOD)

SET (TO01CR).0 ; Starts TC00

RA002 Page 16

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

¢ Timer start ¢Timer stop
TOO1CR<TOORUN>
TOOMOD<DBEO>
Source clock
o2 =) monn 0
A Counter clear A Counter clear
Write to TOOREG [l wite m [l wite n
Match detection Match detection
TOOREG m Q n Q
A v i v
INTTOO interrupt request Reflected by writing to TOOREG H
N\ Reflected by writing to TOOREG
When the double buffer is disabled (TOOMOD<DBEO0>="0")
¢ Timer start
TOO1CR<TOORUN>
TOOMOD<DBEO>
Source clock ! l l *
Counter CHOEEIEN S CH O E Y YO E
A Counter clear A Counter Clear A
Write to TOOREG [ Write m H Write n
Double buffer m X n fe)
TOOREG m Match detection (|> Match detection <|) n Match detection (I)
Reflected at the same time Reflected b
_ as data is written into TOOREG v v o intorot v
INTTOO interrupt request while the timer is stopped H ” P ”

When the double buffer is enabled (TOOMOD<DBEO0>="1")

Figure 14-2 Timer Mode Timing Chart

TOOMOD<DBEO>

LI L

Source clock | | | |

Counter n-5 X n-4 X n-3 n-2 0 X 1 X 2
A Counter clear

Write to TOOREG Write n-2

TOOREG n Match detection n-2
J

INTTOO interrupt request H

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-biteventcourter node, the upcourter couns up athefalling edge 6 the input to the TCOOor TC(OL
pin. Theoperaton of TCOO is describd below andthe sane applies tothe operatiorof TCO1.

14.4.2.1 Setting

TCOO0is put into the 8-hit eventcountermode by seting TOOMOD<TCMO> to "00", TOOLCR<TCAS>
to "0" and TOOMOD<EINO> to "1". Setthe count value to be wsed for the match detecion asan 8bit
value at the tnerregisterTOOREG

Set TOMOD<DBEO> to "1" to use the dble bufer.

Setthg TOOICR<TOORWN> to "1" starts the agraton. After the timer is stared, writing to TOOMCD
becomes inglid. Be sue to conplete the requred mode settigs before stairig the timer.

14.4.2.2 Operation

Settng TOALCR<TOORW> to "1" allows the 8bit up courter o increrment atthe falling edg of the
TCO0 pin. Whena math betveen he upcounter valie and the TOOREG set value is detecéaadINTTO0O
interrug requesis gereratedandthe p counter i clearedio "0x00'". After being cleared the upcounter
restars courting. Setthg TOOLCR<TOORUN>to "0" duringthe timer goeraion makes the up couter st
counting andbe cleared to "0XD'".

The maxmum fregiency to be suplped is fcgek/22 [Hz] (in NORMAL1/2 or IDLE1/2 mode)or fs/24
[Hz] (in SLOW1/2 orSLEEPL mode) anda pulsewidth of two machine cycles amoreis required at
both the "H and "L" levels.

14.4.2.3 Double buffer

Refer to "14.4.1.3 Ddile bufer".

(Example) Operate TCOO 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 (TOO1CR).0 ; Starts TC00
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¢ Timer start ¢Timer stop

TO01CR<TOORUN>

TCOO pin input ‘# ‘
Counter 0 Azh2 XX 4 fp XmifhoX 1 K2 X 3hy KntfX 0 X21h2X o
A
[

A Counter clear Counter clear

Write to TOOREG Write m [ Write n
Match detection Match detection
TOOREG m Q n Q
v/ v

A

INTTOO interrupt request t Reflected by writing to TOOREG

N 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 puse-width moduated pulses wih aresoluton of 7 bits are outpt in the 8-it PWM made. An addi-
tional pube can badded to he 2x n-th duy pulse. This enalkes PWM ouput with a resdution nearly equiva-
lentto 8 bits. (n=12, 3..)

The operaton of TCO0is described belv, and the same ajigs to the opration of TCO1.

14.4.3.1 Setting

TCOO0is putinto the 8bit PWM mode by setthg TOOMCD<TCMO0> to "10" andTO0LCR<TCAS>to
"0". Set TOOMOD<EIND> to "0" andsekct tre clock alTOOMOD<TCKO>. Setthecountvalue to ke used
for the match detection ard the addional pukevalue at the PWI! regiser TOOPWM.

Set T®OMOD<DBEO> to "1" to use the dble bufer.

Settng TOOICR<TOORW> to "1" starts the cgration. After the timer is stared, writing to TOOMCD
becomes indid. Be suie to conplete the required mode settigs before starig the timer.

In the 8-bt PWM modk, the TOOPWM register is confjured agollows:

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 RW 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/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

PWMDUTY is a 7-ht registerusedto setthe duty pulse widh valle (the time before th first output
change) in &ycle (128 cantsof the sourcelock).

PWMAD is a register usetb setthe additional ptse. When PWMAD is "1"an addtional pulse that
correspnds b 1 court of the source clck is adled b the 2x n-thduty puse (n=1, 2, 3...)ln other words,
the 2x n-th duty pulse haghe ouput of PWMDUTY+1.

The addiional pubke is noadded wherPWMAD is"0".
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Additional Additional Additional
Timer start pulse pulse pulse
(Duty pulse (Duty pulse
width) width)

TOOPWM TOOPWM

<~ == A
PWMO pin output | | |
(TFFO="1")

PWMO pin output | ” -

(TFFO="0") ” > i< )
128 counts 128 counts
(cycle width) (cycle width)
INTTOO interrupt |' |' |'
request —
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6

Figure 14-5 PWMO Pulse Output

Set tte initial stateof the PWMO pin at TOOMOD<TFFO0>. Settig TOOMOD<TFF0> to "0" selects e
"L" level as the irtial state ofthe PWMO pin. Setthg TOOMOD<TFFO0> b "1" selectslie "H" level as he
initial stae of he PWMO pin. If thePWMO pin is set ashe function ouput pin in the port setthg while the
timer is stopped, the value of TOOMOD<TFFO>is ouput to the PWMO pin. Table 14-6 sbws te list of
output levek of the PWMO pin.

Table 14-6 List of Output Levels of PWMO Pin

PWMO pin output level
TOOPWM
TEFO Before the start <PWMDUTY> Operation
of operation matched Overflow stopped
(initial state) (after the addi- (initial state)
tional pulse)
0 L H L L
1 H L H H

And by setting "1" tof001CR<QJTAND> bit, a logical product (AND) pulse of TCO and TCO1s out-
put can be oytut toPWMO pin. By usirg this function, the renote-contol waveform can be cread ediy.

14.4.3.2 Operations

Setthng TOW1CR<TOMRUN> to "1" allows the up couter to incremenbasedon the seleced souce
clock. When amatch betweenthe lower 7 bits of the up counter value and the value sdb
TOOPWM<PWMDUTY> is detected, the output of tR®WMO pin is reversed. WhehOOMOD<TFF0> is
"0", the PWMO pin changes from the "L" to "Hlevd. When TOOMOD<TFFO> is "1", theWMO pin
changes from th&H" to "L" level.

If TOOPWM<PWMAD> is "1", an addional pukethat correspods to 1 cout of the sourceclock is
added at th@ x n-th match detecton (n=1, 2 3...). In other words, the PWMO pin autput isreversecht he
timing of TOOPWM<PWMDUTY>+1. When TOOMOD<TFFC> is "0", the periodof the "L" level
becomes loger than the vale set toTOOKPWMDUTY> by 1 sourceclock. When TOOMM<TFFO> is
"1", the perod of the "H" level becoes longerthan the valueet to TOORVM<PWMDUTY > by 1 sairce
clock. Thi function alows two cyclesof output puses tobe handed with aresoldion nearly equvalert
to 8 bits.

No additional pulseis insertedwhenTOOPWM<PWMAD> is"0".
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Subsegeantly, the up coumter coninues couting up. When the up counter value reash128 anover-
flow occurs ad the upcourter is cleared td'0x00". At the sameiine, the outpit of the PWMO pin is
reversed. WheMOOMOD<TFFO0> is "0",the PWMO pin changesfrom the "H" to "L" level. When
TOOMOD<TFF> is "1", thePWMO pin changes fronthe "L" to "H" lewel. If the 2 x n-th owerflow occus
atthis time, anINTTOO interruptrequest s generged.(No interrupt reqiestis generated dhe 2 x n-th -1
overflow.) Stbsequerly, the upcounter continues courig up.

When TOOLCR<TOMRUN> is set to "0" duringthe timer operaton, the up couter is sbpped ard
cleared to "0x00". TheWMO pin returnsto the levelseleced atTOOMOD<TFFG>.

(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
ps (fegek = 10 MHz)
(Actually, output a total duty pulse of 23.2 ps in 2 cycles (102.4 ps))

SET (P7FC).0 ; Sets P7FCO to "1"
SET (P7CR).0 ; Sets P7CRO 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 master enable flag to "enable"
LD (TOOMOD),0xF2 ; Selects the 8-bit PWM mode and fcgck/2
LD (TOOPWM),0x73 ; Sets the timer register (duty pulse)
; (11.6us x 2) / (2/fcgek) = 0x73
SET (TOO1CR).0 ; Starts TC00
¢ Timer start Timer stop ¢
TOO1CR<TOORUN>
TOOMOD<TFF0>
Source clock
Overflow Overflow Overflow
128 128 128 128
N B AR CEENEE
Counter Counter Counter Counter
clear clear clear clear
Write to TOOPWM [ write m [| wite r [l write s
Double buffer m r S
TOOPWM Y Y
<PWMAD> Reflected by an _T Reflected by an
Vinterrupt request interrupt request
|
Ig(x,\\jlv DNlIJTY> m iMatch detection: iMatch detectioniX r iMatch detection: iMatch detectioniX s
PWMO pin output t >l
Becomes the level selected at > Additional pulse!  Returns to the
TFFO while the timer is stopped ) ) ! level selected
No interrupt request No interrupt request at TFFO
INTTOO 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 dolle bufer can be used for DPWM by setthng TOOMCD<DBEO>. Tte double bufer is dis-
abled by setthg TOOMOD<DBEO>to "0" or erabledby settng TOOMOD<DBEGC> to "1".

* When tle dauble buffer is enabled

When a writdnstructionis execitedon TOOPWM during the imer operaion, the setvalue is
first stored irthe doulte buffer, and TOOPWM s nat updated inmediately. TOOPWM compares
the previas setvalue with the up countevalue. Wha the 2 x n-th owerflow occurs, an
INTTOO interrupt requests generaed and he double bufer set vale is storedin TOOPWM.
Subseqantly, the match detection is execued using a newsetvalue.

Whena readiistructian is execued on TOOPWM, the \alue in the doule buffer (the lastset
value) is read ounot the TOOPWMalue (thecurrentlyeffectivevalue).

Whena writeinstruction is egcued on TOOPWM vhile the timer is stpped, the set vaé is
immediately storedin boththe doulte buffer and TOOPWM.

* When tte dauble buffer is disatzd
When a writdnstructionis execitedon TOOPWM during the imer operaton, the setvalue is .

immediately storedin TOOPWM. Sulsequently, the math detectdn is executedsing a new set
value. If the value setto TOOPWM is smallerthan the up counteralue, thePWMO pin is nd
reversed until the up counter overflows and a natch detecton is execuéd usirg a rew set
value. If the valie set® TOOPWM is equal o the up couter valie, the netch detecion is exe-
cuted immedately after datas written ito TOOPWM. Thereforethe timing of changng te
PWMO pin may nat be an irtegral multiple of the saurce clock (Figte 14-7). Similarly, if
TOOPWM & setduringthe addional pilse ouput, the tming d charging the PWMO pin may
nat beanintegal multiple ofthe sairce clak. If these are pitdems, enabé the doulbe bufer.

Whena writeinstruction is egcued on TOOPWM vhile the timer is stpped, the set vaé is
immediately soredin TOOPWM.

TOOMOD<DBEO>

Source clock | | | | | | | | | |_
Counter n-5 X n-4 X n-3 X n-2 X n-1 X n

Write to TOOPWM Write n-2 [

TOOPWM
<PWMDUTY>

n Match detection ﬁ n-2

PWMO pin output |

Figure 14-7 Operation When TOOPWM and the Up Counter Have the Same Value
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TMP89FM42
Table 14-7 Resolutions and Cycles in the 8-bit PWM Mode
7-bit cycl
Source clock [Hz] Resolution (per:ozyxc g)
T0OMOD NORMAL1/2 or IDLE1/2 mode
<TCKo> SLOW1/2 or
SYSCR1<DV9CK> | sYscRi<Dvocks SLEEP1 mode fcgck=10MHz | fs=32.768KHz | fcgck=10MHz | fs=32.768KHz
=g = e
26.2ms 62.5ms
000 u 4 4 204.8 488.2
fcgek/2 fs/2 fs/2 Hs ns (52.4ms) (125ms)
13.1ms 31.3ms
01 10 3 3 102.4 244.1
0 fcgek/2 fs/2 fs/2 ps us (26.2ms) (62.5ms)
3.3ms
010 8 8 - 25.6 - -
fcgek/2 fcgek/2 us (6.6ms)
819.2us
o011 6 6 - 6.4 - -
fcgek/2 fcgck/2 Hs (1638.4ps)
204.8ps
100 4 4 - 1.6 - -
fcgek/2 fcgek/2 us (409.6y15)
51.2us
101 2 2 - 400 - -
fcgek/2 fcgek/2 ns (102.4ps)
25.6us
110 fcgck/2 fcgek/2 - 200ns - (51.25) -
12.8us 15.6ms
2
111 fcgek fcgek fs/2 100ns 122.1ps (25.605) (31.3ms)
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14.4.4 8-bit programmable pulse generate (PPG) output mode

In the 8bit PPG node, the pues wih arbitrary duty and cycle are outputy usirg the TOOREG ard
TOOPWM regsters.

By setting the TOQLCR<OUTAND> regster, a puke thats a bgical ANDed goduct o the TCOOand TCQ
outputs can bevutput to the TCO1 pi. This function facilitates the gereration ofremote-cortrolled waveforms,
for example.

The operation of TCOOis described bekv, and the same afigs to the opraton of TCOL.

14.4.4.1 Setting

TCOOis put into the 8-bitPPG mde by s&ing TOOMOD<TCMO> t0"10" and TOOCR<TCAS>to
"0". Set TOOMOD<EINO> to "0" and selectthe clock at TOOMOD<TCKO>. Setthe duty pulsewidth at
TOOPWM andthe cycle width at TOOREG

Set TOMOD<DBEO> to "1" to use the dble bufer.

Setthg TOOICR<TOORWN> to "1" starts the agraton. After the timer is stared, writing to TOOMCD
becomes inglid. Be sue to conplete the requred mode settigs before stairtg the timer.

Timer start Timer stop
(Duty pulse) (Duty pulse)
TOOPWM TOOPWM
<> <>

PPGO pin output | |
(TFFO="0") o

PPGO pin output | | |

(TFFO="1")
D ey R e ————
TOOREG TOOREG

(1 cycle) (1 cycle)

Figure 14-8 PPGO Pulse Output

Set the initial sate ofthe PPGOpin at TMMOD<TFF0>. Seting TOOMOD<TFF0> t0"0" sekctsthe
"L" level as tleinitial state of the®RGO pin. Seting TOOMOD<TFFO0> to "1" selects the "HéVel asthe
initial state ofthe PRGO pin. If the PPGOpin is set aghe function output pin in the port seing while the
timer is stopped, the @ue of TMOMOD<TFFO0> is ouyput to the PPGOpin. Table 14-8 shws the ist of out-
put levels of thePPGOpin.

Table 14-8 List of Output Levels of PPGO Pin

PPGO pin output level

TEFO Before the §tart TOOPWM TOOREG Operation
of operation stopped
-, matched matched _
(initial state) (initial state)
0 L H L L
1 H L H H

Setting the TOOXCR<OUTAND> bit to "1" allows the PPGOpin to aitput a pulse that is alogical
ANDed produat of the TCOOand TCQL outputs.
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14.4.4.2 Operation

Settng TAOO1CR<TOMUN> to "1" allows the up couter to incremenbasedon the seleced souce
clock. When amatch between the interngh countervalueand the valuset to TOOPWM is detected, the
output of thePRGO pin is reversed. WheROOMOD<TFF0> is "0", thé®FGO0 pin chargesfrom the "L" to
"H" level. When TOOMOD<TFF0>is "1", the PRGO pin changes from the "H" to "Uével.

Subseqantly, the upcourter cantinues couting up. When a math between tke yp counter value ad
TOOREG is detcted, te ouput of the PRGO pin is reversed agin. When TOOMOD<TFFO> & "0", the
PRGO pin changes fronthe "H" to "L" level. When TOOMOD<TFFO> is "1", thePGOpin changs from
the "L" to "H" level. At this time,an INTTQ interrupt request isgeneraed.

When TOO1CRTOORUN> is set b "0" during the ogration, the upcouner is stoped andcleared o
"0x00". The PRGO pinreturnsto the levekelected at TOOMOD<TFFO>.

14.4.4.3 Double buffer

The duble bufer can le used for TOOPWM ah TOCREG by seting TOOMOD<DBEGQ>. Thedoule
buffer is disaléd by settig TOOMOD<DBEO> t0"0" or enalbed byseting TOOMOD<DBEO> to"1".

* When tle dauble buffer is enabled

When a writanstructionis executed on TOOFM (TOOREG) during the fmer operaion, the
set \dlue is first stored n the dowble buffer, and TO®PWM (TOOREG) s not updated mmedi-
ately TOOPWM (TOOREG) compags the previais set vale with the up counter value. When
an INTTQ interrupt request $ generaed, the dowle bufer setvalue s staed n TOOPWM
(TOOREG). Sibsequetly, the match detedbn is execuéd usinga new set valel

When a read instruction is exged on TOOWM (TOOREG), the glue inthe dule bufer
(the last set vak) is read oy not the TOOPWM (TOOREQ value (the curretly effective
value).

Whena writeinstruction is executed on TOOMM (TOOREG) whie the tmer is sbpped,the
set vale isimmedately storedin boththe doutbe buffer anrd TOOPWM (TOOREG).

* When tle dauble buffer is disakdd

When a writanstructionis executed on TOOFM (TOOREG) during the fmer operaion, the
set vale is inmeditely sioredin TOOPWM (TOOREG). Subequently, the match cetection is
executed using mew setvalue.If the value séto TOOPWM (TOOREG) & smaller thanthe uyp
counter value, theRGO pin is not reersed uni the upcounter overflows anda matchdetection
is executd usirg a new set vaki If the value set toTOOPWM (TOOREG) is equalto the up
counter value, he matchdetection is executedimmediately afterdata iswritten inbo TOOPWM
(TOOREG). Therefore, thieming of changhg the PRGO pin may not be anintegral multiple of
the souce clock (Fgurel14-10). If theseare problems, enabtee daible buffer.

Whena writeinstruction is executed on TOOBM (TOOREG) whie the tmer is sbpped,the
set valeisimmedately storedin TOOPWM (TOOREG).

Operate TCOO in the 8-bit PPG mode with the operation clock of fcgck/2 and output the 8us duty pulse in 32us cycles (fcgck

(Example) =10 MHz)
SET (P7FC).0 ; Sets P7FCO to "1"
SET (P7CR).0 ; Sets P7CRO 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 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) = 0XA0
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LD (TOOPWM),0x28 ; Sets the timer register (duty pulse)
; 8us / (2/fcgek) = 0x28
SET (TO01CR).0 ; Starts TC00
¢ Timer start Timer stop ¢
TOO1CR<TOORUN>
TOOMOD<TFFO0>
Source clock
p s s w
IO T 0ONOEN CONBON0BIN0EN00E
Counter Counter Counter Counter
clear clear clear clear
Write to TOOPWM [ Write m [ Write r Write t
Double buffer m r t
TOOPWM m Match detectioniX r Match detection Match detectionX s OMatch detection:
Write to TOOREG [ Write p [ Write s [ Write w
Double buffer p s w
TOOREG p Match detectionCA s Match detectionG Match detectionC} w
\ \ \ Y
PPGO pin output
Returns to the
) Becomes the level sefected at level selected
INTTOO interrupt TFFO while the timer is stopped ] ] ] at TFFO
request T '
(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)
i< 3 | ¢ 3 H ¢ 3 | ¢ >
H p H S H S 1 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

TOOMOD<DBEO>

Source clock | | | | | | | | | |_

Counter n-5 X n-4 X n-3 X n-2 X n-1 X n

Write to TOOPWM

(TOOREG) Write n-2 [

TOOPWM
(TOOREG)

n Match detection ﬁ 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, TCOO0 ard TCO1 arecasaded to form 46-bit timer counterwhich canmeasure a
longer period tlan an 8-k timer.

14.4.5.1 Setting

Settng TOACR<TCAS> to"1" connectsTC00 and TCO1 and adtvatesthe 16-bit moce. All the set-
tings of TCOO are ign@ed andhose ofTCO1 areeffective in the 16-bit mode.

The 16bit timermode is activaed by seihg TOLMOD<TCM1> to "00' or "01" and TOMOD<EIN1>
to "0". Select the souradock at TOLMM<TCK1>.

Set the countalue to be used for the match deiten asa 16-bit value athe timer register$O0REG
arnd TOLREG Set tte lower 8 bits d the 16-bitvalue at TOOREG and he higher 8 bis at TO1REG (Here-
inafter, the 16-bit value pecified by the combined sefing of TO1IREG and TOOREG is indicated as
TO1+00REQ Thetimer register etings are refle@d on te doible kuffer or TO1+OREG whena write
instruction is executed on TO1RERe sure to exete the wrie instructions on TOOEEG ard TOIREG i
this orcer. (When data isvritten to the hig-order regiser, the setvalues of he low-orderandhigh-order
registers becomeffective at thesametime.)

Set TAMOD<DBE1> to "1" to use the dble bufer.

Setthg TOOICR<TO1RWN> to "1" starts the agraton. After the timer is stared, writing to TOLMCD
becomes inglid. Be sue to conplete the reqired mode setings before startinghe timer. (Make settigs
when TOO1@®R<TOORUN> and<TO1RUN> are "0".)

14.4.5.2 Operations

Settng TOALCR<TO1RJN> to "1" allows the 16-bitup counter to incremeritased on the selected
internal sourceclock. When amatch between #ghup countevalue and the TOO+01REGtsealue is
detected,anINTTOL interrpt reqiestis generated anthe up cowunter isclearedto "0x0000'. After being
cleared, lte up couter resarts cainting. Seting TOOICR<TO1RUN> to "0" during the timer operatin
makes the up cauter stgp countng and be cleared td'0x0000".

14.4.5.3 Double buffer

The doule bufer canbe usedfor TO1+OOREG byseting TOIMOD<DBEZ1>. The doule bufer is dis-
abled by setthg TOLMOD<DBE1>to "0" or erabledby settng TOIMOD<DBE1> to "1".

* When tle dauble buffer is enabled

Whenwrite indructionsare executed on TOORE&hd TO1REGN this order duringthe timer
operaton, the set aue is firststoredin the dowle bufer, and TO1+00REG is not updaed
immediately TO1+00REGcompares the previoustselue with the up counter \ae. When
the values are matchedn INTTOLlinterrupt reuestis generaed ard the double buffer set
value is stoed n TO1+00OREG Subseqgently, the match detecion is execuéd usirg a rew set
value.

When write instructions amxecuted orTOOREGard TO1REG in this ader while the imer
is stoped,the setvalue isimmediately stored in bth the daible bufer and TO1+OREG

* When tle dauble buffer is disalad

Whenwrite indructionsare executed on TOORE&hd TOLREGN this order duringthe timer
operation, the set value immediately stoed n TO1+MREG Swbsequetly, the math deec-
tion is executedisng a new sevalue.
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If the valie set toTOL+00REG is sneller than the up counger vale, he matchdetection is
executed using aew sé value after the up counteverflows Therefore the interrupg request
interval may be bnger thanthe selected time. Ifthevalue €t to TO1+MREGIs equal to the wp
conter value, the natch detection is exected immeditely after data is wrign inb
TO1+MREG Therefore, th interrug requestinterval may nat be anintegral mdtiple of the
sourceclock. If theg are problems, enabtae daible buffer.

When write instructions amxecuted onrTOOREGard TO1REG in this ader while the imer
is stoped,the setvalue isimmediately stored in TO1+HOREG

When aread ingruction isexecuted on TO1+00RE e last value wrigninto TO1+M0REG isreadout,
regardessof the TOOMD<DBE1> settng.

Operate TC00 and TCO1 in the 16-bit timer mode with the operation clock of fcgck/2 [Hz] and generate interrupts at 96 us

(Example) intervals (fcgck = 10 MHz)

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 (TO1MOD),0xFO ; Selects the 16-bit timer mode and fcgck/2
LD (TOOREG),0xEQ ; Sets the timer register (96us / (2/fcgck) = 0x1EOQ)
LD (TO1REG),0x01 ; Sets the timer register
LD (TO01CR),0x06 ; Starts TC00 and TC001 (16-bit mode)
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TO01CR<TO1RUN>

TO1MOD<DBE1>

Source clock

Counter

Write to TOOREG

Write to TOLREG

TO1+00REG

INTTO1 interrupt
request

TO01CR<TO1RUN>

TO1MOD<DBE1>

Source clock

Counter

Write to TOOREG

Write to TOLREG

Double buffer

TO1+00REG

INTTO1 interrupt

¢ Timer start ¢Timer stop

UL Uuy

g’@ﬂ 2)0

A Counter clear

” Write r

[

” Write m

[

Write k Write s

Match detection
i £ Y

N\ Reflected by writing to TOLREG
When the double buffer is disabled (TOLMOD<DBE1>="0")

Match detection

km sr

?

& Reflected by writing to TOLREG

¢ Timer start

UL

1

el

A Counter clear A Counter clear A
” Write m " Write r
] Write k [ Write s
km sr o)
km Match detection @ Match detection®X| sr  Match detection®
Reflected simultaneously by +) V) Reflected by V)

writing to TOLREG while the timer

is stopped an interrupt

— &

l

request Reflected by writing to TOLREG
When the double buffer is enabled (TOLMOD<DBE1>="1")
Figure 14-11 16-bit Timer Counter Timing Chart
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Table 14-9 16-bit Timer Mode Resolution and Maximum Time Setting

Source clock [Hz] Resolution Maximum time setting
TO1IMOD NORMAL1/2 or IDLE1/2 mode
STCKL> I SCRI<DVOCKS | SYSCRI<DVICK> SSL'I‘EZ\:T ﬁ:dre fegok=10MHz | fs=32.768KHz | fegck=10MHz | fs=32.768KHz
="0" ="1"
000 fegck/2t fs/24 fs/24 204.8us 488.2us 13.4s 32s
001 fegek/210 fs/23 fs/23 102.4ps 244.1ps 6.7s 16s
010 fcgek/2® fcgek/28 - 25.6us - 1.7s -
011 fcgek/2® fcgek/2® - 6.4us - 419.4ms -
100 fcgeki2® fcgekr2® - 1.6ps - 104.9ms -
101 fcgek/2? fcgek/2? - 400ns - 26.2ms -
110 fcgek/2 fcgck/2 - 200ns - 13.1ms -
111 fegek fegek fs/22 100ns 122.1ps 6.6ms 8s
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14.4.6 16-bit event counter mode

In the 16-bit eventcouner mode, the yp counter counts up at the falling edgeof the input to the TC® pin.
TCO00 ard TCOlare cascadet form a B-bit timer cainter, which canmeasure aohger periodhanan 8bit
timer.

14.4.6.1 Setting

Settng TOOICR<TCAS>to "1" conrectsTC00 and TCOland activatesthe 16-bittimer mode. All the
setingsof TCOOare ignared and those d TCO1 are efctivein the 16bit timer node.

The 16bit timermode is activaed by seihg TOIMOD<TCM1> to "00" or "01" and TOMOD<EINO>
to "1".

Set the countalue to be used for the match dditen asa 16-bit value athe timer register3OOREG
arnd TOIREG Set the lover 8 bits of the 16-bit value at TOOREG and set the lég 8 bis at TOLREG
(Herdnafter the 16-bitvalue pecifiedby the combied seting of TOIREG ard TOOREG idndicated as
TO1+00REQ Thetimer register ettings are refle@d on the doible buffer or TO1+OREG whena write
instruction is executed on TO1RERe sure to exete the wrie instructions on TOOEEG ard TOIREG i
this orcer. (When data isvritten to the hig-order regiser, the setvalues of he low-orderandhigh-order
registers becomeffective at thesametime.)

Set TAMOD<DBE1> to "1" to use the dble bufer.

Setthg TOOICR<TO1RWN> to "1" starts the agraton. After the timer is stared, writing to TOLMCD
becomes inglid. Be sue to conplete the reqired mode setings before startinghe timer. (Make settigs
when TOO1@®R<TOORUN> and<T0O1RUN> are "0".)

14.4.6.2 Operations

Settng TOOXCR<TO1RWN> to "1" allows the B-bit up counter to increment dhe falling edge ofthe
TCO0O0 pin. When a match betwe#ire up counteralue and the TOO+01REG set value is deteced,
INTTOL interryot requesis gereratedand he up couter is clearedd "0x0000'. After being cleared the
up counter restagcourting. Settig TOOLCR<TORUN> to "0" during thetimer operation makes te yp
counter sbp courting and be cleareid "0x0000".

The maximum frequency  be suppled is fcgek/2 [Hz] (in NORMAL1/2 or IDLE1/2 mode) a fs/2*
[Hz] (in SLOW1/2 orSLEEPL mode) anda pulsewidth of two machine cycles amoreis required at
both the "H and "L" levels.

14.4.6.3 Double buffer

Refer to 144.5.3.

Operate TC00 and TCO1 in the 16-bit event counter mode and generate an interrupt each time the 384th falling edge is

(Example) 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 the 16-bit event counter mode

LD (TOOREG),0x80 ; Sets the timer register

LD (TO1REG),0x10 ; Sets the timer register

LD (TO01CR),0x06 ; Starts TC00 and TC001 (16-bit mode)
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¢ Timer start ¢Timer stop
TOO1CR<TO1RUN>
TCOO pin input l
Counter km 1 an 2\ 0
\Counter A Counter  Counter
Write to TOOREG ” Write m clear ” Wite s clear clear
Wiite to TOLREG | wite k Nl write r
Match detection Match detection
TO1+00REG km Q rs Q
1y v i v
INTTOO interrupt Reflected by writing to TOLREG H ”
request N Reflected by writing to TOLREG
When the double buffer is disabled (TOLMOD<DBE1>="0")
¢ Timer start
TOO1CR<TO1RUN>
TCOO pin input l
Counter (k1)) 0) om0 X )0 XrsL 0 X 2
\Counter ACounter ACounter
Write to TOOREG [l write m clear [l wite s clear clear
Write to TOIREG [ Write k [ Write r
Double buffer km rs K
Match detection Match detection Match detection
TO1+00REG km Q? QNS Q?
t *) A +) Reflected by +)
INTTOO interrupt Reflected by writing to TOIREG ﬂ t ﬂ an interrupt H
request N\ Reflected by writing to TOIREG
When the double buffer is enabled (TOIMOD<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-bitPWM output mode, TCOO ad TCO1 are cascad to aitput the puse-widh moduated pulses
with aresoldion of 8bits. An addtional pilse of 4 bis can ke insered,which erables PV output with a res-
olution nearly equivalent to 12 bits.

14.4.7.1 Setting

Setting TOOICR<TCAS>to "1" conrectsTC00 and TCOland activatesthe 16-bittimer mode. All the
setingsof TCOOare ignared and those d TCO1 are efctivein the 16bit timer node.

The 12-bitPWM mode is sadcted by settig TOLMOD<TCM1> to "10". 1 use the internallock asthe
source clock, & TOLMOD<EIN1> to "0" and selet¢he clock at TOLMOD<TCK1>. @ use an external
clock as the sourcelock, set TAMOD<EIN1> to"1".

Set TAMOD<DBE1> to "1" to use the dble bufer.

Settng TOOICR<TO1RWN> to "1" starts the cgraton. After the timer is stared, writing to TOIMCD
becomes ingid. Be sue to conplete the requred mode setings before startinthe timer. (Make settigs
when TOO1QR<TOORUN> and<T0O1RUN> are "0".)

Set he caintvalue tobeused for tle match detecton and the additionglulsevalue asa12-bitvalue at
the timer registers TOPWM ard TOLPWM. Set bis 11 to 8 of the 12-bit value atthe lower 4 bits of
TO1PWM andset bis 7 to Oat TOOPWM. Refer to thefollowing tale for the register cofiguration Here-
inafter, the 12bit value specifiedby the conbined seiihg of TOOPWM and TO1PWM is ndicaked as
T01+00PWM. Thdimer regiser settngs are reflected ahe double budgr or TO1+00PWM whena wite
instruction is executed on TO1PWM. Be sure teaee the write instruains onTOOPWM andlT01PWM
in this order (Whenda# is written © the high-oder register, the setvalues é the low-order ard high-
order registers becomefeftive athe ame 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 R/W R/W R/W R/W R/W R/IW
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/IW R/W R/W
After reset 1 1 1 1 1 1 1 1

Bits 7 to 4 of TOLPWMarenot used in the 12-bit PWM mode. Howewr, data carbe written to these
bits of TOLPWM andthe written valiesareread out as they are wherethits are readormally, setthese
bits to "0".

PWMDUTYH and PWWDUTYL are 4-bitregisters. Theyre combined to set an 8-bit valoieduty
pulse width (time before the first chanigethe outpit) for one cyclg256 couts of the source clock).
Hereinafter, an 8-lit value speci#d by the combinesttting of PWMDUTYH andPWMDUTYL isindi-
cated a®WMDUTY.

PWMAD3 to 0 are tte additional pulse seihg register. Additional pulses can be ier$ed in specific
cycles of the duty puldey settingeach bit to "1". The additional puksare ingrtedin the postions liged
in Table 1410. PWMAD 3to 0 can beeombined to specify the numbertwhes of inseiihg the additonal
pulses in B cycles b anynunber fran 1 to 16. Exampkes of hsertng adlitional pulses are ghwnin Fig-
ure 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 tte initial stateof the PWM1 pin at TOLMOD<TFF1>. Settig TOIMOD<TFFI> to "0" selects lie
"L" level as the intial state ofthe PWM1 pin. Setthg TOLMOD<TFF1> b "1" selectslie "H" level as he
initial stae of he PWM1 pin. If thePWM1 pin is set ashe function ouput pin in the port setthg while the
timer is stopped, the valle of TOIMOD<TFF1>is ouput to the PWM1pin. Table 14-11 shows te list of
output levek of the PWML1 pin.

Table 14-11 List of Output Levels of PWM1 Pin

PWM1pin output level
PWMDUTY
TEF1 Before the start matched Operation
of operation : Overflow stopped
I (after the addi- _
(initial state) . (initial state)
tional pulse)
0 L H L L
1 H L H H
RA002 Pae 1%
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Figure 14-13 Examples of Inserting Additional Pulses

14.4.7.2 Operations

Settng TOO1CR<TORUN> to "1" allows the up couter to incremenbasedon the seleced souce
clock. When a rach between the laver 8 bts ofthe up comter value and lhe value set teWMDUTY is
detected, the output tfie PWM1 pin is reversedWhen TOMOD<TFFI> is "0", thePWML1 pin changes
from the "L"to "H" level. When TOIM@<TFF1> is "1", thePWM1 pin chages fromthe "H" to "L"
level.

If any d PWMAD3 to Ois "1", anaddtional pulse that corrgzondsto 1 count of the source clock is
inserted in specific cycles the duty pulse. Inother words, he PWM1 pin autput is rewersed atlie timing
of PWMDUTY+1. WhenTOOMOD<TFFO> is "0",the peiod ofthe "L" level becanes lomer thanthe
value set to PWMDUTYoy 1 sourceclock. When TOMOD<TFFO> is "1", the periodf the "H" level
becomedonger thanthe value setto PWMDUTY by 1 souce cbck. Ths fundion allows 16 cycles of
output pulses to be haitted with aresoldion nearly equivalent to 12 hits.

No additional pulseis insertedvhenPWMAD3 to O are all'0".

Subseqeantly, the up couater corinues coating up. When the up counter value reash256 anover-
flow occurs ad the upcourter is cleared td'0x00". At the sameiine, the outpit of the PWM1 pin is
reversed. WheMO1MOD<TFF1> is "0",the PWM1 pin changesfrom the "H" to "L" level. When
TOLMOD<TFRL> is "1", thePWMI pin changs from the "L" to "H" level. At thistime,an INTTQ inter-
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rupt request is generated (#4TTOO interrupt regastis generated each tina oveflow occurs.)An
INTTO1 interruptrequestis generaed at the 16< n-th overflow (n=1, 2, 3...).Sulsequently, the upcounter
continues cainting up.

When TOOLCR<TOIRUN> is set to "0" duringthe timer operaton, the up couter is sbpped ard
cleared to "0Ox00". TheWML1 pinreturnsto the levelseleced atTOLMOD<TFF1>.

When an external sourctock is selected, inpuhe clak at the TCOO m. The maximum frequencyto

be supplied is fcgek/2 [Hz] (in NORMALL/2 or IDLE1/2 mode)or fs/2* [Hz] (in SLOW1/2 a SLEEP1
mode), ard apulse width of two machine cycles amoreis requiredat both the'H" and"L" levels.

. Additional
Timer start pulse

¢ (1 source clock)

(Duty pulse (Duty pulse
width) width)
PWMDUTY PWMDUTY
<« <> /

PWML pin output |
(TFFO="1")

PWML1 pin output

(TFFO="0") ¢ 3 % 3
256 counts 256 counts
(cycle width) (cycle width)

Figure 14-14 PWM1 Pin Output

14.4.7.3 Double buffer

The dube buffercanbeused for TO1+0PWM hy seting TOLMOD<DBE1>. Thedoule hufferis dis-
abled by setthg TOLMOD<DBE1>to "0" or erabledby settng TOIMOD<DBE1> to "1".

* When tle dauble buffer is enabled

When write instructions arexecuted onTOOPWM and TO1PWM in tis order during the
timer operaton, the setvalueis first stored in the doubde bufer, ard TO1+00PWM is na
updatedimmeditely TO1+00PWM conpares he prevous set glue with the upcouner value.
When the 16< n-th overfbw occurs, adNTTO1 interrupt requestis generated and the ddeb
buffer setvalue is sbredin TO1+0PWM. Subsequettly, the matchdetectionis executedising
a new set value.

Whena read instructin is execued on TOX00PWM (TOREG), the vale in the doulte
buffer (thelast setvalue)isread out, nothe TOL+0CPWM value (the curently efective value).

When write instructions arexecuted onTOOPWM and TOLPWM in ths order while the
timer is stopped the set vale is immediately stored inboth the doule buffer ard
TO1+PWM.

* When tle dauble buffer is disakéd

When write instructions arexecuted onTOOPWM and TO1PWM in tis order during the
timer operation, theet value isimmediatelystoredin TOL+00PWM. Sbsequerly, the math
detectionis exected usig a newset vale. If the valuesetto TO1+00PWM is smaller thathe
up courter value, tre PWM1 pin is not reversed util the p counter overfbws anda math
detectionis execudd usirg a newsetvalue. Ifthe valle setto TO+O0PWM is egal tothe p
conter vaue, the natch detection is exected immeditely after data is wrign inb
TO1+MPWM. Therefore, tle timing of chamging the PWM1 pin may nobean integal mutiple
of the souce clak. Similarly, if TO1+00PWM B setduringthe addionalpulse aitput, the tm-
ing of chamging the PWM1 pin maynat be an inégral multiple of thesource clock. If these are
problems,emable the dable bufer.
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When write instructions arexecuted onTOOPWM and TOLPWM in ths order while the
timeris stoped, the set value is medatelystared inTO1+00PWM.

Operate TCO0 and TCOL1 in the 12-bit PWM mode with the operation clock of fcgck/2 and output a duty pulse nearly equiva-
(Example) lent to 14.0625 ps in 51.2us cycles (fcgck = 10 MHz)
(Actually, output a duty pulse of 225 ps in total in 16 cycles (819.2 pus))

SET (P7FC).1 ; Sets P7FC1 to "1"
SET (P7CR).1 ; Sets P7CR1 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 master enable flag to "enable”
LD (TO1IMOD),0xF2 ; Selects the 16-bit PWM mode and fcgck/2
LD (TOOPWM),0x65 ; Sets the timer register (duty pulse)
; (14.0625us x 16) / (2/fcgck) = 0x465
LD (TOOPWM),0x04 ; Sets the timer register (duty pulse)
LD (TO01CR),0x06 ; Starts TC00 and TCO1

¢ Timer start

TOO01CR<TOORUN>

TOOMOD<TFFO0>

Source clock

Overflow Overflow Overflow
256 256 256 256

YoERbaNDENTERDEN0aNEEHR N

i Counter Counter Counter Counter

H clear clear clear clear
Write to TOOPWM [| write m (0001) [| write s 0011)
Write to TOIPWM [ Write k [ Write r
Double buffer km (0001) rs (0011)
PWMAD3 ~ 0 0001 Q A 0011

—J
PWMDUTY km Q@ Match detection Q@ Match detection @ Match detection Q@ Match detection 0( rs Q
PWMO pin output 9 —)i—(— 2
W >additional pulse ¢
Becomes the level selected at 1
INTTOO interrupt request  TFFO while the timer is stopped ] Interrupt request || Interrupt request ] Interrupt request ] Interrupt reques
« «

INTTOO interrupt request )) N ]

<«—> <« Y e——— “le—— <«

km km km+1 km rs
(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)
i 256 counts H 256 counts « H 256 counts « H 256 counts H
(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
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Table 14-12 Resolutions and Cycles in the 12-bit PWM Mode
8-bit cycl
Source clock [Hz] Resolution (pe:)il)(ficleﬁ)
TOIMOD NORMAL1/2 or IDLE1/2 mode
<TCK1> SLOW1/2 or
SYSCR1<DV9CK> | SYsScRi<Dvocks> SLEEP1 mode fcgck=10MHz | fs=32.768KHz | fcgck=10MHz | fs=32.768KHz
=g = e
52.4ms 125ms
000 u 4 4 204.8 488.2
fcgek/2 fs/2 fs/2 ns ns (838.9ms) (2000ms)
26.2ms 62.5ms
1 10 3 3 102.4 2441,
00 fcgek/2 fs/2 fs/2 ps us (419.4ms) (1000ms)
6.6ms
010 8 8 - 25.6 - -
fcgek/2 fcgek/2 us (104.9ms)
1.6ms
011 6 6 - 6.4 - R
fcgek/2 fcgek/2 Hs (26.2ms)
409.6us
100 4 4 - 1.6 - -
fcgek/2 fcgek/2 us (6.6ms)
102.4ps
101 2 2 - 400 - R
fcgek/2 fcgek/2 ns (1.6ms)
51.2us
110 fcgck/2 fcgck/2 - 200ns - (819.2u5) -
25.6us 31.3ms
2
111 fcgek fcgek fs/2 100ns 122.1pus (409.6u5) (500ms)
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14.4.8 16-bit programmable pulse generate (PPG) output mode

In the 16-bitPPG node, TCOO and TCOdare cascaded butput the pilses tkat have a resotion of 16 hts
and arlitrary pulse widh andduty. Two 16-bitregisters, TO1+0O0REG ad TOL+00PWM, are usedo outputthe
pulses.This enalbesoutput of longer pulses than an 8-hitner.

14.4.8.1 Setting

Settng TOACR<TCAS> to"1" connectsTC00 and TCO1 and adtvatesthe 16-bit moce. All the set-
tings of TCOO are ign@ed andhose ofTCO1 areeffective in the 16-bit mode.

The 16-bit PPGmodeis selectedy settng TOLMOD<TCM1>to "11". To use thdnternalclock as the
source clock, & TOLMOD<EIN1> to "0" and selet¢he clock at TOLMOD<TCK1>. @ use an external
clock as the sourcelock, set TAMOD<EINO> to"1".

Set TAMOD<DBE1> to "1" to use the dble bufer.

Set he caint value that carespndsto a cyck as a &-bit value atthe timer registers TAREG anl
TOOREG Set thecount value thatorregpondsto a duty pulse aa16-bit value at TOPWM and TOOPWM
(herenafter the 16-bit valueecified by the combied settng of TOLREG ad TOOREG $ indicated as
TO1+00REG andthe 16-bit value specified by the canbined settng of TO1LPWMand TOOPWM isndi-
cated as TO1+00PW). The timer rgister setings are reflectedn he daible buffer or TA+00PWM anl
TO1+00REG when warite instructionis executedbn TO1PWM.Be sureto executehewrite instructions
on TOOREG TO1REG ard TOOPWM before eecuing a write instruction on TOLPWM. (When data is
written to TOPWM, the set valas ofthe fou timer registersbecome déctive at thesametime.)

Set the initial tate ofthe PPG1pin at TAMOD<TFF1>.Settng TOIMOD<TFF1> to"0" sekctsthe
"L" level as tleinitial state of thePRG1 pin. Seting TOLMOD<TFF1> to "1" selects the "H&Vel asthe
initial state ofthe PRG1 pin. If the PPG1pin is set aghe function output pin in the port setng while the
timer is stopped, tre value of TOIMOD<TFF1>is ouput to the PPA pin. Table 14-13 shwsthe list of
output levek of the PPG1pin.

Table 14-13 List of Output Levels of PPG1 Pin

PPG1 pin output level
Before the start Operation
TFFL , TO1+00PWM TO1+00REG perad

of operation stopped

. matched matched -

(initial state) (initial state)
0 L H L L
1 H L H H

14.4.8.2 Operations

Setthg TOW1CR<TORUN> to "1" allows the up couter to incremenbasedon the seleced souce
clock. Whenamatchbetween the up counterlua and the value seb TO1+00PWM isdetected, the out-
put of thePPG1pin isreversedWhen TALMOD<TFF1> is "0", thePPG1pin changs fromthe "L" to "H"
level. When TOLMDD<TFF1> is "1", thePRG1 pin changs from the "H" to "L" level. At this time, an
INTTOO interruptrequest is generated.

The p cownter coninues cainting up. Wkena netch betweerthe up counter value and the value set to
TO1+00REG & deected, the aiput of the PPG1pin is reversed again. Weh TOLMOD<TFF1> is "0"the
PPRG1 pin changes fronthe "H" to "L" level. When TOIMOD<TFF1> is "1", thePG1pin changs from
the "L" to "H" level. At this time,anINTTO1 interruptrequest is generated ath@ up courter is clearedo
"0x0000".

When TOOLCR<TOJRUN> is set to "0" duringthe timer operaton, the up couter is sbpped ard
cleared to "0x0000". ThePQ pin retuns to tte level selected at TOIMD<TFF1>.
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When an external sourctock is selected, inpuhe clak at the TCO0 m. The maximum frequencyto

be supplied is fegek/2 [Hz] (in NORMAL1/2 or IDLE1/2 mode)or fs/2* [Hz] (in SLOWL/2 o SLEEP1
mode), ard apulse width of two machine cycles amoreis requiredat both the'H" and"L" levels.

14.4.8.3 Double buffer

The duble bufer can le used forT01+00PWM and TO}*00REGby seting TOLMOD<DBE1>. The

1"

* When tle dauble buffer is enabled

double buffer isenalded by seting TOIMOD<DBE1>to "0" or disabled by settig TOLMOD<DBE1>to

Whena writeinstruction isexecuted orTO1PWM after wrike instructionsare executedon
TOOREG TO1REG and TOPWM duing the timer operation the set @ues are first sted n
the double bufer, and TO1+00PWM and TO1+O0OREG are not updated mmediately.
TO1+0PWM and TO1+MREG canpare he previas set @lues wth the up couner value.
When a matctbetween the ugourter vale and the TQ+00REG setvalue is deteced, an
INTTOL interrug request is generated and the daa bufer set vales are storedn

TO1+0PWM and TO1+0REG Subsequeny, the match detection is executd usingnew set

values.

Whena write instruction isexecuted oiMO1PWM after wrie instructionsare executedon

TOOREG TO1REG and TOOPWM wihile the timer is stopped, the set values are immediately
stored in bth the daible buffer and T01+0PWM ard TOL+00REG

* When tle dauble buffer is disakdd

Whena write instruction isexecuted orTO1LPWM after wrie instructionsare executedon
TOOREG TO1REG aml TOPWM during the timer operation, the set values are immediately
stored h TO1+MPWM and TO1+00REG Sulsequently, the math detecion is executd usirg
new setvalues.

If the value setto TO1+O0PWM or TO1+0REG is smallerthan the up countevalue, the
PPRG1 pinis nd reversed ntil the upcounter overflows and a natch detectonis execugd usirg
a newsetvalue. If the value seta TO1+0PWM or TAL+00REG is equalto the up cainter
value, thematch detection is executedmediatly after dita is written into TO1+0PWM ard
TO1+00REGTherefore, thtiming of changinghePRG1 pin may nat be anintegral multiple of
the souceclock. If these are pblems, enablethe dbuble huffer.

Whena writeinstruction isexecuted orTO1PWM after wrie instructionsare executedon
TOOREG TO1REG ard TOOPWM wilile the timer is stopped, the set values are immediately
stored in TO1+0PWM and TO1+0REG

When read instructions are estted on TO1+00PWM an TO1+0GREG the last vale written inb
TO1+00REG is read duregardessof the TOOMD<DBE1> setting.

Operate TC00 and TCOL1 in the 16-bit PPG mode with the operation clock of fcgck/2 and output the 68us duty pulse in 96us

(Example) cycles (fcgck = 10 MHz)
SET (P7FC).1 ; Sets P7FCO to "1"
SET (P7CR).1 ; Sets P7CRO 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 master enable flag to "enable”
LD (TO1MOD),0xF3 ; Selects the 8-bit PPG mode and fcgck/2
LD (TOOREG),0xEOQ ; Sets the timer register (cycle)
LD (TO1REG),0x01 ; Sets the timer register (cycle)
; 96us / (2/fcgck) = 0x01EO0
LD (TOOPWM),0x54 ; Sets the timer register (duty pulse)
LD (TO1PWM),0x01 ; Sets the timer register (duty pulse)
; 68us / (2/fcgck) = 0x0154
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LD (TOO1CR),0x06 ; Starts TC00 and TCO1
¢ Timer start Timer stop ¢
TOO01CR<TO1RUN>
TO1IMOD<TFF1>
Source clock
cd cd ef
@0 B E e 300 e
i Counter Counter Counter Counter
| clear clear clear clear
Write to TOOREG _[| wite b (| wite ¢ Nl write 1
Write to TOIREG J]Write a "Write c " Write e
Double buffer ab Xcd Xef
TO1+00REG ab Match detection (Xcd Match detection Match detection Q\ ef Match detection
Write to TOOPWM Write h ” Write m " Write r
Write to TO1IPWM [ Write g [ Write k [ Write g
Double buffer gh km qr
T01+00PWM gh Q@Match detectionid km QMatch detection QMatch detectionih qr @ Match detection
PPG1 pin output
INTTOO interrupt ] ] ] ]
request !
) L Becomes the level selected at Esgr;glé?:tg];

INTTOO interrupt TFF1 while the timer is stopped ] ] ] at TFF1
request i< > < > € > < >

iogh T km km qr

(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)

| < 3 | ¢ 3 | ¢ 3 | ¢ 3

i ab 1 cd 1 cd 1 ef

(Cycle 1) (Cycle 1) (Cycle 1) (Cycle 1)

When the double buffer is enabled (TOIMOD<DBE1>="1")

Figure 14-16 16-bit PPG Output Mode Timing Chart
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15. Real Time Clock (RTC)

The real time clock is a functon that generatesnterrupt requests atcertainintervalsusing the low-frequercy

clock.

The nunber of inerrupsis counted bythe software to reaze the clock functon.

The realtime clockcanbe used onlyn the opeation modesvhere the lowfrequencyclock oscillates, excefor

SLEEPRO.

15.1 Configuration

RTCCR |
> INTRTC
RTCSEL y L . felec‘tor y T interrupt request
RTCRUN 2" [ 2" | 2"%s | 2% | 2" 1ts | 2"%s | 2°s | 2%%s
Y
fs -
(32768 kHZ) —4)| Blnary counter
Figure 15-1 Real Time Clock
15.2 Control
Thereal time clockis contolled by followingresisters.
Low power consumption register 2
POFFCR2 7 6 5 4 3 2 1 0
(OXOF76) Bit Symbol - RTCEN - - - SIO0EN
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0 0 0
RTCEN | RTC control 0| Disable
contro 1| Enable
0| Disable
SIOOEN SI00 control
1| Enable
Real time clock control register
RTCCR 7 6 5 4 3 2 1 0
(0x0FC8) Bit Symbol - - - RTCSEL RTCRUN
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0
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000 : 215/s (1.000 [s] @fs=32.768kHz)
001 : 2%%/fs (0.500 [s] @fs=32.768kHz)
010 : 213/s (0.250 [s] @fs=32.768kHz)
011 : 2%%fs (125.0 [ms] @fs=32.768kHz)
100 : 21/fs (62.50 [ms] @fs=32.768kHz)
101 : 21%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)

RTCSEL Selects the interrupt generation interval

Enables/disables the real time clock opera- | O : Disable

RTCRUN .
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<RTC-
SEL>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.

Note 3: 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".

15.3 Function

15.3.1 Low Power Consumption Function
Realtime clock tas the low power consumtion regisers (FOFFCR2 that savepower when the real time
clock is notbeing used.

Seting POFFCRZRTCEN> to "0" disables the basic cloduply to real time clock to save poer. Note
that tis rendershe realtime clockunusake. Seting POFFCR2<RCEN> to"1" enabés the basic abck sup-
ply toreal time clock andllowsthe realime clock to operate.

After reset, POFFCRIRTCEN> are intialized b "0", and his rerders tte real ime clock utnusabé. When
usingthe real tine clock for the first time, be sureotset POFFCRZRTCEN> to "1" in the inttial settng of the
program (befor¢hereal time clok cortrol registers are operated).

Do not change PBFCR2<R CEN> to "0" during the real time clock operation. Otherwise retiine clock
may operate unexpectedly

15.3.2 Enabling/disabling the real time clock operation
SettingRTCCR<RICRUN> to "1" enablg the real time clock operatio8ettingRTCCR<RTCRUN> to "0"
disabks trereal time clock operatio.
RTCCR<RTCRUN?> is deared td'0" just afterreset release.

15.3.3 Selecting the interrupt generation interval

Theinterruptgeneraton intervalcan beseleted at RCCR<RTCSEL>.

RTCCR<RTCSEL> can be rewritten onlywhen RICCR<RTCRUN> is "0". If data is written into
RTCCR<RICSEL> when RCCR<RICRUN> is "1", theexigding data remains ffctive.

RTCCR<RTCSEL> can be rewritten at the same timenablng te real tme cbck operaton, bu it canna
be rewritten aithe ame timeas disaling the real time cloclperation.
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15.4 Real Time Clock Operation

15.4.1 Enabling the real time clock operation

Set theinterrupt generation inteal to RTCCR<RITCSEL>, andat the same time, seTRCR<RTCRUN>to
npn

When RFTCCR<RTCRUN> is set to "1", the binary countier the real time clock atts counting of the low-
frequencyclock.

When the interrupgeneratiorinterval selected &TCCR<RICSEL> is reached, &al time clockinterrupt
reques (INTRTC) is generated ard the couter corinues counting.

15.4.2 Disabling the real time clock operation

ClearRTCCR<RITCRUN> to "0".

When RTCCR<RICRUN> is clearedo "0", the binarycountr for the real time clock is cleared td''@d
stops couting of the lov-frequency clak.
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15. Real Time Clock (RTC)

15.4 Real Time Clock Operation
TMP89FM42
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16. Asynchronous Serial Interface (UART)

The TMP89FM42 contains 2 channefsasynchronous serialterfaceUART).

This chapter describes asynchroneesal interfac® (UARTO). For UART1, replace the SFR addressesl pin
names ashown 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) (OX001E) (OX001E)
UART1L UART1CR1 | UART1CR2 | UART1DR UART1SR RD1BUF TD1BUF
(OxOF54) (OXOF55) (OXOF56) (0XOF57) (OxOF58) (OxOF58)
Table 16-2 Pin Names

Serial data Serial data

input pin output pin

UARTO RXDO pin TXDO pin

UART1 RXD1 pin TXD1 pin
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16. Asynchronous Serial Interface (UART)

16.1 Configuration

TMP89FM42

16.1 Configuration

UARTO control register 1

UARTO transmit data buffer

]

| UARTOCR1 | | UARTOCR1 | UARTO receive data buffer
[
"
2 > o K——— 2 & ; Shift register 1
3 L 3 —
2 —— 5 |« Parity bit
<
g_ 1 Shift register s [ Stop bit
INTTXDO _ 8 =
. =] S
interrupt request = =
Q. Q
8 s _¢ A
Hadl AA
INTRXDO _ A IrDA control|—4D TXDO
interrupt request
| Baudrate @ t———————————————
: generator S :
1 A , Receive
! S 1B v :RT clock mY . ¢
— 1 _<
PPGAD output > A | 3 (| Frequency
(TCAO output) ! B ' & B/ divid
P ! Transmit | g cp=|divider
: i | A
1 ounter Transmission stlart Counter | 2714 A
: - ! \A 2
1 1
fogek or fs S | 8-bit counter ' UARTOSR UARTOCR2
: K : UARTO status UARTO control register 2
\ 8-bit counter X register
' EN '
1 ) Comparator Match X ﬂ
1 Start bit detection \
: detection Comparator \
1
: Match detection !
1
UARTODR
UARTO baud rate register
Figure 16-1 Asynchronous Serial Interface (UART)
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TOSHIBA

16.2 Control

UARTO is cotrolled by the low power corsumption regsters (PGFCR1), UARTO cantrol regisers 1 and?
(UARTOCR1and LARTOCR2 ard the UARTO baudrate regster(UARTODR). The operatng statis canbe noni-
tored usinghe UART status regiter (UARTOSR).

Low power consumption register 1

POFFCR1 7 6 5 4 3 2 1 0
(0OXO0F75) 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
BIOEN 12 |
SBIO| CO contro 1| Enable
0| Disable
UART1EN | UART1 control
1| Enable
0| Disable
UARTOEN | UARTO control
1| Enable
RA001 Paye 2®
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16. Asynchronous Serial Interface (UART)
16.2 Control

TMP89FM42
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/W R/W R/W R
After reset 0 0 0 0 0 0 0 0
. . 0: | Disable
TXE Transmit operation
1: | Enable
: | Disabl
RXE Receive operation 0 isable
1:| Enable
0:| 1bit
STOPBT Ti it stop bit | th
ransmit stop bit leng 1| 2 bits
EVEN Parity selection 0: | Odd-numbered par|t_y
1: | Even-numbered parity
. -, 0: | No parity
PE Parity addit
arity addition 1: | Parity added
. . 0: | UART output
IRDASEL | TXD pin output selection
pin output selectio 1:| IrDA output
When SYSCR2<SYSCK> is "0" When SYSCR2<SYSCK> is "1"
BRG Transfer base clock selection 0: fcgek fs
1 TCAO 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 TCAO output, control the TCAO 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 UARTOCR?2 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) 11: | 4 x (UARTODR+1)/(Transfer base clock frequency) [s]
0:| 1bit
TOPBR Recei it | h
STO eceive stop bit lengtl 1| 2 bits
Note 1. When a read instruction is executed on UARTOCR?2, bits 7 and 6 are read as "0".

Note 2:

Note 3:
Note 4:

Note 5:
Note 6:

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".

For details of the RXDNC noise rejection time, refer to "16.10 Received Data Noise Rejection”.

When the STOP, IDLEO or SLEEPO mode is activated, the UART stops automatically but each bit value of UARTOCR2
remains unchanged.

When STOPBR is set to 2 bits, the first bit of the stop bits (during data receiving) is not checked for a framing error.

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
UARTOCR2 Registers from Being Changed".

UARTO baud rate register

UARTODR 7 6 5 4 3 2 1 0
(0x001C) Bit Symbol UARTODR7 | UARTODR6 | UARTODR5 | UARTODR4 | UARTODR3 | UARTODR2 | UARTODR1 | UARTODRO
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
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 Trans-

fer Baud Rate".
Note 2: When UARTOCR1<BRG> is set to 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.

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
RA001 Page 21
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16. Asynchronous Serial Interface (UART)

16.2 Control
TMP89FM42
PERR Parity error fla 0: | No parity error
Y g 1:| Parity error
. 0: | No framing error
FERR Framing error flag .
1:| Framing error
OERR Overrun error flag O:| No overtrun error
1:| Overrun error
RBSY Receive busy flag 0: | Before rfe(;ewmg or end of receiving
1:] On receiving
RBFL Receive buffer full flag o Recefve buffer empty
1: | Receive buffer full
. 0: | Before transmission or end of transmission
TBSY Transmit busy flag L
1:| On transmitting
TBFL Transmit buffer full flag o Transmft buffer empty . L
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 UARTOSR, 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
(0X001E) 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 TDODR7 TDODR6 TDODRS5 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.
RA001 Page 2
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16.3 Low Power Consumption Function

UARTO has a bw power cosumption register (PGFCR1) hat sawes power cansunption whenthe UART func-
tion is not used.

Seting POFFQR1<UARTOEN> to "0" disables the &sic clock suply to UARTO to save pwer. Note that ths ren-

ders the UAR unusable.Settng POFFCR1<UAROEN> to "1" enalds the basic clak sugply to UARTO and ren-
ders the UART usabé.

After resef POFFCR1<IARTOEN> isinitialized to "0",andthis renders the UAR unusake. Whenusing the
UART for thefirst time, be sureto setPOFFCR1<IARTOEN> 1 "1" in the initial seting of theprogram (befae the
UART controlregister isoperated).

Do na charge POFFCR1<UAROEN> i "0" during the UART operatim, otrerwise UARTO may operat unex-
pectedly
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16. Asynchronous Serial Interface (UART)

16.4 Protection to Prevent UARTOCR1 and UARTOCR2 Regis-
ters from Being Changed

TMP89FM42

16.4CPr'1rotect(ijon to Prevent UARTOCR1 and UARTOCR2 Registers from Being
ange

The TMP89FM2 has a faction that protecs the regstersfrom being changed sdhatthe UART communication
settings (forexample, stopit and parity) are nathanged accidgally during the UAR opeation.

Specfic bits of UARTOCR1and LARTOCR2can ke changd only under thecondtions show in Table 16-3. If a

write instruction is exected m the regster when it is protectefdlom being changedthe bis remain unchaged am
keep their previousalues.

Table 16-3 Changing of UARTOCR1 and UARTOCR2

Conditions that allow the bit to be changed
Bit to be changed Function 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"
Transf lock selec-
UARTOCRI<BRG> ransfer batsijnc ock selec
All of these bits are "0"
Selection of number of RT
UARTOCR2<RTSEL> ' .
clocks
Selection of RXD pin input
UARTOCR2<RXDNC> . - .
noise rejection time Both of these bits are "0"
UARTOCR2<STOPBR> Receive stop bit length

RA001
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16.5 Activation of STOP, IDLEO or SLEEPO Mode

16.5.1 Transition of register status

When the SOPR, IDLEO or SLEEPO mde is activated, the UARstops automaically and each registe
becones the statis as show in Table 16-4. Fo the regsters thatlo not hold their values, nake setthgs agai
asneedd after the operation moderecovered.

Table 16-4 Transition of Register Status

7 6 5 4 3 2 1 0
TXE RXE STOPBT EVEN PE IRDASEL BRG -
UARTOCR1 Clearedto | Clearedto | Hold the Hold the Hold the Hold the Hold the
0 0 value value value value value
- - RTSEL RXDNC STOPBR
UARTOCR2 Hold the Hold the Hold the Hold the Hold the Hold the
value value value value value value
PERR FERR OERR - RBSY RBFL TBSY TBFL
UARTOSR Cleared to Cleared to Cleared to Cleared to Cleared to Cleared to Cleared to
0 0 0 0 0 0 0
UARTODR7 | UARTODR6 | UARTODRS5 | UARTODR4 | UARTODR3 | UARTODR2 | UARTODR1 | UARTODRO
UARTODR Hold the Hold the Hold the Hold the Hold the Hold the Hold the Hold the
value value value value value value value value
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
TDODR7 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 IDLEOSLEEPO or STOP modeis activatedthe TXD pin evertsto the status shown irelfle 16-
5, whether datés transmitted&ceived or the operationssopped.

Table 16-5 TXD Pin Status When the STOP, IDLEO or SLEEPO Mode Is Activated

STOP mode
UARTOCRL 15\ £0 or SLEEPO mode
<IRDASEL> SYSCR1<OUTEN>="1" | SYSCR1<OUTEN>="0"
"0" H level H level
Hi-z
"1t L level L level
RAO001 Page 2B
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16. Asynchronous Serial Interface (UART)

16.6 Transfer Data Format
TMP89FM42

16.6 Transfer Data Format

The UART transfers data composed o tlillowing four elenerts. The daafrom the start bito the stophit is col-
lectively defined as "transfefframe". The start bit consistsf 1 bit (L level) and tle data consist of 8 bits. Pariy
bits aredetermined by UAROCR1<PE>that selects theresence oab®nce d parity anrd UARTOCR1<EVEN>
thatselects even- or odd-mbered parityThe bitlength of the st bit can be selected at UARCR1<STBT>.

Figure 162 showvs the transkr data fomat.

o Start bit (1 bit)

« Data (8bits)

* Parity bit (selectble from even-rumbered odd-numbered orno pariy)
» Stop bit (selectake from 1 bitor 2 bits)

Transfer frame

PE |STBT 1 2 3 4 5 6 7 8 9 10 | 1 12

o | o _\Start/( B.toXBmXB.thanxB|t4XB.t5XBn6XB.t7YStop1 ‘
0 1 _\Stan,( B|t0XB|t1XB|t2XB|t3XB|t4XB|t5XB|t6X B.t?)’Stop1 Stop2
1 0 _\ Start/;( BitOX Bit 1 X Bit2X Bit3X Bit4X Bit 5X Bit6X Bit 7XParityXStop 1 |
1] _\ Start/j( Bit oX Bit 1 X BitZX Bit3X Bit4X Bit 5)( BitGX Bit 7XParityYStop 1§St0p 2

Figure 16-2 Transfer Data Format

16.7 Infrared Data Format Transfer Mode

The TXDOpin can outpt data inthe infrared data formgtrDA) by the settilg of the IrDA ouputcontrol regster
Seting UARTOCRI<IRDASEL> to "1" allows the TXDO pin to output datain the infrareddata format

Start bit Stop bit
UART output | | bo | b1 | D2 ---- D7

: : : : .

1 1 1 1 1
IrDA output ] Ik R :

1 T 1 1 I

1 _): :(_l 1 1 1

316
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 rabf UART is set by UAROCR1<BRG>, UARTODR ard UARTOCR2<RTSEL>. Table 16-6
and TBble 167 show tle setings of UARTODR andUARTOCR2<RTSEL> forgeneralbaud rates and operagrfre-
quences.

For independentcalkulation of transferbaudrates refer t0"16.8.1 Transferbaud rae calcdation mehod".

Table 16-6 Set Values of UARTODR and UARTOCR2<RTSEL> for Transfer Baud Rates (fcgck=10 to 1 MHz,
UARTOCR2<RXDNC>=0y00)

Basic Operating frequency
baudrate |  Register 7.3728 | 6.144 4.9152
[baud] 10MHz 8MHz MHz MHz 6MHz 5MHz MHz 4.19MHz 4MHz 2MHz 1MHz
UARTODR 0x04 0x03 - 0x02 0x02 - 0x01 0x01 0x00 -
128000 RTSEL 0y011 0yo011 - 0y000 0Oy011 - 0y001 0yo011 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 Oy011 Oy001 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 0yo11 0y100 0y000 0y000 0y000
Error (0%) (0%) (-0.87%) | (-0.70%) |  (0%) 0%) | (+1.48%) | (-1.41%) | (0%) (0%) (0%)
UARTODR O0x0A 0x08 0x07 0x06 0x06 0x04 0x04 - 0x03 0x01 0x00
57600 RTSEL 0y000 0yo11 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 0yo1l 0y000 0y000 0y000 0y011 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 O0xOF 0x0D 0x0C 0x06 0x02
19200 RTSEL 0y010 0y000 0y000 0y000 0y001 0yo1l 0y000 0yo1l 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 0x4F 0x4D 0x40 O0x3F 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 O0x9F 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 - - - Oy100 0y000 Oy010 Oy001 0y001 Oy100
Error - - - (+0.04%) | (+0%) | (-0.10%) | (+0.01%) | (+0.01%) | (+0.04%)
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16. Asynchronous Serial Interface (UART)

16.8 Transfer Baud Rate
TMP89FM42

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 Oy011
Error (+0.67%)
UARTODR 0x0D
150 RTSEL Oy011
Error (+0.67%)
UARTODR Ox0E
134 RTSEL 0y001
Error (-1.20%)
UARTODR 0x11
110 RTSEL Oy001
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 commu-
nication 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.

16.8.1 Transfer baud rate calculation method

16.8.1.1 Bit width adjustment using UARTOCR2<RTSEL>

The bit width of transmitted/received data canfibely adjusted by cdinging UARTOCR2<RISEL>.
The nunber of RT clocks per bitcan be changedh a range of 15 to 17 clocks by changing
UARTOCRXRTSEL>. The R clock is the transfer bse clak, which is the pukes okainedby courting
the clock selecttat UARTOCR1<BRG the rumber oftimes of (UARTODR set vale) + 1. Especidy,
whenUARTOCR2<RTSEL> isset to "001" or "0Oy011", two typesof RT clocks alternate aach bit, so
that the psedo beud rates of R x 15.5clocks am RT x 16.5clocks carbe gneraed. The nber of R
clocks per 1iof transferframe is showvn in Figue 16-4.

For exampk, when fcgk is 4 [MHz], UARTOCR2<RTSEL> is set td'0y000" and ULARTODR is set b
"0x19", the baudate calcudted usinghe formda in Fgurel6-4 isexpressed as:

fcgek/ (16 x (UARTODR + 1) = 9615[baud]
These sdingsgenerate a baudate cbseto 9600 [baud] (+0.16%).

RA001 Page 2B
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Transfer frame

PE |STBT 1 2 3 4 5 6 7 8 9 10 1 12

0 0 _\é\Startl:( BitOXBiHXBitZX:Bit3XBit4x:Bit5XBit6XBit7YStop1E g

o | 1 _\:\Start,:( BitoXBit1XBitz):(Bit3):(Bit4):(Bit5):(Bit6)kBit7):(3top1§3top2;
1 0 _\ Start,( BItOX Bit 1 X anx B|t3X B|t4X B|t5X B|t6X B|t7XPantyYStop 1-

1 1 \ Start' B|t0XBlt1XB|t2' B|t3XB|t4XB|t5XB|t6XB|t7'Parlty'Stop1:Stop2§

RTSEL Nu'mber of RT clocks Generated baud rate
000 16 [ 16| 16| 16| 16| 16 [ 16| 16| 16| 16 [ 16 | 16 | —mrmekegmr— baud)
001 16 | 17 [ 16| 17 | 16 | 17 [ 16 | 17| 16 | 17 | 16 | 17 | —emriiame beud)
010 15 [ 15 [ 15| 15 | 15 [ 15 [ 15 | 15 | 15 | 15 [ 15 | 15 | —mrmedkser baug)
011 15 [ 16 | 15| 16 | 15 [ 16 [ 15 | 16 | 15 | 16 [ 15 | 16 | —mmrraacmm baud
100 7z [z ar | ar |z far | ar | T | a7 |7 | 17 | beud)

*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 setvalueof UARTODR for anoperatingfrequerty and baudate can becalculaed usirg the calcu-
lation formua shavn in Figure 16-5. For exarmple, to gererate a basic baud rate of 38400 [baud with
fcgck=4 [MHZz], cdculate the set value of UARDR for each ating of UARTOCR2<R'SEL> and com-
pensatethe catulatedvalue to apaositive number to obain the gearated bad rate as showin Figure 16-
6. Basically select the set value of UARCR2<R'SEL> that hasthe smallest baud ragrror from
among the generateddnd rates. InFigure 166, the setthg  UARTOCRXRTSEL>="0y01" has he
smallest error amang the calcudted baul rates and thus the generaed baudrate is 3808 [baud] (—0.79%)
against the basic balrate 0f38400[baud.

Note: The error from the basic baud rate should be accurate to within £3%. Even if the error is within £3%, the
communication may fail 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 = —12021([&12&(1] —1
011 UARTDR = %—1
100 | UARTDR = —ffﬂi‘[[bHazjd] —1

Figure 16-5 UARTODR Calculation Method (When BRG Is Set to fcgck)
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16.8 Transfer Baud Rate

TMP89FM42

RTSEL UARTDR calculation Generated baud rate
000 UARTDR = % 1=6 % =35714 [baud] (—6.99%)
001 UARTDR = % —-1=5 % =40404 [baud] (+5.22%)
010 UARTDR = % 1=6 w =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

RA001

Page 2D

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

16.9 Data Sampling Method

The UART receive controtircuit gartsRT clock counting wheit detects dalling edgeof the input pulseto the
RXDO pin. 15to 17 RT clocks are contedper bit andeachclock isexpressed as (n=16 0 0). In a bitthat tes 17
RT clocks,RT16to RTO arecounted. In a bithat has 16RT clocks, R'15to RTO are couted In abit that has 15 R
clocks, R'14 to R0 are couted (Decrement). Duringouning of RT8 to RT6, the UART receive catrol circuit
sanples the inpu pulses tothe RXD0 pin to make a mgjority decision. The sameevel deteatd twice or more from
amory threesanplings isprocessed athe data for the bit

The nunber of RT clocks can be chaged in a rage of 15to 17 byseting UARTOCRXRTSEL>. However, sam-
pling is alvays execwdd in RT8 to RT6, evenif the number of RT clocks is change(Figurel16-7).

RXDO pin \  StartBit A Bito X

RT1514 1312110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0 1514 13

RT clock

|||
Idntternal received \ Start Bit l l l /< Bit 0 * * * X
ata
(

a) UARTCR2<RTSEL> is “000B”

RXDO pin \ Start Bit /< Bit 0 X

RT1514 13121110 9 8 7 6 5 4 3 2 1 0 1615141312110 9 8 7 6 5 4 3 2 1 01514

RT clock

| ||
Idn;gnal received \ Start Bit l l l /< Bit 0 * * * x
(b)

UARTCR2<RTSEL> is “001B”

RXDO pin \  StartBit A Bito X it

RT1413 121110 9 8 7 6 5 4 3 2 1 0 141312110 9 8 7 6 5 4 3 2 1 0 141312 11 10

RT clock

L]
nternal received \ Start Bit l l l /< Bit 0 * * * X Bit 1

|
data

(c) UARTCR2<RTSEL> is “010B”

RXDO pin \ StartBit A Bito X it 1

RT1413 121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0 14131211

RT clock

Bl
Inemal received \  StartBit i l ‘L A Bito YYYVY X sit1
«

) UARTCR2<RTSEL> is “011B”

RXDO pin \  StartBit A Bito X:

RT1615 1413121110 9 8 7 6 56 4 3 2 1 0 1615141312110 9 8 7 6 5 4 3 2 1 0 16

RT clock

|||
Idn;tearnal received \ Start Bit l l l /< Bit 0 * * * X:
(

e) UARTCR2<RTSEL> is “100B”

Figure 16-7 Data Sampling in Each Case of UARTCR2<RTSEL>
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16.9 Data Sampling Method

TMP89FM42

If "1" is detectedn sanpling of the sart hkt, for exanple, dwe to e influerce of roise, RI' clock cainting sops

and the data receivinig suspended. Shsequentlywhen a fallingedge isdetected irtheinput pulsedo the RXDO
pin, RT clock counting restar@ndthe dada receivingestartswith the start bit.

Counting is suspended until
the next falling edge is detected

RT1514 13121110 9 8 7 6

151413121110 9 8 7 6 5 4 3 2

1

0151413121110 9 8 7 6 5 4 3
RT clock
Noise
RXDO pin Start Bit /< Bit0
Internal received Start Bit /< Bit 0 79
data + +
4

Shift register Bit 0

Afalling edge YVYVY Afalling edge YVYY The received data is taken

is detected Error because s detected Receiving continues into the shift register

RA001

the start bit is 1

because the start bit is 0

Figure 16-8 Start Bit Sampling
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16.10Received Data Noise Rejection

When noise rejection is enabled at URRCR2<RXDNC>, tle time d puses b be regardd as sgnals is as

shownin Table 16-8.

Table 16-8 Received Data Noise Rejection Time

RXDNC Noise rejection time [s] Time of pulses to be regarded as signals
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>.

15141312110 9 8 7 6 56 4 3 2 1 0 151413121110 9 8 7 6 5 4 3

RT clock
Noise

RXDO pin Start bit /< Bit 0

Internal received Noise is removed Start bit /< Bit 0

data

A J
Shift register Bit 0
. The received data is taken into

Afalling edge ) V M V the shift register
is detected Receiving continues

because the start bit is 0

When the noise rejection
circuit is used

Figure 16-9 Received Data Noise Rejection

RA001
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16. Asynchronous Serial Interface (UART)
16.11 Transmit/Receive Operation

TMP89FM42

16.11Transmit/Receive Operation

16.11.1Data transmit operation

SetUARTOCR1<TXE> to "1". Check UARROSR<TBHR.> ="0", andthen wite datiinto TDOBUF (transmti
data bidfer). Witing data into TDOBUF sets UAR'OSR<TBH.> to "1", trarsfers tle data tahe transmti shift
register, and outputs he data seqentialy from the TXDO pin. The daa output includesa start lit, stgp bits
whosenumber is spedied in UARTOCR1<STBT> andx paity bit if parity addiion is specified. Sebct te
data trasfer baud rat using UARTOCRI<BRG>, UARTOCR2<RISEL> ard UARTODR. When data trast
missian starts, tharansmit buffer full flag UARTOSR<TBFL> is cleared to "0'and anINTTXDO interrug

requed 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 at the L or H level according to the

setting of UARTOCR1<IRDASEL>.

Table 16-9 TXDO Pin Output

TXDO pin output

mitted data is written to TDOBUF

mode is active

When the STOP, IDLEO or SLEEPO

Condition
IRDASEL="0" IRDASEL="1"
When UARTOCR1<TXE> is "0"
From when "1" is written to
UARTOCR1<TXE> to when the trans-
H level L level

16.11.2Data receive operation

Set UARTOCR1<RXE> to "1". Wien data is receivedaiitheRXDO pin, the received data is transferred to
RDOBUF (receive data bigr). At this time, the transmétl data includes start bit, stop bi) and a parity bit
if parity addition isspeified. When the stop bit(s) areeceived,data only is etracted and transferretd
RDOBUF (receive dta bufer). Then the receive big full flag UARTOSR<RBFL> is set and an INTRXDO
interrupt request is gesnated Set tle data trarsferbaud rate usindJARTOCRL<BRG>, UARTOCR2<RTSEL>

and UARTODR.

If an overrun error oaers when data is receivetthe data isnottrangerred to RDOBUF (receive dabaffer)
but discardeddata in the RDBUF is nat affected.

RA001
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16.12Status Flag

16.12.1Parity error

When thepaity determined using the receive data hiif§ers from the received ggr bit, the parityerror
flag UARTOSR<PERR:ts setto "1". At this time, anINTRXDO interruptrequesis generated.

If UARTOSR<PERR> is'1" when LARTOSR is ead, UAROSR<PERR> will becleared to "0" when
RDOBUF is read subse@ntly. (The RDOBUF readvalue becomas undefined.)

If UARTOSR<PERR is setto "1" after UARTOSR isread, UAR'OSR<PERR> willnot becleared td'0"
whenRDOBUF isread subsequentlin this caseJARTOSR<PERR will be cleared to "0WhenUARTOSR
is readagain and RDOBUJs read.

RX0D it D)0 0 0 ) ) .
UARTOSR<PERR>

PERR is cleared to “0”
when RDOBUF

INTRXDO interrupt request ] is read after reading PERR="1".

Reading of UARTOSR

)
|
Reading of RDOBUF \»ﬂ

RDOBUF Indeterminate¢

v

Data reading

RXDO pin input ar oo it vz e} it s it} i Jprtyf o

UARTOSR<PERR> Not cleared
PERR is cleared to “0”
when RDOBUF
INTRXDO interrupt request ] is read after reading PERR="1".
v v
Reading of UARTOSR | I
Reading of RDOBUF \\_»ﬂ kﬂ
I I
RDOBUF mm(# ¢
v v

Data reading Data reading

Figure 16-10 Occurrence of Parity Error
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16.12 Status Flag
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16.12.2Framing Error

If the internal ad extenal baud ratesliffer or "0" issampled athe gop bit of received data due to the influ-
ence of noise othe RXDO pin, theframing eror flag UARTOSR<FERR> issetto "1". At this time, an
INTRXDO interrupt request is generated.

If UARTOSR<FERR> is'1" when UARTOSR is ead, UAROSRFERR> will becleared to "0" when
RDOBUF is read subseguntly.

If UARTOSR<FERR is setto "1" after UARTOSR isread, UARFOSR<FERR> willnot becleared td'0"
whenRDOBUF isread subsequentln this caseJARTOSR<FERR will be cleared to "0WwhenUARTOSR
is readagain and RDOBUJs read.

Afalling edge is
detected
'

RXDO pin input (o) o120 o o oro) i /5o
|

FERR is generated if “0” is received
in the sampling of the stop bit.

Start Bit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Stop

UARTOSR<FERR> |

Sampling

FERR is cleared to “0”
'I when RDOBUF

INTRXDO interrupt request is read after reading FERR="1".

Reading of UARTOSR |

Reading of RDOBUF \.ﬂ
I

RDOBUF Indeterminate ¢
v

Data reading
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 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Stop Start Bit0 Bit! 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".
Reading of UARTOSR |
Reading of RDOBUF \»ﬂ
I
RDOBUF Indeterminate ¢
v
Data reading
When the external baud rate is faster than the internally set baud rate
Figure 16-11 Occurrence of Framing Error
RA001 Page 25

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

16.12.30verrun error

If receiving of alldaabits is canpleted before thpreviousreceved datais readfrom RDOBUF, the overrun
errorflag UARTOSR<OERR>is set to "1" and an INTRXD interrupt request generated. The data received
at the occurrence of the ovemrerror is discarded arttie previouseceiveddata is maintainecSubgquently
if data is received while UARDSR<OERR> is dill " 1", no INTRXDO interrupt request is generated, and the
received datés discarded. (Figure 16-12)

Note that parity or framing errons the discededreceived data cannot betected. (Theserror flags are not
set.) Thatis to sayif these errorare detectetbgether vith anoverrunerrorduring the readig of UARTOSR,
they haveocaurred in the previouseceiveddaa (thedata storein RDOBUF). (Figure 16-13)

If UARTOSR<OERR> is "1" when UAROSR is read UARTOSR<OERR> will be cleared to "0" when
RDOBUF is read subsegutly. (Figure16-14)

If UARTOSR<OERR> is seto "1" after UARTOSR isread, UAR'OSR<OERR> will nobe cleared to "0"
whenRDOBUF is readsubsegently. In this case JARTOSR<OERR>will be cleared to "0" when UAROSR
is readagain and RDOBUEs read. (Fjure B-14)

Data A Data B Data C
r A N A N A A
S0 0 G0 49, CIo =\ G 0 40 () S e ) 0 649, o -
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 Data 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
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Data A Data B Data C Data D
r A N A N r A N A N
RXDO pin input a5\ s (310 p st o) Yoar) 5\
¥ ¥
A parity error occurs. The parity is OK.| ,The flag is not set even if
UARTOSR<FERR> a framing error occurs.
UARTOSR<PERR> k; The flag is set.
UARTOSR<RBFL>
UARTOSR<OERR>
. An interrupt request An interrupt request _NO interrupt request

INTRXDO interrupt request ] is generated. ] is generated. <«—is generated. ——>
RDOBUF Data A A ) )

The contents of data B are discarded / The contents of data C are discarded / The contents of data D are /

discarded and those of

and those of data A are maintained. and those of data A are maintained. 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 A N
RXDO pin input Start @ w Stop \ Start @ 1@ Stop \ Start 1@ Stop \ Start ' Stop
v v

The parity is OK. A parity error occurs. 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 Data A A A A
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
r A N A \
RXDO pin input star{sio) gt X ) Y87 )/stop\starf sio i) D./S”P

UARTOSR<RBFL>

|

T RBFL is cleared to “0” when

OERR is cleared to “0” when
RDOBUF is read after reading
OERR=1".

RDOBUF is read after reading
UARTOSR<OERR> ‘ RBFL="1".

INTRXDO interrupt request ] ]

Reading of UARTOSR

!
|

Reading of RDOBUF

]

RDOBUF Data A

The contents of data B are discarded /
and those of data A are maintained.

R

|
3
{

eading of data A

Data A Data B
RXDO pin input stanfBio o1 f_y NowYsiop\starifero e ) D'S‘OP
RBFL is cleared to “0” when
O RDOBUF is read after reading
UARTOSR<RBFL> \ RBFL="1".
UARTOSR<OERR>
b OERR is cleared to “0” when
. RDOBUF is read after reading
INTRXDO interrupt request I | OERR="1".
Reading of UARTOSR | |
Reading of RDOBUF \\-.ﬂ &»ﬂ
I I
RDOBUF Data A

The contents of data B are discarded /
and those of data A are maintained.

v

Reading
of data A

v

Reading
of data A

Figure 16-14 Clearance of Overrun Error Flag
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16.12.4Receive Data Buffer Full

Loading the received data RDOBUF sets UAROSR<RBFL>to "1".

If UARTOSR<RBFL> is"1" when UARTOSR is ead, UAROSR<RBFL> will be cleared to "0" when
RDOBUF is read subseguntly.

If UARTOSR<RBFL> is seto "1" after UARTOSR isread, UARFOSR<RBFL> willnot becleared td'0"
whenRDOBUF isread subsequentlyn this caseJARTOSR<RBFL> will be cleared to "OVhenUARTOSR
is readagain and RDOBUFs read.

Data A Data B
A A

20,0, 69,C0 N e D 49 .

UARTOSR<RBFL>
RBFL is cleared to “0” when
RDOBUF is read after
INTRXDO interrupt request ] ] reading RBFL="1".
Reading of UARTOSR | |
Reading of RDOBUF K»" \\»"
| |
RDOBUF DaaA O DataB O
v 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 transnission 5 completed wth no waiting data in TDOBUF (when UARTOSR<TBFL>="0"),
UARTOSR<TBSY> is cleared t80". When transmissions restarted after afa is writen inro TDOBUF,

UARTOSR<TBSY>isset to "1". At thstime, an INTTXDOinterrug requestis generated

UARTOCR1<TXE> 4 Data A Data B

r

S 0 0 (2 (0 0 (0 0 i

UARTOSR<TBFL> []
UARTOSR<TBSY>
INTTXDO interrupt | |
request
Writing of TDOBUF |
Writing of Writing of
data A data B

Figure 16-16 Transmit Busy Flag and Occurrence of Transmit Buffer Full

16.12.6Transmit Buffer Full

When TD@BUF has nalata, or wherdata h TDOBUF is transferred to the transnshift register andrars-
missim is staréd, UARTOSR<TBFL> is cleared to "0At this time, an INTXDO interruptreqiestis gener-

ated.
Writing data inb TDOBUF ses UARTOSR<TBFL>to "1".

UARTOCR1<TXE> 4 Data A Data B

r

Y T, 0 (22 ) () 0 o0 () e e 0 0 0 )
UARTOSR<TBFL>

UARTOSR<TBSY> |
INTTXDO interrupt | |
request
Writing of TDOBUF |
Writing of Writing of
data A data B
Figure 16-17 Occurrence of Transmit Buffer Full
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16.13Receiving Process

Figure 16-18 showanexampleof the receiving procesPetailsof flag judgments in the processing are shown in
Table 16-10 andTable 16-11.

If any framing erroror parity erroris detected, the received data hasaneous value(sExecutethe error han-
dling, for exampleby discarding the meived data r&dfrom RDOBUFandreceiving the datagan.

If any overrun error isletecéd, the receiving of one or more piecéslatais unfinished. It imposible todeter-
mine the number of pieces daa that couldhot be received Execute thesrrorhandling, for eample, by redging
data agai fromthe begnning of the tansfer Basically, anoverrun error occurs whendlinternalsoftware process
ing cannot followthe data transfer spedtlis recommended toslow the trasfer baual rate ormodify the softwareto
execute flow control.

R INTRXDO interrupt
eceiving process subroutine

Read UARTOSR Read UARTOSR

Read RDOBUF | Read RDOBUF |

UARTOSR<PERR> ! -
Parity error
0
UARTOSR<FERR> ! -
Framing error
0

Data processing | Error handling | Data processing | Error handling |
(Received data is valid) | (Received data is valid) |

UARTOSR<OERR> UARTOSR<OERR>

° | ° |

Framing error

Overrun error

Overrun error

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 previ-
ous 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.

1 0 1 Receiving has been completed properly, but some pieces of
data could not be received.

1 1 0 Received data has erroneous value(s).

1 1 1 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.
0 Received data has erroneous value(s).
1 Received data has erroneous value(s) and some pieces of
data could not be received.
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16.14 AC Properties

TMP89FM42

16.14AC Properties

16.14.11rDA properties

(Vss =0V, Topr = —40 to 85°C)

Item 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 -
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16.15Revision History

Rev Description

Revised Table 16-6.

"16.8.1.1 Bit width adjustment using UARTOCR2<RTSEL>" Changed example from fcgck=8MHz to fcgck=4MHz.
RA001 "16.8.1.2 Calculation of set values of UARTOCR2<RTSEL> and UARTODR" Changed example from fcgck=6MHz to fcgck=4MHz.
"Figure 16-6 Example of UARTODR Calculation" Changed example from fcgck=6MHz to fcgck=4MHz.

"Figure 16-1 Asynchronous Serial Interface (UART)" Added PPGAO output to TCAO output.
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17. Synchronous Serial Interface (SIO)

The TMP89FM42 contains 1 channeltofih-gpeed 8-bit seriainterfacesof theclock gynchronizatiortype.

Table 17-1 SFR Address Assignment

SIOXCR SIOXSR SIOXBUF
(address) (address) (address)

Serial interface 0 SIOOCR SIO0SR | SIO0BUF
(0x001F) | (0x0020) (0x0021)

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 2F
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17. Synchronous Serial Interface (SIO)
17.1 Configuration

TMP89FM42
17.1 Configuration
8 Internal bus 8
INTSIOO0
interrupt request
| sioocr | | sioosr | — | sioosur

J L Shift register on transmitter

1 Shift clock T T T Y T T T Port .
Internal clock —>| Control circuit [ | |—>| (Note) l—D SO0 pin
I MSB/LSB selection —t —t —t .
— T o )
= e T soen

Shift register on receiver

: | SIO0BUF

Port ;
(N‘;Ie) <—>|:| SCLKO pin

8 Internal bus 8

s

Figure 17-1 Serial Interface

Note: The serial interface input/output pins are also used as the 1/0 ports. The 1/O port register settings are required to
use these pins for a serial interface. For details, refer to the chapter of 1/0 ports.
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17.2 Control

The synchonous serial inerface S100is controled by the low pover consurption regsters (POFFCR?2 the
serial interfae data buer register (JO0BUF), the serial interface control reggr (SIOO®) and the serial interface

status regster (SIOOSR).

Low power consumption register 2

POFFCR2 7 6 5 4 3 2 1 0
(0XOF76) Bit Symbol - - RTCEN - - - SIOOEN
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 SI00 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: SIOOBUF is the data buffer for both transmission and reception. The last received data is read each time SIOOBUF is
read. If SIOOBUF has never received data, it is read as "0". When data is written into it, the data is treated as the transmit

data.
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17.2 Control
TMP89FM42
Serial interface control register
SIOOCR 7 6 5 4 3 2 1 0
(0x001F) Bit Symbol SIOEDG SIOCKS SIODIR SIoSs SIOM
Read/Write R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
. 0| 0: Receive data at a rising edge and transmit data at a falling edge
SIOEDG Transfer edge selection . - . .
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 fcgek/28 -
010 fegek/2° -
SIOCKS Serial clock selection [Hz] 011 fegek/24 -
100 fcgek/2® -
101 fegek/2? -
110 fcgek/2 fs/23
111 External clock input
SIODIR Transfer format (MSB/LSB) selec- 0| LSB first (transfer from bit 0)
tion 1| MSB first (transfer from bit 7)
S10S Transfer operation start/stop 0| 0: Operation stop (reserved stop)
instruction 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, it is ignored). The transfer mode cannot be changed during the opera-
tion.

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
advance 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.
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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 progre
SEF Shift operation status monitor I P I . ' progress
1| Shift operation in progress
O N h d
OERR Receive overrun error flag 0 overrun eror has occurre
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 been executed
0 Not it und h d
UERR Transmit underrun error flag o transmit un erru_n €rror has occurre
1| Atleast one transmit underrun error has occurred
. 0| The transmit buffer is empty
TBFL Transmit buffer full fla . .
smitbu Y 9 1| The transmit buffer has the data that has not yet been transmitted

Note 1: The OERR and UERR flags are cleared by reading SIOOSR.
Note 2: The REND flag is cleared by reading SIOOBUF.

Note 3: Writing "00" to SIOOCR<SIOM> clears all the bits of SIO0SR to "0", whether the 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

o "0".

Note 4: Bit 1 to 0 of SIOOSR are read "0".
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17. Synchronous Serial Interface (SIO)

17.3 Low Power Consumption Function
TMP89FM42

17.3 Low Power Consumption Function

Serial inteface 0 hashe lowpower camaumption registes (POFFER2) that save power when therial interface is
not beng used.

Setting POFFCRZSIO0EN> t0"0" disables the basiclock supply to serial interface O &ave pwer. Note ttat
thisrenders the serial interface unusal$etting POFFCR2<SIOOEN® "1" enales the basic clock supply to serial
interface 0 and allows thersa interface to operate.

After reset, POFFR2<SIOOEN>are initialized td'0", and this rendershe serial interface wsable. When using
the serial interface fahe first time, be sure to set POFFCR2<SIO0EdI*1" in the initial setting of the program
(before the seridhterface catrol registers are operated).

Do notchange POFFCR2<SIOOE to "0" duringthe rial interfaceopemtion. Otherwiseserial interface 0 may
operate unexgctedly
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17.4 Functions

17.4.1 Transfer format

The transfer format an be &t to either MSBor LSB first by using SIOOCR<SIODIR>. Setting
SIO0CR<SIODIR> td'0" selectsLSB first asthetransferformat. In this case, the sali data igransferredn
sequencerom the leassignificant bit.

Setting SIOOCR<SIODIR> t0'1l" selectsMSB first as thetranger format.In this cae,the serial data is
trarsferred in sequaee fromthe mat significantbit.

17.4.2 Serial clock

The seral clock can be setted by usig SIOOQR<SIOCKS>.

Seting SIOCR<SIOCKS> to "000" to "110" selects the ietnal clock asthe serialclock. In this case, the
serial cbck is output from the SCLKO n. The seadl data s transferred in sychronization with the edg of the
SCLKO pin output

Setting SDOCR<SDCKS> to "111" selecs an externatlock as the seriatlock. In thiscase, arexternal
serial cbck must be inpit to the SA.KO pin. The serdl data is transferred isynchronizaion with the edgeof
the external clock.

The serial data transfer edgan beselectedor both theexternal andnternal clocks.For details, refer to
"17.4.3 Transfer edge selectid.

Table 17-3 Transfer Baud Rate

Serial clock [Hz] fcgck=4MHz fcgck=8MHz fcgck=10MHz fs=32.768kHz
SIO0CR
<SI0CKS> | NORMAL1/2or SLOW1/2 or 1-bittime | Baudrate | 1-bittime | Baudrate | 1-bittime | Baudrate | 1-bittime | Baudrate
IDLE1/2 mode | SLEEP1 mode (us) (bps) (us) (bps) (us) (bps) (us) (bps)
000 fcgck/zg - 128 7.813k 64 15.625k 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/2? - 4 250k 2 500k 1.6 625k
100 fcgek/2® - 2 500k 1 M 0.8 1.25M
101 fcgek/22 - 1 M 0.5 2M 0.4 2.5M
110 fcgek/2 fs/23 0.5 M 0.25 aM 0.2 5M 244 4k

17.4.3 Transfer edge selection

The seriabata tranfer edgecanbe selectedby 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<SI@DG> is"0", the data is transmtéd insynchronization with the faling edge of the clock
and the datés received in synchronizan with the risng edgeof the clock.

When SICCR<SIOEDG> $"1", the dita is transnttedin synchronizaion with therising edge othe clock
and the dat# received in synchronizan with the fallingedge of theslock.
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SLCKO pin

S0 i Ro)(Ro)(Re)(ra) Ra)Re) R (&7

SCLKO pin

viviviviviviwivi
SO0 pin T7
S10 pin RoXR1XR2)XR3 R4 XR5 X R6 \R7

Note:When an external clock input is used, 4/fcgck or longer is needed between the receive edge at the 8th bit and

When SIOCR<SIOEDG>=*0"

U HHH

When SIOCR<SIOEDG>="1"

Figure 17-2 Transfer Edge

the transfer edge at the first bit of the next transfer.

Viviviviviviyiy
S00 pin (T1AT2X T3 kT4 A T5ATo 17

Trailing edge at the
8th bit (receive edge) 1st bit (transmit edge)

Leading edge at the

Symbol

Name

Minimum time

tBI Interval time between bytes

4/fcgck
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17.5 Transfer Modes

17.5.1 8-bit transmit mode

The 8-bittransnit mode is sadcted by settig SIOCR<SIOM> to "01.

17.5.1.1 Setting

Before starting the transmit operatj select théranser edgest SIOOCR<SOEDG>, atransfer format
at SIOOCR<SIODIR> and agerial cbck at SIOCR<SIOCKS>.To use tle intern& clock asthe serial
clock, select an appropriateergal clock at SIO@R<SIOCKS>. D usean external cloclas the serial
clock, setSIOOCR<SIOCKS> to "111".

The 8-bit transntimode isseleced by settig SIOOCRSIOM> to "01".

The transntioperatio is staréd by writing the first byte of ransnit datato SIOBUF and tken seting
SIO0CR<SDS> to "1".

Writing daiato SIOOCR<SIOEDG SIOCKS andSIODIR> isinvalid whenthe serialconmunicaton is
in progress or when SIOOSR<SIOF> is "1". Make these settingsvhile the rial communication is
stopped While the serial coexmunication is in progress (SI@SR<SIOF>="1"), only writing "00"
SIOOCR<SIOM> or writing "0" to SIOOCR<SIOS> is valil.

17.5.1.2 Starting the transmit operation

The tansnit operationis startedby writing data b SIOCOBUF andthensettng SIQOCR<SICS> to "1".
The trasmitdatis trarsferredfrom SIOOBUF to theshift register and then transmitted as the serial data
from the SO0 pin according to the setings of SIOOCR<SIOEDG SIOCKS and SIODR>. The serial dta
becomes unefined if the transnit operatn is sartedwithout writing any transtib data toSIOOBUF.

In the internal clock operation, tiserial clek of the selectetbaudrate & output from the SCLKO jn.
In the extenal clock operation, an externalock must be sypplied to the SCLKO pin.

By setting SIOCR<SIOS>to "1", SIOOSR<SIGF and SEF>are automatielly set to "1" and an
INTSIOO interrugt requestis gererated.

SIO0SR<SEF> is clearad "0" when theBth bit of the seifal datis ouput.

17.5.1.3 Transmit buffer and shift operation

If data is written to SICOBUF when the serial communicationis in progress andhe shift register is
enpty, the written data is trasferred to te shift regsterimmediately. At this time, SIOOSR<TBFL>
remains at "0".

If data is writen to SIOBUF when sora data renains in the shift regster SIOOSR<TBFL> is setto
"1". If new data is writtento SIOBUF in this stae, the cotents of SIOOBJF are overwtien by the new
value. Make sure that SIOBR<TBFL>is "0" before writng data tdSIO0BUF.

17.5.1.4 Operation on completion of transmission

The operaton an conpletion of the dat transmissionvaries depenidg on the operatig clock and he
state ofSIOOSR<TBFL>.
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(1) When the internal clock is used and SIOOSR<TBFL> is "0"

Whenthe da&trarsmissia is conpleted, the SCLKO [ becanes tle inttial state and he SO0 pi
becanes the "M level. SIOOSR<SEF> reans at "0. When the internal clock is used, the serial
clock and data otput is stopped util the next transmi data is writen into SIOOBUF (aubmaic
wait).

Whenthe sulsequentdata is writteninto SIOOBUF, SIOOSR<SEF>is set b "1", the SCLKOpin
outputs the seriaklock,and the transntioperatia is restared. An INTSIOOQ interruptrequest is gen-
erated at the restart tifetransmit operation.

(2) When an external clock is used and SIOOSR<TBFL> is "0"

When the data trangssion is conpleted the SO pn keeps last output value. Vien an external
seral clockis input to the SCLKO jn after conpletion of the @ta transmnssion, an udefined valie
is transmitedandthe transnit underrunerror flagSIOOSR<UERR> s setto "1".

If a transmit underrun esr occurs, da must not be writento SIOOBUF duing the trarsmissio
of an undefined value. (It is recanmended to finish the transmi operatim by seting
SIOOCR<SIOS>to "0" or force the transnhioperatia to stop byseting SIOOCR<SIOM> to "00".)

The ransnit underrunerra flag SOOR<UERR> iscleared by readin§IO0SR

(3) When an internal or external clock is used and SIOOSR<TBFL> is "1"

When the data trasmission is competed SIOOSR<TBFL> is cleaek to "0". The data in
SIOMBUF is transferredatthe shift registerand the transmissio of subsegent dat is stared. At this
time, SIOOSR<SEF>ssetto "1" andanINTSIOO interruptrequest is generated.

17.5.1.5 Stopping the transmit operation

Set SIOOR<SIOS>to "0" to st the tansnit operation. WhenSIO0SR<SEF=s "0", or whenthe
shift operatonisnot in progressthe transmti operatio is stogped inmedately and an INTSIOOnterrupt
requests generated. WheBIO0OSR<SEF> is "] the transmt operation is stppedafter allthe da&in the
shift register $ transnitted (reservedstop). Atthis time,an INTSIOO iterruptrequest is generated again

When the transnhioperatio is conpleted SIOOSR<SIOF, SEFand TB-L> are cleared to "0". Othe
SIOOSR registers keepeir values.

If the internal clock has been ed, the SO0 pin autaetically returns tolie "H" level. If an exerral
clock has beensed, the S pinkeeps th last output value. To return the SO0ip tothe "H" level, write
"00" to SIOOCRSIOM> when tle operaton is stoped.

Thetransmit operationcan be focedto stopby seting SIOOCR<SIOM>to "00" during the operation.
By seting SIOGCR<SIOM> to "00; SIOOCR<SDS> and $O0SR ae cleared to "0" and the SI€iops
the operationregardess of the SIOBR<SEF> vala. The S pin becomes the "H" led. If the interral
clock is setctedthe SCLKOpin reurns tothe initial level.
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Start operation

SIO0CR<SIOS>

Reserved stop

-

SIO0CR<SIOM>

01

SIO0SR<SIOF>

SIO0SR<SEF>

SIO0SR<TBFL>

Automatic wait

Internal clock

SO0 pin (output)

SCLKO pin (output)

INTSIOO interrupt request

Uy

Data A
N

Uy

JTUUUuy]

Data B
N

r

UUUU
1

y
0 0 0 0 0 0

|

UUUUUUL

)

—

UL

UUUUUUL

Data C
N

r

Eroferferrferproferctern

I

The level is held for the period
of the internal clockx(1/2)

JUUuuuys

An interrupt is generated
after transmission in
case of reserved stop

SIO0BUF

XA

Uy

C

Write to SIOOBUF

Writing data A

[

ﬂ

Writing data B

Writing

data C

Figure 17-3 8-bit Transmit Mode (Internal Clock and Reserved Stop)

Start operation

SIO0CR<SIOS>

Forced stop

Start operation

Reserved stop
'

I

Forced stop

X

SIO0CR<SIOM>

01

00

01 00

SIO0SR<SIOF>

SIO0SR<SEF>

SIO0SR<TBFL>

Internal clock

SO0 pin (output)

SCLKO pin (output)

INTSIOO interrupt request

Uy

D:

Uy

ata A
A

UL

Data B
A

UL

UUUu
1

, .
GO

|

UL

N

UL

r

UL

Data C
A

'«— Data is not held but
becomes the H level

T
T 2 T e o ¢

<«— Clock output is stopped

Juduuuy

Forced stop has priority

over reserved stop

SIO0BUF

XA

Write to SIOOBUF

[

[

[

Writing data A

Writing data B

Wi

riting data C

Writing data D

Figure 17-4 8-bit Transmit Mode (Internal Clock and Forced Stop)
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Start operation Res?rved stop
SIO0CR<SIOS> | )
SIO0CR<SIOM> :X 01 00
SIO0SR<SIOF> 1 N
SIO0SR<SEF> 1 I_ | |

Stopped while keeping

the current level in the operation _1_!
SIO0SR<TBFL> with an external clock w

|
Data A Data B Data C
A A A

oomoun | EEEEEEREEEREEREE REEEEEEE
scwasneon UL LU, UL
1
A
|

INTSIOO interrupt request transmission in case of reserved stop

'I 'I An interrupt is generated after 'I

SIO0BUF X B c

Write to SIOOBUF

Returned to the H level by setting -
SIOCR1<SIOM> to “00”

Writing data A Writing data B Writing data C

Figure 17-5 8-bit Transmit Mode (External Clock and Reserved Stop)

Start operation Reserved stop Start operation Reserved stop Forced stop
SIO0CR<SIOS> I S,
SIO0CR<SIOM> :X 01 00 X 01 00
SIO0SR<SIOF>
SIO0SR<SEF> L
SIO0SR<TBFL>
bata A Data C Data C

S00 pin (outpu) Eroferipreferrfprferofr)ergrifpy jf«—paais rthacou 1 Yarofarrfprefarfusferey
SCLKO pin (input)

. Forced stop has priority
INTSIOO interrupt request ] ] ] over reserved stop

SIO0BUF XA B Xc 4 D
T
When the operation is restarted
i 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 transmitted.
Writing Writing Writing Writing
data A data B data C data D

Figure 17-6 8-bit Transmit Mode (External Clock and Forced Stop)
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Start operation Reserved stop
SIO0CR<SIOS> —
SIOOCR<SIOM> :X 01 00
SIO0SR<SIOF> - S

SIO0SR<SEF>

Stopped while keeping the
current level in the operation _1_|

SIO0SR<TBFL> with an external clock

SIO0SR<UERR>

Data A Data A Data B Data B Data C
A A A A A

r r

SO0 pin (output) @@@@@@ Bit6XBit7; @m i
e nnhhhhhihhigl

Transferred to the buffer Transferred to the buffer
] immediately after writing -| immediately after writing ]

Bit7

INTSIOO interrupt request

SIO0BUF XA B c
. Returned to the H level by -
Write to SIOOBUF [ [ setting SIOCR1<SIOM> to “00”
Writing Writing Writing
data A data B data C
Read SIO0SR |
Reading
SIO0SR

Figure 17-7 8-bit Transmit Mode (External Clock and Occurrence of Transmit Underrun
Error)
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17. Synchronous Serial Interface (SIO)

17.5 Transfer Modes
TMP89FM42

17.5.2 8-bit Receive Mode

The 8-bitreceive mode iseletedby setting SIO0B<SIOM> to "10".

17.5.2.1 Setting

As in the case dthe transmitmode beforestartingthe receive operation, sekthe transfer edges at
SIOOCR<SIOEDG>, a trarsfer fomat atSIOOCR<SIODIR> and aqial clock at SIOOCR<SIOCKS>.
To usetheinternal clock as the gal clock, €lectanappropriate serial clécat SIOOCR<SOCKS> To
use an external clock dheserialclock, setSIOOCR<SIQKS>to "111".

The 8-bit recaie maleis selectedy seting SIOOCR<SIM> to "10".
Receptioris started by séing SIOOCR<SIOS*0 "1".

Writing datato SIOOCR<SIOEDG SIOCKS andSIODIR> isinvalid whenthe serialcommunicaion is
in progress or when SIOOSR<SIOF> is "1". Make these settingsvhile the srial communication is
stopped While the serial cenmunication is in progress (SIOSR<SIOF>="1"), only writing "00" to
SIO0CR<SIOM> or writing "0" to SIOOCRSIOS> is vali.

17.5.2.2 Starting the receive operation

Reception is started by setting SIOOC3QS> to "1". External serial daistaken into the shift registe
from the SIO pn accading tothe setings of SIOOCR<SIOEDG SIOCKS aul SIODIR>.

In the internal clock operation, tiserial clak of the selectetbaudrate s output from the SCLKO jpn.
In the extenal clock operation, an externalock must be sypplied tothe SCLKO pin.

By seting SIOOCR<30S>t0 "1", SIO0SR<SIOF and SEF> are adomaticaly set to "1".

17.5.2.3 Operation on completion of reception

When the data receptigncompletel, the data is transferred fronethift registerto SIOOBUF and an
INTSIOOinterrupt requst is generated. Theeceivecompletionflag SIOOSR<REND?=s set to "1".

In the operatiomwith the intern&clock, theserial clock outpuis stoppel until thereceive data is read
from SIOOBUF (automatiowvait). At thistime, SIOBR<SEF> isset to "0". By reading the receidata
from SIOOBUF, SIOOSR<SEF> is set to "1the serial clocloutput is restartednd the receive operation
continues.

In the erationwith an external clok, data carbe continuotsly received without reading the receéd
data from SIOOBUF. In this case, data must be read fran SICOBUF before lhe subsequerdat has been
fully received. If the sbsequent data is received cdetply bdore reading data from SIOQB-, the over-
run eror flag SOOSR<OERR> is sé¢to "1". When an overrun emrdas occurred, set SIOOCR<SIOM> to
"00" to abort thereceive operationThedatareceived at the occurrenoéanoverrun erroiis discarded,
and SIOOBUF holdthe data valugeceived befor¢éhe occurrence of theverrun errar

SIO0SR<HEND> is deared to "0" by reading dafeom SIOOBUF SIOOSR<OERR> is clearelly
reading SIOOSR.

17.5.2.4 Stopping the receive operation

Set SIOOCRSIOS> t0"0" to stop tke receive operation. Win SIOOSR<SEF> is "0&r when the shift
operaton is not in progress, th goeration is ®opped immediatelyJnlike thetrangnit mode,no INTSIO0
interrug requestis gereratedin this state.

When SIO0SR<SEFis "1", the opeation isstopped aftethe 8-hit data has been completelyceived
(reservedt®p). Atthis time,an INTSIOO inerruptrequest is generated.
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After the operation hasapped complete|ySIOOSRSIOF and SEF> are cleartwl"0". Other SIOOSR
registers keegheir values.

The receive operation can be forcedstop by stting SIOOCR<SIOM to "00" during the operation.
By settng SIOCCR<SIOM> to "00; SIOOCR<SDS> and $O0SR ae cleared to "0" and the SI§tops
the operaton, regrdless of tle SIOOSR<SEF> value. If the internelock is selected, the SCLKO pin
returns to the itial level.

Reserved
SIO0CR<SIOS> stop  ——

SIO0CR<SIOM> 10

SIOOSR<SIOF> —
Automatic wait

SIO0SR<SEF>

SIO0SR<REND>

imernat cock | [ | [UUUuiyuiuyyut

Data A Data C
A A

SI0 pin (input) @@@@@@@ B£7>/ Bit0XBit1XBit2)Bit3}Bit4XBit5XBit6) B£7>/
SCLKO pin (output)

INTSIOO interrupt request ] ]
v '
SI00BUF XA o Xc o
v v

Read SIO0BUF | [
Reading data A Reading data C

Figure 17-8 8-bit Receive Mode (Internal Clock and Reserved Stop)
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17. Synchronous Serial Interface (SIO)
17.5 Transfer Modes

TMP89FM42
Start operation Forced stop Start operation Reserved stop Forced stop
SIO0CR<SIOS>
SIOOCR<SIOM> 10 o X 10 00
SIO0SR<SIOF> Automatic
—_— wait

SIO0SR<SEF>

SIO0SR<REND>

Internal clock wmmrmmw

Data A Data B Data C
A A

r )

SI0 pin (input) @@@@@@@ Bit7 BitOXBit1XBit2 Bit3

SCLKO pin (output) ‘L ‘L
Returned to Returned to
the initial level the initial level
INTSIOO interrupt request ]
SIO0BUF XA o
Read SIO0BUF |

Reading data A

Figure 17-9 8-bit Receive Mode (Internal Clock and Forced Stop)

Start operation Reserved stop
SIO0CR<SIOS> )
SIO0CR<SIOM> 10
SIOOSR<SIOF> —
SIO0SR<SEF> J J
SIO0SR<REND>
Data A Data B Data C

r )

10 pin (input) DD TDD LT DDT T DT DT DT DT
SGLKO pin (input) UUUUuyUU iUy

INTSIOO interrupt request I
v
SIO0BUF XA ) X o Xc
) !
Read SIO0BUF | |

Reading data A Reading data B

Figure 17-10 8-bit Receive Mode (External Clock and Reserved Stop)
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Start operation

SIO0CR<SIOS>

Forced stop

Start operation

SIO0CR<SIOM>

00

SIO0SR<SIOF>

SIO0SR<SEF>

SIO0SR<REND>

SI0 pin (input)

SCLKO pin (input)

INTSIOO interrupt request

Data A
X

r

)

Data B

Erofferarferersferoth

7

- UUUuuruL

BitOXBit1XBit2XBit3XBit4)\Bit5XBit6ABit7

Data C
A

r

BitOXBit1XBit2ABit3kBit4XBitSXBit6ABit7

JUyuiuuy vuduyuud

Data B is discarded

)

SIO0BUF

ce

Read SIO0BUF

!
L

Reading data A

Reading data C

Figure 17-11 8-bit Receive Mode (External Clock and Forced Stop)

Start operation

Forced stop

SIO0CR<SIOS>

SIO0CR<SIOM>

00

SIO0SR<SIOF>

SIO0SR<SEF>

SIO0SR<REND>

SIO0SR<OERR>

Subsequent data is received
completely before reading
data A

Data A
A

Data B
A

Data C
A

r

SI0 pin (input)

SCLKO pin (input)

INTSIOO interrupt request

I DT DT T
S Uuyiuuuy

1

DD T DT TDIDE DD DT

uuuuuuy

Data B is
discarded

Data Cis
discarded

SIO0BUF

Read SIO0BUF

?
v
[

Read SIO0SR

[

Reading data A

Reading SUIOSR

Figure 17-12 8-bit Receive Mode (External Clock and Occurrence of Overrun Error)
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17. Synchronous Serial Interface (SIO)
17.5 Transfer Modes
TMP89FM42

17.5.3 8-bit transmit/receive mode

The 8-bittransmit/receivenode is selctedby setting SIOOCR<SIOMto "11".

17.5.3.1 Setting

Before starting the transmit/receigperation, select theansferedges at SIOOR<SIOEDG>, a trans
fer formatat SIOOCR<SIODIR> andserial clock at SIOOCR3IOCKS>. D use thenternalclock as the

serial clock, select arappropriateserial clock atSIOOCR<SIOCKS>. @ use an external clock as the
serial clock set SIOOCR<SIOCKSto "111".

The 8-bit transmit/receive mode dexcted by setting SIOOCR<SIOM> tol'l

Thetransnit/receive operation istarted by writingthefirst byteof transmit data to SIO0OBU&ndthen
seting SIOOCR<SIOS> to "1".

Writing datato SIOOCR<SIOEDG SIOCKS andSIODIR> isinvalid whenthe serialcommunicaion is
in progress or when SIOOSR<SIOF> is "1". Make these settingsvhile the srial communication is
stopped While the serial canmunication is in progress (SIOSR<SIOF>="1"), only writing "00" to
SIO0CR<SIOM> or writing "0" to SIOCR<SICB> isvalid.

17.5.3.2 Starting the transmit/receive operation

The transmit/receive opation isstarted by writing datto SIOOBJF and then setting SIOOCR<SIOS>
to "1". The transri datais transferredrom SIOOBUF to the shift regster ard the serialdata & transnit-
ted from theSOO0 pin according to the settingsIOOCR<SIOEDGSIOCKS and SIODIR>. At thease

time, the serial data ir®ceivedirom the SI0 piraccording tdhe ®ttingsof SIOOR<SIOEDG SIOCKS
and SIODIR>.

In the internal clock operation, tiserial clak of the selectetbaudrate s output from the SCLKO jpn.
In the extenal clock operation, an externalock must be syplied tothe SCLKO pin.

The transnit data becomes undegdif the transmit/receie operatioris startel withoutwriting any
trarsmit data to SIOBUF.

By setting SIOCR<SIOS>to "1", SIOOSR<SIGF and SEF>are automatielly set to "1" and an
INTSIOO interrupt requestis gererated.

SIO0OSR<SEF> is cleardd "0" whenthe8th bitof data is receiva

17.5.3.3 Transmit buffer and shift operation

If any data is writtento SIOBUF when the serial commuraion isin progress andhe shift registeris

enmpty, the written data is trasferred to tk shift regsterimmediately. At this time, SIOOSR<TBFL>
remains at "0".

If anydata is written to SIOOBUF when sane dda remainsin the slift register, SIOOSR<TBFL> is set
to "1". If new datis written to SIOBUF in this state, the contents of GSOBUF are overwiiten bythe
newvalue. Male sure that SIOOSR<TBFL> is "0" before writng data to SIOOBUF.

17.5.3.4 Operation on completion of transmission/reception

When the data transmissi'reception is complete§IO0OSR<HEND> is setto "1" and an INTSIO0
interrupt requestis gererated The operatio varies depeding on the oprating clock
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(1) When the internal clock is used

If SIOOSR<TBFL> is "1"it is deared to "0 and the transmit/receiveperation continues. If
SIOO0SR<REND> is already "1", SIOOSR<OERR> is det"1".

If SIOOSR<TBFL> is "0"thetransnit/receive operatio is @orted. The SCLKO pin becomethe
initial state and the SO0 pin d@mmes the "H" lee SIOOSR<EF> remains at'0". When the subse

quent data is witen toSIOOBUF, SIO0OSR<SEF> iset to"1", the SCLKOpin ouputs the clock and
the transmit/receiveperationis restarted. @ confirm the eceive data, read it fro®IO0BUF before

writing daa to SIOOBUF.

(2) When an external clock is used

The transmit/receive opation continues. If the external serialock is input wittout writing any
data to SIOOBUF, the last data vatuset to SIOBUF is re-tansnitted. At this time, the transmt

underrun erroflag SIOBBR<UERR>isset to "1".

When the next 8-bit data is received completélgfore SIOOBUF is rad, or inthe state of
SIO0SR<REND>="1", SIOOSR<OERR> is set'1".

17.5.3.5 Stopping the transmit/receive operation

Set SIOOCR<SIOS> to "0" to stopetiransmit/receive operation. WhBHO0SR<SEF> is "0'9r when
the shft operatonis not in progres, the operation istopped immediatly. Unlike the trasmit mode,no

INTSIOOinterrug requestis gererated inthis state.

When SIO0SR<SEF> 14", the operation isstoppedafter the 8-bit data isecteived completelAt this
time, an INTSIQ interrpt request isgeneraed.

After the gperaion hasstopedconpletely, SIOOSRSIOF, SEF andTBFL> are clearedio "0". Othe

SIOOSR registers kedpeir values.
If the internal clock has been ed, the SO0 pin autaetically returns tole "H" level. If an exerral

clock has beensed, the S pinkeeps tk last output value. To return the SOQ0ip tothe "H" level, write
"00" to SIOOCR<SIOM> when tle operaton is stoped.
The transmit/receiveperation can béorced to stop by setting SDCR<SIOM> to "00" during the

operaion. By setthg SIO@R<SIOM> t0"00", SIOOCR<SIOS> and SIO0SR aoteared to "0" anthe
SIO stops he operatio, regardéss of tle SIOOSR<EF> value. ThesOO0 pin becomes the "H" level. If

the internal clak is seleced,the SCLKO pin retuns to tleinitial level
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17. Synchronous Serial Interface (SIO)

17.5 Transfer Modes
TMP89FM42

Start operation Reserved stop
'

SIO0CR<SIOS> )

SIO0SR<SIOF> —_—
Wait

SIO0SR<SEF>

SIO0SR<TBFL>

SIO0SR<REND>

Internal clock —|_|_|_ _J_ |_| LUIMM_I_

Data A Data B Data C
A A A
I I N I
S10 pin (input) Eroferferaferaferersferofprerriprerprofer Eroferraiprofererpiofern
H | H H
Data D 1 1 Data E 1 1 Data F
A L] L] A L] : A

r

SO0 pin (output) @@@ Bit3) @@@ Bit7)Bit0) @@@@@@ Bit7) @@ Bit2 @@@@ Bit'>/__
SCLKaO pin (output) —I_I_ U_Ll_l_—l_l_'_l_'_l_'_l_'_'

INTSIOO interrupt request ] ] ] L

SIO0BUF AQ B @ C 3

(Read buffer) Reading Reading l Reading
data A data B data C

Read SIO0BUF | | Il

SIO0BUF x D E F G

(Write buffer)

Write to SIO0BUF j | ﬂ ﬂ

Writing data D Writing data E Writing data F~ Writing data G

Figure 17-13 8-bit Transmit/Receive Mode (Internal Clock and Reserved Stop)
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Start operation Reserved stop

SIO0CR<SIOS> /)
SIO0CR<SIOM> 1 @
SIO0SR<SIOF> —
SIO0SR<SEF>
SIO0SR<TBFL>
SIO0SR<REND> ] .

Data A Data B Dat‘a [}
S10 pin (input) @@@@@@@ o @@@@@@ 7 T DT BT LT DT

Data D . Data E Dat‘a F
SO0 pin (output) @@@ Bit3, @@@ Bit7XBit0 @@@@@@ Bit7 @@@ Bit'
SCLKO pin (input) —|_|_
INTSIOO interrupt request | | | |
SIO0BUF A B C
(Read bUffer) (P Reading ReadingQ ReadingQ
Read SIOOBUF |-|data A data B |-| data C |-|_
SIO0BUF
(Write buffer) :X D £ X - ©
Write to SIO0BUF j | ﬂ ﬂ

Writing data D Writing data E Writing data F Writing data G

Figure 17-14 8-bit Transmit/Receive Mode (External Clock and Reserved Stop)
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17. Synchronous Serial Interface (SIO)
17.5 Transfer Modes
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Start operation

Reserved stop
'

SIO0CR<SIOS>

—/

SIO0SR<SIOF>

SIO0SR<SEF>

SIO0SR<TBFL>

SIO0SR<REND>

SIO0SR<OERR>

SIO0SR<UERR>

Data A
A

Data B
A

Data C
X

r

SI0 pin (input)

Data D
A

H
DataF |
n

1 Data G I
i . i

, , ‘
2 0 0 0 0 0 0 0 0 8 0 e e
g . .

Data D

SO0 pin (output)

SCLKO pin (input)

INTSIOO interrupt request ]

|
|
]
N

Uy
1

Uiy uu

, y : ‘
0 0 0 0 0 0 0 0 0 8 2 0 O O
.
.
.

SIO0BUF A Q c 9
(Read bUﬁer) l Reading Reading
data A data C

Read SIO0BUF | |
SIO0BUF XD F G
(Write buffer)
Write to SIOOBUF j ﬂ ﬂ

Writing Writing Writing

data D data F data G

Read SIO0SR

1

1

Figure 17-15 8-bit Transmit/Receive Mode (External Clock, Occurrence of Transmit Under-
run 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 —_—
{sop
SO pin ><
Figure 17-16 AC Characteristics
(Vss =0V, Vpp =4.5V-5.5V, Topr = -40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
SCLK cycle time tscy 2 / fegek - -
1/ fegek
SCLK "L" pulse width tscyL 25 ° .
. 1/ fegek
SCLK "H" pulse width tscyn Internal clock operation R R
SO pin and SCLK pin load capacity=100 pF -15
Sl input setup time tsis 60 - -
Sl input hold time tgin 35 - -
SO output delay time tsop -50 - 50 ns
SCLK cycle time tscy 2/ fegek - -
SCLK "L" pulse width tscyL 1/ fegek - -
SCLK "H" pulse width tscyn External clock operation 1/fcgek - -
Sl input setup time tsis SO pin and SCLK pin load 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 x 0.30
\%
SCLK high-level input voltage tscLkH Vpp x 0.70 - Vpp
> Bl o
] ]
' '
v v v v Trailing edge atthe  Leading edge at the
SO0 pin S< A6 X A7 X BO X B1 X B2 8th bit (receive edge) 1st bit (transmit edge)
% % % % % Symbol Name Minimum time
i C6 C7 DO D1 D2 tBl [ Interval time between bytes | 4/fcgck
SI0 pin
Figure 17-17 Interval time between bytes
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17.7 Revision History

TMP89FM42

17.7 Revision History

Rev

Description

RA001

"Table 17-3 Transfer Baud Rate" Revised table (Add some fcgck condition).

"17.6 AC Characteristics" Revised table (Add some fcgck condition).
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18. Serial Bus Interface (SBI)

The TMP89FM42 contains 1 channefsserial bus interfacéSBl).

The seriabusinterface spports seriatommunicéion conbrming to the 4C bus stardards. It has clocksynctro-
nization andarbiration functions, and suports the miti-masterin which multiple masers are connected onbas. It
also sipports the uniquéee data format.

18.1 Communication Format

18.1.1 1°C bus
The PC bus is connected to devices the SDAOard SCLO pirs ard can cormunicate with multiple
devices.
VDD
o
Q
SDA SDA|— | ----- SDA
SCL SCL SCL
Device 1 Device 2 Device n

Figure 18-1 Device Connections

Communications aramplemented betweem masteand slave.

The master transmits the start conditj he slaveaddresses, ¢éhdirection bit ard the stopcondtion to the
dave(s) connected the bus,and tranmiits andreceives data.

The dave detects these conditionansmitted from thenaster bythe hardware, and transmi@nd receives
data.

The datdormat ofthe PC bus thatancommunicatevia the seriabusinterfaceis shown in Figure8-2.

Theserial lus interface des rot suppat the following functions amongthose specifiedy the PC bus stan-
dards:

1. Start byte
2. 10-bitaddressimgy
3. SDA and SQ@ pinsfalling edge slopcontrol
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18.1 Communication Format
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(a) Addressing format

|«— 8bits —>»|1 |« 1t08bits >|1|€ 1to8bits >{1]
T

T T
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)

|«— 8bits —>»{1|« 1to8bits >|1| j&«— 8bits —>|1|€ 1to8bits >|1|

ITTTTTT ITTTTTT
RI|A A RJ|A A
S| Slave address |/[C Data C|S| Slave address |/|C Data C|P
WK K WK K

I(— 1 —>|<—1ormore—)||(— 1 —)l(—1ormore—>|

S _ : Start condition
R/W : Direction bit
ACK : Acknowledge bit
P : Stop condition

Figure 18-2 Data Format of I°C Bus

18.1.2 Free data format

The free data formas for communcation béweena master and slave.

In the freedata format, thelaveaddressnd the directio bit areprocessed adat.

(a) Free data format

|«— 8bits —>{1}« 1to8bits >{1|€ 1to8bits >{1|

T T TTTT
A A A
S Data C Data C Data C|P
K K K

|<— 1 —>|(— 10rmore4>|

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

Noise scL _D
N canceller °
> | Transfer €
control 8
circuit K ~
Q.
A A A+ 3
Y| / Y 3
Software Clock ) > | =
e D Shift Data >
reset circuit control circuit > register CQHtI’C_)l o SDA _D
E 4 A A < circuit canceller | <]
@
Q o
X R 9]
0 = ol & 8 3 <| 4 '5% % i
= 7] ol <| | z nl < Sl pa}
<y Y
sBiocR2 | | sBiocr1 | | 12coaR | | sBIoDBR | | sBiosR2 |
Figure 18-4 Serial Bus Interface 0 (SBIO)
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18. Serial Bus Interface (SBI)

18.3 Control

TMP89FM42
18.3 Control
The following regigers are used toontrolthe rial businterfaceand monitor the ogration status
 Serial businterfacecontrd register 1 (SBIOCR1)
« Serial businterfacecontrd register 2 (SBIOCR2)
« Serial businterfacestatusregider 2 (SBIOSR2)
« Serial businterfacedatabuffer register (SBIODBR)
« 12C bus address regfer (I2CAR)
In addition, the grial businterface hasow powerconsumpion registerghat save power when the serial bus inter-
face isnot being used.
Low power consumption register 1
POFFCR1 7 6 5 4 3 2 1 0
(OXOF75) 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
UART1EN | UART1 control 0| Disable
contro 1| Enable
UARTOEN | UARTO trol 0| Disable
contro 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.
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/IW RIW RIW R/IW
After reset 0 0 0 0 0 0 0 0
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ACK=0 ACK=1
Number of
BC Number of data Number of clocks .
clocks for data . Number of data bits
bits for data transfer
transfer
000: 8 8 9 8
001: 1 1 2 1
BC Number of data bits 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
ACK Master mode Slave mode
Not generating the clocks for an
acknowledge signal. Generate an | Generate an interrupt request when the
0: interrupt request when the data data transfer is finished
Generation and counting transfer is finished (non-acknowledgement mode)
ACK of the clocks for an (non-acknowledgement mode)
acknowledge signal Generate the clocks for an .
; . Count the clocks for an acknowledge signal
acknowledge signal and an inter- .
and generate an interrupt request when the
1: rupt request when the data trans- e
e data transfer is finished
fer is finished
(acknowledgement mode)
(acknowledgement mode)
NOACK Master mode Slave mode
Enables/disables the
slave address match o Don't Care Enable the slave address match detection
NOACK . ' and the GENERAL CALL detection
detection and the GEN-
ERAL CALL detection Disable the slave address match detection
1: Don't Care .
and the GENERAL CALL detection
ok trign(m/fegek) |t ow(n/fcgek) fscl@fcgek= fscl@fcgck=
m n 8MHz 4MHz
000: 12 381KHz Reserved (Note5)
HIGH and LOW periods 001: 1 14 320KHz Reserved (Note5)
of the serial clock in the
sck master mode 010: 15 18 242KHz Reserved (Note5)
Time before the release 011 23 26 163KHz 82KHz
of the SCL pin in the
slave mode 100: 39 42 99KHz 49KHz
101: 71 74 55KHz 28KHz
110: 135 138 29KHz 15KHz
111: 263 266 15KHz 8KHz

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, I2COAR

and SBIOSR?2 registers are initialized.

Note 4: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR?2 register, except SBIOCR2<SBIM>, and the

SBIOCR1, I2C0AR and SBIODBR registers are initialized.

Note 5: When fcgck is 4MHz, SCK should be not set to Oy000, 0y001 or Oy010 because it is not possible to satisfy the bus speci-

fication of fast mode.

Serial bus interface control register 2

SBIOCR2 7 6 5 4 2 1 0
(0x0023) Bit Symbol MST TRX BB PIN SBIM - SWRST
Read/Write w w w w R w
After reset 0 0 0 1 0
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0: Slave

MST Master/slave selection
1: Master
0: Receiver

TRX Transmitter/receiver selection
1: Transmitter
0: Generate the stop condition (when MST, TRX and PIN are "1")

BB Start/stop generation

1: Generate the start condition (when MST, TRX and PIN are "1")
0: - (Cannot clear this bit by the software)

PIN Cancel interrupt service request
1: Cancel interrupt service request

SBIM Serial bus interface operation 0: Port mode

mode register 1: Serial bus interface mode
SWRST Software reset start bit The software reset starts by first writing "10" and next writing "01"

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: SBIOCR2 is a write-only register, and must not be accessed by using a read-modify-write instruction, such as a bit opera-
tion.

Note 5: After a software reset is generated, all the bits of SBIOCR2 register except SBIOCR2<SBIM> and the SBIOCR1, 12COAR
and SBIOSR?2 registers are initialized.

Note 6: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR?2 register, except SBIOCR2<SBIM>, and the
SBIOCR1, I2C0AR 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 *
Master/slave selection status 0: Slave
MST .
monitor 1: Master
TRX Transmitter/receiver selection 0: Receiver
status monitor 1: Transmitter
0: Bus free
BB Bus status monitor
1: Bus busy
PIN Interrupt service requests sta- | 0: Requesting interrupt service
tus monitor 1: Releasing interrupt service request
0: -
AL Arbitration lost detection monitor
1: Arbitration lost detected
AAS Slave address match detection 0:-
monitor 1: Detect slave address match or "GENERAL CALL"
ADO "GENERAL CALL" detection 0:-
monitor 1: Detect "GENERAL CALL"
0: Last received bit is "0"
LRB Last received bit monitor
1: Last received bit is "1"

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 SBIOCR?2 register, except SBIOCR2<SBIM>, and the
SBIOCR1, I12COAR and SBIODBR registers are initialized.
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I°C bus address register

12COAR 7 6 5 4 3 2 1 0
(0x0024) Bit Symbol SAO ALS
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
SA Slave address setting Slave address in the slave mode

o | 0:1%C bus mode
ALS Communication format selection
1: Free data format

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 1°C bus stan-
dard 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 SBIOCR?2 register, except SBIOCR2<SBIM>, and the
SBIOCR1, I12COAR 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 RIW

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 SBIOCR?2 register, except SBIOCR2<SBIM>, and the
SBIOCR1, I12COAR and SBIODBR registers are initialized.

18.4 Functions

18.4.1 Low Power Consumption Function

The serial bus interface has a low power consumptigister (POFFCR1) that gas powewhen the serial
bus interface is ndieing used.

Setting POFFCR1<SBIOEN> to "0" didasthe basic cloclkupply tothe seial bus interface tsave power
Note that this makes the serial bus interface udes8etting POFFCR1<SBIOEN® "1" enables the basic
clock supply taheserial bus intedceandmakes external interruptsable.

After resetPOFFMR1<SBIOEN> is initialized to "0"and thismakes the seriddusinterface unuable. When
using the serial busterface forthe first time, be sure to set POFFCR1<SBi3H&0 "1" in the initial setting of
the program (beforthe ®rial businterface controtegisersare operated).

Do not chang POFFCR1<SBIBN> to "0" during the seial bus interfae operabn, otherwise seriabus
interfacemay operate unexpectedly
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18.4.2 Selecting the slave address match detection and the GENERAL CALL detection
SBIOCR1<NOACK> enables and disablde slaveaddress match detection and the GENERAL CALL
detectionin the slae mode.

Clearirg SBIOCRENOACK> to "0" enables thslave addessmatchdetection and the GENERA CALL
detecton.

Seting SBIOCR1<NOACK> to "1" disalles he sulsequent slaveaddressmaich ard GENERAL CALL
detectons.The slave addressasd "GENERAL CALL" sert from the nmaster areignared. No acknovedge-
mentis returnedandno interrug requestis gererated

In the naster male, SBIOCR1<NQACK> is igrored and haso influenceon the operation.

Note: If SBIOCR1<NOACK> is 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 dat transferconsistsof data and an adowledgesignal.Whenthe data trasferis finished, an inter-
rupt reqestis gererated

SBIOCR1<BG is used to select thmumber ofbits of data to be transitted/received subsequently

The acknowledgment modeastivatedby stting SBIOCR1<ACK> to "1".

The nester devie generates the @tks for anacknavledge sigral andoutputs anacknowedge sgnalin the
receiver mode. Thdave device counthe clocks folan acknowledge signahdoutputs an acknowledge sig-
nal in thereceivermode.

The nm-ackniowledgment nmode is activad by settig SBOCR1<ACK> to"0".

Themaster devie does at generae the cbcks for anacknowledge signal. Theasle device does not count
the clocksfor an acknowledgsignal.

18.4.3.1 Number of clocks for data transfer

The nunberof clocks for data transfeis set by ugig SBIOCRX¥BC> ard SBIOCRKACK>.
Theacknowledgment mode &tivatedby seting SBIOCCR1<ACK> to "1".

In the acknowledgment modéhe mater device generatdéee clocks that correspond tthe number of
data hbts, generats the clocksfor anacknowledgesigral, andgenerags aninterruptrequest.

The slave deviceounts theclocks that correspod tothe data b#, counts the clock$or an acknowl-
edgesignal, and generates amerrypt request.

The non-acknowledgment mogeacivatedby seting SBIOCRKACK> to "0".

In the non-acknowledgment modke mastedevice generates the clathat correspathto the nmber
of data bis, and geerates an irgrrupt request.

The slave deviceounts the cldcsthat correspod to the dad bits, andgeneraes an inérruptrequest.
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SBIOCR1<BC>="110", SBIOCR1<BC>="011",
, SBIOCR1<ACK>="0" , , SBIOCR1<ACK>="1" ,
|z >, L=<z 3
1 1 1 1
1 1 1 1
1 1
1 2 3 4 5 6 1 2 3 4

—1
— 1

Figure 18-5 Number of Clocks for Data Transfer and SBIOCR1<BC> and SBIOCR1<ACK>

The relatimship between tke number d clocks for data transfer and SBIOCR1<BC> and
SBIOCR1<ACK> isshown in Bble 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)
Be Number (t)rf:r:Z?:rS for data Number of data bits Number (:::r:(:f::rs 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 clearedo "000" by the startcondtion.

Therefore, the slave addssand thalirection bit arealways transferreh 8-hit units. In oher 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, thB/A0 pin changes as fbbws duing the period of the claks for an
acknowledge sigml.

* |n the mater mode

In the transmitter mode, the SDAO pinreleased to receiven acknowledgsignal from the
receiverduring theperiod of the clocks foan acknowledge signal. Ithe receiver mode, the
SDAO pin is puled down to the low level andan ackrowledge sgnalis generated durgthe
periodof the clocls for an acknwledge signal.

* |n the slave mode

When a matclbetween the receiveslaveaddess and the slave address s2t2COAR<SA>
is detected or when a GENERACALL is received, the SDAQIn is pulled down to the low
level and anacknavledge sigral is generatediuring the periodof the cloclks for an ackrowl-
edye sgnal.
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Note: In the non-acknowledgment mode, the clocks for an acknowledge signal are not generated or counted,
and thus no acknowledge signal is output.

During the data transfer after the slave addmatch isletectedr a"GENERAL CALL" is
receivedin the transmter modethe SDAO pinis releasedo receivean acknowledge signal

from the receiver duringhe period othe clocks for aracknowledge signal.

In thereceiver mode, the SDAfIn is pulleddown to thdow level andan acknowledge sig-
nal is generatd. Table 18-2 shavs the states bthe SCLO ad SDAO pins in the acknowedg-

ment made.

Table 18-2 States of the SCLO and SDAO Pins in the Acknowledgment Mode

Mode Pin Condition Transmitter Receiver
scLo Add the clocks for an Add the clocks for an acknowl-
acknowledge signal. edge signal
Master
SDAO Release the pin to receive an | Output the low level as an
acknowledge signal acknowledge signal to the pin
SCLO Count the clocks for an Count the clocks for an
acknowledge signal acknowledge signal
When the slave address
match is detected or a Output the low level as an
"GENERAL CALL" is acknowledge signal to the pin
Slave .
received
SDAO
During transfer after the
slave address match is Release the pin to receive an | Output the low level as an
detected or a "GEN- acknowledge signal acknowledge signal to the pin
ERAL CALL" is received

18.4.4 Serial clock

18.4.4.1 Clock source

SBIOCR1<SCK> is used to set the HIGH and LOWIqus of the seral clock to be outputin the maser

mode.

thign(m/fcgek) t ow(n/fcgek)
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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SCL output

thieH | tLow 1/fscl

R e N

tH|GH =m/ ngCk

tLow =n/fcgck

fscl = 1/(tH|GH + tLow)

Figure 18-6 SCL Output

Note: There are cases where the HIGH period differs from ty gy 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 mibe, the hdd time wren the startondition is generaed isty gy [S] and tle setwyp time
when the stogonditionis gereratedis ty,gH [S]-

When SBIOCR2<PIN is set b "1" in the slave mode, thiime thatelapses before the release of the
SCLpinis { ow [S]-

In bath the masteand slave modes the high level period mstbe 3/fcgck{s] or lorger and the lowevel

period must be 5fcgck[s] or longer for tle extermlly input clock, regartess of tle SBICCR1<SCK> set-
ting.

SCL input
| <— tHioH —>— —————— oy ————>

_ [ ]

tHIGH >= 3/fcgck

tLow >= 5/fcgck

Figure 18-7 SCL Input

18.4.4.2 Clock synchronization

In the FC bus, dueto the structwe of the pn, in orderto drivea buswith awired AND, a mastedevice
which pulls down aclock pulse to low will, in the fist place, invalidate the otk pulse of another maste
device which generates &igh-level clock pulse. Trerefore,the master otputting the Hgh level must
detect this to correspnd toit.

The serial busnterface circuit has a clkcsynchonization functn. This functbn ensres normal
transfer even ithere are tw@r more masteren the same bus.

The example explains clock symonization proceduresvhen twomasters simltaneouslyexist on a
bus.
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SCL pin (Master 1) Wait \Count start

gl ) (x' Count reset

Figure 18-8 Example of Clock Synchronization

SCL pin (Master 2) Count reset

SCL (Bus)

Cobhcccadacacea

As Master 1 pus down the SCL pirto the lowlevel at pint "a", the SQ line of the lns becores the
low level. After detedng this situaion, Master 2resets conting a cbck pulse n the high level ard sets
the SCL pinto the low level.

Master 1 finshes couting a cbck pulse in the low level at pint "b" and set the SCL pi to the hich
level. Since Master Adds the SClUine of the busit the low level, Master Iwaits for counting a clack
pulse in te hich level After Maskr 2 sets a clociulse tothe high level at pdnt "c" anddetects th SCL
line of the bus at thkigh level, Master 1 startsuntinga clock puse in he high level. Then the masgr,
which has fhishedthe counting a clock pisein the hig level, pulls down the SCL pinto the lowlevel.

The cbck pulseon the kus isdetermired by the mester devicewith the shorteshigh-level geriod ard
the mater device with the longekiw-level periodfrom amorg those master deees coneced to the
bus.

18.4.5 Master/slave selection

To set a mastedevice, SBIOCRZMST> stould beset to"1".

To set adave device, SBCR2<MST> should be cleared "0". Whena stopcondtion an the bis or an
arbitration losis detectedSBIOCR2<MS™ iscleared td'0" by the hardvare.

18.4.6 Transmitter/receiver selection

To setthe device as &ransmitter SBIOCR2<TRX> shoull be set to "1". @ sd the deviceas a receier,
SBIOCR2<TRX>shouldbecleared to "0".

For thel?C bus data transfén the slave mMod&BIOCR2<TRX>is set to "1" bythe hardvare ifthe direction
bit (RAW) sent from themaster devicés "1", and is clearedo "0" if the bt is"0".

In the mastemode, after aracknowledge signak returnedfrom the slae device, SBIOCR2<TRX3s
clearedto "0" by hardware if a transtteéd drecion bit is "1", and is seto "1" by hardware iftiis "0". When
an ackiowledge sigal isnot returned, the current condtion is mantained.

When astop condtion on tle bus or an arbiration lostis detected, SBCR2<TRX>is clearedo "0" by the
hardware Table 18-3 fows SBIOCRXTRX> changing conditinsin each modernd SBIOCR2<TRX>value
after clanging.

Note:When SBIOCR1<NOACK> is "1", the slave address match detection and the GENERAL CALL detection are
disabled, and thus SBIOCR2<TRX> remains unchanged.
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Table 18-3 SBIOCR1<TRX> Operation in Each Mode

Mode Direction bit Changing condition TRX after changing

"0" A received slave address is "0"
Slave mode the same as the value set to

" I2COAR<SA> "1
g e

Master

ACK signal is returned
mode pn g

When the seriabus interface circuit ggates in théree data format, slave addresand airection bit are

not recognized. They are hded as datayst after gneraing the sart candition. SBIOCRZXTRX> is nd
changedy the haravare.

18.4.7 Start/stop condition generation

When SBOSR2<BB> is "0", aslaveaddressaind adirectionbit which are set to the SBIODBR are output
abus afer generating startcondition bywriting "1"to SBIOCR2<MST>, SBIOCRZXTRX>, SBIOCR2<BB>
and SBOCR2<PIN>.It is necessary to set SBIOCRACK> to "1" before geerating the start conditio

SCLO pin : : 1 2 3 4 5 6 7 8 9

1 ! -=="
!
= 0
1

S AT O O 0 € D O

Start condition Slave address and direction bit Acknowledge signal

INTSBIO Interrupt request

I

Figure 18-9 Generating the Start Condition and a Slave Address

When SBIOGR2<BB> is "1",the sequence of generajithe stopcondition on the bus isstartedby writing
"1" to SBIOCR2<MST>, SBIOCR2<TRXand SBICR2<PIN> and writing "0" to SBIOCR2<B>.

When a stogondition is generadd. The SCL line on a bus is pled down to the bw level by andher device,
a st condtion is generaed after releasinghe SCLline.

1
SCLO pin '
- 1

SDAO pin 5 | / :

Stop condition

Figure 18-10 Stop Condition Generation

Thebus candition canbe indicaied by readingthe conentsof SBISSRZBB>. SBIOSR<BB> is setto "1"

when te strt canditionon the tusis detected (Bus Busyt&te) and is cleared to "0" wh the stp condtion is
detected (Bu&ree $ate).
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18.4.8 Interrupt service request and release

When a srial businterface circuit is in the mastenode andtranserring anumber of clocks e by
SBIOCR1<BC> and SBCR1<ACK> is completea seriabusinterface interrupt requégINTSBIO) is gener-
ated.

In the $ave mode, aesial bus interface interrupt regste(INTSBIO) isgenerateavhen the above and follow-
ing conditions are satisfied:

» At theendof the acknowledgeignal when the receed save addres matcheso the valueset bythe
I2COAR<SA> with SBIOCR¥NOACK> set at "0"

» At theendof the acknowledgeignal wren a'GENERAL CALL" is receivedwith
SBIOCR1<NOACK>set at "0"

« At the end of transferringr receivingafter matchingf the slaveaddres or receivingof "GENERAL
CALL"

Whena serial bus interfadaterrupt requesbccurs SBIOCR2<PIN> igleared to "0"During the timethat
SBIOCRXPIN> is"0", the SCLOpin is puled down to the lav level.

tLow

SCLO pin is pulled

~—
to low when Vo
SCLO pin ; 5 3 7 8 g | sBlocR2<PIN>is0" 1 [

o 0 ;
SBIOCR2<PIN> Q / [7
A

Set SBIOCR2<PIN> to "1" or
write data to SBIODBR

INTSBIO interrupt request

Figure 18-11 SBIOCR2<PIN> and SCLO Pin

Writing data ¢ SBIODBR sets SBIOCR2PIN> to"1". The ime from SBIOCR2<PIN beingsetto "1" until
the SBO pinis released takesdyy.

AlthoughSBIOCRXPIN> can be set to "Dy the software, SBIOCR2<PIN> cannotbe cleared ¢ "0" by the
sdtware.

18.4.9 Setting of serial bus interface mode

SBIOCR2<SBIM> is used tcsd serial bus interfaceode.
Setting SBIOR2<SBIM> to "1" select the seriabus interfacenode. Settirg it to "0" selectshe port mode.

Set SBIOCR2<SBIM> to1" in order to seserial businterface mode. Before ttimg of serial busnterface
mode, confirm serial bus interface pinsa high leve, andthen,write "1" to SBIOCR2<SBIM>.

And switha pat mode afer confirming that a bus is free arsgt SBIOGRR2<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.

18.4.10Software reset

Theserid bus interfaceircuit hasa software reset fution thatinitializes the seadl bus interfaceircuit. If
the seriabusinterface circuit loks up, for example, due to noise canbe initialized byusng thisfunction.
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A softwarereset isgeneraed by writing "10" and tlen"01" to SBIOCR<SWRST>.

After asoftware reset is generatdde seriabusinterface circuitis initialized am all the bitsof SBIOCR2
regiger, except SBIOCR2<SBIM:=and the SBIOCRI2COAR<SA> and SBIOSR?2 registerare initialized.

18.4.11Arbitration lost detection monitor

Sincemorethan one mastatevice can existiswultan®usly a a busa bus arbitraton procedure is inple-
mented in order tguarante¢he conents of transferred dat

Dataonthe SDA lireis used fo bus arftration of the I2C bus

The folowing shows anexanple of a busarbitration procedure whetwo master devices exist simulta
neousy on a bs. Master 1 and Master 2tputthe samelata untl point "a". After that, wherMaster 1 atputs
"1" andMaster 2 outputs "0", since the SDA line of abus iswired AND, the SDAlineis pulled @wn to the
low level by Master 2 When the SCL line of a bus is gled-up at pont "b", the slave deice read data on he
SDA line, that is datan Master 2 Data trarsmitted from Master lbecomesnvalid. Thestate in Master 1 is
called"arbitration lost'. A master device which loses dbitration releases th8DA pin andthe SCL pnin order
not toeffect data trasmtted fromother mastrswith arhitration. When more than one master sendke same
data at the fist word, arktration occus contnhuausly afer the secondvord.

SCL (Bus) ||||||||||||

SDA pin (Master 1)

SDA pin (Master 2) \ /

SDA (Bus)

_—

Figure 18-12 Arbitration Lost

The serial bus interface circuit compares levels of A $f® of a bus with itsSDA pin at the rising edge of
the SA line. If the leved areunmatched, arbiration is lostandSBIOSR2<AL> isset to"1".

When SBIOSRXAL> is set to "1", SBIOCR2<MST> andSBIOCR2<TRX> are cleadtto "0" and the mode
is switched to &lavereceivermode Thus the serial bus interface cirdustops outpubf clock pulsesduring
data tansferafter the SBIOSR2<A > is set b "1". After the data transfer iscomgeted SBICR2<PIN> is
cleared to "0" and th8CL pin is pulled down to the low level.

SBIOSR2<AL> isclearedo "0" by writing data to the SBIODB, reading data fronthe SBIODBR or writing
data to tle SBIOCR2.
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SCL pin 1 2 3 4 5 6 7 8 9 1 2 3
\
Master A \D7AXD6AXD5AXD4AXD3AXD2AXD 1A XDOA D7AXDEAXD5A

SDA pin

SCL pin 1231 141 51 161 7. 18, 49
Master B —> Stop clock output r

SDA pin D7A ADGA T Releasing SDA pin and SCL pin
to high level as losing arbitration.

SBIOSR2<AL>

SBIOCR2<MST> A

SBIOCR2<PIN>

Access to SBIODBR or
SBIOCR2

INTSBIO Interrupt request |_|

Figure 18-13 Example When Master B is a Serial Bus Interface Circuit

18.4.12Slave address match detection monitor

In the slave mode, SBIOSR2<AAS> is set to "1"aemhthe receivediatais "GENERAL CALL" or the
receiveddatamatcheghe slave addresgtting by IZOAR<SA>with SBIOCR1<NOACK> se&t"0" and the

I2C bus male isacive (I2COAR<ALS>="0").
Seting SBIOCR1<NOACK> to "1" disalles he sulsequent slaveaddressmath ard GENERAL CALL

detections. SBIOSR2<AAS> remains at "0" everm fGENERAL CALL" is received or the saméase
addres as the I2COAR<SA> set valugreceived.

When a serial bus interface aiitoperates ithefree daa format (I2QAR<ALS>= "1"), SBIOSR<AAS>
is st to "1" after receiving the fitsl-word of data. SBIOSR2<AAS> isedred to "0" by writing data to the
SBIODBRor readng data fronthe SBIODBR.

SCLO (Bus) I _\: / SA6 X SA5 X SA4 X SA3 X SA2 X SA1 X SAO X RIW /
) Start condition Slave addres;’+ Direction bit
SDAO (Bus)
Output of an acknowledge signal
SDAO pin
Writing or reading SBIODBR |_|
INTSBIO Interrupt request |-|
Figure 18-14 Changes in the Slave Address Match Detection Monitor
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18.4.13GENERAL CALL detection monitor

SBIOSR<ADO> is %t to "1" when SBIOCR1<NOACK is "0" and GENERAL CALL (all 8-bit received
data is 0" immediately after agtartcondtion) in a slawe node.

Seting SBIOCR1<NOACK> to "1" disables te sulsequent slaveaddressmath ard GENERAL CALL
detections. SBIOSEADO> remains at "Okven ifa "GENERALCALL" is received.

SBIOSR2<ADO>is cleared to "0" when a staor stop cortition is dete@don abus.

V-
SCL (Bus) ' . 1 2 3 4 5 6 7 8 9 1 .
| ! i | !
1 1
- Ir _\ : / : [
SDA (Bus) ! __! - ’ il I_:f_:
L Start condition GENERAL CALL Stop condition

SDAO #F \ / T

Output of an acknowledge signal

| L

INTSBIO Interrupt request |_|

SBIOSR2<ADO>

Figure 18-15 Changes in the GENERAL CALL Detection Monitor

18.4.14Last received bit monitor

The SDA linevalue stored at the rising edgkthe SCL lireis set to SBIOSRZ.RB>.

In the acknowledge node, immedately after an iterruptrequestis generaed, anacknowedge sgnalisread
by reading the contens of SBIOSR2<LRB>.

SCL

SDA /D7XD6XD5XD4X03X02XD1XDOX ," .

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

18.4.15Slave address and address recognition mode specification

When the serial bus interfaagrcuit is used in the 4C bus mode clear 12COAR<ALS> t0'0", and set
I2COAR<SA> to the slave address.

When the srial businterfacecircuit is used witha free data formanot to recogize the slave addresset
I2COAR<ALS>to "1". With a freedataformat, the slag addressnd the direton bit arenot recognized, and
they are processed as afibm immedately afterthe startcondtion.
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18.5 Data Transfer of 12C Bus

18.5.1 Device initialization

Set POFFCR1SBIOEN> to "1".

After confirming thatthe serial businterface pin ishigh level, s¢ SBIOCR2<SBIM> to "1" toselectthe
serial businterfacemode.

SetSBIOCR1<ACK> to "1",SBIOCR1NOACK> to "0" and SBIOCR1<BC> to "000 to court the number
of clocks for an ackowledgesignal, to erable he slawe addressmatchdetction andthe GENERAL CALL
detecton, and sethe data lenth to 8 bits. Set T,y and T o atSBIOCR1<SCK>.

Set aslaveaddress at I2COAR<SA> andt$2COAR<ALS>to "0" to sdlect the I°C bus mdle.

Finally, set SBOCR2<MST> SBIOCR2<TRX> andSBIOCR2<BB> to "0", SBIOCR2<PIN> to "1"and
SBIOCR2<SWFIST> to "00" for specifyinghe default setting to alave 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 initialization of a serial
bus interface circuit.

Example :Initializea device

CHK_PORT: CMP (P2PRD), 0x0C ; Checks whether the serial bus interface pin is at the high level
JR NZ, CHK_PORT
LD (SBIOCR2), 0x18 ; Selects the serial bus interface mode
LD (SBIOCR1), 0x16 ';'lslzl:ects the acknowledgment mode and sets SBIOCR1<SCK> to
LD (I2C0AR), 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 abusfree gatus (SBIOSR2<BB>="0").

Set SBIO®RR1<ACK> to "1" and specify aslave address and a directiobit to be trasmited to the
SBIODBR.

By writing "1" to SBIOCR2<MST>, SBIOCR2<TRX, SBIOCR2<BB> and SBIOCR24R>, the startondi-
tion is generatedn abusand ten, te slaw addess ad the direction bit which areset b the SBIDBR are

output. Thetime from generatig the START condtion unti the faling SBIO pintakes ty,gn.

An interryot requestoccurs at the 9tifalling edgeof a SCL clock cycle, and SBIOCR2<PIN> @eareal to
"0". The SCLO pn is puled davn to the lav level while SBIOCRZPIN> is "0". When an mnterrug request
occurs SBIOCR2<TRX>changesy the hardware accordgjrto thedirection bitonly when an acknowledge
signal isreturnedfrom 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 12C bus standard) or 23.7ps (the shortest transmitting time according to the fast mode
12C 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
conditions. If the writing of slave address and setting of SBIOCR2<MST>, SBIOCR2<TRX>, SBIOCR2<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 :Generatihe startcondtion

CHK_BB: TEST (SBIOSR2).BB ; Confirms that the bus is free
JR F, CHK_BB
LD (SBIODBRY), 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
. =" -I-
SCLO pin ! : 1 2 3 4 5 6 7 8 9
' |
| 1
1 1
I 1 v 7
SDAO pin | ! ' ]
1 ! ‘o ‘! ot
. E & v 4 Acknowledgem
irecti i ent signal from
Start condition Slave address + Direction bit a slavge

SBIOCR1<PIN>
Interrupt request ﬁ_‘
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 SBIGGRXMST> by theinterrupt process afir a Tword data tansfer is conpleted, anddetermne
whether the mode israaster oslave.

18.5.3.1 When SBIOSR2<MST> is "1" (Master mode)

CheckSBIOSR2<TRX> and determine wheththe mode is a transmitter or receiver

(1) When SBIOSR2<TRX> is "1" (Transmitter mode)

CheckSBIOSR2<LRB>. When SBSR2<LRB> is"1", a receiverdoes no request data. Imple
ment the procest generag a stopcondition (described later) andrminate datdransfer

WhenSBIOSR2<LRB> is "0", the receiver requesibsequent data. When the daté@édransmit-
ted subsequerly is other than 8 lits, setSBIOCR1<BC> again, set SBIOCRZACK> to "1", ard
write the transnitted data to SBIOBR.

After writing the data, SBIOCR&PIN> beconas "1", aserialclock pulse i generaed for trarsfer-
ring the subsegent 1-word data frorthe SCLO pin and therthe 1-word datiis transmited fromthe
SDAO pin.

After the data $ tramsmitted, an iterrupt request occurs. SBIOCR2<PIN> become "0" and the
SCLO pinis set to lte low level If the data tdbetransferred isnore tharone wad in lengh, repeat
the procedire fromthe SBIOSR2<LRB> check@mabove.

RA001 Page 2D

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

18. Serial Bus Interface (SBI)

18.5 Data Transfer of 12C Bus
TMP89FM42

SCLO pin 1 2 3 4 5 6 7 8 9
Write to SBIODBR

. W ) '
SDAO pin \D7XD6XD5XD4XD3XD2XD1XDOX .

Acknowledge signal
from the receiver

SBIOCR2<PIN>

INTSBIO Interrupt request I_l

Figure 18-18 Example when SBIOCR1<BC>="000" and SBIOCR1<ACK>="1"

(2) When SBIOSR2<TRX> is "0" (Receiver mode)

Whenthe daa to be transmited subsegentl is other than 8 bits, set SBIOCR1<E> agan. Set
SBIOCR1< AXK> to "1" and readhe receivediatafrom the SBIODBR (Reading dais undefined
immediately aftea shve addresis sent).

After the data is regdSBIOCR2<PIN- becones "1" by writing the dummy data (x00) to the
SBIODBR.The seriabus interface ccuit outputs aerial clockpulseto the SCLGin to transfethe
subseqgant 1-word data and sets the SDpin to "0" atthe acknoviedge signal timing.

An interrupt requesdccurs and SBIOCR2<PINbecomes'0". Thena serial bus interface circuit
outputs aclock puse fa 1-word da& transfer andhe ackiowledge sigral by writing data to he
SBIODBR or setting SBIOR2<PIN> to"1" after reading theeceiveddata.

Read SBIODBR

Write to SBIODBR

SCLO pin 9 1 2 3 4 5 6 7 8 9

SDAO pin / D7 % D6 D5 3 D4 % D3 » D2 5 DI ¥ DO \ /New D7}

Acknowledge signal
to the transmitter

SBIOCR2<PIN>
INTSBIO Interrupt
request I_I

Figure 18-19 Example when SBIOCR1<BC>="000" and SBIOCR1<ACK>="1"

To make the tramsitter terminate transmission, execudt#lowing proceduréeforereceivinga
last dab.

1. Read the received data.
2. Clear SBIOCR1<ACK> td0" andset SBIO®RR1<BC> to "000".
3. Toset SBICR2<PIN> t0o"1", write adummy dat (0x00) to SBIODBR.

Transfer 1-word datin which no cbck is geerated for an acknowedge signal ty seting
SBIOCR2<PIN> t0"1". Next, execue following pracedure.

1. Read the received data.
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2. Clear SBIOCR1<ACK> t80" andset SBIOGRR1<BC> to "001".
3. Toset SBICR2<PIN> t0"1", write adummy data (0x00) to SBIODBR.

Transfer 1-bit datby seting SBIOCR1<PIN-to "1".

In this case, since theasterdevice is a receivethe SDA line on a bukeepsthe high level. The
transmitter receives the high-lewsgnalasa negative acknowledgggnal. Thereceiverindicates to
the ransnitter thatdata transferis complete.

After 1-bit data igeceived ad aninterrupt requedtas occurredgenerate the stop conditida ter-
minate data trarsfer.

SCLO pin

SDAD pin Negative

acknowledge signal
to the transmitter

SBIOCR<PIN> |_| l_
o t T
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:
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.
= :
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: '
=
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INTSBIO Interrupt |_| ; H ; |_|
request :
After reading the received data, clear ! After reading the reveived
SBIOCR1<ACK> to "0" and writing the data, set SBIOCR1<BC> to
: dummy data (0x00) "L_"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 slavamode,a serial bus intéacecircuit operategither in thenormal slavemodeor in the $ave
mode after Iesing arhtration.

In the slavemode,the conditions ofjenerating the serial bus inteee interrupt request (INTSBI@ye
follows:

» Atthe enl of the aclnowedge sjnal when the eeived slave addss matcés the valie set bythe
I2COAR<SA> with SBIOCR1<NOACK> set at "0"

» At the end of the acknowledg®gnal wiena "GENERAL CALL"is recéved with
SBIOCR1<NOACK>set at "0"

» Atthe end of transferring oeceaving after matching of slavaddress or receiving of "GENERAL
CALL"

The serial bus interface circuit chasge the slae mode if arbitrations log in themaster mode. And
aninterrug request ocais when the word data trafer terminatesafter losing arbitration. Thegeneratio
of the interrupt requesaind the behaior of SBIOCRZPIN> after loshg arbitation are sbwnin Table 18-
4.
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Table 18-4 The Behavior of an interrupt request and SBIOCR2<PIN> After Losing Arbitration

When the Arbitration Lost Occurs during Transmis-
sion of Slave Address as a Master

When the Arbitration Lost Occurs during Transmis-
sion 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 aninterrupt request occurs, SBIOCRPIN> isreset to "0",and the SCLOpin is set to the
level. Either writing dita to the SBIOCBR or settig SBICCR2<PIN> b "1" releaseshe SCLO pinafter
taklng tLOW'

CheckSBIOSRXAL>, SBIOSR2<TRX>, SBIOSR2<AASand SBIOSR2<AD> ard implemer pro-
cessesiccording to conditions listiin 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
arbitration when transmitting a slave
1 1 0 address, and receives a slave address
of which the value of the direction bit Set the number of bits in 1 word to
sent from another master is "1". SBIOCR1<BC> and write the transmitted
In the slave receiver mode, the serial data to the SBIODBR.
1 0 bus interface circuit receives a slave
address of which the value of the direc-
1 tion bit sent from the master is "1".
Check SBIOSR2<LRB>. Ifit is set to "1",
set SBIOCR2<PIN> to "1" since the
0 receiver does not request subsequent
In the slave transmitter mode, the serial | data. Then, clear SBIOCR2<TRX> to "0"
0 0 bus interface circuit finishes the trans- to release the bus. If SBIOSR2<LRB> is
mission of 1-word data set to "0", set the number of bits in 1 word
to SBIOCR1<BC> and write the transmit-
ted data to SBIODBR since the receiver
requests subsequent data.
The serial bus interface circuit loses
arbitration when transmitting a slave
address, and receives a slag\’/e address Write the dummy data (0x00) to the
1 1/0 o S . SBIODBR to set SBIOCR2<PIN> to "1", or
of which the value of the direction bit .
o write "1" to SBIOCR2<PIN>.
sent from another master is "0" or
1 receives a "GENERAL CALL".
. : - The serial bus interface circuit is changed
The serial bus interface circuit loses R
o . to the slave mode. Write the dummy data
arbitration when transmitting a slave
0 0 ) (0x00) to the SBIODBR to clear
address or data, and terminates trans-
. SBIOSR2<AL> to "0" and set
0 ferring the word data. .
SBIOCR2<PIN> to "1".
In the slave receiver mode, the serial
bus interface circuit receives a slave Write the dummy data (0x00) to the
1 1/0 address of which the value of the direc- | SBIODBR to set SBIOCR2<PIN> to "1", or
tion bit sent from the master is "0" or write "1" to SBIOCR2<PIN>.
0 receives "GENERAL CALL".
In the slave receiver mode, the serial Set the number of bits in 1-word to
) o ! SBIOCR1<BC>, read the received data
0 1/0 bus interface circuit terminates the .
A from the SBIODBR and write the dummy
receipt of 1-word data.
data (0x00).

Note: In the slave mode, if the slave address set in 2COAR<SA> is "0x00", a START Byte "0x01" in 12C bus standard is received,

the device detects slave address match and SBIOCR2<TRX> is set to "1". Do not set I2COAR<SA> to "0x00".
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18.5.4 Stop condition generation

When SBICCR2<BB> is "1", a sequete of generaig a stopcondtion is started by seting "1" to
SBIOCR2<MST>, SBIOCR2<TRXand SBIOCR2<PIN=andcleaing SBIOCR2<HB> to "0". Do notmadify
the conénts of SBOCR2<MST>, SBIOCR2<TRX>, SBOCR2<BB> and SBIOCRZPIN> urtil a stopcondi-
tionis generated ona tus.

When aSCL line on abusis pulled down by other desgs, aserial bus interface circuifenerates atopcon-
dition after aSCL lineis releasd.

The time fromthe releasig SCL lire urtil the generatinghe STOP candition takestygn.

Exanple :Generag¢ the st condtion

; Sets SBIOCR2<MST>, <TRX> and <PIN> to "1" and SBIOCR2<BB> to

LD (SBIOCR2), 0xD8 nge
CHK_BB: TEST (SBIOSR2).BB ;Waits until the bus is set free
JR T, CHK_BB

SBIOCR2<MST>="1"
SBIOCR2<TRX>="1"
SBIOCR2<BB>="0"

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
1
1

A
Y

1 1
1 1
1 1
SCLO pin 1 1
1 1
1 1

1 1 ! - =

1 1 : Py

SCL (Bus) X Vo !

. | : '

\ vl ,

I 1

I 1

I 1

| 1

1

S
___1/

1

1
SDAO pin \

1

1

1

1
SBIOCR2<PIN> |

)

SBIOSR2<BB> |

Figure 18-21 Stop Condition Generation

18.5.5 Restart
Resart is used to chaeghe directionof data tensferbetween a mastetevice and alave device during
tranderring data. Théollowing explainshow to restart té serial bus interface circuit.

Clear SBIOCR2<MST>, SBIOCR2<TRXand SBIOCR2<BB to "0" and seSBIOCR2 <PIN> to "1". The
SDAQO pinretairs the high lewvel and the SCLQin is released.

Since thisisnat astgp condtion, the bus isassuned to be in a busy state frootherdevices.

Check SBIOSR2<B> until it becomes "0" to check thtte SCLO pin of the seti bus interface circuit is
released.
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Check SBIOSR2<LRB> until it becomé&s" to check tlat the SCL lie on the bus isnat pulled down to the
low level by other devices.

After corfirming that the busstays ina free stategenerate atart condtion in the procedue "18.5.2 Sart
condtion and slave address geation".

In orderto meet the geip timeat a restarttakeat least 4.ids of waitng time by the sfiware in the stndard

mode 12C bus standard aat least 0.fs of waiting time in the fastmode EC bus standardrom the ime of
restartingto confirmthata bus is freaintil the time to generate start condion.

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 read-
ing the port.

Example :Generate restart

; Sets SBIOCR2<MST>, <TRX> and <BB> to "0" and SBIOCR2<PIN> to

LD (SBIOCR2), 0x18 e
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 (SBIOCR2), 0xf8 ; Sets SBIOCR2<MST>, <TRX>, <BB> and <PIN> to "1"
SBIOCR2<MST>="0" SBIOCR2<MST>="1"
SBIOCR2<TRX>="0" SBIOCR2<TRX>="1"
SBIOCR2<BB>="0" SBIOCR2<BB>="1"
SBIOCR2<PIN>="1" SBIOCR2<PIN>="1"

4.7 ps min. in the normal mode or

0.6 ps min. in the fast mode \ / Start condition
1

iy e SN -

SBIOSR2<LRB>

TIhe™

SBIOSR2<BB>

SBIOCR2<PIN>

1P

Figure 18-22 Timing Diagram When Restarting
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18.6 AC Specifications

The AC specifications are #sted below

Theoperatirg mode (fastor standard) radeshould be seleced suitablefor frequencyof fcgck. For teseoperatiny
mode, refer tahe following tabie.

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 fcgck / (m+n) kHz

Hold time (re)start condition. This
period is followed by generation of the tHD:sTA m / fcgek - m / fegek - us
first clock pulse.

Low-level period of SCL clock (output) tLow n/fcgck - n/ fcgck - us
High-level period of SCL clock (output) tHiGH m / fcgek - m / fegek - us
Low-level period of SCL clock (input) tLow 5/ fegek - 5 / fegek - us
High-level period of SCL clock (input) tHicH 3/ fcgek - 3/ fegek - us
Restart condition setup time tsu:sTA Depends on - Depends on - us
' the software the software
Data hold time tHD;DAT 0 5/ fcgck 0 5/ fegek us
Data setup time tsu;paT 250 - 100 - ns
Rising time of SDA and SCL signals t - 1000 - 300 ns
Falling time of SDA and SCL signals t - 300 - 300 ns
Stop condition setup time tsu;sTo m / fcgek - m / fegck - us
E}us free time between. t.he stop condi- tour Depends on . Depends on . us
tion and the start condition the software the software
Time before rising of SCL after
SBICR2<PIN> is changed from "0" to tsu;scL n/ fcgck - n/ fcgck - us

nn

Note: For m and n, refer t0"18.4.4.1 Clock source".

| |

I | I

>l N —

te S tsypar NS te tsur

I et et | | O I , - HD;STA |

I ‘ : LOwW : : r : e f*tf | | I

| | | ! ‘ : ! ‘ |

N N I .

Lo | - : ‘ - o _ | |

St i L | | Lo r

| HD;STA | | I — -~ | | |
Co T = HI(;H —  —tsusma - —tsysTo

HD;DAT

Figure 18-23 Definition of Timing (No. 1)
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18. Serial Bus Interface (SBI)

18.6 AC Specifications
TMP89FM42

SCL —\_/—

SBICR2<PIN>

< -

tsu;scL

Figure 18-24 Definition of Timing (No. 2)
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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.

RA001
"Table 18-6 AC Specifications (Circuit Output Timing)" Revised value of "SCL clock frequency".

Revised from "normal mode" to "standard mode".
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18. Serial Bus Interface (SBI)

18.7 Revision History
TMP89FM42
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19. Key-on Wakeup (KWU)

The keyonwakeup is dunctionfor releasing ta STOP mode at tle STOP pin or atpinsKWI7 throughKWIO.

19.1 Configuration

SYSCR1<RELM>
| Rising edge _—
Stopmode  —Jy> opfseecton | Port H STOP
release signal 1
(to be rel d
if set to “1”) Selector
( Port KWIO
= e F-om
( Port KWI2
KWUCROL T T T T TTT1]
(OXOFC4) 7 6 5 4 3 2 1 0
:Z( Port KWI4
( Port KWI5
( Port KWI6
C Port KWI7
KWUCRTI [ T T T T T T T
(OXOFC3) 7 6 5 4 3 2 1 0
Figure 19-1 Key-on Wakeup Circuit
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19. Key-on Wakeup (KWU)

19.1 Configuration
TMP89FM42

19.2 Control

Key-on wakelp contol registers (KWUGQRO and KWUCRY) can ke configured todesigrate the ky-on wakep
pins(KWI17 throughKWI0) as STOP modeaeleag pinsandto specify the SDPmode release levels efich othese
desigrated pirs.

Key-on wakeup control register 0

KWUCRO 7 6 5 4 3 2 1 0
(OXOFC4) Bit Symbol KW3LE KW3EN KW2LE KW2EN KWI1LE KW1EN KWOLE KWOEN
Read/Write R/IW RIW RIW R/IW R/IW R/IW RIW RIW
After reset 0 0 0 0 0 0 0 0
KW3LE STOP mode release level of KWI3 0: L(i)W level
pin 1: | High level
Input enable/disable control of 0: | Disable
KW3EN .
KWI3 pin 1: | Enable
STOP mode release level of KWI2 0: | Low level
KW2LE . .
pin 1: | High level
KW2EN Input enable/disable control of 0: | Disable
KWI2 pin 1: | Enable
0: | Low level
KWI1LE STOP mode release level of KWI1 ,W v
1: | High level
Input enable/disable control of 0: | Disable
KWI1EN )
KWI1 pin 1:| Enable
STOP mode release level of KWIO 0: | Low level
KWOLE ) .
pin 1:| High level
Input enable/disable control of : | Disable
KWOEN pu _ ble/disable 0 isabl
KWIO pin 1: | Enable
Key-on wakeup control register 1
KWUCR1 7 6 5 4 3 2 1 0
(OXOFC5) Bit Symbol KWT7LE KW7EN KW6LE KWG6EN KW5LE KWS5EN KWA4LE KW4EN
Read/Write R/W R/W R/W R/W R/W R/IW R/W R/W
After reset 0 0 0 0 0 0 0 0
STOP mode release level of KWI7 0: | Low level
KW7LE ) .
pin 1: | High level
Input enable/disable control of 0: | Disable
KW7EN .
KWI7 pin 1:| Enable
STOP mode release level of KWI6 0: | Low level
KW6LE ) .
pin 1:| High level
KWEEN Input er_lable/disable control of 0: | Disable
KWI6 pin 1: | Enable
KWELE STOP mode release level of KWI5 0: ng level
pin 1: | High level
KWSEN Input er?able/disable control of 0: | Disable
KWI5 pin 1: | Enable
KWALE Sj’OP mode release level of KWI4 0: L(.)W level
pin 1: | High level
KWAEN Input er_lable/d|sable control of 0: | Disable
KWI4 pin 1: | Enable
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19.3 Functions

By using the key-on wakeup function, the STOP mode can be releasedat a STOP pin or at KWIm pn (m: O
through 7). After resettig, the STOP pin is the mly STOP male rekase pin. To desighate the KWIm pin as a SOP
mode release pin, therefore, it is nesagy toconfigure the key-omwakeup cotrol register (KWUQRnN) (n: O or 1).

Because th&8TOP pin lacks a function fodisabling inputs, it can be diggnated as pin for receiving a SIP mode
release signalrrespedtve of whetherthe key-on wakep function is used or not.

e Setting KWUCRn and P4PU registers

To despnatea key-onwakelp pin (KWIm) asa STOP node release m, setKWUCRKWmMEN> to
"1". After KWIm pin is set td'1" at KWUCRn<KWmMEN>, a specific SDP mode release levedrcbe
specified for this pirat KWUCRn<KWmMLE>. If KWUCRnN<KWmLE> isset to "0", SDP mode is
released wén an nputis at a bw level. If it is setto "1", STOP male is rebasedvhenan imputis at a

high level For exanple, if you wantto releaseSTOP nodeby inputting a high-level signal into a KWI0
pin, setkWUCRO<KWOEN> to"1", " and KWUCRO<KWOLE> to "1".

Each KWIm pincan be onnectedto internal pull-upresistos. Before conecing to internal pul-up
resistors, the correspding bits in the pullup control register (P4PU) at port P4 must be set to "1".

e Starting STOP mode

To start the STOP male, set SYSCR1<RELM> to "Ilevel release mode), and SYSCR1<I> to
"1

To use tle key-onwakeupfunction, do no set SYSCR1<RELM> to "0" (edgereleag mode). If the
key-on wakeup function is used inedge release nde, STOP node canot be rekasedatthough a risiry

edge is irput into the STOP pin. Thisis because the KWh pin erabling inputs to beeceived is at a
releasdevel after the SOP mode trts.

* Releasing SOP mode

To releaseSTOP node, npu ahigh-level signainto theSTOP pin or inputa spedic releaselevelinto
the KWIm pin for which receipdf inputs is enabledf you wantto releae STOP modeat the KWm pin,

rather ttan the STOP pin, coninue imputiing a low-level signal into the STOP pin throughout the period
fromwhen tre STOP male isstarted to wienit is released.

If the STOP pin or KWIm pin is already at a releasevébwhen the STOP node starts,he following
instructian will be executed wihout startng the STOP node(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)
Pin name SYSCR1<RELM>="1"
(level release mode) SYSCR1<RELM>="0"
(edge release mode)
KWUCRn<KWmLE>="0" | KWUCRN<KWmMLE>="1"
STOP "H" level Rising edge
KWIm "L" level | "H" level Don't use
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19. Key-on Wakeup (KWU)
19.1 Configuration TMP89FM42

Example :Acase in which SOP modses started with the releadeve of the STOP pin set to dighlevel and the release
level of KWIOsetto a low level (coanecedto an inernal pull-up resstor of the KWI0 pin

DI ; IMF<0
SET (P4PU).0 ; KWIO (P40) connected to a pull-up resistor
LD (KWUCRO0), 00000001B ; the KWIO pin is set to enable inputs, and its release level is set
to a low level.
LD (SYSCR1), 101000008 ; Starting in level release mode
RA000 Page 22
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20. 10-bit AD Converter (ADC)

The TMP89FM42 has #0-bit successive appraxiaion type AD conertet

20.1 Configuration

The circuitconfiguratian of the 10bit AD conwerter is shavn in Figure 20-1.

It consistsof control registers ADCCRand ADCCR2 convertedralue registes ADCDRL and ADCDRH a DA
convertera samfe-hold circuit, a com@rabr, a siccessie comparisoncircuit, etc.

DA converter

VAREF/AVDD Di_.’;l_i_l__;i_w_w_ _______________ []vss
& ! R2 R R/2
ks Reference A
voltage
Input selector - gi?(’:'gﬁ'e'hdd - 9
1 1
AINO D— A Y : A'AVA' —— !
I 1
1 Y 10
} : 7 J€—7
Analog
comparator Successive
AN7[}—n approximation circuit
S EN Shift clock 10
A A —— | INTADC
4 Control circuit >
AA A 5 (5 Selector
SAIN AINDS (&) 3 3la d s
] | <| |AMD|ACKY VY [ 4
| Apccri | | ADccrz || 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 I/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. 10-bit AD Converter (ADC)

20.2 Control
TMP89FM42

20.2 Control

The AD converter consts of thefollowing four regisers:

1. AD converter contol register (ADCCR1)

This register selects an aaglchamel in which to performAD conversionselects an B corversian
operaton mode,andcontols the startof the AD converter

2. AD corverter contol register ZADCCR?2)

This register selects the Aédnvesion time, and moritors the operatig sttus of te AD converter
3. AD converted value registe(ADCDRH and ADCDRL)

These regiters sore the digital values generated kithe AD conwerter
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AD converter control register 1

ADCCR1 7 6 5 4 3 2 1 0
(0x0034) Bit Symbol ADRS AMD AINEN SAIN
Read/Write RIW R/IW RIW R/IW
After reset 0 0 0 0 0 0 0 0
ADRS AD conversion start O -

1:| AD conversion start

00: | AD operation disable, forcibly stop AD operation
01:| Single mode

10: | Reserved

11: | Repeat mode

AMD AD operating mode

0: | Analog input disable

AINEN Analog input control )
gmnp 1:| Analog input enable

0000: [ AINO
0001: | AIN1
0010: | AIN2
0011: | AIN3
0100: | AIN4
0101: | AINS
0110: | AIN6
0111: | AIN7

SAIN Analog input channel select
9 inp 1000: | Reserved

1001: | Reserved
1010: | Reserved
1011: | Reserved
1100: | Reserved
1101: | Reserved
1110: | Reserved
1111: | 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 accu-
racy 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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20. 10-bit AD Converter (ADC)

20.2 Control

TMP89FM42

AD converter control register 2

ADCCR2
(0x0035)

7

Bit Symbol EOCF ADBF ACK

Read/Write R/W

3
0"
w

0

After reset

Before conversion or during conversion

EOCF
Conversion end

AD conversion end flag

AD conversion being halted

ADBF ) .
AD conversion being executed

AD conversion BUSY flag

PolR e

000:
001:
010:
011:
100:
101:
110:
111:

39/fcgck
78lfcgck
156/fcgck
312/fcgck
624/fcgck
1248/fcgck
Reserved
Reserved

AD conversion time select (exam-
ples of AD conversion time are
shown in the table below)

ACK

Note 1:
Note 2:
Note 3:
Note 4:

Note 5:

Make sure that you make the ACK setting when AD conversion is in a halt condition (ADCCR2<ADBF>="0").
Make sure that you write "0" to bit 3 of ADCCR2.
If STOP, IDLEO or SLOW mode is started, EOCF and ADBF are initialized to "0".

If the AD converted value register (ADCDRH) is read, EOCF is cleared to "0". It is also cleared to "0" if AD conversion is
started (ADCCR1<ADRS>="1") without reading ADCDRH after completing AD conversion in single mode.

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

0.25
MHz

Conversion

. 2.5MHz
time

10MHz 8MHz 4AMHz 2MHz 5MHz 1MHz 0.5MHz

000

39/fcgck 19.5 us 15.6 us 39.0 us 78.0 us | 156.0 us

001

78/fcgck - 19.5 us 39.0 us 15.6 us 312 us 78.0us | 156.0 us

010

156/fcgck | 156us | 195ps | 39.0ps | 780ps | 31.2pus | 624pus | 156.0 ps

011

312ffcgck | 31.2pus | 39.0ps | 78.0us | 156.0ps | 62.4ps | 124.8 ps

100

624/fcgck 62.4 us 78.0us | 156.0 us 124.8 ps

101

1248/fcgek | 124.8 ps | 156.0 ps

11*

Reserved

Note 1:

Note 2:

Note 3:

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]

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).

The conversion time must be longer than the following time by analog reference voltage (VAREF).
-VAREF =45t055V
-VAREF=27t055V
-VAREF=22t055V

15.6 ps or longer
31.2 ps or longer
124.8 pus or longer

RA001
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AD converted value register (lower side)

ADCDRL 7 6 5 4 3 2 1 0

(0x0036) Bit Symbol ADO7 ADO6 ADO5 ADO04 ADO3 ADO2 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 AD08
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0

Note 1: A read of ADCDRL or ADCDRH must be read after the INTADC interrupt is generated or after ADCCR2<EOCF> becomes
"1

Note 2: In single mode, do not read ADCDRL or ADCDRH during AD conversion (ADCCR2<ADBF>="1"). (If AD conversion is fin-
ished 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 previ-
ous 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. 10-bit AD Converter (ADC)
20.3 Functions

TMP89FM42

20.3 Functions

The 10-bit AD converter operates either single male in which AD corversion is performedonly once or regat
mode in which AD conversioris performed repeately.

20.3.1 Single mode

In single mode, the vdtage at a desigrted analg inpu pin is AD corverted only once.

Setting ADCCR1<ADRS> to "1" aftersetting ADCCR1<AMD> to "01" allowsAD conversion to start.
ADCCR1<ADRS> isautomatically clered afterthe start of AD convegion. As AD converfon starts
ADCCR2<ADBF> is set to "1". It is cleared to "0" if ABbnversion is finished af AD converson isforced

to stop

After AD conversbn is finished, bhe comverson resut is stored in the AD convertel value regiders
(ADCDRL and ADCDRH), ADCCR2<EOCF> is set to "l and the AD conversion finished interrupt
(INTADC) is generated. BAD converted vale registers (ADCIORL and ADCDRH) should be wsudly read
acording to the INTADC interrupt processig routine. If the upper side (ADCDR) of the AD converted

value rgjisteris read, ADCCR2<EOCF> isleaed to "0".

Note: Do not perform the following operations on the ADCCRL register when AD conversion is being executed
(ADCCR2<ADBF>="1"). If the following operations are performed, there is the possibility that AD conversion
may not be executed properly.

e Changing the ADCCR1<SAIN> setting
o Setting ADCCR1<AINEN> to "0"

e Changing the ADCCR1<AMD> setting (except a forced stop by setting AMD to "00")
o Setting ADCCR1<ADRS> to "1"

AD conversion start

ADCCR1<ADRS> []

AD conversion start

=

ADCCR2<ADBF>

Status of ADCDRL Indeterminate X Result of the first conversionX Result of the second conversion

and ADCDRH

ADCCR2<EOCF>

Clearing EOCF based on
the conversion result

INTADC interrupt

I

request

Read of ADCDRH

]

.

Read of ADCDRL

Read of conversion result

1

Read of conversion result

1

20.3.2 Repeat mode

Read of conversion result

Figure 20-2 Single Mode

Read of conversion result

In repat mode, the voltagat an analog input pidesign#éed at ADCCR<SAIN> is AD converted repeat-

edly.

Setting ADCCR1<ADRS> to "1"fter setting ADCCR1<AMD> to "11" dlows AD conversion to start.
After the start of ADconversbn, ADCCRL<ADRS> isautomaticlly cleared.After the first AD conversion is
finished, the conversion resu# stored in the AD converted ke registers (ADCIRL and ADCDRH),
ADCCR2<EOCF=is set to "1", and the B conversiorfinished interrupt (INRDC) is generaté. After this
interrupt is generated, the sawb (rext) AD conversiorstarts immediately.
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The AD conwertedvalue registers (ADORL andADDRH) shauld bereadbeforethe nex AD conversbnis
finished If the next AD conversion is finished in the interim between a read of ADCDRL and a read of
ADCDRH, the previois conertedvalue is retaired withou overwriting the AD corverted valle regsters
(ADCDRL ard ADCDRH). In this case, the INADC interrupt request isnot gererated, and the coersimn
resultis lost. (See Figure0-3.)

To stop AD converson, write "00" (AD opeation disble) to ADCCRI<AMD>. As "00" is written to
ADCCR1<AMD>, AD conversiontsps immeliately In this case, theonvered value isiot stored in thé&D
converted dlue regster AsAD conwersionstarts, ADCCR2ADBF> is setto "1". It is cleared to "0" if "00" is
writtento AMD.

ADCCR1<AMD> X ar oo

AD conversion start ‘

ADCCR1<ADRS>
1 AD conversion is
: _sl_lrj]spended. ) it
i Result of the Result of the 3rd Result of the 4th 'he conversion resu
(C)poenr\;et:'grl']on / 2nd conversion X conversion conversion \ is not stored.
Status of ADCDRL Indeterminate X Result of the 1st conversion X Result of lhe Srd Result of the 4ih
and ADCDRH
ADCCR2<EOCF> | | |
) Y ' K ' /Y
! N ! ! Aread of the
) S conversion result
INTADC interrupt . A will clear EOCF.
Read of ADCDRH —| —| —|
Read of Read of Read of
conversion conversion conversion
Read of ADCDRL |_| result |_| result |_| result
The INTADC interrupt request is sc?r?\?e(r)sfion c'?c?r?\;je?gion (':Rgr?\fje?sfion
not generated in the interim
between a read of ADCDRL ~ "eSult result result

and a read of ADCDRH.

Figure 20-3 Repeat Mode

20.3.3 AD operation disable and forced stop of AD operation
If youwantto forcethe AD converter tasstopwhen AD conversonis orgoing in single nodeor if you wart
to stopthe AD converterwhen AD conersim is ongoing inrepeat mde,set ADCCR1<AMD> to "00".

If ADCCR1<AMD> is set to "00",registes ADCCR<EOCF>, ADCCR2<ADBFz ADCDRL, and
ADCDRH are intialized to "0".
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20. 10-bit AD Converter (ADC)

20.4 Register Setting
TMP89FM42

20.4 Reqgister Setting

1. Setthe AD convertecontrol registr 1 (ADCCRY) as desribed bebw:
» Fromthe AD input chanrl select (SAIN), sekct the channein which AD conversioris tobe per-
formed.
 Setthe araloginputcontrol (AINEN) to "Analog input enalte".
» At AMD, specify the AD operatinghode (sirgle orrepeat mde).
2. Setthe AD convertecontrol registr 2 (ADCCR2 as desribed bebw:
» Atthe AD conversbn time (ACK), specifythe AD conversiotime. Fa information onhow to specify
the conversion time, fer tothe AD convertercontrol regster 2 andrable 20-1.
3. After theabove two steps are completsdt "1" onthe AD conversionstart(ADRS) of the ADconverter
controlregister 1 (ADCCR1), andD convers$on starts immediatelif single mode iselected.

4. As AD conwersionis finished, tre AD conversion endlag (ECCF) of the ADcorverter contol regiser 2
(ADCCR?2) is set to "1", the ABonversion result istered in theAD converted value registers (ADCDRH
and ADCDRL), and the INADC interrupt request isgeneraed.

5. After the corversn resul isread from tie AD converted vale register (ADCDRH), EOCF iscleared to
"0". EOCFwill also be claredto "0" if AD converson is perforned orce agan beforereadirg the AD con-
vertedvalue register (ADORH). In this cag, the previousonverson resut isretaired unil AD conver-
sionisfinished

Example: After selecting the conversion time 15.6 ps at 10 MHz and the analog input channel AIN3 pin, perform AD con-
version 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 regis-
ter setting.(For further details, refer to the section that describes 1/0
ports.)

LD (ADCCR1), 0y00110011 ; Select AIN3.

LD (ADCCR2), 0y00000011 ; Select conversion time (156/fcgck) and operation mode.

SET (ADCCR1). 7 ; ADRS =1 (AD conversion start)

SLOOP : TEST (ADCCR2). 7 ; EOCF=17
JRS T, SLOOP
LD HL, (ADCDRL) ; Read result data

20.5 Starting STOP/IDLEO/SLOW Modes

If STOP/IDLEO/SLOW mode is atted, registerADCCR1<ADRS, AMD, AINEN>, ADCCR2<EOCFADBF>,
ADCDRL and ADCDRH are initialized t&0". If any of these nodes isstarted dting AD conwersion AD corver-
sion is sutspended, andhe AD conwerter stops (regiersare likewise initialized). Wheresbredfrom STOP/ IDLE(Q
SLOW node,AD conwersian is nat autanatically resarted. Therefore, rgistersmust bereconfiguredas necessg

If STOP/IDLEO/SLOW node is startecduring AD conwersn, analog reference voltage is automaticdigcon-
nected and, thereforthere is no pssilility of current flowing into the analg reference vdhge.
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20.6 Analog Input Voltage and AD Conversion Result

Analog inpu voltages corespndto AD-converted 10-bitdigital values, as showin Figure20-4.

3FEy -

3FDy

03, -

AD-converted value
(
)

02y T 7

0w T 1=

VAREF/AVDD - VSS

! (C ! ! ! !
1 )] 1 1 1 1 » X
3 1021 1022 1023 1024 1024
Analog input voltage

Figure 20-4 Relationships between Analog Input Voltages and AD-converted Values
(typical values)
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20. 10-bit AD Converter (ADC)
20.7 Precautions about the AD Converter
TMP89FM42

20.7 Precautions about the AD Converter

20.7.1 Analog input pin voltage range

Analoginpu pins (AINO through AIN7) shauld be used at vidgesfrom VAREF toVSS. Ifary voltage out-
side his rangeis applied to ore of the anabg input pins, te cawverted @ue on that pin becanes uncertin,
and conertedvalues on otlr pins will also be dected.

20.7.2 Analog input pins used as input/output ports

Analog input pins (AINO to AIN7) are also useds inpwoutput ports. Inusing one of analg inpu pins
(ports) to execwt AD conwersia, inpufoutput instructons at allother pins (prts) must notbe executed If
they are executethere isthe possbility that theaccuracyof AD converson may deteriorate. This also applies
to pins other than analagput pins; if one pin receésinputs or generates outputsise mg occur andts

adjacenpins may be &écted bythat noise

20.7.3 Noise countermeasure

Theinternal equvalert circuit of thearaloginput pinsis stownin Figure 205. The higher tke outputimped-
ance of the analogput source, the more susceptibiebecomesto noise Therefoe, male sue the autput
impedance bthe sigral sairce n your desig is 5kQ or les. It is recommended thatapacitor be attached

externally

% Internal resistance: Analog comparator
AINi

5 kQ (max) 5 kQ (typ)
Int n | it : L
Permissible signal n emacczagg(gpa&fj ; r

source impedance:

DA converter

Note) i=71t00

Figure 20-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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21. Flash Memory

The TMP®FM42 hadlash menory of 3278 bytes A write anderase to be performed on ffasiemory can be
controled in tre following threemodes:

- MCU mode

In MCU mode the flas memoryis accessed by thHePU control, and thélash memory can be executed
the erasig and witing without affecting the ogrations of a runing appication. Therefore, tis made is
usedfor softwaredebugging and firmware change after shipentof the TMP89FM42.

- Serial PROM madle

In serial PROM mode, the flasmemory is acceed by the CPU control. Usef the serial interface
(UART and SIO) enables th#ash memory to becortrolled by the snmall number of pins. The
TMP89FM42used inserial PROM rode syppats onboard progranming, which enalbes users to to-
gramflash memory aftethe microcotroller is mourted ona user bard.

- Parallel PROMmode

The parallel PROM mode allows the flash memorkdaccessed as a stand-alonénfrasmory by the
program writerprovided by athird paty. High-geed access tilne flashmemory is &ailableby control-
ling addres and data signals dittly. To receive a gpport servicefor the program writerplease ask a
Toshiba sales repredative.

In MCU and seriaPROM modes, flastmemory controfegigers(FLSCR1 and FLSCR?Z2are used to control the
flash memoryThis chapter describé®w to accestheflash memoryusing theMCU and grial PROM modes.
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21.1 Flash Memory Control

Theflash memory is controlled by theaih nemory cotrol register 1 (FLSCR1flashmenory contol register2
(FLSCR?2, ard flash nemory standby contol regiser (FLSSTB).

Flash memory control register 1

FLSCR1 7 6 5 4 3 2 1 0

(0xOFDO) Bit Symbol FLSMD BAREA FAREA - -
Read/Write R/IW RIW R/IW RIW RIW
After reset 0 1 0 0 0 0 0 0

010: | Disable command sequence and toggle execution
Flash memory command

FLSMD 101: | Enable command sequence and toggle execution
sequence and toggle control
Others: | Reserved
MCU mode Serial PROM mode
BAREA BOOTROM mapping control 0: | Hide BOOTROM -
1: [ Show BOOTROM Show BOOTROM

00: | Assign the data area 0x8000 through OxFFFF
to the data area 0x8000 through OxFFFF (standard mapping).
01: | Reserved

FAREA Flash memory area select control
10: | Assign the code area 0x8000 through OxFFFF

to the data area 0x8000 through OxFFFF.

11: | Reserved

Note 1: It is prohibited to make a setting in "Reserved".

Note 2:  The flash memory control register 1 has a double-buffer structure comprised of the register FLSCR1 and a shift register.
Writing "0xD5" to the register FLSCR2 allows a register setting to be reflected and take effect in the shift register. This
means that a register setting value does not take effect until "0xD5" is written to the register FLSCR2. The value of the shift
register can be checked by reading the register FLSCRM.

Note 3: FLSMD must be set to either "0y010" or "0y101".

Flash memory control register 2

FLSCR2 7 6 5 4 3 2 1 0
(0XOFD1) Bit Symbol CR1EN
Read/Write w
After reset * * * * * * * *
CRIEN FLSCRA1 register 0xD5 | Enable a change in the FLSCR1 setting
enable/disable control Others | Reserved

Note 1: If "OxD5" is set on FLSCR2<CR1EN> with FLSCR1<FLSMD> set to "101", the flash memory goes into an active state,
and MCU consumes the same amount of current as it does during a read.
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Flash memory control register 1 monitor

FLSCRM 7 6 5 4 3 2 1 0
(0xOFD1) Bit Symbol FLSMDM BAREAM FAREAM ROMSELM
Read/Write R R R R R R
After reset 0 0 0 0 0 0 0 0
FLSMDM Monitoring of FLSCR1<FLSMD> 0| FLSCR1<FLSMD>="101" setting disabled
status 1| FLSCR1<FLSMD>="101" setting enabled
BAREAM | Monitoring of FLSCR1<BAREA> status Value of currently enabled FLSCR1<BAREA>
FAREAM Monitoring of FLSCR1<FAREA> status Value of currently enabled FLSCR1<FAREA>
ROMSELM | Monitoring of FLSCR1<ROMSEL> status Value of currently enabled FLSCR1<ROMSEL>

Note 1: FLSCRM is the register that checks the value of the shift register of the flash memory control register 1.
Note 2: FLSMDM turns into "1" only if FLSMD="101" becomes effective.

Note 3: If an instruction to read FLSCRM is executed, "0" is read from bits 7 and 6.

Note 4: In serial PROM mode, "1" is always read from BAREAM.
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TMP89FM42
Flash memory standby control register
FLSSTB 7 6 5 4 3 2 1 0
(OxOFD2) Bit Symbol FSTB
Read/Write R R R R R R R w
After reset 0 0 0 0 0 0 0 0
0 | Disable flash memory standby
FSTB Flash memory standby control
1| Enable flash memory standby

Note 1: A value can be written to FSTB only by using a program that resides in RAM. A value written using a program residing in
the flash memory will be invalidated.

Note 2: If FSTB is set to "1", do not execute instructions to fetch or read data from or write data to the flash memory. If they are
executed, a flash standby reset will occur.

Note 3: If an instruction to read FLSSTB is executed, "0" is read from bits 7 through 0.

Port input control register (this register works only in serial PROM mode)

SPCR 7 6 5 4 3 2 1 0
X it Symbo
0xOFD3 Bit Symbol PIN1 PINO
Read/Write R R R R R R R/W R/W
After reset 1 0 0 0 0 0 0 0
In serial PROM mode In MCU mode
PIN1 Port input control (SCLKO pin) in - -
serial PROM mode 0| Port input disabled
1| Port input enabled Input enabled for all ports
Nonfunctional whatever settings
Port input control (except RXDO, . .
PINO | TXDO .an SCLKog in seprial PROM 0| Portinput disabled are made
mode 1| Port input enabled "0" is read

Note 1: A read or write can be performed on the SPCR register only in serial PROM mode. If a write is performed on this register

in MCU mode, the port input control does not function. If a read is performed on the SPCR register in MCU mode, "0" is
read from bits 7 through 0.

Note 2: All I/O ports are controlled by PINO, except the ports RXDO, TXDO and SCLKO which are used in serial PROM mode. By
using PIN1, the SCLKO pin can be configured separately from other pins.
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21.2 Functions

21.2.1 Flash memory command sequence execution and toggle control (FLSCR1
<FLSMD>)

To prevent inadvertenritesto the flash nemory due to program ermor microcotroller mafunction, the
execution of the flasmemory commandequenceand thetoggle operatio can bedisabled(the flash merary
can be wri¢ prdected) bymaking anappropriate cotrol register setting (write protect)oEnable the execu-
tion of the command sequence ancettogde operaton, set FLSCR1<FLSMD> to "OyD1", and then set
"0xD5" on FLSCR2<CREN>. To disablethe exection of the command sequence, set FL3€&IR_.SMD> to
"0y010", and ben set'OxD5" on FLSGR2<CR1EN>. If he command sequece orthe bggle operatia is exe-
cuted with the executn d the conmand sequereard the bggle operatiorsetto "disade”, the executd com-
mandseqence or tggle operaton takes no éct.

After a reset FLSCRKFLSMD> is initialized to "0y010" to disabe the execuon of the conmard
seqience. FLSCR1<FLSMB shoutl namally be set t0'0y010" exceg when a writeor eraseds to ke per-
formedon the flab memory

Note 1: If "OxD5" is set on FLSCR2<CR1EN> with FLSCR1<FLSMD> set to "101", the flash memory goes into an
active state, and MCU consumes the same amount of current as it does during a read.

Note 2: If FLSCR1<FLSMD> is set to "disable", subsequent commands (write instructions) generated are rejected
but a command sequence being executed is not initialized.
If you want to set FLSCR1<FLSMD> to "disable", you must finish all command sequences and verify that
the flash memory is ready to be read.
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21.2.2 Flash memory area switching (FLSCR1<FAREA>)

To perform an erase or write on tfl@sh memorya menory transfer instructin (commard sequence) ost
be executed. If a memory transfer instructiomssd toread or write data, a reaw write can be performed
only on thedata area. d perform an erasor write onthe code arg therefore, pardf thecode area must be
temporarily switchedto the data areaThis switching between dta ard cale areas iperformedoy making the
appropriate FLSCR14REA> seting.

By setthg "0xD5" on FLSCR2<@QR1EN> afer seting FLSCR1<RAREA> to"10", 0x8)00throuch OXFFFF
(AREA C1) in the coa areais mapped to0x80M® throudn OXFFFHAREA D1) in the dad area.

To regore the flash memory to the initial state ahapping, setFLSCR1<RREA> to "00", andthen set
"0xD5" onFLSCR2<CR1EN>.

All flash memoryarea can be amessed by perfaning the appropriate sepsdescribedabove and themxe-
cuting the nemory transferinstructian on 0x8000through OX-FFF (AREA D1) in the data area.

0x8000 hrough XFFFF (AREA D) in the data area an0x8000 trough OxFFFF (AREA C) in the code
areaare mirror ares; these twareas refeto the samghysical adiress m memory. Therefore, an erase or write
must be grformed onone d these two nirror areas. For emge, If a write is perfomed on0x8000 in the data
area wih FLSCR1<FAREA> setto "10" after perfoming a write on 0x800 in the da area wih
FLSCR1<FAREA> set to "00data isoverwritten.To write data taheflash menory that already hadatawrit-
ten Dit, existing data noist firstbeerased from the flash memory by perfanmasector erasor chip erase, and
then data mustbe written.

Additionally, access to areaswhich memory isiot assigned shoulik aoided by executing an instruction
or specifying ach an aa by usg jump or call irstructions.

[ 0x0000 0x0000
RAM { oxorrr
OXTFFF OXTFFF
0x8000 0x8000
32768 32768
bytes H bytes
Flash AREA D1 Flash AREA C1
OXFFFF OXFFFF
Data area Code area
If FLSCR<FAREA> = “00”
0x0000 0x0000
RAM [Oxoi:FF
OXTFFF OXTFFF
0x8000 0x8000
sa768 32768
Y 954 bytes
Flash AREACA Flash AREA C1
OxFFFF | OXFFFF
Data area Code area

If FLSCR<FAREA> = “10”

Figure 21-1 Area Switching Using the FLSCR1<FAREA> Setting
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21.2.3 RAM area switching (SYSCR3<RAREA>)

If "OxD4" is set onSYSCR4after SYSCR3<RAREA> is set t0"1" in MCU mode, RAM is mappedto the
code aredTlo restore the RAM area to the initisfae of mepping, setSYSCR3<RAHMEA> to "0", ard thenset
"0xD4" onSY SCRA4.

In serialPROM node,RAM is mappedto the codearea, irrespectivef the SYS@®R3<RAREA> setting.

21.2.4 BOOTROM area switching (FLSCR1<BAREA>)

If "OxD5" is set on FLSCR2<CR1EN> after FLSCRIABEA> is set to "1in MCU mode, 0x1000 throudn
O0x17FF in the cale aml data areas isnaskedoy flashmemory, and 2K-bye (first half of 4KB) BOOTROM is
mapped. If you do mot want to map BOOTROM, set "&D5" on FLSCR2<CREN> after seting
FLSCR1<BAREA>to "0".

A set of codes for pgramming flashmenory in seial PROM mode are builito BOOTROM ard a sup-
port program (#1) for perfaming aneraseor write onflash memory in asimple manrer is also bilt into one
partin the BOOTROM areaTlherdore, by caling a sulboutine in the syppat program after BOOTRCM is
mapyped, i is possble to erasewrite and readlash memory esily.

In serial PROM mode, BOOTROM is mapd to 0x1000 throuch Ox17FF in the data area andx1000
throuch OXLFFF inthe cale areajrregpective of theFLSCRL<BAREA> sdting. BAREA is always "1", and
the set BAREA valaremairs unchangd, evenif data is wiiten "1" is always read fronBAREA.
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0x0000 0x0000 0x0000 0x0000
0x003F SFR 0x003F SFR 0x003F
040040 RAM 040040 RAM 010040 RAM
0XXXXX 0XXXXX 0XXXXX
! ! OXXXXX+1
0x1000 0x1000
OXFFFF OXFFFF OXFFFF OXFFFF
Data area Code area Data area Code area
If SYSSR4<RAREAS>="0" If SYSSR4<RAREAS>="1"
FLSCR1<BAREA>="0" FLSCR1<BAREA>="0"
0x0000 0x0000 0x0000 0x0000
0x003F SFR 0x003F SFR 0x003F
00040 RAM i 00040 RAM 0:0040 =AM
0XXXXX i OXXXXX 0XXXXX
0x1000 0x1000 0x1000 0x1000
i BOOTROM i BOOTROM i BOOTROM i BOOTROM
OX17FF OX17FF OX17FF OX17FF
0x1800 0x1800 0x1800 0x1800
OXFFFF OXFFFF OXFFFF OXFFFF
Data area Code area Data area Code area
If SYSSR4<RAREAS>="0" If SYSSR4<RAREAS>="1"
FLSCR1<BAREA>="1" FLSCR1<BAREA>="1"
0x0000 0x0000
0x003F SFR 0x003F
00040 =AM 040040 cAM
0XXXXX 0XXXXX
0x1000 0x1000
: BOOTROM
OX17FF BOOTROM
0x1800
OX17FF
: 0x1800
OXFFFF OXFFFF
Data area Code area

Note : XXXXH is end of RAM address.
In serial PROM mode

Figure 21-2 Show/Hide Switching for BOOTROM and RAM

21.2.5 Flash memory standby control (FLSSTB<FSTB>)

FLSSTB<FSTB=>is the regdster provied to maintain the conpatibility with the previous productversion. It
must normally be set to "0"In using FLSSTB<FSTB>built into the TMP89FM42, the foll owing point shoud
be roted FLSSTB<FSTB> cabe cotigured oty by usinga program allocated to RANK.it isconfiguredby
using a programllocated tahe flash nemory, the corfiguredvalue wil be nvalidatedand @es notake effect

To accesshe flashmemory again after setting FLSS¥BSTB> to "1", set FLSSTRFSTB> t0"0" by using
a programallocated to RAM.If the flash memorys accessedith FLSSTB<FSTB> &t to "1," aflashstandby
reset will occur
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If an interrugt occurs wien the iterrug vecta is asigned to the flasmemory area (SYSCR3WRTR> =
"0" is effective), FSTB is autmaically initializedto "0", and thenthe interrupt vetor of the flash memory
area is read. If amterrupt occurs when the intapt vecor is assgnedto the RAM aregSYSCR3<R/CTR>
="1"is effective), FSTBis not dearedto "0", and tken the inérrupt vector of the RAM area is read. lthis

ca®, the RAMareashould bedesignated asraferentialaddress of interrupt vectdf the flash memoryareais
desigrated as aeferental address of iterruptvector a flash standby reset occuafier an interupt is gener-

ated. .

21.2.6 Port input control register (SPCR<PINO, PIN1>)

In serialPROM modk, the inpu leveks of all ports, except the ports RXD0 and TXDO used in seriaDRR
modk, are physially fixed after a reses releasedThisis desigiedto prevert a penetation current fronflow-
ing through urused portgport inputs and functional peripleral imputs, wlich are ale used asports,aredis-
abled). D accesshe flaht memory using the RAM loadenode and a ntkeod othe than the UAR, therefore,
port inputs must be set td'enabk". To enabé the SAKO port input, set SPCR<PINOto "1". To enabé port
inputs other than RXD, TXDO ard SCLKOport inpus, set SPCR<PIN-to "1".

In MCU made,the SPCR regiter does nofunction.

RAO003 Page 31

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

21. Flash Memory
TMP89FM42

21.3 Command Sequence

In MCU and seriaPROM modes, theommand equenceconsistsof six commands (JEDEC compatible), as
shownin Table 21-1.

Table 21-1 Command Sequence

1st Bus Write 2nd Bus Write 3rd Bus Write 4th Bus Write 5th Bus Write 6th Bus Write
Command sequence Cycle Cycle Cycle Cycle Cycle Cycle
Add Data Add Data Add Data Add Data Add Data Add Data
BA Data
1 Byte Program Ox#555 | OxAA | Ox#AAA | 0x55 0x#555 0xA0 - - - -
Y or X % X X % X (Note 1) | (Note 1)
Sector Erase SA
2 | (partial erase in units of | Ox#555 OxAA | Ox#AAA | 0x55 Ox#555 0x80 0x#555 OxAA | Ox#AAA | 0x55 (Note 2) 0x30
4KB)
Chip Erase
3 (all erase) Ox#555 | OxAA | Ox#AAA | Ox55 0x#555 0x80 Ox#555 | OxAA | Ox#AAA [ 0x55 Ox#555 0x10
4 Product ID Entry Ox#555 OxAA | Ox#AAA 0x55 Ox#555 0x90 - - - - - -
5 Product ID Exit OxXX 0xFO - - - - - - - - - -

6 Security Program Ox#555 OxAA | Ox#AAA | 0x55 Ox#555 OxA5 | OxFF7F 0x00 - - - -

Note 1: Specify the address and data to be written (Refer to Table 21-2 about BA).
Note 2: The area to be erased is specified with the upper 4 bits of the address (Refer to Table 21-3 about SA).

Note 3: Do not start the STOP, IDLEO, IDLE1, IDLE2, SLEEP1 or SLEEPO mode while a command sequence is being executed or
a task specified in a command sequence is being executed (write, erase or ID entry).

Note 4: # ; 0x8 through OxF should be specified as the upper 4bits of the address. Usually, it is recommended that OxF is speci-
fied.

Note 5: XXX ; Don't care

21.3.1 Byte program

This canmand writes the flashmemay in units of one byte. The address and data bewritten arespecified
in the 4th bus write cycl@herange ofaddressethat can be specifieid stownin Table 21-2. For exanip, to
write data t@x800 in the data areasetFLSCRL<FAREA> to "0y00', set "Ox[®" on FLSCRZCR1EN>ard
then specify 0x8000 as an addrasthe4th bus write cycle. The timeeede to write exch bytes 40 us max-
imum. The next comand sequence canohbe execuwad if an orgoing write operatin is not corpleted. To
check the comiption of the write operatio, perfam readoperationgwice on thesameaddress in the flash
menory, andperformpolling unil the sare datnis readrom the flash nemory. During the write opgeraton, bt
6 isreversectach time aead is performed.

Note 1: To rewrite data to addresses in the flash memory where data (including OxFF) is already written, make sure
that you erase the existing data by performing a sector erase or chip erase before writing data.

Note 2: The data and code areas become mirror areas. As you access these areas, you are brought to the same
physical address in memory. When performing a Byte Program, make sure that you write data to either of
these two areas, not both.

Note 3: Do not perform a Byte Program on areas other than those shown in Table 21-2.

Table 21-2 Range of Addresses Specifiable (BA)

Write Area FLSCR1 Address specified by instruction
<FAREA> (Address of 4th bus write cycle)
AREA D1
0x8000 through OXFFFF 00 0x8000 through OXFFFF
(Data area)
AREA C1
0x8000 through OxFFFF 10 0x8000 through OxFFFF
(Code area)
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21.3.2 Sector erase (4-kbyte partial erase)

This command erases theaShmemory in units of 4 kbytes. Theflash memory aredo be erased is specified
by the uppe# bits of the 6th busvrite cycle addressThe rangeof addressesat canbe spediedis shavnin
Table21-3. For examle, to erase &kbytesfrom 0x8000through OX8FFF n the cale areasetFLSCR1<RAR-
EA> to "0yl0", set"0xD5" on FLSCR2<CREN>, ard thenspecfy either0x8000 or Ox8FFF as the I6tus
write cycle. The sectagrase commanig effective orly in MCU ard serial PROMmodes, andt canna be used
in parallelPROMmode.

Thetime nealed to erase 4 kbytes3® ms maximm. Thenext command sequence cannot be exddfiten
ongoing erase operatiois not conpleted. Tocheck the completioaf theerase operatig performreadopera-
tions twiee onthe sane addresi the flash memory,ral perfam padlling urtil the sane data is read frorthe
flash memory During theeraseoperation, bit 6s reversedeach time aiead isperformed.

Datain the erased area is OXFF

Note 1: The data and code areas become mirror areas. As you access these areas, you are brought to the same
physical address in memory. When performing a sector erase, make sure that you erase data from either of
these two areas, not both.

Note 2: Do not perform a sector erase on areas other than those shown in Table 21-3.

Table 21-3 Range of Addresses Specifiable

Erase Area FLSCR1 Address specified by in.struction
<FAREA> (Address of 6th bus write cycle)
0x8000 through 0x8FFF 0x8000 through Ox8FFF
0x9000 through OX9FFF 0x9000 through Ox9FFF
0xA000 through OXAFFF 0xA000 through OXAFFF
AREA D1 0xB000 through OxBFFF 0xB000 through OxBFFF
(Data area) 0XxC000 through OXCFFF % 0XxC000 through OXCFFF
0xD000 through OxDFFF 0xD000 through OxDFFF
0XE000 through OXEFFF 0xE000 through OXEFFF
0xF000 through OxFFFF 0xF000 through OxFFFF
0x8000 through 0x8FFF 0x8000 through OX8FFF
0x9000 through 0X9FFF 0x9000 through OX9FFF
0xA000 through OXAFFF 0xA000 through OXAFFF
AREA C1 0xB000 through OXBFFF 0xB000 through OXBFFF
(Code area) 0XC000 through OXCFFF 10 0XC000 through OXCFFF
0xD000 through OXxDFFF 0xD000 through OXxDFFF
0xEO000 through OXEFFF 0xE000 through OXEFFF
0xF000 through OXFFFF 0xF000 through OXFFFF

21.3.3 Chip erase (all erase)

Thiscommand erasdke entire flash memory

The time needd to erase isi30 ms maximum. The next command sequence caohbe execled if anongo-
ing erase operation isot completedTo check thecompletion of the erasoperation, perfon read operations
twice on the sane address m the flash nemory, andperfomm polling urtil the samedata & readfrom the flash
memory During the erase operatidnit 6 isreverseceachtime a read is performed.

Datain the erased area is OxFF
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21.3.4 Product ID entry

This command activas¢he product IDmode.If an instruction to read ¢éhflash memory isexeated in Prod-
uct ID mode, the venar ID, flash ID andsecuritystauscanbe readrom the flash merary.

Table 21-4 Values to Be Read in Product ID Mode

Address Meaning Read value
0xF000 Vendor ID 0x98
0xF001 Flash ID 0x4D

OxFF:  Security program disabled

OXFF7F Security status
Other than OxFF: Security program enabled

21.3.5 Product ID exit

Thiscommand is used to exthe ProductD mode.

21.3.6 Security program

If the security program is elolad, theflashmemory is write andeadproteced in parallel PROM wde,ard
the flash memory overwritecommand and the RAM loader comrmand cannad be executed in seri&dROM

moce.

To disablethe security program, thahip erase mustbe performed. @ check wietherthe secuty program is
enabledor disabled, read SFF7F in prodict ID mode. Refer to Table 214 for further detils. The ime neeed
to enable or disable securityprogramis 40us maxmum. The nex command sequenecannot be executed
until the secuity program settng is competed To check he canpletion of the secuity program seting, per-
form read operations twice on the same addirese flash nemory, ard perfam polling untl the same da is
read.Whenthe security program &g is being made, b is reversed each timeraad isperformed.

21.4 Toggle Bit (D6)

After the flah memorywrite, thechip erase, iad the security programommand sequenareexecuted, the value
of the 6thbit (D6) in dataread byaread operation is reversed edithe a reads performed.This bit reveral can be
usedas a software mechanisfior checking the completioof eachoperdion. Normaly, perform read operations
twice onthe sane address in tk flash menory, and perfom poling unti the same data is read frdtre flashmem-
ory.

After the flashmemory wite, thechip erae, and theecurity program canmand sequence are executed, tteggle
bit read by the first readperation is alwaysl".

Note 1: If FLSCR1<FLSMD> is set to "disable", the toggle bit is not reversed.

Note 2: Do not read the toggle bit by using a 16-bit transfer instruction. If the toggle bit is read using a 16-bit transfer
instruction, the toggle bit does not function properly.

Note 3: Because the instruction cycle is longer than the write time in SLOW mode, the value is not reversed, even if the
toggle bit is read right after the Byte Program is performed.
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21.5 Access to the Flash Memory Area

A read o a program fetcltamot be performedn the whde of the flash remory area if data isding written b
the flash memoryif data in flash memory iseing erased df a secutty settng is beirg made in te flash nemory.
When performing thesoperation on thBlash memonyarea, thdlash memorycannot balirectly accesselly using
a program in the flash meory; the fash memory must be accessed using a program inQETBROM area or the

RAM area.
Data can le writtento ard readfrom the flash nemory area inunits of onebyte. Data in the flash memory can be .
erasedn units of 4 kbytes, and all data in the flasemay canbe erased at onéreke. A read carbe performed
usingone memory transfer nstructian. A write or erasehowever must beperformed usig more than one mermry
trarsfer instruction becaugbe command sequence nietd is used For information o the canmandsequence,
refer to Table 21-1.

Note 1: To allow a program to resume control on the flash memory area that is rewritten, it is recommended that you let
the program jump (return) after verifying that the program has been written properly.

Note 2: Do not reset the MCU (including a reset generated due to internal factors) when data is being written to the flash
memory, data is being erased from the flash memory or the security command is being executed. If a reset
occurs, there is the possibility that data in the flash memory may be rewritten to an unexpected value.

21.5.1 Flash memory control in serial PROM mode

The serial PROM mode is used docess the flasmemory by ugg a controlprogram provided irthe
BOOTROMarea. Since almosil operdions relatingto accesgo the flabh memory can be controllesimply
usingdata sippliedthroughthe ®rial interface (UAR or SIO), it is not neces®y to operatethe ontrol regis
ter for the userFa detals of the serdl PROMmode,see”Serial PROMMode".

To acces the flash memorin serialPROM mode by usg a useispecfic progran or peripheral functions
other than UART ard SIO, it is necessary to executecantrol progran in the RAMarea by uisg the RAM
loader comrandof the ser@l PRV mode. How to execug this corrol programis descriled in "215.1.1 How
to transfer and write aontrolprogram to the RAMareain RAM loadermodeof the seriaPROM mode".

21.5.1.1 How to transfer and write a control program to the RAM area in RAM loader mode of
the serial PROM mode

How to execute a control ggramin the RAMarea in serial PROIvhode is descibed kelow. A cortrol
program to be executed in the RAM area mst be gererated in the Intel-Hex format ard be trangered
usng the RAM loader othe seriaPROM mode.

Steps 1 and 2 showbelow are cortrolled by a progamin the BOOTROM, and oher steps are con-
trolled by a program transferredto the RAM area. Thefollowing procedure is ihked with a program
example tdbe explainedater.

Transfer the write contrgdrogramto the RAM area ifrRAM loadermode.
Jump to theRAM area.
Set a nonmaskabieterrupt vector in the RAMrea.

Set FLSCR¥FLSMD> to "0yX01", ard specify the area to be erased by makitg appropriate
FLSCR1<RREA> seting. (Make the appropriateFLSCR1<RMSEL> seting as reqired.)
Then set "0OxD5'bn FLSCR2<CR1EN>.

Execute the erase commasghuence.

Hwn e

o

6. Readthe sane flashmemoryaddresswice consecutively
(Repeat step 6 until tireadvalues becme the same.)

7. Specfy the area (area erased in sfegbove) towvhich datiswritten bymaking the agpropriate
FLSCR1<RREA> seting. (Make the appropriateFLSCR1<RM SEL> seting as regired.)
Then set "0xD5'6n FLSCR2<CR1EN>.

8. Execute the write commanédagience.

9. Readthe sane flashmemoryaddress$wice consecutively
(Repeat step 9 until tireadvalues becme the same.)
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10. Set FLSCRXFLSMD> to "0ya.0", and then set "0xB" on FLSCR2<CREN> (to disable the
executon of the canmandsequene).

Note 1: If the RAM loader is used in serial PROM mode, the BOOTROM disables (DI) a maskable interrupt,
and the interrupt vector area is designated as a RAM area (SYSCR3<RVCTR>="1"). Considering that
a nonmaskable interrupt may be generated unexpectedly, it is recommended that vector addresses
corresponding these interrupts (INTUNDEF, INTSWI: Ox01F8 to 0x01F9, WDT: 0x01FC to Ox01FD)
be established and that an interrupt service routine be defined inside the RAM area.

Note 2: If a certain interrupt is used in the RAM loader program, a vector address corresponding to that inter-
rupt and the interrupt service routine must be established inside the RAM area. In this case, it is rec-
ommended that a nonmaskable interrupt be handled as explained in Note 1.

Note 3: Do not set SYSCR3<RVCTR> to "0" by using the RAM loader program. If an interrupt occurs with
SYSCR3<RVCTR> set to "0", the BOOTROM area is referenced as a vector address and, therefore,
the program will not function properly.

Example: A case in which a program is transferred to RAM, the sector erase is performed on 0XE00O through OXEFFF
in the code area, and then data of Ox3F is written to OXE500.

main section code abs = 0x0100
; #### Set a nonmaskable interrupt vector inside the RAM area #### (step 3)

LD HL,0x01FC ; Set INTUNDEF and INTSWI interrupt vectors
LDW (HL),SINTSWI
LD HL,0x01F8 ; Set INTWDT interrupt vector
LDW (HL),SINTWDT
; #t#H Sector erase and write process ###
LD HL,0xF555 ; Variable for command sequence
LD DE,OxFAAA ; Variable for command sequence
; Sector erase process (step 5)
LD C,0x00 ; Set upper address
LD 1X,0xE000 ; Set middle and lower addresses
CALL sSectorErase ; Perform a sector erase (OXE000)
; Write process (step 8)
LD C,0x00 ; Set upper address
LD IX,0xE500 ; Set middle and lower addresses
LD B,0x3F ; Data to be written
CALL sByteProgram ; Write process (0XxE500)

; ##H#H# Execute the next main program ####
: : ; Execute the main program
J XXXXX

; #t#Ht Program to be executed in RAM ####

sSectorErase: CALL sAddConv ; Address conversion process

; Sector erase pro-

cess
LD (HL),E ; 1st Bus Write Cycle (note 1)
LD (DE),L ; 2nd Bus Write Cycle (note 1)
LD (HL),0x80 ; 3rd Bus Write Cycle (note 1)
LD (HL),E ; 4th Bus Write Cycle (note 1)
LD (DE),L ; 5th Bus Write Cycle (note 1)
LD (1X),0x30 ; 6th Bus Write Cycle (note 1)
J sRAMopEnd

; Write process

sByteProgram: CALL sAddConv ; Convert address
LD (HL),E ; 1st Bus Write Cycle (note 1)
LD (DE),L ; 2nd Bus Write Cycle (note 1)
LD (HL),0xA0 ; 3rd Bus Write Cycle (note 1)
LD (1X),B ; 4th Bus Write Cycle (note 1)

; End process

sRAMopEnd NOP ; (note 2)
NOP ; (note 2)
NOP ; (note 2)

sLOOP1: LD A,(IX) ; (step 6,9)
CMP A, (IX)
J NZ,sLOOP1 ; Loop until the read values become the same
LD (FLSCR1),0x40 ; Disable the execution of command sequence (step 10)
LD (FLSCR2),0xD5 ; Reflect the FLSCR1 setting
RET ; Return to flash memory

; Convert address (steps 4 and 7)
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sAddConv: LD
SWAP
AND
SWAP
AND
OR
XOR
SHRC
OR

LD

LD
LD
TEST

OR

LD
sAddConvEnd: RET
; Interrupt subrou-

tine
SINTWDT: :
RETN
SINTSWI:
RETN

WA, IX
C
C,0x10
w
W,0x08
cw
C,0x08
C
C,0xA0

(FLSCR1),C

(FLSCR2),0xD5
WA, IX

C3
Z,sAddConvEnd
W,0x80

IX,WA

; Enable the execution of command sequence. Make the
FAREA setting.
; Reflect the FLSCR1 setting

; Error processing

; Error processing

Note 1: In using a write instruction in the xxx bus write cycle, make sure that you use a write instruction of
more than three machine cycles or arrange write instructions in such a way that they are generated at
intervals of three or more machine cycles. If a 16-bit transfer instruction is used or if write instructions
are executed at intervals of two machine cycles, the flash memory command sequence will not be
transmitted properly, and a malfunction may occur.

Note 2: If a read of the flash memory (toggle operation) is to be performed after a write instruction is gener-
ated in the xth bus write cycle, instructions must be arranged in such a way that they are generated at
intervals of three or more machine cycles; machine cycles are counted from when the last xth bus
write cycle is generated to when each instruction is generated. Three NOP instructions are normally
used. If the interval between instructions is short, the toggle bit does not operation correctly.
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21.5.2 Flash memory control in MCU mode

In MCU modg, a wite canbe performedon the flash nemory by execting acontol programin RAM or
usingasupmrt program (API) providedinsideBOOTROM.

21.5.2.1 How to write to the flash memory by transferring a control program to the RAM area

This sectiordescribes howo execute aontrol program inrRAM in MCU mode. A contol programto
be execuéd in RAM must ke acquredand staed in the flashmemory or it must beimported from anout-
side source through a communicaton pin. (The folbwing procedure assues thata program copy is pro-
vided irside the fhshmemory.)

Steps 1 hrough5 and 1L shown belowconcern tke cantrol by a program irthe flash nemory, andother
stepsconcern the control by a prognararsferred tacRAM. The following procedte is linkedwith apro-
gram example tbe desdbed later

1. Set treinterrug mastererable flagto "disabk (DI)" (IMF « "0").

2. Transfer the write contrgdrogramto RAM.

3. Estallish the nonmaslable interrupt vedor in theRAM area.

4, After seting bothSYSCR3<RAREA> ard SYSCR3XRVCTR>10"1", set "OxD4" on FLSCRA4.
ThenallocateRAM to the code area, amstvitchthe vector eea to the RAM a@

5. Invoke the erase procesgiprogram irthe RAM area bygeneratig a CALL instruction.

6. Set FLSCR%FLSMD> to "0yD01", and specify the area to be erased by makithg appropriate
FLSCR1<RREA> setting.(Makethe gpropriate FLSCR1<ROMSEL>efing, as necesary)
Then set "0xD5'bn FLSCR2<CR1EN>.

7. Execute the erase commasehuence.

8. Perform a read othe sameaddress in the fl&ismemorytwice consecutivelyRepeat thistep
until theread védues become the same.)

9. After seting FLSCR1<FLSMD> td0y010' ard FLSCR1<RREA> to "0y00', set "0OxD5 on
FLSCR2<CR1EN>. (Thidisableghe execuion ofthe commandequence andtensFAREA
to the irtial state of magping.)

10.Generatehe RET instructiorno return to tke flash menory.
11. Invoke the write program ithe RAM area by generatipnaCALL instructon.

12. Set FLSCRXFLSMD> to "0y11", and make tle appropriate FLSCR1<RREA> seting to
specify the area (arezrasedy performing step7 atove) an which awrite is to be performed
(Makethe approprige FLSR1<ROMSEL>seting, as necessajyThen set'0xD5" on
FLSCR2<CR1EN>.

13.Execute the write commanéguence.

14.Perform a read othesameaddressn the flash memorywice consecutively
(Repeathis gep until the reagtalues becomthesame.)

15. After seting FLSCR1<FLSMD> td0y010' and FLSCR1<RREA> to "0y00", set "OxD5 on
FLSCR2<CR1EN>. (Thigisableshe execution of the commandequence andtensFAREA
to the intial state of mapping.)

16.Generatehe RET instructiorno return to tke flash menory.

Note 1: Before writing data to the flash memory from the RAM area in MCU mode, the vector area must be
switched to the RAM area by using SYSCR3<RVCTR>, data must be written to the vector addresses
(INTUNDEF, INTSWI: 0x01F8 to 0x01F9, INTWDT: 0x01FC to 0x01FD) that correspond to non-
maskable interrupts, and the interrupt subroutine (RAM area) must be defined. This allows you to trap
the errors that may occur due to an unexpected nonmaskable interrupt during a write. If
SYSCR3<RVCTR> is set in the flash memory area and if an unexpected interrupt occurs during a
write, a malfunction may occur because the vector area in the flash memory cannot be read properly.

Note 2: Before using a certain interrupt in MCU mode, the vector address corresponding to that interrupt and
the interrupt service routine must be established inside the RAM area. In this case, the nonmaskable
interrupt setting must be made, as explained in Note 1.
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Note 3: Before jumping from the flash memory to the RAM area, RAM must be allocated to the code area by
making the appropriate SYSCR3<RAREA> setting (setting made in step 4 in the procedure described

on the previous page).

Example: Case in which a program is transferred to RAM, a sector erase is performed on OXE00O through OXEFFF in
the code area, and then 0x3F data is written to OxE500.

cRAMStartAdd equ 0x0200
main section code abs = 0x1000

DI
, ### Transfer the program to RAM #### (step 2)

; RAM start address

; Disable interrupts (step 1)

LD HL,cRAMStartAdd
LD IX,sRAMprogStart
SRAMLOOP: LD A,(IX) ; Transfer the program from sRAMprogStart to
LD (HL),A ; SRAMprogEnd to cRAMStartAdd.
INC HL
INC IX
CMP IX,sRAMprogEnd
J NZ,sRAMLOOP
; ##### Set a nonmaskable interrupt vector inside the RAM area #### (step 3)
LD HL,0x01FC ; Set INTUNDEF and INTSWI interrupt vectors
LDW (HL),sINTSWI - sRAMprogStart + cRAMStartAdd
LD HL,0x01F8 ; Set INTWDT interrupt vector
LDW (HL),sINTWDT - sRAMprogStart + cRAMStartAdd

; #it#t Allocate RAM to the code area. Switch the vector area to RAM #### (step 4)

LD (SYSCR3),0x06 ; Set RAREA and RVCTR to "1"
LD (SYSCR4),0xD4 ; Enable Code
; ##HH# Sector erase and write process ####
LD HL,0xF555 ; Variable for command sequence
LD DE,OxFAAA ; Variable for command sequence
; Sector erase process (step 5)
LD C,0x00 ; Set upper addresses
LD 1X,0xE000 ; Set middle and lower addresses
CALL sRAMStartAdd ; Perform a sector erase (OXE000)
; Write process (step 11)
LD C,0x00 ; Set upper addresses
LD IX,0xE500 ; Set middle and lower addresses
LD B,0x3F ; Data to be written
CALL sByteProgram - sRAMprogStart + cRAMStartAdd

; ##H#H# Execute the next main program ###

J XXXXX

; #t#Ht Program to be executed in RAM ####
sRAMprogsStart:
sSectorErase: CALL

; Sector erase process (step 7)

; Write process (0XxE500)

; Execute the main program

sAddConv - sRAMprogStart + cRAMStartAdd

; Address conversion process

LD (HL),E ; 1st Bus Write Cycle (note 1)
LD (DE),L ; 2nd Bus Write Cycle (note 1)
LD (HL),0x80 ; 3rd Bus Write Cycle (note 1)
LD (HL),E ; 4th Bus Write Cycle (note 1)
LD (DE),L ; 5th Bus Write Cycle (note 1)
LD (1X),0x30 ; 6th Bus Write Cycle (note 1)
J sRAMopEnd

; Write process (step 13)

sByteProgram CALL sAddConv - sRAMprogStart + cRAMStartAdd

; Address conversion process

LD (HL),E ; 1st Bus Write Cycle (note 1)
LD (DE),L ; 2nd Bus Write Cycle (note 1)
LD (HL),0xA0 ; 3rd Bus Write Cycle (Note 1)
LD (1X),B ; 4th Bus Write Cycle (note 1)

; End process

sRAMopEnNd: NOP ; (note 2)
NOP ; (note 2)
NOP ; (note 2)
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sLOOP1: LD A,(IX) ; (steps 8,14)

CMP A,(IX)

J NZ,sLOOP1 ; Loop until the read values become the same

LD (FLSCR1),0x40 ; Disable the execution of command sequence (steps 9 and

15)

LD (FLSCRZ2),0xD5 ; Reflect the FLSCRL1 setting

RET ; Return to flash memory
; Address conversion process (steps 6 and 12)
sAddConv: LD WA, IX

SWAP C

AND C,0x10

SWAP W

AND W,0x08

OR c,wW

XOR C,0x08

SHRC C

OR C,0xA0

LD (FLSCR1).C ; Enable thg execution of command sequence. Make the

FAREA setting.

LD (FLSCRZ2),0xD5 ; Reflect the FLSCRL1 setting

LD WA, IX

TEST C3

J Z,sAddConvEnd

OR W,0x80

LD IX,WA

sAddConvEnd: RET

; Interrupt subroutine

SINTWDT: : : ; Error processing
RETN

SINTSWI: : : ; Error processing
RETN

sRAMprogEnd: NOP

Note 1: In using a write instruction in the xxx bus write cycle, make sure that you use a write instruction of
more than three machine cycles or arrange write instructions in such a way that they are generated at
intervals of three or more machine cycles. If a 16-bit transfer instruction is used or if write instructions
are executed at intervals of two machine cycles, the flash memory command sequence will not be
transmitted properly, and a malfunction may occur.

Note 2: If a read of the flash memory (toggle operation) is to be performed after a write instruction is gener-
ated in the xth bus write cycle, instructions must be arranged in such a way that they are generated at
intervals of three or more machine cycles; machine cycles are counted from when the last xth bus
write cycle is generated to when each instruction is generated. Three NOP instructions are normally
used. If the interval between instructions is short, the toggle bit does not operation correctly.

Example: Case in which data is read from 0xF00O0 in the code area and stored at 0x98 in RAM

LD (FLSCR1),0xA8 ; Select AREA C1

LD (FLSCR2),0xD5 ; Reflect the FLSCR1 setting

LD A,(0xF000) ; Read data from 0xF000

LD (0x98),A ; Store data at 0x98

LD (FLSCR1),0x40 ; Select AREA DO

LD (FLSCRZ2),0xD5 ; Reflect the FLSCR1 setting
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21.5.2.2 How to write to the flash memory by using a support program (API) of BOOTROM

This sectio descriles hav to perform an erase amadwrite on the flash meany by usinga supjprt pro-
gram (API) of BOOTROM in MCU mode.

Example: Case in which a sector erase is performed on OXE000 through OXEFFF in the data area, and then data at
0x0100 through Ox01FF is written to OXEOOO through OXEOFF in the data area.

.BTWrite equ 0x1010 ; Write data to the flash memory
.BTEraseSec equ 0x1012 ; Sector Erase
.BTEraseChip equ 0x1014 ; Chip Erase
.BTGetRP equ 0x1016 ; Check the status of the security program
.BTSetRP equ 0x1018 ; Configure the security program
main section code abs = 0xF000
; Initial setting
LD (FLSCR1),0x50 ; Set BAREA to "1" (note)
LD (FLSCR2),0xD5 ; Reflect the FLSCR1 setting
; Sector erase process (API)
LD A,0xOE ; Specify the area to be erased (0XE000 through OXEFFF)
LD C,0xD5 ; Enable Code
CALL (.BTEraseSec) ; Execute sector erase
; Write process
LD HL,0xE000 ; Flash start address (address where data is written)
LD 1Y,0x0100 ; RAM start address
sLOOP1:
LD C,0x00 ; Address where data is written (bit 16)
LD WA HL ; Address where data is written (bits 15 to 0)
LD E,(IY) ; Data to be written
LD (SP-),0xD5 ; Enable Code
CALL (.BTWrite) ; Write data to the flash memory (1 byte)
INC Y ; Increment flash address
INC HL ; Increment RAM address
CMP L,0x00 ; Finish 256-byte write?
J NZ,sLOOP1 ; Return to sSLOOP1 if the number of bytes is less than 256
; End process
LD (FLSCR1),0x40 ; Set BAREA to "0"
LD (FLSCR2),0xD5

Example: Whether the security program is enabled or disabled is checked. If it is disabled, it is enabled.

.BTWrite equ 0x1010 ; Write data to the flash memory
.BTEraseSec equ 0x1012 ; Sector Erase
.BTEraseChip equ 0x1014 ; Chip Erase
.BTGetRP equ 0x1016 ; Check the status of the security program
.BTSetRP equ 0x1018 ; Enable the security program
main section code abs = 0xF000
; Initial setting
LD (FLSCR1),0x50 ; Set BAREA to "1"
LD (FLSCR2),0xD5 ; Reflect the FLSCR1 setting
; Check the status of the security program
LD A,0xD5 ; Enable Code
LD C,0x00 ; Set 0x00 (note 1)
CALL (.BTGetRP) ; Check the status of the security program
CMP A,0xFF
J NZ,sSKIP ; Go to sSKIP if the security program is enabled
; Security program enable process (API)
LD A,0xD5 ; Enable Code
LD C,0x00 ; Set 0x00 (note 1)
CALL (.BTSetRP) ; Enable the security program
sSKIP LD (FLSCR1),0x40 ; Set BAREA to "0"
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LD (FLSCR?2),0xD5

Note 1: Make sure that you set the C register to "0x00".
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21.6 Revision History

Rev Description
RA003 "Figure 21-2 Show/Hide Switching for BOOTROM and RAM" Revised from WDTCR1<RAREA> to SYSSR4<RAREAS>
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22. Serial PROM Mode

22.1 Outline

The TMP89FM42has a 4K-byte BOTROM (Mask ROM)for programning to flash nemory. BOOTROM s
available in serial PRONhode. The erial PROM modds contolled byRXDO/SIO pins, TXD0/SO0 pins, MODE

pin, andRESETpiIn. In seral PROMmode, communication is perforned viathe UART or SIO.

Table 22-1 Operating Range in Serial PROM Mode

Parameter Min Max Unit
Power supply voltage 45 5.5 \Y
High frequency 1 10 MHz

22.2 Security

In serial PROM mode, two sarity functions are provided tprevent illegal memorgacces attempts by a third
party: password and sectyiprogram functions.For more security-related informigon, refer to "22.12 Secuity".
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22.3 Serial PROM Mode Setting

22.3.1 Serial PROM mode control pins

To execte onboard programning, adivate the serialPROM node. Table 22-2 shaevs the pinsettngused ©

activatethe ®rial PROM mode.

Table 22-2 Serial PROM Mode Setting

Pin Setting
RXDO0/ SI0/ P21 pin H level
TXDO /SO0 / P20 pin H level

MODE, RESET pin

J_

Note: Before you activate the serial PROM mode, you must set the RXDO0/SI0/P21 and TXD0/SOO0/P20 pins to high (H) level by

using a pull-up resistor.

Table 22-3 Pin Functions in Serial PROM Mode

Pi Input/out- . ) )
) . n hame nputiou Function Pin name (in MCU mode)
(in serial PROM mode) put
TXDO0 / SO0 Output Serial PROM mode control/serial data output TXDO /SO0 /P20
RXDO/ SIO Input Serial PROM mode control/serial data input RXDO/ SI0 /P21
RESET Input Serial PROM mode control RESET
MODE Input Serial PROM mode control MODE
Serial clock input (if SIO is used) (See note 1)
These ports are in the high-impedance state in the
serial PROM mode. If the UART is used, the port input
SCLKO Input is physically fixed to a specified input level in order to SCLKO
prevent a penetration current. To enable the port input,
the SPCR<PIN1> must be set to "1" by operating the
RAM loader control program.
Power
VDD 45Vto 55V
supply
Power
VAREF / AVDD Connect to VDD.
supply
P
vss ower oy
supply
These ports are in the high-impedance state in the serial PROM mode. The port input is physically
Input/output port other than Input/out- | fixed to a specified input level in order to prevent a penetration current (the port input is disabled). To
RXDO0 and TXDO put enable the port input, the SPCR<PINO> must be set to "1" by operating the RAM loader control pro-
gram.
XIN Input
Connect a resonator to make these pins self-oscillate.
XOouT Output
Note 1: If other parts are mounted on a user board, they may interfere with data being communicated through these communica-
tion pins during on-board programming. It is recommended that these parts be somehow isolated to prevent the pins from
being affected.
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TMP89FM42 _T_ VDD (45V1t05.5V)
VDD [<
1 XIN %%Pull-up resistors

= SCLKO [«
RXDO (P21) |«

— XOouT TXDO (P20) » - External control
VSS RESET [«
MODE [<

GND
/7

Figure 22-1 Serial PROM Mode Pin Setting

Note 1: In the case of access using the UART, the control of the SCLKO pin is unnecessary.
Note 2: For information on other pin settings, refer to "Table 22-3 Pin Functions in Serial PROM Mode".
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22. Serial PROM Mode
22.4 Example Connection for On-board Writing

TMP89FM42
22.4 Example Connection for On-board Writing
Figure 222 shows exanple comectionsto perform orboard writing.
VDD (45Vt05.5V)
VDD |« T
%Pull-up resistors
RXDO (P21) [« Level
TXDO (P20) »| converter —» PC control
X
77 (Note 2)
Other RESET
TMP89FM42 parts control
(Note 1) &l
BESFT | T % RC power-on
RESET |< _L I reset circuit
MODE Serial PROM mode = ]
MCU mode ._T
XIN =1
=
XouT
VSS
77 GND
Target board External control board

If UART is used

N — —T—VDD (45V105.5V)
VDD [«
% % Pull-up resistors
SI0 (P21) |« ]
Microcomputer,
SO0 (P20) » efc.
SCLKO (P22) |«
L] Of l
Tl Tl Tl
(Note 2)
Other RESET
TMPBIFM42 parts control
(Note 1) &l %
RESET |« f _L RC power-on
MODE l Serial PROM mode = | reset circuit
MCU mode 7
XIN —-
[
XOUT —H
VSS
777 GND
Target board External control board

If SIO is used

Figure 22-2 Example Connections for On-board Writing

Note 1: If other parts on a target board interfere with the UART communication in serial PROM mode, disconnect these
pins by using a jumper or switch.

Note 2: If the reset control circuit on a target board interferes with the startup of serial PROM mode, disconnect the circuit
by using a jumper, etc.

Note 3: For information on other pin settings, refer to "Table 22-3 Pin Functions in Serial PROM Mode".
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22.5 Activating the Serial PROM Mode

Activate the serialPROM mode ly performing the following procedureFor information onthe detaiked iming,
refer to "22.141 Reset tning".

Suoply power to the VID pin.

Set the RESET ard MODE pins to low.

Setthe RXD0/SI0/P21 ard TXD0/SOGP20pins to high.
Wait until the ppwer suply andclock oscilation stabilize.

Set the RESET andMODE pins from law to high.
Input the matching dat 0x86 or0x30 to the RXDQ'SI0/P21 pins afer the setup periotlas elaped

o gk wbdpRE

RA002 Page 3D

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html
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22.6 Interface Specifications
TMP89FM42

22.6 Interface Specifications

The serial PROM mde supprts two conmunicaion metrods: UART and SIO. The comunication method is
selected based on thist serialdata valueeceivedafter a reset.

To execute amn-boardprogram, theommunicatiorforma of the externatontroller (personal computeanicro-
controler, etc.) nust besetas describd below

22.6.1 SIO communication

Transfer rag: 250 kips(Max.)

- Datalengh: 8 hbits

- Slave (exernalclock)

- Hardware flow control (SO0 pin)

If the TMP89FM42receives arial data"0x30" after areset, itstarts the SIO communication.

In the SIO comunication the TMP89FM42functions asa slave deviceTherefore the externatontrolle
mustsugply the TMP89FM42with aserialclock (SCLKO pn) for synchrofization.

If the TMP&®FM42 is na outputting seral data, it catrols tre hardvare flowby ushg the SOOpin. If inter-
nal data processing isat completed yet, though datahas beeneceiwed, the SO0 m outputs tre L level. If
internal dataprocessig has progressei a nearcompletion stateor if it has beeronpleted, the S pin out-
puts the H level. Thextern& controlle mustcheckthe status of the SO0 phefareit starts to suply a serial
clock.

For information on the communicatidimings of each operation commamefer to " 1.1 AC Characteris
tics (30) .

22.6.2 UART communication

- Baud rae: 960 to 12&00bps (autanatic detection)
- Datalengh: 8 hts (LSB first)

- Parity bit: None

- STOP bit 1 bit

If the TMP89FM42 receives serialatla "Ox86" after areset, it starts th UART commurication. It alsomea
sues the pudewidth of the recered dah (0x86), andautanatcally estaltishes tke referese baud rag. In all
subsequehdata conmunication transctiors, this reference &ud rate is used. Fonformationon e commu-
nication timings of each operaticommand, refer to "22.14C CharacteristicUART)".

Usahle baudratesdiffer de@nding onthe operatingrequency andare stownin Table 224. However, there
is the possilility of data comrmunication not workirg properly, even ifabaudrate slown in Table 22-4 isused,
becauselata communication isfectedby frequenyg errors of a resonator ttfie external controller (personal
computer etc.),the loadcapacity of acommunication pin, and varios oher facors.
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Table 22-4 Usable Baud Rates as a General Guideline

9600 bps 19200 bps | 38400bps | 57600bps | 115200 bps | 128000 bps

10 MHz 0 o 0 0 0 0

8 MHz 0 o} 0 0 ) )
7.3728 MHz 0 0 0 0 o) -
6.144 MHz 0 o 0 - - 0
6 MHz 0 0 0 0 0 0

5 MHz 0 o} 0 - - -
4.9152 MHz 0 o o 0 - -
419 MHz 0 o 0 - - 0
4 MHz 0 o} 0 0 0 0

2 MHz 0 ) 0 0 - -

1 MHz 0 o 0 . .

Note 1: "O" means a usable baud rate. "-" means an unusable baud rate.
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22. Serial PROM Mode

22.7 Memory Mapping TMP89FM42

22.7 Memory Mapping

Figure 223 shovs memory mapsin serial PROM and MCU odes.

In serialPROM node, the BOOROM (maskROM) is mapped to thke 0x1000 throudn Ox17FF in the data area
and 0xD00through OXLFFFin the code area resgtively.

To write datato or erase dta fromflash memory by using the RAM loadecommand (hereaftecalled theOx60
command) and an originalggram, data wite or eraseperatios nust beperformed while switching betweamneas
by usig the flash nemory control regisers (FLSCR1and 2) For information on how tgpecify addressesgfer to
FlashMenory.

When thke command towrite data tdlash memory (hereaftealed the &30 command)or the commando erase
data from fashmemory (hereafér called the 0xFO command is execued, BOOTROM automatically converts
addreses.Therefore, ashe addresof flash memoryspecfy an address equivalent tioat specifid in MCU mode
(if FLSCR1<BAREA>="0"), namely, 0x80@ throudh OXFFFE

0x0000 o 0x0000 0x0000 o 0x0000
8*8'825 0x003F
X RAM 0x0040 RAM
0x1000 BOOTROM 0x1000 BOOTROM
Ox17FF (2048 bytes) Ox17FF (2048 bytes)
0x8000 0x8000 0x8000 0x8000
FLASH FLASH H FLASH FLASH
OXFFFF OXFFFF OXFFFF OXFFFF
Data area Code area Data area Code area
If FLSCR1<BAREA>="0" If FLSCR1<BAREA>="1"
(MCU mode) (MCU mode)
0x0000 0x0000
0x003F SFR
0x0040
: RAM
0x1:000 BOOTROM 0x1000
OX17FF (2048 bytes) BOOTROM
H (4096 bytes)
OX1FFF
0x8000 0x8000
FLASH FLASH
OXFFFF OXFFFF
Data area Code area

If serial PROM mode

Figure 22-3 Memory Mapping

22.8 Operation Commands

In serial PROM mode, the commansisown in Bble 225 are usedAfter a reseis releasd, the TMP89FM42
goes inb a standly state and awsithe arrival ofmatching dati1 (0x86 or 0x30).
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Table 22-5 Operation Command in Serial PROM Mode

Command data Operation command Description

After a reset is released, the serial PROM mode always starts operation with this
Setup command.

(matching data 1, 2) If matching data 1 is 0x86, communication starts in the UART format. If matching
data 1 is 0x30, communication starts in the SIO format.

0x86 or 0x30

0xFO Flash memory erase Data in the flash memory area (address 0x8000 through OxFFFF) can be erased.

0x30 Flash memory write Data can be written to the flash memory area (address 0x8000 through OXFFFF).

0x40 Flash memory read Data can be read from the flash memory area (address 0x8000 through OxFFFF).

0x60 RAM loader Data can be written to a specified RAM area (address 0x0060 through 0x083F).
OxFF check data and 2-byte checksums of the entire flash memory area (address

0x90 Flash memory SUM output 0x8000 through OxFFFF) are output in descending order (from upper to lower
bytes).

0xCO0 Product ID code output Product ID codes are output.

0xC3 Flash memory status output The security program status and other status codes are output.

Flash products of 124K or 96Kbytes can be provisioned to emulate a small-

0xD0 Mask ROM emulation settin X
9 capacity mask ROM product.

OxFA Flash memory security setting The security program setting is enabled.

Each command isutlined belowFor detailed information on howeach commandorks, refer to 22.8.1 arglib-
sequent sections.

1. Flash memory erassmmand

Either Chip Erasdtotal erase oflash memory) orSector Eras (erase of flash meory in 4K-byte
units) can be usetb erase thelata in flash memonpata in the eraseatea is OxFFIf the security pro-
gram is enabled or if the option code EPFC_OWBXIEF, the flash erase command of Sector Erase cannot
be executed.

To disable thesecurity program setting, execute flash eras command of Chifrase. Before erasing
the datam flash menory, the TMP8%M42 performgpassword authentication egqat where a product is a
blank product or EPFC_® is OFF. If a password isct auttenticaied, the fash memory erase command
is not executed.

2. Flash memory write command

Data can bewritten in shgle-byte units to aspecfied addressn flash memoryProvision the external
controller sothat it transnits datato write asbinary datan thelntel Hex format. If errorsdo not occur
until the end record ieachedthe TMP89FM42calculates checksnsin the entire flash memory area
(0x8000through OxFFFF), and retns the calcution resuts. If the gcurity progranis enabled, the flash
memory write command cannobe executedin this case, exeda Chp Erasebefaehard by using te
flash memory erase command. Befexecuting tte flashmenory write conmand, the TMP89FM4per-
forms password authentication exceptengha prodct is a ank product If a passwad is notautkenti-
cated, thdlash memory wri¢ commands not executed.

3. Flash memory readommand

Data can beead from a spéfied addess in flash remory in single-byte urits. Provsion the exerral
controller so that it tramits theaddres in menory where a readtarts, as ell as tle nunber of byes.
After outpitting the number of data equab thenunmberof bytes, tlie TMP89MI42 calculates the check-
sums of the autput data, andeturns tle calcuation results If the security progma is enabledthe flash
memory read command cannot beeeuted. In thica®, execute Chip Erase beforehand by using the
flash memory erase command. Before executiedldsh memory read command, the TMP89F My2-
forms msswad authertication except where a product is blankalfpasword is not authenticated, the
flash memory read commandrist executed.
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22.8 Operation Commands
TMP89FM42

4. RAM loader command

The RAM loader transfers the Intel Kiiormatdata sent bythe external caimoller to the built-in RAM.
If it completes the data transferormally, it calcuatesthe checksuns, trarsmits the calcudtion resuls,
jumps to theRAM address specified pefirst data record, and statts execute the user program. If the
security program is enalllethe RAM loader command notexecutedIn this case, execute Chip Erase
beforehandby using the flash memory erasecommand. Beforexeating theRAM loader command, the
TMP89FM42 peforms pasword auhentication exceptvhere aproduct isblark. If a password is not
authenticated, the RANMbader command isot executed.

5. Flash nemory SUM output command

Checksims in the entirdlash memory ara (0x80 throughOxFFFF) are calculated, and tbalcula
tion reaults are returned.

6. Prodict ID cock output code

This is a code dput used to dentify a prodwt. The output coce consists of nformation on tte ROM
area andn the RAMarea respectivelyrhe external conbller read this code b identify the product
which datis to be written.

7. Flash nemory statis aitput code

The statis of OxFFEGhroudh OXFFFF anl that of the scurityprogram areutput. The externatontrol-
ler reads this codeto identify the satus offlash menory.

8. Mask ROM emulation ¢8ng command

This canmandis nonfunctonal in the TMP89M42. It becomes fudational if used fo a product with
flash menory of more than96Kbytes.

9. Flash nemory securityseting command

This commandis used o prohibit the readig or writing of data in flash nemory in parallelmode. In
seriaPROM mode, the flastnemay write command and &M loadercommand are prohibited. © dis-
ablethe flashmemory security program, exec\@ip Erase bysing the fhsh memory erase command.
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22.8.1 Flash memory erase command (0xFQ0)

Table 22-6 bows the flah memoryerag commads.

Table 22-6 Flash Memory Erase Commands

Transfer byte

Transfer data from the external controller to
TMP89FM42

Baud rate

Transfer data from TMP89FM42 to the
external controller

BOOT
ROM

1st byte
2nd byte

Matching data 1 (0x86 or 0x30)

Automatic adjustment
Baud rate after adjustment

- (Automatic baud rate adjustment)
OK: Echo back data (0x86 or 0x30)

Error: No data transmitted

3rd byte
4th byte

Matching data 2 (0x79 or OXCF)

Baud rate after adjustment
Baud rate after adjustment

OK: Echo back data (0x79 or OXCF)

Error: No data transmitted

5th byte
6th byte

Operation command data (OxFO0)

Baud rate after adjustment
Baud rate after adjustment

OK: Echo back data (0xFO0)

Error: 0xA1 x 3, 0XA3 x 3, 0x63 x 3 (note 1)

7th byte
8th byte

Password count storage address bit 23 to 16

Baud rate after adjustment
Baud rate after adjustment

OK: No data transmitted
Error: No data transmitted

9th byte
10th byte

Password count storage address bit 15 to 08

Baud rate after adjustment
Baud rate after adjustment

OK: No data transmitted
Error: No data transmitted

11th byte
12th byte

Password count storage address bit 07 to 00

Baud rate after adjustment
Baud rate after adjustment

OK: No data transmitted
Error: No data transmitted

13th byte
14th byte

Password comparison start address bit 23 to 16

Baud rate after adjustment
Baud rate after adjustment

OK: No data transmitted
Error: No data transmitted

15th byte
16th byte

Password comparison start address bit 15 to 08

Baud rate after adjustment
Baud rate after adjustment

OK: No data transmitted
Error: No data transmitted

17th byte
18th byte

Password comparison start address bit 07 to 00

Baud rate after adjustment
Baud rate after adjustment

OK: No data transmitted
Error: No data transmitted

19th byte

m-th byte

Password string

Baud rate after adjustment

Baud rate after adjustment

OK: No data transmitted
Error: No data transmitted

n-th - 2 byte

Erase area specification

Baud rate after adjustment

n-th - 1 byte

Baud rate after adjustment

OK: Checksum (upper byte) (note 3)

Error: No data transmitted

n-th byte

Baud rate after adjustment

OK: Checksum (lower byte) (note 3)

Error: No data transmitted

n-th + 1 byte

(Wait for the next operation command data)

Baud rate after adjustment

Note 1:
Note 2:

Note 3:

Note 4:

Note 5:

Note 6:

"Ox** x 3" means that the device goes into an idle state after transmitting 3 bytes of Ox**.
For information on the erase area specification, refer to "22.8.1.1 Specifying the erase area". For information on check-

sums, refer to "22.10 Checksum (SUM)". For information on passwords, refer to "22.12.1 Passwords".

storage address and the password comparison start address must be transmitted.)

OxFF, the TMP89FM42 goes into an idle state.

Do not transmit a password string if OxFFFA of a flash memory is OxFF, or blank product. (However, the password count
If a value less than 0x20 is transmitted at the n-th - 2 byte (execution of Sector Erase) and if OXFFFA of flash memory is

When a password error occurs, the TMP89FM42 stops communication and goes into an idle state. Therefore, when a

password error occurs, initialize the TMP89FM42 by using the RESET pin, and restart the serial PROM mode.

the RESET pin, and restart the serial PROM mode.

If a communication error occurs during the transfer of a password address or a password string, the TMP89FM42 stops
communication and goes into an idle state. Therefore, when a password error occurs, initialize the TMP89FM42 by using
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22.8.1.1 Specifying the erase area

Theflash memory erase commaixlisedto speify an area irfflash memay to be erased at n-th-2 byte;
specifically ERASEC is used to specifige addressf an aea to be erased.

If data of lesgshan 0x20 is specified, S®rEras (gasingflash memory in 4K-byte units) is executed
Executing Sector Eraswith OXFFFA memory setto "OxFF" or with the secuty program erabded will
calse the device to go imo an infinte loq state.

If data of more tlan 0x®D is spedied, Chip Erase(total eraare of flash mmory) is executed, and the
securityprogramin flash merory is disabled. Therefore, to disalitee ®curity program irflash menory,
execute Chifera®, not Sector Eras

Erase area specification data (data at n-th-2 bytes)

7 6 5 4 3 2 1 0
ERASEC
0x00 Reserved
0x01 Reserved
0x02 Reserved
0x03 Reserved
0x04 Reserved
0x05 Reserved
0x06 Reserved
0x07 Reserved
0x08 0x8000 - Ox8FFF
0x09 0x9000 - Ox9FFF
O0x0A 0xA000 - OXAFFF
0x0B 0xB0O00 - OXBFFF
0x0C 0xCO000 - OXCFFF
0x0D 0xDO000 - OXDFFF
O0xO0E 0xEO000 - OXEFFF
O0xOF 0xF000 - OXFFFF
ERASEC | Erase area start address | 0x10 Reserved
Ox11 Reserved
0x12 Reserved
0x13 Reserved
0x14 Reserved
0x15 Reserved
0x16 Reserved
0x17 Reserved
0x18 Reserved
0x19 Reserved
Ox1A Reserved
0x1B Reserved
0x1C Reserved
0x1D Reserved
Ox1E Reserved
Ox1F Reserved
0x20 or more  Chip Erase (erasure of the entire area)
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Note 1: If Sector Erase is performed on an area where flash memory does not exist, the TMP89FM42 stops
communication, and goes into an idle state.

Note 2: If Reserved data is transmitted, the TMP89FM42 stops communication, and goes into an idle state.
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22.8.2 Flash memory write command (operation command: 0x30)

Table 22-7 bows the transfeformat offlash memory write commands

Table 22-7 Transfer Formats of Flash Memory Write Commands

Transfer data from the external controller to Transfer data from TMP89FM42 to the
Transfer byte Baud rate
TMP89FM42 external controller

1st byte Matching data 1 (0x86 or 0x30) Automatic adjustment - (Automatic baud rate adjustment)

2nd byte - Baud rate after adjustment | OK: Echo back data (0x86 or 0x30)
Error: No data transmitted

3rd byte Matching data 2 (0x79 or OXCF) Baud rate after adjustment | -

4th byte - Baud rate after adjustment | OK: Echo back data (0x79 or OXCF)
Error: No data transmitted

5th byte Operation command data (0x30) Baud rate after adjustment | OK: Echo back data (0x30)

6th byte - Baud rate after adjustment | -
Error: 0XAl x 3, 0xA3 x 3, 0x63 x 3 (note 1)

7th byte Baud rate after adjustment | -

P d t St dd 2310 16 ’ .

8th byte assword count storage adaress ° Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

9th byte Password count storage address 15 to 08 Baud rate after adjustment | -

10th byte Baud rate after adjustment [ OK: No data transmitted
Error: No data transmitted

11th byte Password count storage address 07 to 00 Baud rate after adjustment | -

12th byte Baud rate after adjustment [ OK: No data transmitted
Error: No data transmitted

13th byte Password comparison start address 23 to 16 Baud rate after adjustment | -

14th byte Baud rate after adjustment [ OK: No data transmitted

BOOT Error: No data transmitted
ROM . :

15th byte Password comparison start address 15 to 08 Baud rate after adjustment | -

16th byte Baud rate after adjustment [ OK: No data transmitted
Error: No data transmitted

17th byte Password comparison start address 07 to 00 Baud rate after adjustment | -

18th byte Baud rate after adjustment [ OK: No data transmitted
Error: No data transmitted

19th byte Password string (note) Baud rate after adjustment | -

m-th byte - Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

m-th+1 byte Intel Hex format (binary) Baud rate after adjustment | -

n-th-3 byte -

n-th-2 byte - Baud rate after adjustment | OK: 0x55
Overwrite detect: OXAA

n-th-1 byte - Baud rate after adjustment | OK: Checksum (high) (note 3)
Error: No data transmitted

n-th byte - Baud rate after adjustment | OK: Checksum (low) (note 3)
Error: No data transmitted

n-th+1 byte (Wait for the next operation command data) Baud rate after adjustment | -

Note 1: "Ox** x 3" means that the device goes into an idle state after transmitting 3 bytes of Ox**. For further information, refer to
Table 22-18.

Note 2: For information on the Intel Hex format, refer to "22.11 Intel Hex Format (Binary)". For information on checksums, refer to
"22.10 Checksum (SUM)". For information on passwords, refer to "22.12.1 Passwords".

Note 3: If the area OxFFEO through OxFFFF is all OXFF, password authentication is not performed and, therefore, the password
string need not be transmitted. The password count storage address and password comparison start address, however,
must be specified, even for a blank product. If the password count storage address and/or password comparison start
address is/are incorrect, a password error occurs, the TMP89FM42 stops communication, and it goes into an idle state.
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Therefore, if a password error occurs, initialize the TMP89FM42 by using the RESET pin, and restart the serial PROM
mode.

Note 4: If the security program is enabled in flash memory or if a password error occurs, the TMP89FM42 stops communication,
and goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FM42 by using the RESET pin, and
restart the serial PROM mode.

Note 5: If a communication error occurs during the transfer of a password address or a password string, the TMP89FM42 stops
communication and goes into an idle state. Therefore, when a password error occurs, initialize the TMP89FM42 by using
the RESET pin, and restart the serial PROM mode.

Note 6: If all data in flash memory are the same data, make sure that you never write data to the address OxFFEO through
OxFFFF. If data is written to this address, a password error occurs, and the subsequent operations cannot be performed.

Note 7: The n-th-2 byte is a flag for detecting an overwrite. If memory contents at an address where data is to be written are other
than OxFF, the n-th-2 byte is OXAA (data is not written to this address, and the data write routine is skipped). The check-
sum at the n-th-1 byte or n-th byte is calculated based on data in which data in memory areas where data was not written
are included. Therefore, if an overwrite is detected, the checksum of transmitted data does not match that at the n-th-1
byte or n-th byte.
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22.8.3 Flash memory read command (operation command: 0x40)

Table 22-8 bows the transfeformat oftheflash memory readommand.

Table 22-8 Transfer Formats of the Flash Memory Read Command

Transfer byte

Transfer data from the external controller to

Baud rate

Transfer data from TMP89FM42 to the

BOOT
ROM

TMP89FM42 external controller
1st byte Matching data 1 (0x86 or 0x30) Automatic adjustment - (Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86 or 0x30)
Error: No data transmitted

3rd byte Matching data 2 (0x79 or OXCF) Baud rate after adjustment | -

4th byte - Baud rate after adjustment | OK: Echo back data (0x79 or OxCF)
Error: No data transmitted

5th byte Operation command data (0x40) Baud rate after adjustment | -

6th byte - Baud rate after adjustment | OK: Echo back data (0x40)
Error: 0xAl x 3, 0xA3 x 3, 0x63 x 3 (note 1)

7th byte Password count storage address 23 to 16 Baud rate after adjustment | -

8th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

9th byte Password count storage address 15 to 08 Baud rate after adjustment | -

10th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

11th byte Password count storage address 07 to 00 Baud rate after adjustment | -

12th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

13th byte Password comparison start address 23 to 16 Baud rate after adjustment | -

14th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

15th byte Password comparison start address 15 to 08 Baud rate after adjustment | -

16th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

17th byte Password comparison start address 07 to 00 Baud rate after adjustment | -

18th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

19th byte Password string Baud rate after adjustment | -

m-th byte - Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

m-th + 1 byte Read start address 23 to 16 Baud rate after adjustment | -

m-th + 2 byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

m-th + 3 byte Read start address 15 to 08 Baud rate after adjustment | -

m-th + 4 byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

m-th + 5 byte Read start address 07 to 00 Baud rate after adjustment | -

m-th + 6 byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

m-th + 7 byte Number of bytes to read 23 to 16 Baud rate after adjustment | -

m-th + 8 byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

m-th + 9 byte Number of bytes to read 15 to 08 Baud rate after adjustment | -

m-th + 10 byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted

m-th + 11 byte | Number of bytes to read 07 to 00 Baud rate after adjustment | -

m-th + 12 byte Baud rate after adjustment | OK: No data transmitted

Error: No data transmitted
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Table 22-9 Transfer Formats of the Flash Memory Read Command

Transfer data from the external controller to Transfer data from TMP89FM42 to the
Transfer byte Baud rate
TMP89FM42 external controller

m-th + 13 byte Baud rate after adjustment | Memory data

n-th - 2 byte Baud rate after adjustment | Memory data
goot | n-th-1byte - Baud rate after adjustment | OK: Checksum (high)
ROM Error: No data transmitted

n-th byte - Baud rate after adjustment | OK: Checksum (low)

Error: No data transmitted

n-th + 1 byte (Wait for the next operation command data) Baud rate after adjustment | -

Note 1: "Ox** x 3" means that the device goes into an idle state after transmitting 3 bytes of Ox**. For further information, refer to
Table 22-18.

Note 2: For information on checksums, refer to "22.10 Checksum (SUM)". For information on passwords, refer to "22.12.1 Pass-
words".

Note 3: If the area OXFFEO through OxFFFF is all OXFF, password authentication is not performed and, therefore, the password
string need not be transmitted. The password count storage address and password comparison start address, however,
must be specified, even for a blank product. If the password count storage address and/or password comparison start
address arel/is incorrect, a password error occurs; the TMP89FM42 stops communication and goes into an idle state.
Therefore, if a password error occurs, initialize the TMP89FM42 by using the RESET pin, and restart the serial PROM
mode.

Note 4: If the security program is enabled in flash memory or if a password error occurs, the TMP89FM42 stops communication,
and goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FM42 by using the RESET pin, and
restart the serial PROM mode.

Note 5: If a communication error occurs during the transfer of a password address or a password string, the TMP89FM42 stops
communication and goes into an idle state. Therefore, when a password error occurs, initialize the TMP89FM42 by using
the RESET pin, and restart the serial PROM mode.

Note 6: If the number of bytes received at the m-th + 7 byte, m-th + 9 byte or m-th + 11 byte is more than 0x000000 or the size of
internal memory, the TMP89FM42 stops communication and goes into an idle state.
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22.8.4 RAM loader command (operation command: 0x60)

Table 22-10 show the transfer fornatsof the RAM loader command.

Table 22-10 Transfer Formats of the RAM Loader Command

Transfer data from the external controller to Transfer data from TMP89FM42 to the
Transfer byte Baud rate
TMP89FM42 external controller
1st byte Matching data 1 (0x86 or 0x30) Automatic adjustment - (Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86 or 0x30)
Error: No data transmitted
3rd byte Matching data 2 (0x79 or OxCF) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79 or OXCF)
Error: No data transmitted
5th byte Operation command data (0x60) Baud rate after adjustment | -
6th byte - Baud rate after adjustment | OK: Echo back data (0x60)
Error: 0XAl x 3, 0xA3 x 3, 0x63 x 3 (note 1)
7th byte Password count storage address 23 to 16 Baud rate after adjustment | -
8th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
9th byte Password count storage address 15 to 08 Baud rate after adjustment | -
10th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
11th byte Password count storage address 07 to 00 Baud rate after adjustment | -
12th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
BOOT | 13th byte Password comparison start address 23 to 16 Baud rate after adjustment | -
ROM | 14th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
15th byte Password comparison start address 15 to 08 Baud rate after adjustment | -
16th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
17th byte Password comparison start address 07 to 00 Baud rate after adjustment | -
18th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
19th byte Password string Baud rate after adjustment | -
m-th byte - Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
m-th + XX byte | Intel Hex format (binary) Baud rate after adjustment | -
n-th - 2 byte Baud rate after adjustment | -
n-th - 1 byte - Baud rate after adjustment | OK: Checksum (high) (note 3)
Error: No data transmitted
n-th byte - Baud rate after adjustment | OK: Checksum (low) (note 3)
Error: No data transmitted
RAM | - The program jumps to the start address of RAM in which the first transferred data is written, and executes itself.

Note 1: "Ox** x 3" means that the device goes into an idle state after transmitting 3 bytes of Ox**. For further information, refer to
Table 22-18.

Note 2: For information on the Intel Hex format, refer to "22.11 Intel Hex Format (Binary)". For information on checksums, refer to
"22.10 Checksum (SUM)". For information on passwords, refer to "22.12.1 Passwords".

Note 3: If the area OXFFEO through OxFFFF is all OXFF, password authentication is not performed and, therefore, the password
string need not be transmitted. The password count storage address and password comparison start address, however,
must be specified, even for a blank product. If the password count storage address and/or password comparison start
address arefis incorrect, a password error occurs; the TMP89FM42 stops communication and goes into an idle state.
Therefore, if a password error occurs, initialize the TMP89FM42 by using the RESET pin, and restart the serial PROM
mode.
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Note 4: After sending a password string, do not send the end record only. If the TMP89FM42 receives the end record after receiv-
ing a password string, it may malfunction.
Note 5: If the security program is enabled in flash memory or if a password error occurs, the TMP89FM42 stops communication,

and goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FM42 by using the RESET pin, and
restart the serial PROM mode.

Note 6: If a communication error occurs during the transfer of a password address or a password string, the TMP89FM42 stops

communication and goes into an idle state. Therefore, when a password error occurs, initialize the TMP89FM42 by using
the RESET pin, and restart the serial PROM mode.
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22.8.5 Flash memory SUM output command (operation command: 0x90)

Table 22-11 shows the transféormatsof the flash nemory SUM output conmand.

Table 22-11 Transfer Formats of the Flash Memory SUM Output Command

Transfer data from the external controller to Transfer data from TMP89FM42 to the
Transfer byte Baud rate
TMP89FM42 external controller
1st byte Matching data 1 (0x86 or 0x30) Automatic adjustment - (Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86 or 0x30)
Error: No data transmitted
3rd byte Matching data 2 (0x79 or OXCF) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79 or OXCF)
Error: No data transmitted
5th byte Operation command data (0x90) Baud rate after adjustment | -
6th byte - Baud rate after adjustment | OK: No data transmitted (0x90)
BOOT Error: 0xAl x 3, 0XA3 x 3, 0x63 x 3 (note 1)
ROM
7th byte - Baud rate after adjustment | 0x55 : -
OxAA: All data are OXFF.
8th byte - Baud rate after adjustment | OK: Checksum (high) (note 2)
Error: No data transmitted
9th byte - Baud rate after adjustment | OK: Checksum (low) (note 2)
Error: No data transmitted
10th byte (Wait for the next operation command data) Baud rate after adjustment | -
Note 1: "Ox** x 3" means that the device goes into an idle state after transmitting 3 bytes of Ox**. For further information, refer to
Table 22-18.
Note 2: For information on checksums, refer to "22.10 Checksum (SUM)".
Note 3: If data to be included in the checksum are all OxFF, the 7th byte becomes 0xAA. If any one piece of data to be included in
the checksum is other than OxFF, the 7th byte becomes 0x55.
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22.8.6 Product ID code output command (operation command: 0xCO0)

Table 22-12 show the transfer format of the productD code ouputcommand.

Table 22-12 Transfer Formats of the Product ID Code Output Command

BOOT
ROM

Transfer data from the external controller to Transfer data from TMP89FM42 to the external
Transfer byte Baud rate
TMP89FM42 controller
1st byte Matching data 1 (0x86 or 0x30) Automatic adjustment -(Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86 or 0x30)
Error: No data transmitted
3rd byte Matching data 2 (0x79 or OXCF) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79 or OxCF)
Error: No data transmitted
5th byte Operation command data (0xCO0) Baud rate after adjustment | -
6th byte - Baud rate after adjustment | OK: Echo back data (0xCO0)
Error: OxAl x 3, 0XA3 x 3, 0x63 x 3 (note 1)
7th byte Baud rate after adjustment | O0x3A | Start mark
N f t f f h
8th byte Baud rate after adjustment [ 0x13 umber of transfer data (from Sth to
27th bytes)
9th byte Baud rate after adjustment | 0x03 | Length of address (3 bytes)
10th byte Baud rate after adjustment | OxFD | Reserved
11th byte Baud rate after adjustment | 0x00 Reserved
12th byte Baud rate after adjustment | 0x00 | Reserved
13th byte Baud rate after adjustment | 0x00 | Reserved
14th byte (note 2) 0x80 | ROM size code
15th byte Baud rate after adjustment [ 0x01 ROM block count
(1 block)
16th byte (note 3) Baud rate after adjustment | 0x00 First address of ROM (upper byte)
17th byte (note 3) Baud rate after adjustment | 0x80 | First address of ROM (middle byte)
Baud rate after adjustment
18th byte (note 3) ! 0x00 First address of ROM (lower byte)
19th byte (note 3) Baud rate after adjustment | 0x00 End address of ROM (upper byte)
20th byte (note 3) Baud rate after adjustment | OxFF | End address of ROM (middle byte)
21st byte (note 3) Baud rate after adjustment | OxFF | End address of ROM (lower byte)
22nd byte (note 4) Baud rate after adjustment | 0x00 | First address of RAM (upper byte)
23rd byte (note 4) Baud rate after adjustment | 0x00 First address of RAM (middle byte)
24th byte (note 4) Baud rate after adjustment [ 0x60 First address of RAM (lower byte)
25th byte (note 4) Baud rate after adjustment | 0x00 | End address of RAM (upper byte)
26th byte (note 4) Baud rate after adjustment | 0x08 End address of RAM (middle byte)
27th byte (note 4) Baud rate after adjustment | Ox3F | End address of RAM (lower byte)
YYH : Checksum of transfer data
28th byte Baud rate after adjustment [ OxYY [ (complement of 2 of the sum total from
9th through 27th bytes)
29th byte (Wait for the next operation command data) | Baud rate after adjustment -

Note 1: "Ox** x 3" means that the device goes into an idle state after transmitting 3 bytes of Ox**. For further information, refer to
Table 22-18.

Note 2: The ROM size code at the 14th byte is shown in Table 22-13.
Note 3: 16th through 21st bytes show the range of addresses in flash memory where data can be written.
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Note 4: 22nd through 27th bytes show the flash memory area and RAM area that can be used by the RAM loader. Because the
range of addresses shown here does not include the work area used by BOOTROM, it is smaller than the size of a RAM
built into an actual product.

Table 22-13 ROM Size Code (14th Byte)

7

6 5 4

ROMSIZE

TMP89FM42 specified value
(1000 0000)

ROMSIZE

Data on the flash memory size

11110

11111 :

00010 :
00100 :
01000 :
10000 :
11000 :

10001 :

4Kbytes
8Kbytes
16Kbytes
32Kbytes
48Kbytes
60Kbytes
96Kbytes
124Kbytes

Read
only
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22.8.7 Flash memory status output command (0xC3)

Table 22-14 stows the fashmemory status outputommands.

Table 22-14 Flash Memory Status Output Commands

Transfer data from the external controller to Transfer data from TMP89FM42 to the exter-
Transfer byte Baud rate
TMP89FM42 nal controller

1st byte Matching data 1 (0x86 or 0x30) Automatic adjustment -(Automatic baud rate adjustment)

2nd byte - Baud rate after adjustment | OK: Echo back data (0x86 or 0x30)
Error: No data transmitted

3rd byte Matching data 2 (0x79 or OxCF) Baud rate after adjustment | -

4th byte - Baud rate after adjustment | OK: Echo back data (0x79 or OxCF)
Error: No data transmitted

5th byte Operation command data (OxC3) Baud rate after adjustment | -

6th byte - Baud rate after adjustment | OK: Echo back data (OxC3)
Error: 0xAl x 3, 0XA3 x 3, 0x63 x 3 (note 1)

7th byte Baud rate after adjustment | 0x3A Start mark

BOOT 8th byte Baud rate after adjustment | 0x04 Byte count
ROM (from 9th through 12th bytes)

9th byte Baud rate after adjustment | 0x00 to Ox7F | Status code 1

10th byte Baud rate after adjustment | 0x00 Reserved

11th byte Baud rate after adjustment | 0x00 Reserved

12th byte Baud rate after adjustment | 0x00 Reserved
Checksum

13th byte Baud rate after adjustment | (complement of 2 of the sum total from 9th
through 12th bytes)

14th byte (Wait for the next operation command data) Baud rate after adjustment | -

Note 1: "xxH x 3" means that the device goes into an idle state after transmitting 3 bytes of xxH.
Note 2: For detailed information on the status code 1, refer to "22.8.7.1 Flash memory status code".
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22.8.7.1 Flash memory status code

The flashmenory status code is 7-bgtdata. It shows the $atus ofthe flash memorysecurity program
and that ofthe address frofixFFEOQ to O¥FFF

Table 22-15 Flash Memory Status Code

Data Description In the case of TMP89FM42
1st Start mark 0x3A
Number of ti fer data (4 bytes f 3rd th h
ond umber of transfer data (4 bytes from 3rd throug ox04
6th bytes)
0x00 th h Ox1F
3rd Status code x‘ roug X
(see information below)
4th Reserved 0x00
5th Reserved 0x00
6th Reserved 0x00
If 3rd data is 0x00: 0x00
Checksum of transfer data If 3rd data is 0x01: OxFF
7th (complement of 2 of the sum total of 3rd through If 3rd data is 0x02: OXFE
6th bytes) If 3rd data is 0x03: OxFD
Status code 1
7 6 5 4 3 2 1 0

‘ ‘ | EPFC | DAFC | RPENA| BLANK |Initialvalue (e wrt)

Password string judgment when the
flash memory erase command is 0:
executed 1:
(status of OXFFFA)

To skip the judgment of a password string (to judge PNSA and
PCSA only)
To judge a password string, PNSA, and PCSA

EPFC

Security program check of the on-

0: To skip the security program check at the start of OCD
DAFC chip debugging function (OCD) P Y p ¢
1: To perform the security program check at the start of OCD
(status of OXFFFB)
RPENA Status of the flash memory security 0: Status in which the security program is disabled
program 1: Status in which the security program is enabled
0: If data in th OxFFEO th h OxFFFF Il OXFF
BLANK | Status of OXFFEO through OXFFFF ata !n © area i rough o are all Bx
1: If data in the area OXFFEO through OXFFFF are other than OxFF

Restrictions arplaced on the exetion of some operation commandspdading on the contents the
staus coe 1. Detailedinformaion onthis is stownin the table belw. If the security programis enalted,
three commands cannotbe executed:the flashmenory write command, RAM loader node canmand,
and Sector Erase commana.&xecute theseommandsChip Eras must be perfemed onflashmenory
beforethey are executed.
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Flash memory overwrite | Flash memory SUM out- Flash memory erase
command, flash memor ut command, product command Flash memory securit
RPENA | BLANK | EPFC | DAFC | P P memory y
read command, and ID output command, and ) Sector setting command
RAM loader command | status output command | Chiperase erase
0 0 0 0 (0] (6] (6] X x
1 0 0 0 X (e} (e} X X
0 * Pass o o X Pass
0 1
1 * Pass (6] Pass Pass
0 * X (¢] (¢] X Pass
1 1
1 * X (6] Pass X Pass

Note: O : A command can be executed.
Pass: A password is required to execute a command.
x: A command cannot be executed.
(After a command is echoed back, the TMP89FM42 stops communication, and goes into an idle state.)
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22.8.8 Mask ROM emulation setting command (0xDO)

Table 22-16 show the mask ROM emudtion seting canmand

This command & nonfunctonal in the TMP&®FM42. Itbecones functional if used fa a prodet with flash
menory of more than96Kbytes.

Table 22-16 Command to Change the Mask ROM Emulation Setting

Number of Transfer data from the external controller to Baud rate Transfer data from TMP89FM42 to the
transfer bytes TMP89FM42 external controller
1st byte Matching data 1 (0x86 or 0x30) Automatic adjustment -(Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment [ OK: Echo back data (0x86 or 0x30)
Error: No data transmitted
3rd byte Matching data 2 (0x79 or OxCF) Baud rate after adjustment | -
4th byte - Baud rate after adjustment [ OK: Echo back data (0x79 or OXCF)
Error: No data transmitted
BOOT ) I
ROM 5th byte Operation command data (0xDO) Baud rate after adjustment | -
6th byte - Baud rate after adjustment [ OK: Echo back data (0xDO)
Error: OxAl x 3, OXA3 x 3, 0x63 x 3 (note 1)
7th byte Set value Baud rate after adjustment | -
8th byte Baud rate after adjustment [ OK: Echo back data (0xD1)
Error: No data transmitted
9th byte (Wait for the next operation command data) Baud rate after adjustment | -

Note 1: "xxH x 3" means that the device goes into an idle state after transmitting 3 bytes of xxH.
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22.8.9 Flash memory security setting command (0xFA)

Table 22-17 show the flash menory secuity seting canmand

Table 22-17 Flash Memory Security Setting Command

Transfer data from the external controller to Transfer data from TMP89FM42 to the
Transfer byte Baud rate
TMP89FM42 external controller
1st byte Matching data 1 (0x86 or 0x30) Automatic adjustment - (Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86 or 0x30)
Error: No data transmitted
3rd byte Matching data 2 (0x79 or OXCF) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79 or OXCF)
Error: No data transmitted
5th byte Operation command data (0xFA) Baud rate after adjustment | -
6th byte - Baud rate after adjustment | OK: Echo back data (0xFA)
Error: 0XAl x 3, 0XA3 x 3, 0x63 x 3 (note 1)
7th byte Password count storage address 23 to 16 Baud rate after adjustment | -
8th byte Baud rate after adjustment [ OK: No data transmitted
Error: No data transmitted
9th byte Password count storage address 15 to 08 Baud rate after adjustment | -
10th byte Baud rate after adjustment [ OK: No data transmitted
Error: No data transmitted
11th byte Password count storage address 07 to 00 Baud rate after adjustment | -
BooT | 12th byte Baud rate after adjustment [ OK: No data transmitted
ROM Error: No data transmitted
13th byte Password comparison start address 23 to 16 Baud rate after adjustment | -
14th byte Baud rate after adjustment [ OK: No data transmitted
Error: No data transmitted
15th byte Password comparison start address 15 to 08 Baud rate after adjustment | -
16th byte Baud rate after adjustment [ OK: No data transmitted
Error: No data transmitted
17th byte Password comparison start address 07 to 00 Baud rate after adjustment | -
18th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
19th byte Password string Baud rate after adjustment | -
m-th byte - Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
n-th byte - Baud rate after adjustment | OK: OxFB (note 3)
Error: No data transmitted
n-th + 1 byte | (Wait for the next command data) Baud rate after adjustment | -

Note 1: "xxH x 3" means that the device goes into an idle state after transmitting 3 bytes of xxH.

Note 2: For information on passwords, refer to "22.12.1 Passwords".

Note 3: If the flash memory security setting command is executed for a blank product or if a password error occurs for a non-blank
product, the TMP89FM42 stops communication and goes into an idle state. Therefore, if a password error occurs, initialize
the TMP89FM42 by using the RESET pin, and restart the serial PROM mode.

Note 4: If a communication error occurs during the transfer of a password address or password string, the TMP89FM42 stops
communication and goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FM42 by using the
RESET pin, and restart the serial PROM mode.

Note 5: If the flash memory security is not enabled, it becomes possible to read ROM data freely in parallel PROM mode. Make
sure that you enable the flash memory security in mass production.
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22.9 Error Code

22.9 Error Code
Table 22-18 show the error codes that HiTMP89FM42 transmita/henit detectserrors.

Table 22-18 Error Codes

Data transmitted Meaning of error data

0x63, 0x63, 0x63 Operation command error

OxAl, OxAl, OxAl Framing error in the received data

Overrun error in the received data

0xA3, 0xA3, 0xA3

Note: If a password error occurs, the TMP89FM42 does not transmit an error code.
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22.10Checksum (SUM)

For the following operation commandsgcheclsum isreturned to vefy the gpropriatenesef the result otom-
mand execution:

- FHash memay erag commard (OxFO)

- Flash memory write canmand(0x30)

- Flash memory SUM outputcommand(0x30)
- Flash memory readommand (0x40)

- RAM loader command0x60)

- Product ID codeoutput command (0xCO)

- Flash memay status output command (0xC3)

22.10.1Calculation method

The checksum (SUM) is calculatexdth the sumof all bytes,and he dtained resulis returnedasa wad.
Thedatais read in single-byte units, atlke calculatedesultis returned as word.

Example:

If the data to be calculated consists of four bytes as shown

OxA1l
X on the left, the checksum of the data is as follows:

0xB2 OXAL + OXB2 + OXC3 + 0xD4 = 0x02EA

0xC3 SUM (HIGH)= 0x02
SUM (LOW)= OXEA

0xD4

In the case of the product ID codetput conmand andflash menory statis output command however a
different calcudtion method is usedFor more information, refer toTable 22-19.

22.10.2Calculation data

Table 22-19 showshedaafor which achecksum is calculated feachcommand.

Table 22-19 Data for which a Checksum Is Calculated

Operation command Calculation data Description

. When the sector erase is executed, only the erased area is
All data in the erased area of flash mem- .
Flash memory erase command used to calculate the checksum. In the case of the chip erase,
ory (whole or part of flash memory) ) .
an entire area of the flash memory is used.

Flash memory write command Even if a part of the flash memory is written, the checksum of
. ’ the entire flash memory area (0x8000 to OXFFFF) is calcu-
Data in the entire area of flash memory .
Flash memory SUM output com- lated. The data length, address, record type and checksum in
mand Intel Hex format are not included in the checksum.

Flash memory read command Data in the read area of flash memory

RAM data written in the first received
RAM loader command RAM address through the last received
RAM address

The length of data, address, record type and checksum in Intel
Hex format are not included in the checksum.

For details, refer to "22.8.6 Product ID code output command

Product ID code output command 9th through 18th bytes of transferred data .
(operation command: 0xCO0)".

Flash tat! tput - For details, refer to Table "Table 22-14 Flash M Statt
ash memory status output com 9th through 12th bytes of transferred data or details, refer to Table "Table ash Memory Status
mand Output Commands".
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22. Serial PROM Mode

22.11 Intel Hex Format (Binary) TMPBOFMA2

22.11Intel Hex Format (Binary)

Forthe following two commands, the Irtel Hex format is used in padf the transfeformat

- Flash memory write canmand(0x30)
- RAM loader command0x60)

Forinformation on the defirtion of the Intel Hex format, refer to @ble 22-20.

Data isin binary fam. The sart mark ":" must betransmitted asbinarydata of 0X3A.

1. After receivingthe checksunof eachdata record, the TMP89FM42 goes intwait state and awaithe
arrival of the starmark (Ox3A ":") of the next dadrecord Although the external controlletransmits dea
other thanOx3A betveen recordghe TMP8%FM42 ignaes seh data wheiit isin this waitstae.

2. The exernal contoller must be preisioned so thaafter ittransnits the checksm of endrecord, itgoes
into await state and des na trarsmit anydata unti the arrivalof 3-byte dah (overwrite detecton, upper
and lower bytesf the checkum). (3-byte data issedif the flash menory write command is usedf the
RAM loader command issed, theextenal controller awaits tle arrival of 2-byte data, or upperand lower
bytesof the checksum.)

3. If areceiving erroor Intel Hex famaterror occurs, the TR89FM42 goes into an idiate without return-
ing anerror code to thexternalcontroller The Intel Hex format eor occurs in the followingases:

- If the record typis other thar0Oh, 01h, or OB
- If a checksum error @he Intel Hex format occurs
- If the data lenth of an exended recordrecord ty = 0x(2) is na 0x02

- If the TMP89FM42 receigethedatarecordafterreceiving an extended recofreecordtype =0x02)
whose segrent address is me than0x2000

- | the daalengthof the endecord(record tyg = 0x01)is nat 0x00
- If the of'set adiress of an eghded reord (record type = Ox(2) is notOx0000

Table 22-20 Definition of the Intel Hex Format

@ @ ® 4 (5) 6)
Start Data length Offset address Record type Data Checksum
mark (1 byte) (2 bytes) (1 byte) (1 byte)
(2) Data length
Data record Starting byte stor- (3) Offset address
3A Number of data age address 00 Data (4) Record type
in a data field * Specified using (1 to 255 bytes) (5) Data
(record type = 00) . ]
big-endian Complement of 2 of the
sum total of the above
(2) Data length
End record (3) Offset address
3A 00 00 00 01 None (4) Record type
(record type = 01) Complement of 2 of the
sum total of the above
(2) Data length
ff;
Extended record SegTzeEtifi;Jress Ei; gezs: da?dr:ss
3A 02 00 00 02 . y . yp
(record type = 02) * Specified using (5) Segment address
ype = big-endian Complement of 2 of the
sum total of the above
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22.12Security

In serial PROMmode,two scurity functionsare provided tgrohibit illegalmemory accss attempts by a third
party: password and sectyiprogram functions.

22.12.1Passwords

A pasword is one of the scurity functions, andan be used whethe TMP®FM42 operates in seti
PROM made or wlen the on-chipdebugging functon (hereafér called OCD) is used. Specificallya password
can be estdishedby ushg data (part d user merary) in flash memory. If a passwad is estblished, a pass-
word auttenticaion process rost be perforrad to execute the flash memorgad ommand, flash memory
write comnmand and oher ogeraton canmandsin the casef the OCD, tle pasword authenticatioprocesis
requred prior to the start of tle OCD system.

In parallel PROM mode, there are aocess-relaté restrictions usg apassvord. To establish the access
relaed restrictons thatwork in bath seral and parel PROM modes, the securityprogram mustbe setto an
appropriate settig.

22.12.1.1How a password can be specified

With the TMP89FM42any pieceof data inflash memory (8 omoreconsecutivebytes) can be speci-
fied as a pasvord. A passvord thusspecified isauthenticated bgomparing a passrd string transmit-
ted by the external controll er with the memory data string of MCU where the password is specified. The
areawhere a pasgord canbe specified i99x8000through OXxFEFFin flashmenory.

22.12.1.2Password structure

A password consiss of three canponens: PNSA,PCSA, anda password string-igure 2-4 shows he
pasword structure (example of a transmitted paw/ord).

* PNSA (paswordcount storage addrgss

A 3-byte address is sgified in the area 0X®0 through 0¥EFFE The menory data of a
specifiedaddresss the numbepf bytes of gpasswordstring. If the menory dag is less tlan
0x07 orif an address is outl@the specified addres rangea password error occurs.

The memoy dat spedfied hereis defined as N.

» PCSA (password comparison statdress)

A 3-byte addess is specifieth the areedx8000through OXFEFF-N. Anaddress hus speci-
fied is thestarting addres® be used to compamith a passwad string If an addess is owgide
the specified address rangepasword error occurs.

» Password stng

Data of 8 bytes t@55 byes(=N) must be spcified as gpassword string. Memorglata and a
password stringire compared by gacified nunber "N" of bytes; a comparison starts at an
address specified HBPCSA. Ifthereis a mismatch aa resultof this comparisonor if daia of 3
or more consecutive bytesspecified, a pgsword errooccurs, and taTMP89FM42goes inb
anidle state. In this idle state, extetrdevices cannot communicate with the TMP89FME&L.
resume conmunicaton, the TMP&®FM42 nrust ke restared in serialPROM made by sing the
resetpin.
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22. Serial PROM Mode

22.12 Security
TMP89FM42

0x01| 0x02| 0x03] 0x04 | 0x05 | 0x06| 0x07 | 0x08 |

w 0x00 | 0xFo | ox12] 0x00 | oxF 1] 0x07
\ J\ J o J

PNSA PCSA Password string

Flash memory

/\/

0xF012 0x08

' ! 0x08 is the number
N of passwords.

Y

Compare

L3> OxF107 0x01

0xF108 0x02

0xF109 0x03

0xF10A 0x04

F 8bytes <€——
0xF10B 0x05

0xF10C 0x06

Example:

PNSA=0xF012 0xF10D 0x07
PCSA=0xF107

0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07 and OxF10E 0x08

0x08 are assumed.

/\/

Figure 22-4 Password Structure (Example of a Password Transmitted)
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22.12.1.3Password setting, cancellation and authentication

» Password s¢ing

Because gassvord iscreated by using padf a u®r programa special passworsktting
routine isunnecessaryA password cabe set bysimply writing a program tdlash menory.

» Password cancellation

To cancela password, lp Erase (all erasayust be perforred on flashmemory. A pass-
word is canceled when flash memas all initialized to O¥F

» Password authentication

If there is data ther tharOXFF in any e byte of data writen tothe adiress OXFFE@hrouch
OXFFFF ofthe TMP89-M42, a productis corsidered a no-blank product, and password
authentication is required toexecutean operation commandh this passwad auhenication
process, PNSA, PCSA and a passworagtare usedAn operaion canmand is execd only
if a pasword has been succdsdly authenttated. Ifa password isinsuccessfully authenti-
cated, the TMP89FM42 goé&wto an idk stae.

If all data wittento the addess O¥FEO though OxFFFF are OxFR produtis considered
blank, and b password ahentcation is grformed. © exewte somespecial operation com-
mands, havever PNSAandPCSAarestll requirel (a msswad string is nd required) een if
a praluctis blark. In this ca®, the addresses definedTable 22-21 must besgkected aNSA
and PCSA.

Whether a poduct is blank or nonblank canbe confirmedby execting the shtus odput
command.

The operation commands thatjuire PNSAandPCSA (passvord stiing) for themto be exe-
cutedare & follows:

- Flash memory erassommand (0xFO)
Flashmemory write conmand (0x30)

Flash memory read command (0x40)

- RAM loader commang@0x60)

- Flash menory secuity seting conmand(0xFA)

22.12.1.4Password values and setting range
A passvord must bese in accordance witthe condiions shown in @le 22-21. If apassvord created

without meetingtheseconditions is useda password eor occus. In this case, tB TMP89FM42 des na
transmitdata and goes into adle state.

Table 22-21 Password Values and Setting Range

Password Blank product (note 1) Non-blank product
PNSA
0x8000 < PNSA < OXFEFF 0x8000 < PNSA < OXFEFF
(password count storage address)
PCSA
(password comparison start 0x8000 < PCSA < OXxFEFF 0x8000 < PCSA < 0xFF00 - N
address)
N * 8<N
(password count) B
Password string Not required (notes 4 and 5) Required (note 3)
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22. Serial PROM Mode

22.12 Security
TMP89FM42

Note 1: *: Don't care.
Note 2: When addresses from OxFFEO through OXFFFF are filled with "OxFF", the product is recognized as a blank product.

Note 3: The data including the same consecutive data (three or more bytes) cannot be used as a password. (A password error
occurs during password authentication. The TMP89FM42 does not transmit any data and goes into an idle state.)

Note 4: In flash memory writing mode or RAM loader mode, the blank product receives the Intel Hex format data immediately after
receiving PCSA,; it does not receive password strings. In this case, the subsequent processing is performed correctly
because the TMP89FM42 keeps ignoring incoming data until the start mark (0x3A ":") in the Intel Hex format is detected,
even if the external controller transmits the dummy password string. However, if the dummy password string contains
"0x3A", it is detected as the start mark erroneously, and the microcontroller enters the halt mode. If this causes a problem,
do not transmit the dummy password strings.

Note 5: In executing the flash memory erase command, do not transmit a password string to a blank product.
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22.12.2Security program

Thesecurity program can be usedparallel and serial PROM masland for OCD. It has speciamemory
for protection, and a special command is required to ntakerotection seting. If the securiy program is
enabledthe readirg or writing of flash nemory in parallel PROM mode is prohibited. Inserial PROMmode,
the readand writ of flash memory andother operatio commands cannobe used. Iperforming OCD, two

optionsaboutsystemstartupareprovided: prohibiting the system startup by using an gtion cade aml startirg
thesystem by pasgord authentication.

22.12.2.1How the security program functions
With the TMP89FM42you cancontol the read d flash memory by writing pratection-relaed informa-
tion to a specially-designed memoBecause protectiordated information is wtten to this specially-
desgnedmemory no usememory resurce are required.

22.12.2.2Enabling or disabling the security program

» Enabling the secuty program

To enable the security program, execilte fllshmemory security sethg conmand.

« Disablingthe securityprogram

To disablethe curity programexeaite Chip Era® ofthe flash memory erase command.
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22. Serial PROM Mode

22.12 Security
TMP89FM42

22.12.30ption codes

If a specified option code iplacd at a spefied address inside &interrupt vector area, whether password
string authentications paformed or not whenexecuing theflash memory eraseommand andvhetherthe
security program ishecked onotwhenstarting OCD can be designated.

- Erasepassword free code EPFC_B (XFFFA)

If changes are frequently mattea prggramduringsdtware dexelopment, there are casesvhich
a password maget Icst. In this case, you can cad the password stringuthertication of the flash
memory erasecommand (0xF0) by seting the erase password free coflePFC_OB. EPFC_OP is
assigredto OX-FFA in the vecto area. Allocate OxFF to thEPFC _OP to cancel the paserd string
of the flash memory erase comm&aF0).

It is recommended thahe pasword stringauhertication of the flash memory erase command
(OxFO0) be endkd duringmass prodation by dlocating data otter than O¥F to EPFC_@.

Only ChipErase cartancel the pasvord string autheticaton by usingthe flash memonrerase
command. If Sector Erase is executed with EPBE setto XFF, the TMP&®FM42 ges inb an ide
state. Commandsthe than tle flashmemory erase commandcanna carcel the password shg
authentication.

- OCD security program free code DAFCP@XFFFB)

With the TMP89FM42, youcan enable the securifyrogram to prevent illegal access attempts by a
third party. If the secutty program is enabte restrictionsare impoed on operation commands
related tomemory access, and thrtupof OCD.

The secutly programshouldbe usudl enatbed atthe time of shipnent. If there is tle possildity
that the OCDmay be used bkeepingthe conénts ofmemory intact, it is p@sible to drectly startthe
OCD by settinghe OCD scurity program free code (DAFC_OP) atitereby skipping theesurity
program checkthe password gng autkerticaion, however is still required).

DAFC_OP isassigned to OXxFFFBn the vector aredalo skip thke security program check at the
startupof the O, assgn OXFF toDAFC_OP. In this case, the security program cheisknot per-
formed,and the OCD can be stat by performing orly the password stng auhentication.

If DAFC_OP B not OxFF, whetherthe OCD canbe usedor not is deermined by the statis of he
security pogram If the OCD s started wh the ®curity program enaéd, the TMP89FM43&tops
communicaton and goes ito anidle stae. To use the OCDwhen tre TMP8%M42 is inthis idle
state, Chip Erasmust beexecuted for flash mermory by usng the flash memory erase command
(OxF0). Ifthe secuty program is disakld, tre OCD can be strtedby performirg only the password
string authentication.

Table 22-22 Option Codes

Symbol Function Address Set value
OxFF : The password string authentication is
EPEC OP Password string authenuc_atlon when the flash OXEFEA skipped (only PNSA and PCSA are. authenticated).
- memory erase command is executed Other than OxFF: The password string, PNSA, and
PCSA are authenticated.
OxFF: Th i heck is skipped.
Security program check when the OCD is X e security program_c ek 1S SKIPPE .
DAFC_OP OXFFFB | Other than OxFF: The security program check is per-
started
formed.
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Example :Case in which the passd@authenticatiomnd OCD securitprogramauthentication are disabled

Vector Sectiomomdata abs 8xFFFA

DB OxFF ; Cancel the password string during the erase operation (EPFC_OP)
DB OxFF ; Permit access when the OCD is started (DAFC_OP)
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22. Serial PROM Mode

22.12 Security
TMP89FM42
22.12.4Recommended settings
Table 22-23 show the option codes andeconmendedsecurityprogam settngs.
Table 22-23 Option Codes and Recommended Security Program Settings
Device status Serial PROM mode Parallel PROM mode
EPFC_OP | DAFC_OP Security Memory Erase Memory Erase och
(OXFFFA) (OXFFFB) Program read read
At the time of debug- Password Can be
ging during software OxFF OxFF Disable string Possible Possible Possible used
development required
Can be
OxFF
used
OxFF Possible
Other than Cannot be
OxFF used
In quantity production Enable Impossible Impossible Possible
OXEF Can be
Other than Passtfiv:;)rd used
OxFF Other than required Cannot be
OxFF used

Note 1: In parallel PROM mode, Chip Erase can be performed irrespective of the option code setting.
Note 2: If the security program is not enabled in parallel PROM mode, ROM data can be read with no restrictions. Make sure that
in parallel PROM mode, you always enable the security program to protect ROM data.
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22.13Flowchart
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22. Serial PROM Mode

22.14 AC Characteristics (UART) TMP89FM42

22.14AC Characteristics (UART)

Table 22-24 UART Timing-1

Clock frequency Minimum required time

Parameter Symbol feack
(fegek) At fegek = 1 MHz | At fegek = 10 MHz
Time from when MCU receives 0x86 to when it echoes back CMebl Approx. 660 660 pus 66 us
Time from when MCU receives 0x79 to when it echoes back CMeb2 Approx. 540 540 ps 54 us
Time from when MCU receives an operation command to when it
CMeb3 Approx. 300 300 ps 30 us

echoes back

Approx. 1493340

Time required to calculate the checksum (flash memory) CMfsm (32KB) 15s 149 ms
Time required to calculate the checksum (RAM) CMrsm Approx. 160 160 ps 16 ps
Time when MCU receives Intel Hex data to when it transmits over-
. . CMwr Approx. 200 200 ps 20 ps
write detection data
Time from when MCU receives data (number of read bytes) to
. . ( ytes) CMrd Approx. 430 430 us 43 us
when it transmits memory data
Time from when MCU receives data (mask ROM emulation settin
. ( 91 cMem2 Approx. 420 420 us 42 us
data) to when it echoes back
Time required to enable the security program CMrp Approx. 1080 1.08 ms 108 ps

Table 22-25 UART Timing-2

Minimum required time
Clock frequenc
Parameter Symbol ; qk 4
(fegek) At fegek = 1 MHz | At fegek = 10 MHz
Time required to keep MODE and RESET pins at L after power-on RSsup - 10 ms
Time from when MODE and RESET pins are set to H to the accep-
P P RXsup - 20 ms
tance of RXD
Time from when MCU echoes back 0x86 to the acceptance of
P cMtrl Approx. 140 140 us 14 s
RXD
Time from when MCU echoes back 0x79 to the acceptance of
P CMtr2 Approx. 90 90 us 9us
RXD
Time from when MCU echoes back an operation command to the
P cMu3 Approx. 270 270 us 27 us
acceptance of RXD
Time from when the execution of a current command is completed
. CMnx Approx. 1100 1.1ms 110 ps
to the acceptance of the next operation command
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22.14.1Reset timing

VDD / [

MODE

‘sl OMi1  iesi  CMt2  ieri  CMtr3
CMeb! CMeb2 _ CMeb3

RESET L :

' (0x86) (0x79) .
oo .Mm—l (0x86) ”U_” (0x79) J—, I‘
™0 | N R R

Operation command

Figure 22-6 Reset Timing

22.14.2Flash memory erase command (OxFO)

PNSA PCSA Password string  Area to be erased
[23:16] [15:8] [7:0] [23:16] [15:8] [7:0] )

[

Next command

RXP [15:8] [7:0] J—,
™ |

- Checksum -
CMfsm CMnx

Figure 22-7 Flash Memory Erase Command
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22. Serial PROM Mode
22.14 AC Characteristics (UART)

TMP89FM42
22.14.3Flash memory write command (0x30)
PNSA PCSA Password string IntelHex

'[.23:.16.].[15.:8]..[750]‘.'[.23:.16.] .[15.:8]“[7.:0]‘.'. o o .".(Ox.?;A.). S

Rl || ] N e [ =
TXD | |||
et
‘CMtr3

IntelHex(End Record)
(OxOO) (OxOO) (0x01) (OxFF) Next command

RXD] " "ﬂ "J (0x55) or (0xAA) [15:8] [7:0] :J—,

B T

P —— | —

i O onsm Checksum Gy
Figure 22-8 Flash Memory Write Command
22.14.4Flash memory read command (0x40)

PNSA PCSA Password string Read start address

'[.23:.16.].[15{:8]..[7.:0]‘.'[.23:.16.].[15.:8]..[7501‘.'. o o :'!23.:16.].[1?8!.[7.:0]:

0 i) !I ] e 1N
TXD | |||
"
‘CMtr3

Number of read bytes
[23:16] [15:8] [7:0] Next command

wo [T wso ro I

TR e

; : Memory data ' Checksum * :
CMrd CMnx

Figure 22-9 Flash Memory Read Command
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22.14.5RAM loader command (0x60)

PNSA PCSA

Password string

[23:16] [15:8] [7:0] [23:16] [15:8] [7:0]

IntelHex
" (0x3A)

(0x60)

RXD DD

I

TXD | | ||

‘CMtr3
IntelHex(End Record)

r \

(0x00) (0x00) (0x01) (OXFF)

Next command

RXD]""'"H'"]'E

[15:8] [7:0]

[

TXD

CMrsm

Checksum * :
CMnx

Figure 22-10 RAM Loader Command

22.14.6Flash memory SUM output command (0x90)

Next command

(0x55) or

(OxAA

]

) [15:8] [7:0]

\4—,—*—,_?

CMfsm

' FF

check

Checksum * :
CMnx

Figure 22-11 Flash Memory SUM Output Command

22.14.7Product ID code output command (0xCO0)

Next command

RXD
(0xCO)

]

T |

Y

Product ID code

'
1 —!

CMnx

Figure 22-12 Product ID Code Output Command
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22. Serial PROM Mode

22.14 AC Characteristics (UART) TMP89FM42

22.14.8Flash memory status output command (0xC3)

Next command

RXD J_,

gOXIC3I)

mo T I,

H [l
—!

CMnx

Status code

Figure 22-13 Flash Memory Status Output Command

22.14.9Mask ROM emulation setting command (0xDO)
Figure 22-14 Mask ROM Emulation Setting Command

22.14.10Flash memory security setting command (OxFA)

PNSA PCSA Password string
[23:16] [15:8] [7:0] [23:16] [15:8] [7:0]

vo LI I I T

Next command

R0 OXFB J—,
—

‘.—r—:( E
"Echo - '
CMrp back CMnx

Figure 22-15 Flash Memory Security Setting Command
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22.15Revision History

Rev

Description

RA002

Added P20 and P21 description to TXD0 and RXDO pin.

"Table 22-24 UART Timing-1", "Table 22-25 UART Timing-2" Deleted VDD and Topr condition. These condition is defined in Electrical

Characteristics.
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22.15 Revision History TMPS9EM42

RA002 Page 30

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

TOSHIBA TMP89FM42

23. On-chip Debug Function (OCD)

The TMP8%FM42 has anon-chip detug furction. Usinga conbination of ths function ard the TOSHIBA on-chip
debugerulator RTE870/C1, the wser is able to perform software debgging in the on-bard ewironment. Thsemu-
lator canbe operatedirom adebigger nstalled on aPC sothatthe emulation anddehugging functions d an aplica-
tion program can be usd tomodify aprogramor for other purposes

This chapter descriles the corirol pins reededo use he onchip debugfunction andhow a target systemis con-
nected tothe on-chip debugfuncton. Fo more detailed information on how to use the on-chigebug emuator
RTE870/CL, refer to theemulator operating manual.

23.1 Features

The onchip debudgunction of the TMP&FMA42 has the flowing features:

» Debuggingcanbe performedn muchthe same way ashena microcontroller pckage with the MCU is
used.

The tebugging function canbereaized using two communicaton cortrol pins.

¢ Usefd on-chip delng functions include the fdlowing:
- 8 breals functbn are prouied (ame of which can also beisedas an everfunction).
- A trace function thatllowsthenewest two branch instructions toe stored in rektimeis provided.
- Functions to disfay active memory andto overwrite activenenory are provied.

* Built-in flashmemory canbe erased andritten.

23.2 Control Pins

The on-chp debug function uses twginsfor communicaton andfour pins for paver suppl, reset ad mode con-
trol. Thepins wedfor the an-chip delug function areshown in Table 23-1.

Ports PP and P21 are used as aoomication contol pins of the onchip debugfunction. If the orrchip debwg
emulator RE870/C1 isused, therefa, the port functionsandthe functions of UARTO ard SI00, wihch arealso
used as pas, camot be delugged.

Table 23-1 Pins Used for the On-chip Debug Function

Pin name Input/out- ) Pin name
. . . Function g
(during on-chip debugging) put (in MCU mode)
OCDCK Input Communication control pin (clock control) P20/ TXDO / SO0
OCDIO 110 Communication control pin (data control) P21/ RXDO0/ SI0O
(Note 1)
RESET Input Reset control pin RESET
MODE Input Mode control pin MODE
Power
VDD 4.5V to 5.5V (note 1)
supply
P
vsSs oW ov
supply
Input and output ports other than L
110 Can be used for an application in a target system
P20 and P21 u ppiication in & target sy
XIN Input
To be connected to an oscillator to put these pins in a state of self-oscillation
XouT Output

Note 1: To use all on-chip debug functions, the power supply voltage must be within the range 4.5V to 5.5 V. If it is within the range
2.2 Vto 4.5V, functional limitations occur with some of the debug functions. For more detailed information, refer to the
emulator operating manual.
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23. On-chip Debug Function (OCD)
23.3 How to Connect the On-chip Debug Emulator to a Target
System

TMP89FM42

23.3 How to Connect the On-chip Debug Emulator to a Target System
To use the onchip debudunction, the spcific pins on aarget systemmust be conacied to an external debging
system.

The on-chip debug emulatorRTE870/Clcan be canectedto atarget system via arinterface catrol cable.
TOSHIBA providesa connector for thisiterface controtableas an accessotgol. Mounting thisconnector on a
target system wil makeit easer to use the on-chigebugfunction.

The connection betweehe on-chip debg emudatar RTE870/C1 and aargetsysem is slownin Figure 231.

Level Shifter Control Circuit
(provided power supply by target system)  (provided power supply by bus power)
J] J_ \ /
—I— VDD (Note 3) \“ 'v/
VDD '
OCDCK (P20) -—%J
OCDIO (P21) l

14 sy

77 (Note 2)

Other RESET

TMP89FM42 parts control |
T Interface
(Note 1) | control cable USB connection
RESET T M =
During on-chip debugging 1
MODE
MCU mode
XIN P (Note 3)
XouT —H
VSS o ,J, ,J.,
Target system Connectors On-chip debug PC (host system)
emulator
RTE870/C1

Figure 23-1 How the On-chip Debug Emulator RTE870/C1 Is Connected to a Target System

Note 1: Ports P20 and P21 are used as communication control pins of the on-chip debug function. If the on-chip debug
emulator RTE870/C1 is used, therefore, the port functions and the functions of UARTO and SIOO0, which are also
used as ports, cannot be debugged. If the emulator is disconnected to be used as a single MCU, the functions of
ports P20 and P21 can be used. To use the on-chip debug function, however, P20 and P21 should be discon-
nected using a jumper, switch, etc. if there is the possibility of other parts affecting the communication control.

Note 2: If the reset control circuit on an application board affects the control of the on-chip debug function, it must be dis-
connected using a jumper, switch, etc.

Note 3: The power supply voltage VDD must be provided by a target system. The VDD pin is connected to the emulator
so that the level of voltage appropriate for driving communication pins can be obtained by using the power supply
of a target system. The connection of the VDD pin is for receiving the power supply voltage, not for supplying it
from the emulator side to a target system.

23.4 Security

The TMP&®FM42 provdestwo secuity functionsto preven the on-chipdelug function frombeing used throuy
illegal memory accesattempted by a third pers a passwat function ad aSecurityProgram functionlf a pass
word is seton the TMP89IFMA42, t is necessaryto autherticate the password farsing the onchip debug function.
By seting both apasswaod and the Secity Program on th@ MP89M42, it is possibé toprohibit the useof all on-
chip debugfunctions. Furhernore, ty usirg the gtion code, the on-chip @ébugfunction only can be used ewif the
Secuity Program is enabled However, to usethe on-chipdekug furction in this setthg, apassverd autenication
proces is required.

Forinformation on howto set apassword andto enable tk readprotection and option code, refer to "Serial RBM
Mode".
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24. Input/Output Circuit

24.1 Control Pins

The irputoutput circuitries ofthe TMP8FM42 contol pins are sbwn below.

Control pin 110 Circuitry Remarks
XIN Input
neu Refer to the PO ports in the chapter of Input/Output Ports.
XOouT Output
XTIN Input .
Refer to the P! ts in the chapter of Input/Output Ports.
XTOUT output efer to the PO ports in the chapter of Input/Output Ports
RESET Input Refer to the P1 ports in the chapter of Input/Output Ports.
R
MODE Input R =100 Q (typ.)
RA000 Page 3B

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6146142/tmp89fm42.html

24. Input/Output Circuit

24.1 Control Pins
TMP89FM42
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25. Electrical Characteristics

25.1 Absolute Maximum Ratings

The absolute maximum ratings are ratatleswhich mustot be exceeded duriraperaion, even foraninstant.
Any one of the ratings musbt beexceededlf any absolute maximum ratg isexceededa device mgbreak down
or its performance may be degraded, cagst to catch fire or explode resinlg in injury to the user Thus, wken
designingproducts which include thidevice, ensurdhat no absolute maximuratingvalue will ever be exceeded.

(Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply voltage Vbp -0.3106.0 \%
Ving PO, P1, P2 (e>'<clud|ng P23 and P24), P4, P7, ~0.310 Vpp + 0.3
P8, P9, PB (tri-state port)
Input voltage Vin2 P23, P24 (sink open drain port) -0.3to Vpp +0.3 v
Ving AINO to AIN7 (analog input voltage) —0.3to Aypp +0.3
Output voltage VouTt1 -0.3t0 Vpp + 0.3 Y,
PO, P1, P2 (excluding P23 and P24), P4, P7,
lout1 : -1.8
P8, P9, PB (tri-state port)
lout2 PO, P1, P2, P4, P9 (pull-up resistor) -0.4
Output current (per pin)
PO, P1, P2, P4, P74 to P77, P8, P9 (tri-state
louts 3.2
port)
louTa P70 to P73, PB (large current port) 30
mA
PO, P1, P2 (excluding P23 and P24), P4, P7,
Zlout1 : -30
P8, P9, PB (tri-state port)
ZlouT? 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 -55to 125 °C
Operating temperature Topr —40 to 85

RA002
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25. Electrical Characteristics
25.2 Operating Conditions
TMP89FM42

25.2 Operating Conditions
The operatirg canditions for a devce are opratng condtions urder which it canbe guaranteedhat the devce
will operate aspecified. If the devicis ussdunderopemting conditions other hanthe gperaing conditions (supply

voltage, operating temperatugnge,specified AC/DC valus etc.), malfuntion may occur Thus, when designg
products which include thg device,ensure thatthe operatingconditionsfor the device i@ always adhered to.

25.2.1 MCU mode (Flash Programming or erasing)

(Vss =0V, Topr = -10 to 40°C)

Parameter Symbol Pins Condition Min Max Unit
Supply voltage Vbp NORMALL, 2 modes 45 55
ViHt MODE pin Vpp x 0.70
Input high level Vpp=45V Vop
ViHz2 Hysteresis input Vpp x 0.75 Y
Vi1 MODE pin Vpp x 0.30
Input low level Vpp24.5V 0
ViL2 Hysteresis input Vpp x 0.25
fc XIN, XOUT 1.0 10.0
Clock frequency Vpp=245V MHz
fegek 0.25 10.0
MV | , .
55 T- 55 -
4.5 -7 45 - '
§ 2 [MHZ - S [MHZ]
[}
Gear clock(fcgck) frequency range High-frequency clock(fc) frequency range

Figure 25-1 Clock gear (fcgck) and High-frequency clock (fc)
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25.2.2 MCU mode (Except Flash Programming or erasing)

(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
teack — 10.0 MHz NORMAL1, 2 modes 23
gok= = IDLEO, 1, 2 modes ;
fcgck = 4.2 MH 2.7
Supply voltage Vop cgc z 5.5 \
fcgek = 2.0 MHz
LOW1, 2 m
fo-32.768kHz | S-OWL 2 modes 22
SLEEPO, 1 modes
STOP mode
Vin MODE pin Vpp x 0.70
Vpp =45V
Input high level ViH2 Hysteresis input Vpp x 0.75 Vpp
Vinz Vpp <45V Vpp x 0.90
\Y
Vi1 MODE pin Vpp % 0.30
Vpp 245V
Input low level ViL2 Hysteresis input 0 Vpp x 0.25
Vs Vpp <45V Vpp x 0.10
Vpp=221t055V 1.0 8.0
fc XIN, XOUT
Vpp=2.7t055V 1.0 10.0
Vpp=221t055V 2.0 MHz
Clock frequency
fegek Vpp=271055V 0.25 4.2
Vpp=4.3t055V 10.0
fs XTIN, XTOUT Vpp=221t055V 30.0 34.0 KHz
M . ) ) ) vl o
551" - - 551 > > /// -
4.3 T- 43 T----

50 1 0 O A O >\ E

Vi
1

2 [MHZ] TN T RE 2 [MHz)
Gear clock(fcgek) 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 25-2 Clock gear (fcgck) and High-frequency clock (fc)
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25. Electrical Characteristics
25.2 Operating Conditions

TMP89FM42

25.2.3 Serial PROM mode

(Vss =0V, Topr =-10 to 40°C)

Parameter Symbol Pins Condition Min Max Unit
Supply voltage Vpp NORMALL, 2 modes 45 55
Vit MODE pin Vpp x 0.70
Input high voltage Vpp245V Vbp
Vin2 Hysteresis input Vpp x 0.75 \%
Vi1 MODE pin Vpp x 0.30
Input low voltage Vpp =245V 0
Vi Hysteresis input Vpp x 0.25
fc XIN, XOUT 1.0 10.0
Clock frequency Vpp245V MHz
fegek 0.25 10.0
M| , M|
551" 55 - -
45 -7 1o 45 ' 1o
2 S [MHzZ - 2 [MHzZ
N
o
Gear clock(fcgck) frequency range High-frequency clock(fc) frequency range

Figure 25-3 Clock gear (fcgck) and High-frequency clock (fc)
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25.3 DC Characteristics

(Vss =0V, Topr = -40 to 85°C)

Parameter Symbol Pins Condition Min Typ. Max Unit
Hysteresis voltage Vus Hysteresis input - 0.9 - \
Iin1 MODE
Vpp=5.5V
PO, P1, P2, P4, P5, P7, P8, P9, — —
Input current Iinz o8 Vin =Vmope =55 VIOV _ _ ) LA
Iina RESET, STOP
Rin2 RESET pull-up 100 220 500
Input resistance PO, P1, P2 (excluding P23 and Vpp =55V, ViN=Vmope=0V kQ
Ring 30 50 100
P24), P4, P9 pull-up
ILo1 P23, P24 (skin open drain port) Vpp=55V,Voyr=55V - - 2
Output leakage current PO, P1, P2 (excluding P23 and LA
ILoz P24), P4, P5, P7, P8, P9, PB (tri- | Vpp=5.5V, Voyr =5.5V/0V _ _ ")
state port)
Output high voltage Vou Except P23, P24, XOUT, XTOUT | Vpp=4.5V, lgy=-0.7 mA 4.1 - -
\%
Output low voltage VoL Except XOUT, XTOUT Vpp=45V,lg =16 mA - - 0.4
P70 to P73, PB (Large current
Output low current lo port) (arg Vpp=45V,Vg =10V _ 20 mA

Note 1: Typical values show those at Topr = 25°C and Vpp = 5.0 V.

Note 2: Input current ly3 : The current through pull-up resistor is not included.
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25.3 DC Characteristics
TMP89FM42

(Vss =0V, Topr=-40to 85°C)

Parameter Symbol Pins Condition Min Typ. Max Unit
When a program
Supply current in Vpp=5.5V operates on flash - 145 20.0
NORMAL 1, 2 modes Viy=5.3V/0.2V memory
(Note 7) Vimope=5.3V/0.1V | When a program ~ o5 125
fogck = 10.0 MHz | OPerates on RAM '
Supply current in fs = 32.768 kHz
ind - 55 75
IDLEOQ, 1, 2 modes
mA
When a program
Supply current in Vpp =55V operates on flash - 13 -
NORMAL 1, 2 modes Viy=5.3V/0.2V memory
(Note 7) Vmope=5-3V/0.1V | When a program B 8 B
fcgek = 8.0 MHz operates on RAM
Supply current in oo fs =32.768 kHz
(Note 8) - 45 -
IDLEOQ, 1, 2 modes
When a program
Supply current in operates on flash - 20 39
SLOW1 mode memory
(Notes 5 and 7) Vpp=3.0V When a program 0 -
Vin=28VI0.2V operates on RAM
ey - Vmope=2.8V/0.1V
t
upply current in fs = 32.768 kHz - 10 2 A
SLEEP1 mode w
Supply current in B 9 22
SLEEPO mode
Vpp=5.5V
Supply current in
Viy=5.3V/0.2V - 1 2
STOP mode N 0 °
Vmope=5.3V/0.1V
Vpp =5.5V
Vin=5.3V/0.2V When a program - 10 -
Peak current of inter- Vmope=5.3V/0.1V | operates on flash
mittent operation IbpRP-P memory or when
Vpp = 3.0V o
(Notes 7 and 9) data is being read
ViN=2.8V/0.2V | from flash memory - 2 - mA
Vmope=2.8V/0.1V
Current for writing tF) Vpp =55V
flash memory, erasing IooEwW Vpy =53 V/0.2V B 26 B
and security program v .
(Notes 4, 8 and 9) MODE™=-= %

Note 1: Typical values shown are Topr = 25°C and Vpp = 5.0 V, unless otherwise specified.

Note 2: Ipp does not include Iggg. It is the electrical current in the state in which the peripheral circuitry has been operated.
Note 3: V|y : The input voltage on the pin except MODE pin, Vyopg : The input voltage on the MODE pin

Note 4: When performing a write or erase on the flash memory or activating a security program in the flash memory, make sure

that the operating temperature Topr is within the range —10°C to 40°C. If the temperature is outside this range, the result-
ant performance cannot be guaranteed.

Note 5: In SLOW1 mode, the difference between the peak current and the average current becomes large.

Note 6: Each supply current in SLOW2 mode is equivalent to that in IDLEO, IDLE1 and IDLE2 modes.

Note 7: When a program operates in the flash memory or when data is being read from the flash memory, the flash memory oper-
ates intermittently, and a peak current flows, as shown in Figure 25-4. In this case, the supply current Ipp (in NORMALL,
NORMAL2 and SLOW1 modes) is defined as the sum of the average peak current and MCU current.

Note 8: If a write or erase is performed on the flash memory or a security program is enabled in the flash memory, an instanta-
neous peak current flows, as shown in Figure 25-5.

Note 9: The circuit of a power supply must be designed such as to enable the supply of a peak current. This peak current causes
the supply voltage in the device to fluctuate. Connect a bypass capacitor of about 0.1 uF near the power supply of the
device to stabilize its operation.
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1 machine cycle
1. < > (]
) 1

Program counter (PC) X:

-n-- <——Momentary flash current

Sum of average
Maximum current | momentary flash
~ }

B R et o EEEETY S PSR B Typical current current and
4[ ----------------------------------- “ MCU current

-
MCU current

Figure 25-4 Intermittent Operation of Flash Memory

1 machine cycle

|

Program counter (PC) X

Internal data bus

Internal write signal

_________><_____><_

1
Last write cycle of each of the Byte Program, j
Security Program, Chip Erase and Sector Erase

IDDEW
[mA]

- G
B T B
RN W

Figure 25-5 Current When an Erase or Write is Being Performed on the Flash Memory
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25. Electrical Characteristics
25.4 AD Conversion Characteristics

TMP89FM42

25.4 AD Conversion Characteristics

(Vss=0.0V, 45V < Vpp < 5.5 V, Topr = —40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage / Power sup- Varer/ vV
ply voltage of analog control circuit Avbp b Vv
Analog input voltage range Vain Vss - VAREF
Power supply current of analog refer- Vop=Avpp !V, =55V
pply g Iner DD = AvDpD / VAREF B 06 10 mA
ence voltage Vgg=0.0V
Non-linearity error - — +3
Zero point error Voo = Avop ! Varer =5.0 V - - +3 LsB
Full scale error Vss =0.0V - - +3
Total error - - +3
(Vgg=0.0V, 2.7V < Vpp < 4.5V, Topr = —40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage / Power sup- Varer !/ v
ply voltage of analog control circuit Avpbp b v
Analog input voltage range Vain Vss - VAREF
Power supply current of analog refer- Vpp=Avpp/V, =45V
pply g Iner DD = AvDD / VAREF B 05 08 mA
ence voltage Vgg=0.0V
Non-linearity error - - +3
Zero point error Vop =Avpp / Varer = 2.7 V - - +3 -
Full scale error Vss =0.0V - - +3
Total error - - +3
(Vss=0.0V, 2.2V <Vpp <27V, Topr = -40 to 85°C)
Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage / Power sup- Varer / v
ply voltage of analog control circuit Avbp b Vv
Analog input voltage range Vain Vss - VaREF
Power supply current of analog refer- Vpp=Avpp !V, =27V
pply g Iner pD = AvpD / VAREF _ 03 05 mA
ence voltage Vgg=0.0V
Non-linearity error - - +4
Zero point error Voo = Avop / Varer = 2.2 V, - - +4 LsB
Full scale error Vss =00V - - +4
Total error - - 14

Note 1: The total error includes all errors except a quantization error, and is defined as the maximum deviation from the ideal con-

version 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 Vaggr 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: If the AD converter is not used, fix the Varee/Aypp pin to the Vpp level.
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25.5 Power-on Reset Circuit Characteristics

Power supply voltage (Vpp)
Operating voltage

VPROFF
VPRON

tPPw
> >

i [ 1

Power-on reset signal | | \ PROFF

|
/ Warm-up counter start

!
f "
|
|
i . '
I
! 1
Warm-up counter clock | | ! J”Iﬂﬂml_ﬂ ! :"ﬂm-”-“-m
0
|
I
|
|
|

1
tvbp '
|
'

tPRON

"
f
'
tPwup |

CPU and peripheral circuit [I
reset signal

Figure 25-6 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 fluc-
tuations in the power supply voltage (Vpp).

(Vss=0V, Topr = -40 to 85°C)

Symbol Parameter Min. Typ. Max. Unit

VPROFF Power-on reset releasing voltageN°® 1.85 2.02 219 y
VPRON Power-on reset detecting voltageN°® 1.75 1.85 1.95

tPROFE Power-on reset releasing response time - 0.01 0.1

tPRON Power-on reset detecting response time 0.01 0.1 ms
tPrRwW Power-on reset minimum pulse width 1.0 - -

tpwup Warming-up time after a reset is cleared - 102 x 2%c - S
typp 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 tpyyp.
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25. Electrical Characteristics
25.6 Voltage Detecting Circuit Characteristics
TMP89FM42

25.6 Voltage Detecting Circuit Characteristics

Power supply voltage (Vpp)
A

Operating voltage

Level of detected voltage f================ccccccccaRmmmnm e m o m s mm o s m

tvitoFF
=S

Signal to request the voltage !
detection interrupt

T
Voltage detection reset signal !

Figure 25-7 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 fluc-
tuations in the power supply voltage (Vpp).

(Vss =0V, Topr = —40 to 85°C)

Symbol Parameter Min. Typ. Max. Unit
tyLTOFE Voltage detection releasing response time - 0.01 0.1
tyLToN Voltage detecting detection response time - 0.01 0.1 ms
tyLtPw Voltage detecting minimum pulse width 1.0 - -
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25.7 AC Characteristics

25.7.1 MCU mode (Flash programming or erasing)

=0V,Vpp=4.5Vto55YV, Topr=-10 to 40°C
ss DD P

Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.100 - 4
IDLEO, 1, 2 modes
Machine cycle time tey ps
SLOWL1, 2 modes
117.6 - 133.3
SLEEPO, 1 modes
High-level clock pulse width twen For external clock operation (XIN input). 500 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 s
- . - u
Low-level clock pulse width twst fs = 32.768 kHz

25.7.2 MCU mode (Except Flash Programming or erasing)

(Vss=0V, Vpp=4.3Vto5.5YV, Topr=-40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.100 - 4
IDLEOQ, 1, 2 modes
Machine cycle time tey us
SLOWL1, 2 modes
117.6 - 133.3
SLEEPO, 1 modes
High-level clock pulse width twen For external clock operation (XIN input). 500 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 s
- . - i
Low-level clock pulse width twsL fs = 32.768 kHz
(Vss =0V, Vpp=2.7Vto 4.3V, 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
SLOWL1, 2 modes
117.6 - 133.3
SLEEPO, 1 modes
High-level clock pulse width twen For external clock operation (XIN input). 500 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 <
- . - i
Low-level clock pulse width twsL fs = 32.768 kHz
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25.8 Flash Characteristics
TMP89FM42

=0V, Vpp=2.2Vto 2.7V, Topr=-40to 85°C
ss DD P

Parameter Symbol Condition Min Typ. Max Unit

NORMAL1, 2 modes

0.500 - 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOWL1, 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 s
- : - i

Low-level clock pulse width twsL fs = 32.768 kHz

25.7.3 Serial PROM mode

(Vss =0V, Vpp =4.5 V to 5.5 V, Topr = 10 to 40°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 twen For external clock operation (XIN input). 500 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 s
- - - B

Low-level clock pulse width twsL fs = 32.768 kHz

25.8 Flash Characteristics

25.8.1 Write characteristics

(Vss =0V, Topr = -10 to 40°C)

Parameter Symbol Condition Min Typ. Max
Number of guaranteed writes to .
- - 100 Times
flash memory
Flash memory write time - - 40 us
Chip erase - - 30
Flash memory erase time ms
Sector erase - - 30
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25.9 Recommended Oscillating Condition- 1

XIN XOouT XTIN XTOUT

C4 C,

I 1]

(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
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25.10 Handling Precaution
TMP89FM42

25.10Handling Precaution

- The sdderabilty test comlitions fa lead-fregoroducts (indicatd by the sufix G in productname)areshowvn
below.

1. Whenusing the Sn-3Pb sdder bath
Sdder tath temperatre= 230°C
Dippingtime= 5 secads
Number oftimes= once
R-type flux used

2. Whenusng the Sn-3.8g-0.5Cu solder bath
Sdder tath temperatre= 245°C
Dippingtime= 5 secads
Number oftimes= once
R-type flux used

Note: The pass criteron of the above test is as follows: Solderability rate until forming = 95%

- Whenusng the devicgoscillator) inplacesexposed to high electric fieldsach ascathode-ray tubes, we
recommend electricallyhielding the package in order tmaintain namal operatingcondition.
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25.11Revision History

Rev

Description

RA001

The maximum value of the operation frequency is changed from 8MHz to 10MHz.

Added figure for "Clock gear (fcgck) and High-frequency clock (fc)".

"25.4 AD Conversion Characteristics" Fixed spec.

RA002

"25.5 Power-on Reset Circuit Characteristics” Revised table (Ipyyyp Unit) from "ms" to "s".

RA002
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26. Package Dimensions

LQFP44-P-1010-0.80B Rev 01

Unit: mm
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This is a techical document that describesetlopeating functions and electricalpecificatims of the
8-bit microcantroller seres TLCS-870C1 (LSI).

Toshiba providesa variety of deelopmenttools and basic software to enabddficient software
developmen

Thesedevelopmentools hae specifications thasuppott advances in microcomyer hadware (LSI)
and can be used extensiveBpththe hardware and software are qugted cotinuously with version
updates.

The recent advances @MOSLSI production tebnology have been phenomenal and microcomputer
systems forLSI desigh are constantly being impneed. The prodcts described ithis document may

also be revised in the future. Be surehbeck the latest spedaifitions befee using.

Toshiba is develapg highly integrated,high-performarce microcompters using advaced MOS
production techndogy andespecially well pvenCMOS techntogy.

We are prepared to meet the requéstcusbm packaging for a varietyf application areas.
We are confidemthat aur products can satisfy yw agplication reeds ow and inthe future.
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