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TO s H I BA TMP89FS60VEFG

TMP89FS60VUG

CMOS 8-Bit Microcontroller

TMP89FS60V

The TMP89FS60V is a single-chip 8-bit high-speed and high-functionality microcomputer incorporating 61440
bytes of Flash Memory.

ROM
Product No. RAM Package
(Flash)
TMP89FS60VEFG QFP64 (14mm x14mm, 0.8mm pitch)
61440 bytes 3072 bytes
TMP89FS60VUG LQFP64 (10mm x 10mm, 0.5mm pitch)

1.1 Features

1. 8-bit single chip microcomputer TLCS-870/C1 series

- Instruction execution time :
100 ns (at 10 MHz)

122 ps (at 32.768 kHz)
- 133 types & 732 basic instructions

2. 27 interrupt sources (External : 6 Internal : 21 , Except reset)

3. Input / Output ports (58 pins)
Note : Two of above pins can not be used for the 1/0 port, because they should be connected with the high frequency OSC input.

- Large current output: 8 pins (Typ. 20mA)

4. Watchdog timer
- Interrupt or reset can be selected by the program.

5. Power-on reset circuit

6. Voltage detection circuit
7. Divider output function
8. Time base timer

9. 16-bit timer counter (TCA) : 2 ch
- Timer, External trigger, Event Counter, Window, Pulse width measurement, PPG OUTPUT modes

10. 8-bit timer counter (TCO) : 4 ch
- Timer, Event Counter, PWM, PPG OUTPUT modes

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

11. Real time clock

This product uses the Super Flash® technology under the licence of Silicon Storage Technology, Inc. Super Flash® is registered trademark of Sili-
con Storage Technology, Inc.
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1.1

Features

TMP89FS60VEFG
TMP89FS60VUG

12. UART : 1ch Note : Three UART channels can be used at the same time.

13. UART/SIO : 3ch Note : Two SIO channels can be used at the same time.

14. I*)C/SIO : 1ch

15. Key-on wake-up : 8 ch

16. 10-bit successive approximation type AD converter

Analog input : 16ch

17. On-chip debug function

Break/Event
Trace
RAM monitor

Flash memory writing

18. Clock operation mode control circuit : 2 circuit

Single clock mode / Dual clock mode

19. Low power consumption operation (8 mode)

STOP mode:

Oscillation stops. (Battery/Capacitor back-up.)
SLOW1 mode:

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

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

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

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

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

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

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

20. Wide operation voltage:

4.5V to 5.5V at 10MHz /32.768 kHz (with all functions)
4.3 Vto 5.5V at 10MHz /32.768 kHz (without 10-bit successive approximation type AD converter,

DC/AC characteristics and write characteristics of Flash memory)

2019/08/01
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TOSHIBA

TMP89FS60VEFG
TMP89FS60VUG

1.2 Pin Assignment

P82 I

P83 CIT]

P84 I

(SO1/RXD1/TXD1) P90 CIT]
(SM/TXD1/RXD1) P91 I
(SCLK1) P92 CIT]
(RXD2/TXD2) P93 CIT
(TXD2/RXD2) P94 CIT

PBO I

PB1 L

PB2 I

PB3 I

(SOO/RXDO/TXD0) PB4 I}
(SI0/TXDO/RXDO) PB5 CIT]
(SCLKO) PB6 IO

PB7 IO

)

PPGA1)

N15)
N14)
N13)
N12)
N11)
N10)

TCAO/PPGAO

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

48 [TT71 P81 (TCO3/PPG03/PWMO3)
47 [T P80 (TC02/PPG02/PWMO2)

46 [T P77 (INT4)
45 [TT1 P76 (INT3)
44 [TT1 P75 (INT2)
43 [TT1 P74 (DVO)

42 [TT1 P73 (TCA1/
40 M1 P71 (TCO01/PPG01/PWMO01)

39 [TT 1 P70 (TCO0/PPG00/PWMO00)

41 [T P72 (

38 [TT1 P57 (A
37 [T P56 (A
36 [T P55 (A
35 [IT1 P54 (A
34 [TT1 P53 (A
33 T P52 (A

O

32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
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(OCDCK/SOO0/RXD0/TXDO0) P20
(OCDIO/SI0/ITXD0/RXD0) P21

T P51 (AINO)
T P50 (AINS)
T P47 (AIN7/KWI7)
TT1 P46 (AING/KWI6)
TT P45 (AINS/KWI5)
T P44 (AIN4/KWI4)
T P43 (AIN3/KWI3)
TT1 P42 (AIN2/KWI2)
T P41 (AIN1/KWI1)
TT P40 (AINO/KWIO)
T VAREF

T AVDD

['TT 1 AVSS

T P27

T P26

TT1 P25 (SCLKO)

Figure 1-1 Pin Assignment (Top view)
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1.3 Block Diagram

TMP89FS60VEFG
TMP89FS60VUG

1.3 Block Diagram

High-frequency clock
oscillator

Low-frequency clock
oscillator

Timing Generator

Standby Controller

Interrupt Controller

Power-on reset

Time base timer

Voltage detection
circuit

Watch dog timer

PO

P1

P2

P4

P5

P7

P8

P9

PB

CPU (TLCS-870/C1) 16'?gctgflzgfs‘;”ter
Register BANK —
BANKO 8-bit timer/counter
BANK1 (4channels)
w A w A
B C B Cc RTC
D L D L UART
(1channel)
H L H L UART/SIO
IX IX (3channels)
v v I’C/SIO
(1channel)
PSW Key-on Wakeup
(8channels)
-
10-bit AD converter
s
—— 16 bit—P
<8 hitP»
BOOTROM
(4096bytes)
RAM
(3072bytes)
Flash memory
(61440bytes)

Figure 1-2 Block Diagram
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TOSHIBA

TMP89FS60VEFG

TMP89FS60VUG

1.4 Pin Names and Functions

The TMP89FS60V has MCU mode, parallel PROM mode, and serial PROM mode. Table 1-1 shows the pin func-

tions in MCU mode. The serial PROM mode is explained later in a separate chapter.

Table 1-1 Pin Names and Functions (1/4)

Pin Name Input/Output Functions
P03 10 PORTO03
XTOUT o Low frequency OSC output
P02 10 PORTO02
XTIN | Low frequency OSC input
P01 10 PORTO1
XOouT (6] High frequency OSC output
P00 10 PORTO00
XIN | High frequency OSC input
P13 10 PORT13
INT1 | External interrupt 1 input
P12 10 PORT12
INTO | External interrupt O input
P11 10 PORT11
INT5 | External interrupt 5 input
STOP | STOP mode release input
P10 10 PORT10
RESET | Reset signal input
P27 10 PORT27
P26 10 PORT26
P25 10 PORT25
SCLKO 10 Serial clock input/output 0
P24 10 PORT24
SCLO 10 12C bus clock input/output 0
SI0 | Serial data input 0
P23 10 PORT23
SDAO 10 12C bus data input/output 0
SO0 (0] Serial data output 0
P22 10 PORT22
SCLKO 10 Serial clock input/output 0
P21 10 PORT21
RXDO | UART data input 0
TXDO O UART data output 0
SI0 | Serial data input 0
OCDIO 10 OCD data input/output
P20 10 PORT20
TXDO (0] UART data outputO
RXDO | UART data input 0
SO0 (0] Serial data output 0
OCDCK | OCD clock input

Page 5
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1.4 Pin Names and Functions TMP89FS60VEFG
TMP89FS60VUG

Table 1-2 Pin Names and Functions (2/4)

Pin Name Input/Output Functions
P47 10 PORT47
AIN7 | Analog input 7
KWI7 | Key-on wake-up input 7
P46 10 PORT46
AING6 | Analog input 6
KWI6 | Key-on wake-up input 6
P45 10 PORT45
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
KWI1 | Key-on wake-up input 1
P40 10 PORT40
AINO | Analog input 0
KWIO0 | Key-on wake-up input 0
P57 10 PORT57
AIN15 | Analog input 15
P56 10 PORT56
AIN14 | Analog input 14
P55 10 PORT55
AIN13 | Analog input 13
P54 10 PORT54
AIN12 | Analog input 12
P53 10 PORT53
AIN11 | Analog input 11
P52 10 PORT52
AIN10 | Analog input 10
P51 10 PORT51
AIN9 | Analog input 9
P50 10 PORT50
AIN8 | Analog input 8
P77 10 PORT77
INT4 | External interrupt 4 input
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TMP89FS60VUG

Table 1-3 Pin Names and Functions (3/4)

Pin Name Input/Output Functions
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
TCA1 | TCA1 input
PPGA1 o PPGA1 output
P72 10 PORT72
TCAO | TCAO input
PPGAO o PPGAO output
P71 10 PORT71
TCO1 | TCO1 input
PPGO1 (6] PPGO1 output
PWMO1 (¢] PWMO1 output
P70 10 PORT70
TC00 | TCO00 input
PPGO00 o PPGO00 output
PWMO00 O PWMOO output
P84 10 PORT84
P83 10 PORT83
P82 10 PORT82
P81 10 PORT81
TCO03 | TCO03 input
PPGO03 o PPGO03 output
PWMO03 o PWMO3 output
P80 10 PORT80
TCO02 | TCO02 input
PPG02 o PPGO02 output
PWMO02 o PWMO02 output
P94 10 PORT94
RXD2 | UART data input 2
TXD2 o UART data output 2
P93 10 PORT93
TXD2 o UART data output 2
RXD2 | UART data input 2
P92 10 PORT92
SCLK1 10 Serial clock input/output 1
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Table 1-4 Pin Names and Functions (4/4)

Pin Name Input/Output Functions
P91 10 PORT91
RXD1 | UART data input 1
TXD1 O UART data output 1
S | Serial data input 1
P90 10 PORT90
TXD1 0] UART data output 1
RXD1 ! UART data input 1
SO1 0 Serial data output 1
PB7 10 PORTB7
PB6 10 PORTB6
SCLKO 10 Serial clock input/output 0
PB5 10 PORTB5
RXDO | UART data input 0
TXDO (0] UART data output 0
SI0 | Serial data input 0
PB4 10 PORTB4
TXDO 0} UART data output 0
RXDO | UART data input 0
SO0 O Serial data output 0
PB3 10 PORTB3
PB2 10 PORTB2
PB1 10 PORTB1
PBO 10 PORTBO
MODE | Test pin for out-going test (fix to Low level).
VAREF | Analog reference voltage input pin for A/D conversion.
AVDD | Analog power supply pin.
AVSS | Analog GND pin
VDD | Power supply pin
VSS | GND pin

2019/08/01
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2. CPU Core

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

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

2.2 Memory space

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

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

221 Code area

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

The RAM, the BOOTROM and the Flash are mapped in the code area.

0x0000
SWI instruction SWI instruction
(OxFF) is fetched. (OxFF) is fetched.
0x003F
0x0040
X RAM RAM
SWI instruction
3072 bytes 3072 bytes
0x0C3F ( ytes) (OxFF) is fetched. ( ytes)
SWI instruction SWI instruction SWI instruction
(OxFF) is fetched. (OxFF) is fetched. (OxFF) is fetched.
0x1000
% BOOTROM BOOTROM
Ox17FE Flash Flash (2048 bytes) (2048 bytes)
0x1800
(61440 bytes) (61440 bytes)
Flash Flash
(59392 bytes) (59392 bytes)
OxFFAD | 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
OxFFBF (32 bytes) (32 bytes) (32 bytes) (32 bytes)
OxFFC8 Interrupt vector ta- Interrupt vector ta- Interrupt vector ta- Interrupt vector ta-
ble ble ble ble
OXFFFF (56 bytes) (56 bytes) (56 bytes) (56 bytes)
Immediately after When the RAM is When the BOOT- When the RAM and
reset release mapped in the code ROM is mapped in the BOOTROM are
area the code area mapped in the code

area

Figure 2-1 Memory Map 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.
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2211 RAM
The RAM is mapped in the data area immediately after reset release.

By setting SYSCR3<RAREA> to "1" and writing 0xD4 to SYSCR4, RAM can be mapped to
0x0040to 0xOC3F in the code area to execute the program.

At this time, by setting SYSCR<RVCTR> to "1" and writing 0xD4 to SYSCR4, vector table for vector
call instructions and interrupt except reset can be mapped to RAM.

Note 1: When the RAM is not mapped in the code area, the SWI instruction is fetched from 0x0040 to
0x0C3F.

Note2: The contents of the RAM become unstable when the power is turned on and immediately after a re-
set is released. To execute the program by using the RAM, transfer the program to be executed in
the initialization routine.

System control register 3

SYSCR3 7 6 5 4 3 2 1 0

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

RAREA Specifies mapping of the RAM in 0 :| The RAM is not mapped from 0x0040 to OxOC3F in the code area.

the code area 1:| The RAM is mapped from 0x0040 to 0xOC3F in the code area.
Vector table for vector call instruc- Vector table for interrupt
Specifies mapping of the vector ta- tions
RVCTR ble for vector call instructions and

interrupts 0 : | OXFFAOQ to OxFFBF in the code area | OxFFC8 to OxFFFF in the code area

1:] 0x01A0 to 0x01BF in the code area [ 0x01C8 to 0x01FD in the code area

Note 1: The value of SYSCR3<RAREA> is invalid until 0xD4 is written into SYSCRA4.
Note 2: To assign vector address areas to RAM, set SYSCR3<RVCTR> to "1" and SYSCR3<RAREA> to "1".
Note 3: Bits 7 to 3 of 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>.

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

Others : Invalid

SYSCR4

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

Note 2: After SYSCR3<RSTDIS> is modified, SYSCR4 should be written 0xB2 (Enable code for SYSCR3<RSTDIS>) in NOR-
MAL mode when fcgck is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, SYSCR3<RSTDIS> may be enabled at unexpec-
ted timing.
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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
(OxOFDF) Bit Symbol - - - - - RVCTRS RAREAS (RSTDIS)
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
i i 0: | The enabled SYSCR3<RAREA> data is "0".
RAREAS Status of mapping of the RAM in l
the code area 1: | The enabled SYSCR3<RAREA> data is "1".
RVCTRS Status of mapping of the vector ad- 0: | The enabled SYSCR3<RVCTR> data is "0".
dress 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?
J F, TRANS_RAM
2212 BOOTROM

The BOOTROM is not mapped in the code area or the data area after reset release.

Setting FLSCR1<BAREA> to "1" and writing 0xD5 to FLSCR2 maps the BOOTROM to 0x1000 to
0x17FF in the code area and to 0x1000 to Ox17FF in the data area. Flash memory can be easily program-
med by using the API (Application Programming Interface) contained in the BOOTROM.

Note 1: When the BOOTROM is not mapped in the code area, an instruction is fetched from the Flash or an SWI in-
struction 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
(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
Specifies mapping of the BOOT- and to 0x1000 to Ox17FF in the data area.

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

BAREA
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Note: 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.

Flash memory control register 2

FLSCR2 7 6 5 4 3 2 1 0

(0xOFD1) Bit Symbol CRIEN

Read/Write w

After reset

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

CR1EN .
enable/disable control Others | Reserved

2213 Flash

The Flash is mapped to 0x1000 to OXxFFFF in the code area after reset release.
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2.2.2 Data area

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

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

0x0000 SFR1 SFR1
0x003F (64 bytes) (64 bytes)
0x0040 RAM RAM
OXOC3F (3072 bytes) (3072 bytes)
OxFF is read OxFF is read
0x0E40 SFR3 SFR3
OXOEFF (192 bytes) (192 bytes)
0XOF00 SFR2 SFR2
OXOFFF (256 bytes) (256 bytes)
0x1000 BOOTROM
OX17FF (2048 bytes)
0x1800 Flash Flash
(61440 bytes) (59392 bytes)
OxFFFF
Immediately after re- When the BOOT-
set release ROM is mapped in

the data area

Figure 2-2 Memory Map 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.

2221 SFR

The SFR is mapped to 0x0000 to 0x003F (SFR1), 0xOF00 to 0OxOFFF (SFR2) and 0x0E40 to 0xOEFF
(SFR3) in the data area after reset release.

Note:Don't access the reserved SFR.

2222 RAM
The RAM is mapped to 0x0040 to 0xOC3F in the data area after reset release.
Note: The contents of the RAM become unstable when the power is turned on and immediately after a re-

set is released. To execute the program by using the RAM, transfer the program to be executed in
the initialization routine.
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Example: RAM initialization program
LD HL, RAM_TOP_ADDRESS ;Head of address of the RAM to be initialized
LD A, 0x00 ;Initialization data
LD BC, BYTE_OF_CLEAR_BYTES ;Number of bytes of RAM to be initialized -1
CLR_RAM: LD (HL), A ;Initialization of the RAM
INC HL ;Initialization address increment
DEC BC ;Have all the RAMs been initialized?
J F, CLR_RAM
2.2.2.3 BOOTROM

The BOOTROM is not mapped in the code area or the data area after reset release.

Setting FLSCR1<BAREA> to "1" and writing 0xD5 to FLSCR2 maps the BOOTROM to 0x1000 to
0x17FF in the code area and to 0x1000 to Ox17FF in the data area. Flash memory can be easily program-
med by using the API (Application Programming Interface) contained in the BOOTROM.

Note1: 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 0x17FF in the code area
and to 0x1000 to Ox17FF in the data area.

The BOOTROM is mapped to 0x1000 to Ox17FF in the code area and
to 0x1000 to 0x17FF in the data area.

Specifies mapping of the BOOT-

BAREA ROM in the code and data areas 1:

Note: 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.

Flash memory control register 2

FLSCR2 7 6 5 4 3 2 1 0
Bit Symbol CR1EN
Read/Write w

(0XOFD1)

After reset

CRIEN FLSCR1 register 0xD5 | Enable a change in the FLSCR1 setting
enable/disable control Others | Reserved
2224 Flash
The Flash is mapped to 0x1000 to OXFFFF in the data area after reset release.
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2.3 System clock controller

2.3.1 Configuration

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

CGCR | TBTCR | |SYSCR1 | SYSCR2

FCGCKSEL DV9CK
Clock generator
4 4 A Y
fc fegek
5&%’&2?2.&1238% Clock gear Timing Operation mode
circuit (x1/4, x1/2, x1) generator control circuit
. J
fs [ Y
Low-frequency 1/4 System clock z
clock oscillation Oscillation/stop control % ;
circuit 5 2
w
X
Y v
—> INTWUC interrupt request
Warm-up
> counter

h

| WUCCR | | WUCDR |

Figure 2-3 System Clock Controller

2.3.2 Control

The system clock controller is controlled by system control register 1 (SYSCR1), system control register 2
(SYSCR?2), the warm-up counter control register (WUCCR), the warm-up counter data register (WUCDR)
and the clock gear control register (CGCR).

System control register 1

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

0 : | Operate the CPU and the peripheral circuits
1 : | Stop the CPU and the peripheral circuits (activate the STOP mode)

STOP Activates the STOP mode

0 : | Edge-sensitive release mode (Release the STOP mode at the rising

RELM Selects the STOP mode release edge of the STOP mode release signal)
method 1 : | Level-sensitive release mode (Release the STOP mode at the "H" level
of the STOP mode release signal)
Selects the port output state in the | 0 :| High impedance
OUTEN
STOP mode 1 :| Output hold
i 0 : | fcgck/2®
DVOCK Selects 'the input clock to stage 9 g
of 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".

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

Page 15 2019/08/01



2. CPU Core

2.3 System clock controller TMP89FS60VEFG
TMP89FS60VUG
Note 4: The P11 pin is also used as the STOP pin. When the STOP mode is activated, the pin reverts to high impedance

Note 5:

Note 6:
Note 7:

state and is put in input mode, regardless of the state of SYSCR1<OUTEN>.

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.

Don't set SYSCK1<DV9CK> to "1" before the oscillation of the low-frequency clock oscillation circuit becomes stable.

In the SLOW1/2 or SLEEP1 mode, fs/4 is input to stage 9 of the divider, regardless of the state of SYSCR1< DVOCK
>,

System control register 2

SYSCR2 7 6 5 4 3 2 1 0
(0xOFDD) Bit Symbol - XEN XTEN SYSCK IDLE TGHALT - -
Read/Write R R/W R/W R/W R/W R/W R R
After reset 0 1 0 0 0 0
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
1:| Low-frequency clock (fs/4) (SLOW1/2 or SLEEP1 mode)
IDLE CPU and WDT control 0 : | Operate the CPU and the WDT
(IDLE1/2 or SLEEP1 mode) 1 :| Stop the CPU and the WDT (Activate IDLE1/2 or SLEEP1 mode)
TG control 0 : | Enable the clock supply from the TG to all the peripheral circuits
TGHALT 1 : | Disable the clock supply from the TG to the peripheral circuits except
(IDLEO or SLEEPO mode) the 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 instruc-
tion, 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/W R/W R
After reset 0 0 0 0 1 1 0 1
- 0:[-
WUCRST Resets and stops the warm-up
counter 1 :| Clear and stop the counter
00 : | Source clock
Selects the frequency division of 01 : [ Source clock / 2
WUCDIV
the warm-up counter source clock | 10 : | Source clock / 22
11 : | Source clock / 2°
WUCSEL Selects the warm-up counter 0 : | Select the high-frequency clock (fc)
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 0 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 7 6 5 4 3 2 1 0
(0XOFCE) Bit Symbol WUCDR
Read/Write R/IW
After reset 0 1 1 0 0 1 1 0
WUCDR Warm-up time setting
Note 1: Don't start the warm-up counter operation with WUCDR set at "0x00".
Clock gear control register
CGCR 7 6 5 4 3 2 1 0
(OxOFCF) Bit Symbol - - - - - - FCGCKSEL
Read/Write R R R R R R R/IW
After reset 0 0 0 0 0 0 0 0

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

FCGCKSEL | Clock gear setting

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

2.3.3 Functions

2.3.3.1

Clock generator

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

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

The oscillation circuit pins are also used as ports P0O. For the setting to use them as ports, refer to the chap-
ter of /O Ports.

To use ports P00 and PO1 as the high-frequency clock oscillation circuits (the XIN and XOUT pins),
set POFCO to "1" and then set SYSCR2<XEN> to "1".

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

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

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

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

The software control is executed by SYSCR2<XEN>, SYSCR2<XTEN> and the PO port function con-
trol register POFC.
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The hardware control is executed by reset release and the operation mode control circuit when the oper-
ation is switched to the STOP mode as described in "2.3.5 Operation mode control circuit".

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

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

Table 2-1 Prohibited Combinations of Oscillation Enable Register Conditions

SYSCR2 | syscrR2 | syscr2
POFCO <XEN> <XTEN> | <sysck> State

Don't Care 0 0 Don’t Care | All the oscillation circuits are stopped.

The low-frequency clock (fs) is selected as the main sys-

Don’'t Care | Don’t Care 0 1 tem clock, but the low-frequency clock oscillation circuit is
stopped.
The high-frequency clock (fc) is selected as the main sys-
Don’t Care 0 Don’t Care 0 tem clock, but the high-frequency clock oscillation circuit is
stopped.
0 1 Don't Care | Don't Care The high-frequency clock oscillation circuit is allowed to os-

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

Note:lt 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".

premmmmmmssmmssseeeeeooe High-frequency clock -------===-=-=-=-=------ ' R R SRRALELELED Low-frequency clock --=-=-========--mumuon :
POXIN XOouT XIN XOUT ! i XTIN XTOUT XTIN XTOUT

o O
(Open); (Open)é
s o

777 77

(a) Crystal or ceramic (b) External oscillator (c)
oscillator : H

(@]

rystal oscillator (d) External oscillator

Figure 2-4 Examples of Oscillator Connection

2.3.3.2 Clock gear

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

Selects a divided clock at CGCR<FCGCKSEL>.

Two machine cycles are needed after CGCR<FCGCKSEL> is changed before the gear clock (fcgck) is
changed.

The gear clock (fcgck) may be longer than the set clock width, immediately after
CGCR<FCGCKSEL> is changed.

Immediately after reset release, the gear clock (fcgck) becomes the clock that is a quarter of the high-fre-
quency clock (fc).
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Table 2-2 Gear Clock (fcgck)

CGCR<FCGCKSEL> fegek
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 be-
ing changed.

2.3.3.3 Timing generator

The timing generator is a circuit that generates system clocks to be supplied to the CPU core and the pe-
ripheral circuits, from the gear clock (fcgck) or the clock that is a quarter of the low-frequency clock (fs).
The timing generator has the following functions:

1. Generation of the main system clock (fm)

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

Main system clock
fm

Y

Main system clock generator » Machine cycle counter

Y

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

Prescaler S Divider

Gear clock fogok > 1 >{1]2]3]4]5]6]7]8 A" Y{o]ro[11]12][13[14]15[16][17]18]19]20]21]

B
’T/Iultiplexer
A quarter of the basic clock

for the low-frequency clock

Y YYYYVYVYYY YYYYYVYYYYYYYVYY

| Timer counter, time base timer and other peripheral circuits

Figure 2-5 Configuration of Timing Generator

(1)  Configuration of timing generator

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

1. Main system clock generator

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

Clearing SYSCR2<SYSCK> to "0" selects the gear clock (fcgek). Setting it to "1" se-
lects the clock that is a quarter of the low-frequency clock (fs).

It takes a certain period of time after SYSCR2<SYSCK> is changed before the main sys-
tem 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".
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2.

Prescaler and divider

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

When both SYSCR1<DVI9CK> and SYSCR2<SYSCK> are "0", the input clock to stage
9 of the divider becomes the output of stage 8 of the divider.

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

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

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

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

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

2.3.4 Warm-up counter

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

ter.

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

Clock for high-frequency clock

oscillation circuit (fc) ——>»
Clock for low-frequency clock ——

oscillation circuit (fs)

[ WUCCR | [ SYSCR2 | ] SYSCR1

WUCSEL | WUCDIV WUCRST XEN| XTEN
STOP
Y Y Y INTWUC interrupt
5

Warm-up counter

—
controller < Enable CPU operation
Y Enable/disable counting up
IB
D Y
czt—>|1[2]3]4]5]6[7]8]9]10]11|12]13}14]
B | '
> A
[0,1,23456,7
WUCDR

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

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

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

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

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

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

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

WUCDR s initialized to 0x66 after reset release, which makes the warm-up time 0x66 x 2°/fc[s].
Note: The clock output from the oscillation circuit is used as the input clock to the warm-up coun-

ter. The warm-up time contains errors because the oscillation frequency is unstable until the os-
cillation circuit becomes stable.

(2) When the STOP mode is released

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

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

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

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

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

Qlock that generates the WUCCR WUCCR Counter input .
main system clock when the Warm-up time
STOP mode is activated <WUCSEL> <WUCDIV> clock
00 fc 2% [ fc to 255 x 28 / fc
01 fc/2 27 | fc to 255 x 27 / fc
fc Don’t Care
10 fc /22 28 / fc to 255 x 28 / fc
11 fc /28 2%/ fc to 255 x 2° / fc
00 fs 25/ fs to 255 x 26/ fs
01 fs /2 27/ fsto 2565 x 27 / fs
fs Don't Care
10 fs /22 28/ fsto 255 x 28/ fs
11 fs / 28 2° [ fs to 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 con-
tains errors because the oscillation frequency is unstable until the oscillation circuit becomes stable. Set the sufficient
time for the oscillation start property of the oscillator.

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

The warm-up counter serves to secure the time after the oscillation is enabled by the software before
the oscillation becomes stable, at a mode change from NORMAL1 to NORMAL2 or from SLOW1 to
SLOW?2.

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

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

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

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

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

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

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

WUCCR WUCCR Counter input .
<WUCSEL> [ <wucDIV> clock Wanm-up fime
00 fc 2%/ fc to 255 x 28/ fc
01 fc/2 27/ fc to 255 x 27 / fc
0 10 fc / 22 28/ fc to 255 x 28 / fc
11 fc /28 2%/ fc to 255 x 2°/ fc
00 fs 25/ fs to 255 x 2/ fs
01 fs /2 27/ fsto 2565 x 27 / fs
! 10 fs /22 28 [ fs to 2565 x 28 / fs
11 fs / 28 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 cir-
cuit becomes stable. Set the sufficient time for the oscillation start property of the oscillator.

2.3.5 Operation mode control circuit

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

There are three operating modes: the single-clock mode, the dual-clock mode and the STOP mode. These
modes are controlled by the system control registers (SYSCR1 and SYSCR?2).

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

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

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

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

(1) NORMAL1 mode

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

The NORMAL1 mode becomes active after reset release.

(2) IDLE1 mode

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

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

When the interrupt latch enabled by the interrupt enable register EFR becomes "1", the IDLE1
mode is released to the NORMALT1 mode.

When the IMF (interrupt master enable flag) is "1" (interrupts enabled), the operation returns nor-
mal after the interrupt processing is completed.

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

(3) IDLEO mode

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

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

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

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

When the falling edge of the source clock selected at TBTCR<TBTCK> is detected, the IDLEO
mode is released, the timing generator starts the clock supply to all the peripheral circuits and the NOR-
MALI mode is restored.

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

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

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

2.3.5.2 Dual-clock mode

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

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

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

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

(1)  NORMALZ2 mode

In this mode, the CPU core operates using the gear clock (fcgek), and the peripheral circuits oper-
ate using the gear clock (fcgck) or the clock that is a quarter of the low-frequency clock (f5).

(2) SLOW2 mode

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

In the SLOW mode, some peripheral circuits become the same as the states when a reset is re-
leased. For operations of the peripheral circuits in the SLOW mode, refer to the section of each periph-
eral circuit.

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

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

(3) SLOW1 mode

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

This mode requires less power to operate the high-frequency clock oscillation circuit than in the
SLOW?2 mode.

In the SLOW mode, some peripheral circuits become the same as the states when a reset is re-
leased. For operations of the peripheral circuits in the SLOW mode, refer to the section of each periph-
eral circuit.

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

In the SLOW1 or SLEEP1 mode, outputs of the prescaler and stages 1 to 8 of the divider stop.
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(4) IDLE2 mode

In this mode, the CPU and the watchdog timer stop and the peripheral circuits operate using the
gear clock (fcgek) or the clock that is a quarter of the low-frequency clock (fs).

The IDLE2 mode can be activated and released in the same way as for the IDLE1 mode. The oper-
ation returns to the NORMAL?2 mode after this mode is released.

(5) SLEEP1 mode

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

In the SLEEP1 mode, some peripheral circuits become the same as the states when a reset is re-
leased. For operations of the peripheral circuits in the SLEEP1 mode, refer to the section of each pe-
ripheral circuit.

The SLEEP1 mode can be activated and released in the same way as for the IDLE1 mode. The op-
eration returns to the SLOW1 mode after this mode is released.

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

(6) SLEEPO mode

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

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

The SLEEPO mode can be activated and released in the same way as for the IDLEO mode. The op-
eration returns to the SLOW1 mode after this mode is released.

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

2353 STOP mode

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

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

The STOP mode is activated by setting SYSCRI1<STOP> to "1".

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

Note 1:

Note 2:

RESET

Reset release

Warm-up that
IDLEO follows reset
mode release

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

SYSCR2<IDLE> ="1" | v SYSCR1<STOP> = "1"
IDLEO NORMALA1
mode - mode P
Interrupt ” " STOP mode release
signal
; SYSCR2<XTEN> ="1"
(a) Single-clock mode SYSCR2<XTEN> = "0"
SYSCR2<IDLE> = "1" | SYSCR1<STOP> = 1"
o~ >
IDLE2 NORMAL2
mode o mode _
Interrupt ” | — STOP mode release
SYSCR2<SYSCK> = "¢ Signal
SYSCR2<SYSCK> = "0" STOP
SLOW2
mode
A
SYSCR2<XEN> ="1"
| SYSCR2<XEN> ="0"
SYSCR2<IDLE> ="1" SYSCR1<STOP> ="1"
N >
SLEEP1 SLOW1
mode o mode _

Interrupt STOP mode release
(Notle 2) SYSCR2<TGHALT> =" signal

(b) Dual-clock mode

SLEEPO
mode

The NORMAL1 and NORMALZ2 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.

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 _
Operati d CPU core Watchdog Time base AD riO:]eer;Ip(?ir- Machine cy-
peration mode High-fre- Low-fre- timer timer converter P it cle time
quency quency cuits
RESET Reset Reset Reset Reset Reset
NORMALA1 Operate Operate
Oscillation Operate Operate 1/ fegek [s]
Single clock | IDLE1 Stop Operate
IDLEO Stop Stop
Stop Stop
STOP Stop Stop -
Operate with Ot;;eerar:;e r\:v '/th
NORMAL2 the high fre- | | "¢ 9
quency ow r:)quen- Operate 1/ fegek [s]
y
IDLE2 Oscillation Stop Stop
Operate with | Operate with Operate
SLOW2 Oscillation the low fre- the low fre- Operate
Dual clock quency quency
Operate with | Operate with
SLOW1 the low fre- | the low fre- 4/ fs [s]
quency quency Stop
SLEEP1 Stop
SLEEPO Stop Stop
Stop
STOP Stop Stop -

2.3.6 Operation Mode Control

2.3.6.1  STOP mode

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

(1) Start the STOP mode

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

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

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

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

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

(2) Release the STOP mode

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

3. Release by the voltage detection circuits

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 inter-
rupts may be accepted immediately after the STOP mode is released. Before starting the
STOP mode, therefore, disable interrupts. Also, before enabling interrupts after STOP mode
is released, clear unnecessary interrupt latches.

1. Release by the STOP pin
Release the STOP mode by using the STOP pin.

The STOP mode release by the STOP pin includes the level-sensitive release mode and
the edge-sensitive release mode, either of which can be selected at SYSCRI1<RELM>.

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

- Level-sensitive release mode
The STOP mode is released by setting the STOP pin high.
Setting SYSCRI<RELM> to "1" selects the level-sensitive release mode.
This mode is used for the capacitor backup when the main power supply is cut off
and the long term battery backup.
Even if an instruction for starting the STOP mode is executed while the STOP pin in-
put is high, the STOP mode does not start. Thus, to start the STOP mode in the level-sen-

sitive release mode, it is necessary for the program to first confirm that the STOP pin
input is low.

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

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

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

LD (SYSCR1), 0x40 ;Sets up the level-sensitive release mode
SSTOPH: TEST (POPRD). 5 :Wait until STOP pin becomes L level.

J F, SSTOPH

LD (WUCCR), 0x01 ;WUCCR<WUCDIV> = 00 (No division) (Note)

LD (WUCDR),0x2F ;Sets the warm-up time

;300us / 6.4pus = 46.9 — round up to 0x2F
DI ;IMF =0
SET (SYSCR1).7 ;Starts the STOP mode

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

1
STOP pin \ ViH \

S~ <~

[
[
LT

XOUT pin

1 1
NORMAL mode ——>»0€——— STOP mode —):(—Warm-up—>H— NORMAL mode

Confirm by program that \— 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.

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

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

- Edge-sensitive release mode
In this mode, the STOP mode is released at the rising edge of the STOP pin input.
Setting SYSCR1<RELM> to "0" selects the edge-sensitive release mode.
This is used in applications where a relatively short program is executed repeatedly
at periodic intervals. This periodic signal (for example, a clock from a low-power con-

sumption oscillator) is input to the STOP pin. In the edge-sensitive release mode, the
STOP mode is started even when the STOP pin input is high

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

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

((

\ i\ . \
(( 1 IH ((
))

XOUT pin I

1 1
NORMAL mode ——»6<€—— STOP mode ——»'€— Warm-up —>€NORMAL 54 STOP mode

mode
The STOP mode / \ f
is started

by the program. \—The STOP mode is released by the hardware
at the rising edge of the STOP pin input.

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

Figure 2-9 Edge-sensitive Release Mode (Example when the high-frequency clock oscilla-
tion circuit is selected)

2. Release by the key-on wakeup
The STOP mode is released by inputting the prescribed level to the key-on wakeup pin.
The level to release the STOP mode can be selected from "H" and "L".

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

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

3. Release by the voltage detection circuits

The STOP mode is released by the supply voltage detection by the voltage detection cir-
cuits.

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

When the supply voltage becomes equal to or higher than the detection voltage of the volt-
age detection circuits, the reset is released and the warm-up starts. After the warm-up is com-
pleted, the NORMAL1 mode becomes active.

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

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

(83) STOP mode release operation

The STOP mode is released in the following sequence:

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

2. Warm-up is executed to secure the time required to stabilize oscillation. The internal opera-
tions remain stopped during warm-up. The warm-up time is set by the warm-up counter, de-
pending on the oscillator characteristics.

3. After the warm-up time has elapsed, the normal operation is restarted by the instruction
that follows the STOP mode start instruction. At this time, the prescaler and the divider of
the timing generator are cleared to "0".
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Note:When the STOP mode is released with a low hold voltage, the following cautions must be ob-

served.

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

The RESET pin input must also be "H" level, rising together with the supply voltage. In this
case, if an external time constant circuit has been connected, the RESET pin input voltage
will increase at a slower pace 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-invert-
ing high-level input voltage (Hysteresis input).

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

Operation mode before the High-frequency Low-frequency _— .
STOP mode is started clock clock Oscillation start operation after release
Highdf The high-frequency clock oscillation circuit starts
i alen igh-tfrequency oscillation.
Single-clock NORMAL1 | clock oscillation cir- - I
mode cuit The low-frequency clock oscillation circuit stops os-
cillation.
. The high-frequency clock oscillation circuit starts
High-frequency Low-frequency oscillation.
NORMAL2 | clock oscillation cir- | clock oscillation cir- I o
cuit cuit The low-frequency clock oscillation circuit starts os-
cillation.
Dual-clock mode
The high-frequency clock oscillation circuit stops
Low-frequency oscillation.
SLOW1 - clock oscillation cir- _ L
cuit The low-frequency clock oscillation circuit starts os-
cillation.

Note:When the operation returns to the NORMAL2 mode, fc is input to the frequency division circuit of the warm-
up counter.

2.3.6.2 |IDLE1/2 and SLEEP1 modes

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

1. The CPU and the watchdog timer stop their operations. The peripheral circuits continue to oper-
ate.

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

3. The program counter holds the address of the instruction 2 ahead of the instruction which
starts the IDLE1/2 or SLEEP1 mode.
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4

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

2019/08/01

Page 32



TO s H I BA TMP89FS60VEFG

TMP89FS60VUG

2.3.6.3

(1) Start the IDLE1/2 and SLEEP1 modes

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

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

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

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

Note 2: Before starting the IDLE1/2 or SLEEP1 mode, enable the interrupt request signals to be 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 SLEEP1 modes include a normal release mode and an interrupt release mode.
These modes are selected at the interrupt master enable flag (IMF). After releasing IDLE1/2 or
SLEEPI mode, SYSCR2<IDLE> is automatically cleared to "0" and the operation mode is returned
to the mode preceding the IDLE1/2 or SLEEP1 mode.

The IDLE1/2 and SLEEP1 modes are also released by a reset by the RESET pin, a power-on re-
set and a reset by the voltage detection circuits. After releasing the reset, the warm-up starts. After
the warm-up is completed, the NORMAL1 mode becomes active.

Normal release mode (IMF = "0")

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

Interrupt release mode (IMF = "1")

The IDLE1/2 or SLEEP1 mode is released when the interrupt latch enabled by the individ-
ual interrupt enable flag (EF) is "1". After the interrupt is processed, the operation is restar-
ted by the instruction that follows the IDLE1/2 or SLEEP1 mode start instruction.

IDLEO and SLEEPO modes

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

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

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

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

Stopping peripherals by
instructions

2

Starting IDLEO or SLEEPO
mode by an instruction

¥

| CPU and WDT stop |

Reset input
TBT source clock
falling edge

Yes

TBTCR<TBTEN>
TBT interrupt
enabled

(Interrupt release mode)

Reset

(Normal release mode)

Yes

| 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 modes
Stop (disable) the peripherals such as a timer counter.

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

Release the IDLEO and SLEEPO modes

The IDLEO and SLEEPO modes include a normal release mode and an interrupt release
mode. These modes are selected at the interrupt master enable flag (IMF), the individual inter-
rupt enable flag (EFS5) for the time base timer and TBTCR<TBTEN>. After releasing the
IDLEO or SLEEPO mode, SYSCR2<TGHALT> is automatically cleared to "0" and the opera-
tion mode is returned to the mode preceding the IDLEO or SLEEPO mode. If
TBTCR<TBTEN> has been set at "1", the INTTBT interrupt latch is set.

The IDLEO and SLEEPO modes are also released by a reset by the RESET pin, a power-on re-
set and a reset by the voltage detection circuits. When a reset is released, the warm-up starts. Af-
ter the warm-up is completed, the NORMALI mode becomes active.
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(1)  Normal release mode (IMF, EF5, TBTCR<TBTEN> = "0")

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

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

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

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

Note 1: The IDLEO or SLEEPO mode is released to the NORMAL1 or SLOW1 mode by the asynchro-
nous internal clock selected at TBTCR<TBTCK>. Therefore, the period from the start to the re-
lease 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 SLOW mode is controlled by system control register 2 (SYSCR?2).

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

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

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

If the oscillation of the low-frequency clock (fs) is unstable, confirm the stable oscillation at the
warm-up counter before implementing the procedure described above.

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

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

Note 3: After switching SYSCR2<SYSCK>, be sure to wait for 2 machine cycles or longer before 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 synchroniza-
tion, fm is stopped for a period of 10/fs or shorter.
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Quarter of the low-frequency z:fl:/% _l |':—| + |—|7

Gear clock (fcgek)

SYSCR2<SYSCK> & \
Main system clock _|_|_|_|_|_|_|_|_| < 10/fs (max) > |—| |—|7

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

for synchronization.

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

Example 1:

Example 2:

PINTWUC:

Switching from the NORMAL2 mode to the SLOW1 mode (when fc is used as the basic clock for the high-fre-
quency clock)

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

;low-frequency clock for the SLOW2 mode)

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

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

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

; #HHE Initialize routine #HHE
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)

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

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

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

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

RETI

VINTWUC: DW PINTWUC ;INTWUC vector table
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(2)  Switching from the SLOW1 mode to the NORMAL1 mode

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

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

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

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

Note 1: Be sure to follow this procedure to switch the operation from the SLOW1 mode to the NOR-
MAL1 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 synchroniza-
tion, fm is stopped for a period of 2.5/fcgck [s] or shorter.

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

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

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

[

Gear clock (fcgek)

SYSCR2<SYSCK> 2.5/‘fcgck(max)
' \ [/
1
Main system clock
1
| 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 oscil-
lation circuit is confirmed at the warm-up counter (fc = 10 MHz, warm-up time = 4.0 ms)
. #HHE Initialize routine ##HH
SET (POFC).2 ;POFC2 = 1 (Uses P02/03 as oscillators)

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

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

;4ms / 25.6us = 156.25 — round up to 0x9D

Page 37 2019/08/01



2. CPU Core

2.3 System clock controller TMP89FS60VEFG
TMP89FS60VUG

SET (EIRL). 4 ;Enables INTWUC interrupts
SET (SYSCR2) .6 ;SYSCR2<XEN> = 1
;(Starts the oscillation of the high-frequency clock oscillation circuit)

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

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

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

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

RETI

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

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

2.4.1 Configuration

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

1. External reset input (external factor)
2. Power-on reset (internal factor)

3. Voltage detection reset | (internal factor)

4. Watchdog timer reset (internal factor)
5. System clock reset (internal factor)
6. Trimming data reset (internal factor)

7. Flash standby reset (internal factor)

P10(RESET) || P10 port Internal factor reset detection status register,
| Voltage detection circuit reset signal
| Power-on reset signal e External reset input enable reset signal

| Voltage detection reset 1 signal

> CPUlperipheral
Warm-up Warm-up counter circuits reset

counter reset signal
signal

| Watchdog timer reset signal

| System clock reset signal

System clock control circut

| Trimming data reset signal

| Flash standby reset signal

Figure 2-14 Reset Control Circuit

2.4.2 Control

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

SYSCR3 7 6 5 4 3 2 1 0

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

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

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 inter-
nal factor reset.

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

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

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>

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

Others : | Invalid

SYSCR4

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

Note 2: After SYSCR3<RSTDIS> is modified, SYSCR4 should be written 0xB2 (Enable code for SYSCR3<RSTDIS>) in NOR-
MAL mode when fcgck is fc/4 (CGCR<FCGCKSEL>=00). Otherwise, SYSCR3<RSTDIS> may be enabled at unexpec-
ted timing.

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

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

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

RSTDISS | External reset input enable status !
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 SYSCRS is reset by a power-on reset and other reset signals.

Note 2: Bits 7 to 3 of SYSCR4 are read as "0".
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Internal factor reset detection status register
IRSTSR 7 6 5 4 3 2 1 0
(0xOFCC) Bit Symbol FCLR FLSRF TRMDS TRMRF - LVD1RF SYSRF WDTRF
Read/Write W R R R R R R R
After reset 0 0 0 0 0 0 0 0
0:[-
FCLR Flag initialization control )
1 :| Clears the internal factor reset flag to "0".
0:]-
FLSRF Flash standby reset detection flag
1 : | Detects the flash standby reset.
0:]-
TRMDS Trimming data status L
1 : | Detect state of abnormal trimming data
0:[-
TRMRF Trimming data reset detection flag L
1 : | Detects the trimming data reset.
i i 0:]-
LVD1RF Voltage detection reset 1 detection .
flag 1 : | Detects the voltage detection 1 reset.
0:[-
SYSRF System clock reset detection flag
1 : | Detects the system clock reset.
0:]-
WDTRF Watchdog timer reset detection flag .
1 : | Detects the watchdog timer reset.

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

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

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

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

Note 5: Bit 7 and bit3 of IRSTSR are read as "0".

2.4.3 Functions

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

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

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

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

When the warm-up operation that follows reset release is finished, the CPU starts execution of the pro-
gram from the reset vector address stored in addresses OXFFFE to OxFFFF.

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

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

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

Built-in hardware

During reset

During the warm-up opera-
tion that follows reset re-

warm-up operation that fol-

Immediately after the

lease lows reset release
MCU mode: MCU mode: MCU mode:
Program counter (PC) OxFFFE OxFFFE OxFFFE
Serial PROM mode: Serial PROM mode: Serial PROM mode:
Ox1FFE Ox1FFE Ox1FFE
Stack pointer (SP) 0x00FF 0x00FF 0x00FF

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.
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244 Reset Signal Generating Factors

Reset signals are generated by each factor as follows:

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

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

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

Refer to "Power-on Reset circuit".

2.4.4.2 External reset input (RESET pin input)

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

During power-up

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

The power-on reset logic and external reset (RESET pin input) logic are ORed. This
means that the TMP89FS60V is reset when either or both of these reset sources are asserted.

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

beginning), the reset time depends on the power-on reset. If the RESET pin level
changes from Low to High after the supply voltage rises above Vprorp, the reset time de-
pends on the external reset.

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

- When the supply voltage rises slowly

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

Operating voltage
range

VerorF

0
Power-on reset
RESET pin

CPU and peripheral
circuits reset

CPU and peripheral circuits start operating

Warm-up period \
tpwup.

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

tvop

Operating voltage
range

VPROFF

0

Power-on reset

RESET pin

CPU and peripheral
circuits reset

CPU and peripheral circuits start operating

Warm-up period \
PWUP.

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

tvop

Operating voltage
range

VPROFF

0
Power-on reset
RESET pin

CPU and peripheral
circuits reset

5us or more
>

CPU and peripheral

circuits start

operating

Warm-up period
(tpwup)

When the supply voltage rises slowly

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

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

Operating voltage
range

0
5us or more
RESET pin
CPU and peripheral \ CPU and peripheral circuits start operating
circuits reset / Warm-up period

(tpwup)

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

2443 Voltage detection reset

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

Refer to "Voltage Detection Circuit".

2444 Watchdog timer reset

The watchdog timer reset is an internal factor reset that occurs when an overflow of the watchdog tim-
er is detected.

Refer to "Watchdog Timer".

2445 System clock reset

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

Refer to "Clock Control Circuit".

2446 Trimming data reset

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

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

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

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

2448

24409

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

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

Flash standby reset

The flash standby reset is an internal factor reset generated by the reading or writing of data of the
flash memory while it is on standby.

Refer to "Flash Memory".

Internal factor reset detection status register

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

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

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

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

How to use the external reset input pin as a port

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

After the warm-up operation that follows reset release is finished, set P1PUO to "1" and PICRO to "0",
and connect a pull-up resistor for a port. Then set SYSCR3<RSTDIS> to "1" and write 0xB2 to
SYSCRA4. This disables the external reset function and makes the external reset input pin usable as a nor-
mal port.

To use the pin as an external reset pin when it is used as a port, set PIPUO to "1" and P1CRO to "0"
and connect the pull-up resistor to put the pin to the input mode. Then clear SYSCR3<RSTDIS> to "0"
and write 0xB2 to SYSCRA4. This enables the external reset function and makes the pin usable as the exter-
nal reset input pin.

Note 1: If you switch the external reset input pin to a port or switch the pin used as a port to the external re-
set 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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3.

Interrupt Control Circuit

The TMP89FS60V has a total of 27 interrupt sources excluding reset. Interrupts can be nested with priorities.
Three of the internal interrupt sources are non-maskable while the rest are maskable.

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

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

Vector Address
Interrupt sources Enable condition Inltaetrgtr:pt (MCY mode) E:;ﬁ
RVCTR=0 | RVCTR=1 ty
enabled enabled
Intemal/Ex- | Reset) Non-maskable - OXFFFE - 1
ternal
Internal INTSWI Non-maskable - OxFFFC 0x01FC 2
Internal INTUNDEF Non-maskable - OxFFFC 0x01FC 2
Internal INTWDT Non-maskable ILL<IL3> OxFFF8 0x01F8 2
Internal INTWUC IMF AND EIRL<EF4> = 1 ILL<IL4> OxFFF6 0x01F6 5
Internal INTTBT IMF AND EIRL<EF5> = 1 ILL<IL5> OxFFF4 0x01F4 6
Internal INTRXDO / INTSIO0 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 O0x01EE 9
Internal INTVLTD IMF AND EIRH<EF9> = 1 ILH<IL9> OxFFEC 0x01EC 10
Internal INTADC IMF AND EIRH<EF10> =1 ILH<IL10> | OxFFEA 0x01EA 11
Internal INTRTC IMF AND EIRH<EF11> =1 ILH<IL11> OxFFE8 0x01E8 12
Internal 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/INTSIO0 IMF AND EIRH<EF15> = 1 ILH<IL15> OxFFEO 0x01E0 16
External INTO IMF AND EIRE<EF16> = 1 ILE<IL16> | OxFFDE 0x01DE 17
External INT1 IMF AND EIRE<EF17> =1 ILE<IL17> | OxFFDC 0x01DC 18
External INT2 IMF AND EIRE<EF18> = 1 ILE<IL18> [ OxFFDA 0x01DA 19
External INT3 IMF AND EIRE<EF19> = 1 ILE<IL19> 0xFFD8 0x01D8 20
External INT4 IMF AND EIRE<EF20> = 1 ILE<IL20> 0xFFD6 0x01D6 21
Internal INTTCA1 IMF AND EIRE<EF21> =1 ILE<IL21> OxFFD4 0x01D4 22
Internal INTRXD1/INTSIO1 IMF AND EIRE<EF22> = 1 ILE<IL22> O0xFFD2 0x01D2 23
Internal INTTXD1 IMF AND EIRE<EF23> = 1 ILE<IL23> 0xFFDO 0x01D0 24
Internal INTTCO2 IMF AND EIRD<EF24> =1 ILD<IL24> | OxFFCE 0x01CE 25
Internal INTTCO3 IMF AND EIRD<EF25> = 1 ILD<IL25> | OxFFCC 0x01CC 26
Internal INTRXD2 IMF AND EIRD<EF26> = 1 ILD<IL26> | OxFFCA 0x01CA 27
Internal INTTXD2 IMF AND EIRD<EF27> = 1 ILD<IL27> O0xFFC8 0x01C8 28
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Note 1: 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".

Note 2: OxFFFA and OxFFFB function not as interrupt vectors but as option codes in the serial PROM mode. For de-
tails, see "Serial PROM Mode".
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3.2 Interrupt Latches (IL27 to IL3)

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

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

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

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

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

Note:In the main program, before manipulating an interrupt latch (IL), be sure 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 (En-
able interrupt by El instruction).

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

Example 1:Clears interrupt latches

DI ;IMF «— 0

LD (ILL), Oy00111111 IL7t0 IL6 «— 0

LD (ILH), 0y11101000 ;IL12, IL10 to IL8 «— 0
El IMF — 1

Example 2:Reads interrupt latches

LD WA, (ILL) W — ILH, A — ILL

Example 3:Tests interrupt latches

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

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

The EIR consists of the interrupt master enable flag (IMF) and the individual interrupt enable flags (EF). These
registers are located at addresses 0x003A, 0x003B, 0x003C, 0x003D in the SFR area, and they can be read and writ-
ten by instructions (including read-modify-write instructions such as bit manipulation or operation instructions).

3.3.1 Interrupt master enable flag (IMF)

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

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

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

3.3.2 Individual interrupt enable flags (EF27 to EF4)

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

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

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

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

Example:Enables interrupts individually and sets IMF

DI ;IMF — 0

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

El ;IMF — 1
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Interrupt latch (ILL)

ILL 7 6 5 4 3 2 1 0
(0xOFEQ) Bit Symbol IL7 IL6 IL5 L4 IL3 - - -
Read/Write R/W R/W R/W R/W R R R R
After reset 0 0 0 0 0
Function INTTXDO INTRXDO / INTTBT INTWUC INTWDT
INTSIOO0

Interrupt latch (ILH)

ILH 7 6 5 4 3 2 1 0
(OXOFE1) Bit Symbol IL15 IL14 IL13 L12 IL11 IL10 L9 L8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

After reset 0 0 0 0 0 0 0 0
Function mig%l%/ INTTCAO INTTCO1 INTTCOO0 INTRTC INTADC INTVLTD INT5

Interrupt latch (ILE)

ILE 7 6 5 4 3 2 1 0
(0XOFE2) Bit Symbol 1L23 IL22 IL21 1L20 IL19 1L18 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/ INTTCA1 INT4 INT3 INT2 INT1 INTO
INTSIO1

Interrupt latch (ILD)

ILD 7 6 5 4 3 2 1 0
(OXOFE3) Bit Symbol - - - - IL27 IL26 IL25 IL24
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function INTTXD2 INTRXD2 INTTCO3 INTTCO2
Read Write
0: | No interrupt request Clears the interrupt request
IL27 to IL4 (Notes 2 and 3)
Interrupt latch 1: | Interrupt request Does not clear the interrupt re-
quest
(Interrupt is not set by writing "1".)
0: | No interrupt request
IL3 pLreq -

1: | Interrupt request

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

Note 2: 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 inter-
rupt by El instruction).

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

Note 3: Do not clear IL with read-modify-write instructions such as bit operations.
Note 4: When a read instruction is executed on ILL, bits 0 to 2 are read as "0". Other unused bits are read as "0".
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Interrupt enable register (EIRL)
EIRL 7 6 5 4 3 2 1 0
(0x003A) Bit Symbol EF7 EF6 EF5 EF4 - - - IMF
Read/Write R/W R/W R/W R/W R R R R/W
After reset 0 0 0 0 0
INTTXDO INTRXDO / INTTBT INTWUC Interrupt
Function INTSIOO0 master ena-
ble flag
Interrupt enable register (EIRH)
EIRH 7 6 5 4 3 2 1 0
(0x003B) Bit Symbol EF15 EF14 EF13 EF12 EF11 EF10 EF9 EF8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
. INTSBIO/ INTTCAO INTTCO1 INTTCOO INTRTC INTADC INTVLTD INTS
Function
INTSIO0
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/ INTTCA1 INT4 INT3 INT2 INT1 INTO
INTSIO1
Interrupt enable register (EIRD)
EIRD 7 6 5 4 3 2 1 0
(0x003D) Bit Symbol - - - - EF27 EF26 EF25 EF24
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0
Function INTTXD2 INTRXD2 INTTCO3 INTTCO2
EF27 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 X
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 inter-
rupt by El instruction)

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

Page 53

2019/08/01




3. Interrupt Control Circuit

3.4 Maskable Interrupt Priority Change Function

TMP89FS60VEFG
TMP89FS60VUG

3.4 Maskable Interrupt Priority Change Function

The priority of maskable interrupts (IL4 to IL27) can be changed to four levels, Levels 0 to 3, regardless of the
basic priorities 5 to 28. Interrupt priorities can be changed by the interrupt priority change control register
(ILPRS1 to ILPRS6). To raise the interrupt priority, set the Level to a larger number. To lower the interrupt prior-
ity, set the Level to a smaller number. When different maskable interrupts are generated simultaneously at the
same level, the interrupt with higher basic priority is processed preferentially. For example, when the ILPRS1 reg-
ister is set to 0xCO and interrupts IL4 and IL7 are generated at the same time, IL7 is preferentially processed (pro-
vided that EF4 and EF7 have been enabled).

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

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

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

In the interrupt service routine, the IMF becomes "0" automatically and need not be cleared to "0" normally.
However, if using multiple interrupt in the interrupt service routine, manipulate ILPRS1 to 6 before setting
the IMF to "1".

Interrupt priority change control register 1

ILPRS1
(0XOFFO0)

7 6 5 4 3 2 1 0
Bit Symbol ILO7P ILO6P ILO5P ILO4P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0

ILO7P Sets the interrupt priority of IL7. 00: | Level O (lower priority)
ILO6P Sets the interrupt priority of IL6. 01: | Level 1
ILOSP Sets the interrupt priority of IL5. 10: | Level 2
ILO4P Sets the interrupt priority of I1L4. 11: | Level 3 (higher priority)
Interrupt priority change control register 2

ILPRS2 7 6 5 4 3

(0xOFF1) Bit Symbol IL11P IL10P ILO9P ILO8P
Read/Write R/IW R/IW R/IW RIW
After reset 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: | Level 1
ILO9P Sets the interrupt priority of IL9. 10: | Level 2
ILO8P Sets the interrupt priority of IL8. 11: | Level 3 (higher priority)

Interrupt priority change control register 3

ILPRS3 7 6 5 4 3

(OxOFF2) Bit Symbol IL15P IL14P IL13P IL12P
Read/Write R/IW R/IW RIW RIW
After reset 0 0 0 0 0
IL15P Sets the interrupt priority of IL15. 00: | Level O (lower priority)
IL14P Sets the interrupt priority of IL14. 01: | Level 1
IL13P Sets the interrupt priority of IL13. 10: | Level 2
IL12P Sets the interrupt priority of IL12. 11: | Level 3 (higher priority)
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Interrupt priority change control register 4
ILPRS4 7 6 5 4 3 1 0
(OXOFF3) Bit Symbol IL19P IL18P IL17P IL16P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0
IL19P Sets the interrupt priority of IL19. 00: [ Level O (lower priority)
IL18P Sets the interrupt priority of IL18. 01: | Level 1
IL17P Sets the interrupt priority of IL17. 10: | Level 2
IL16P Sets the interrupt priority of IL16. 11: | Level 3 (higher priority)
Interrupt priority change control register 5
ILPRS5 7 6 5 4 3 1 0
(OxOFF4) Bit Symbol IL23P IL22P IL21P IL20P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0
IL23P Sets the interrupt priority of 1L23. 00: | Level O (lower priority)
IL22P Sets the interrupt priority of 1L22. 01: | Level 1
IL21P Sets the interrupt priority of IL21. 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 1 0
(0OxOFF5) Bit Symbol IL27P IL26P IL25P IL24P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0
IL27P Sets the interrupt priority of IL27. 00: | Level O (lower priority)
IL26P Sets the interrupt priority of 1L26. 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)
Page 55 2019/08/01




3. Interrupt Control Circuit

3.5 Interrupt Sequence TMP89FS60VEFG
TMP89FS60VUG

3.5 Interrupt Sequence

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

3.5.1 Initial Setting

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

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

Example :SP setting

LD SP, 023FH ; SP = 023FH
LD SP, SP+04H ; SP = SP + 04H
ADD SP, 0010H ; SP = SP + 0010H

3.5.2 Interrupt acceptance processing

Interrupt acceptance processing is packaged as follows.

1. The interrupt master enable flag (IMF) is cleared to “0” in order to disable the acceptance of any fol-
lowing interrupt.

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

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

4. The entry address (Interrupt vector) of the corresponding interrupt service program, loaded on the vec-
tor table, is transferred to the program counter.

5. The instruction stored at the entry address of the interrupt service program is executed.

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

Example: Correspondence between vector table address for INTTBT and the entry address of the interrupt
service program
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Vector table address Vector table address
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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A maskable interrupt is not accepted until the IMF is set to “1” even if the maskable interrupt is requested
in the interrupt service routine.

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

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

3.5.3 Saving/restoring general-purpose registers

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

3.5.3.1  Using PUSH and POP instructions

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

Example :Using PUSH and POP instructions

PINTxx PUSH WA ; Save WA register

Interrupt processing

POP WA ; Restore WA register

RETI ; RETURN
............................................ Address
SP —> (Example)
A b-4
SP —>» wW 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

2019/08/01 Page 58



Tos H I BA TMP89FS60VEFG

TMP89FS60VUG

3.5.3.2 Using data transfer instructions

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

Example :Save/store register using data transfer instructions

PINTxx: LD (GSAVA), A ; Save A register

Interrupt processing

LD A, (GSAVA) ; Restore A register
RETI ; RETURN
Main task
Interrupt acceptanc Inter_rupt
______ —»-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-multiple interrupt handling, the register bank function can be used to save/restore the general-pur-
pose registers at a time. The register bank function saves (switches) the general-purpose registers by execut-
ing a register bank manipulation instruction (such as LD RBS,1) at the beginning of an interrupt service
task. It is unnecessary to re-execute the register bank manipulation instruction at the end of the interrupt serv-
ice task because executing the RETI instruction makes a return automatically to the register bank that
was being used by the main task according to the content of the PSW.

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

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

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

(Makes a return automatically to BANKO
that was being used by the main task when
the PSW is restored)
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Main task
Interrupt
Ir_]ft:}[r-upt acceptanc-e? service task
The register bank Switching occurs to
BANKgis in use. LD (RBS),1 the register bank BANK1.

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

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

[RETI)/[RETN] Interrupt Return

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

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

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

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

3.6.1 Address error detection

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

the program memory.

When a software interrupt is generated, it is recommended to generate system clock reset as the program
below.

Example ; To generate system clock reset after the address error detection

INTSWI: LD (SYSCR2),0x10 ; System clock reset
RETN ; Dummy instruction

vector section romdata abs = OXFFFC

DW INTSWI

3.6.2 Debugging

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

3.7 Undefined Instruction Interrupt (INTUNDEF)

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

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

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

moved by the built-in digital noise canceller.

4.1 Configuration
The external interrupt control circuit consists of a noise canceller, an edge detection circuit, a level detection cir-
cuit and an interrupt signal generation circuit.
Externally input signals are input to the rising edge or falling edge or level detection circuit for each external in-

terrupt, after noise is removed by the noise canceller.

Falling edge Interrupt request signal INTj interrupt

INT] pin D—) Noise canceller detection circuit > generation circuit _)request
j=0,5
fegek fs/4
Figure 4-1 External Interrupts 0/5
. . Rising edge
INTI pin D > Noise canceller 7| detection circuit Interrupt request INTi int t
T signal generation —————> tinterrup
fs/4 | Falling edge o circuit request
7 7| detection circuit -
A B Cc DS[® A =110 3
A A A INTIES
INTILVL
Y
fegek 1]2]3]4] [ _ENTCR |
Figure 4-2 External Interrupts 1/2/3
| Rising edge
detection circuit
l Y
. . | Falling edge N
INT4 pin I I—> Noise canceller »| yetection circuit > Interrupt request NT4 interrunt
f signal generation — > request P
fs »| Level detection > circuit
7 circuit
A B Cc DS[® A
\ A A INT4ES
INT4LVL
Y
fegck 1]2][3]4] [ ENTCR4 ]
Figure 4-3 External Interrupt 4
2019/08/01
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4.2 Control
External interrupts are controlled by the following registers:
Low power consumption register 3
POFFCR3 7 6 5 4 3 2 1 0
(0xOF77) Bit Symbol - - INTSEN INT4EN INT3EN INT2EN INT1EN INTOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
INTS5EN INT5 control
1| Enable
0 | Disable
INT4EN INT4 control
1| Enable
0 | Disable
INT3EN INT3 control
1| Enable
0 | Disable
INT2EN INT2 control
1| Enable
0 | Disable
INT1EN INT1 control
1| Enable
0 | Disable
INTOEN INTO control
1| Enable
Note 1: Clearing INTXEN(x=0 to 5) to "0" stops the clock supply to the external interrupts. This invalidates the data written in
the control register for each external interrupt. When using the external interrupts, set INTXEN to "1" and then write da-
ta 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 correspond-
ing interrupt enable register to "0" to disable the generation of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the interrupt
latch. And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/
fspl [s] after the operation mode is changed and clear the interrupt latch.
Note 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
(OxOFD8) Bit Symbol - - - INT1LVL INT1ES INTINC
Read/Write R R R R RIW RIW
After reset 0 0 0 0
Noise canceller pass signal level 0 : | Initial state or signal level "L"
INIMLVL when the interrupt reqqest signal is 1:| signal level "H"
generated for external interrupt 1
00 : | An interrupt request is generated at the rising edge of the noise cancel-
ler pass signal
Selects the interrupt request gener- 01:] An interru_pt request is generated at the falling edge of the noise cancel-
INT1ES | ating condition for external inter- ler pass signal
rupt 1 10 : | An interrupt request is generated at both edges of the noise canceller
pass signal
11 Reserved
NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
. . 00 : | fegek [Hz] 00 : | fs/4 [Hz]
INTING Sets the noise canceller sampling ) ) )
interval for external interrupt 1 01 : | fegek / 22 [HZ] 01: | fs/4 [HZ]
10 : | fegek / 28 [Hz] 10 : | fs/4 [Hz]
11 : | fegek / 2% [Hz] 11 :| fs/4 [Hz]
Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]
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Note 2:

Note 3:

Note 4:

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 NOR-
MAL1/2 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 EINTCR1 is changed. Before doing such operation, clear the correspond-
ing interrupt enable register to "0" to disable the generation of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the 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 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 R/W R/W
After reset 0 0 0 0 0 0
Noise canceller pass signal level 0 : | Initial state or signal level "L"
INI2LVL when the interrupt request signal is 1. | Signal level "H"
generated for external interrupt 2 ’
00 : | An interrupt request is generated at the rising edge of the noise cancel-
ler pass signal
Selects the interrupt request gener- 01:| An interrupt request is generated at the falling edge of the noise cancel-
INT2ES | ating condition for external inter- ler pass signal
rupt 2 10 : | An interrupt request is generated at both edges of the noise canceller
pass signal
11 : | Reserved
NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
. . 00 : | fcgck [HZ] 00 : | fs/4 [Hz]
INT2NC Sets the noise canceller sampling 1| feqck /22 1 1| e
interval for external interrupt 2 01: | fegek / 22 [Hz] 01| fs/4 [HZ]
10 : | fegek / 28 [Hz] 10 : | fs/4 [Hz]
11 1| fegek / 2% [Hz] 11 : | fs/4 [Hz]

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

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 NOR-
MAL1/2 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 correspond-
ing interrupt enable register to "0" to disable the generation of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the 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".
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External interrupt control register 3

EINTCR3 7 6 5 4 3 2 1 0
(OxOFDA) Bit Symbol - - - INT3LVL INT3ES INT3NC
Read/Write R R R R RIW R/IW
After reset 0 0 0 0 0 0
Noise canceller pass signal level 0 : | Initial state or signal level "L"

INI3LVL when the interrupt request signal is 1-:

: Signal level "H"
generated for external interrupt 3

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

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

INT3ES | ating condition for external inter- ler pass signal
rupt 3 10 : | An interrupt request is generated at both edges of the noise canceller
pass signal
11 : | Reserved
NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
. . 00 : | fegek [Hz] 00 : | fs/4 [Hz]
INT3NC Sets the noise canceller sampling . ) )
interval for external interrupt 3 01 fegek / 22 [Hz] 01: fs/4 [HZ]
10 : | fegek / 28 [Hz] 10 : | fs/4 [Hz]
11 : | fegek / 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 clear the interrupt latch. And when the operation mode is changed from SLOW1/2 or SLEEP1 to NOR-
MAL1/2 or IDLE1/2, wait 2/fcgck+3/fspl [s] after the operation mode is changed and clear the interrupt latch.

Note 3: Interrupt requests may be generated when EINTCR3 is changed. Before doing such operation, clear the correspond-
ing interrupt enable register to "0" to disable the generation of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the 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 EINTCR3 are read as "0".
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External interrupt control register 4
EINTCR4 7 6 5 4 3 2 1 0
(0OxOFDB) Bit Symbol - - - INT4LVL INT4ES INT4ANC
Read/Write R R R R RIW R/IW
After reset 0 0 0 0 0 0
Noise canceller pass signal level 0 : | Initial state or signal level "L"
INI4LVL when the interrupt request signal is 1:| signal level "H"
generated for external interrupt 4
00 : | An interrupt request is generated at the rising edge of the noise cancel-
ler pass signal
Selects the interrupt request gener- | 01 : | An interrupt request is generated at the falling edge of the noise cancel-
INT4ES | ating condition for external inter- ler pass signal
rupt 4 10 : | An interrupt request is generated at both edges of the noise canceller
pass signal
11 : | An interrupt request is generated at "H" of the noise canceller pass signal
NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
) i 00 : | fegek [Hz] 00 : | fs/4 [Hz]
INTANC Sets the noise canceller sampling . ) )
interval for external interrupt 4 01 1| fegek /22 [Hz] 01: fs/4 [HZ]
10 : | fegek / 28 [Hz] 10 : | fs/4 [Hz]
11 : | fegek / 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 clear the interrupt latch. And when the operation mode is changed from SLOW1/2 or SLEEP1 to NOR-
MAL1/2 or IDLE1/2, wait 2/fcgck+3/fspl [s] after the operation mode is changed and clear the interrupt latch.

Note 3: Interrupt requests may be generated when EINTCR4 is changed. Before doing such operation, clear the correspond-
ing interrupt enable register to "0" to disable the generation of interrupt. When the operation mode is changed from NOR-
MAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12/fs [s] after the operation mode is changed and clear the 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: The contents of EINTCRx<INTxXLVL> 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 condition for generating interrupt request signals and the noise cancel time can be set for external inter-
rupts 1 to 4.

The condition for generating interrupt request signals and the noise cancel time are fixed for external interrupts

0 and 5.
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Table 4-1 External Interrupts

i - Interrupt request sig- External interrupt pin input signal width and noise removal
Source Pin Enable conditions | ted at
nal generated a NORMAL1/2, IDLE1/2 SLOW1/2, SLEEP1
Less than 1/fcgck: Noise Less than 4/fs: Noise
INTO INTO IMF AND EF16 = Falling edge More-than 1/fcg_ck and less than 2/ Morg than 4/fs and less than 8/fs: Inde-
1 fcgek: Indeterminate terminate
More than 2/fcgck: Signal More than 8/fs: Signal
. Less than 2/fspl: Noise Less than 4/fs: Noise
Falling edge
INT1 INT1 IMF AND EF17 = Rising edge More'than 2/fsp_| and less than 3/fspl+1/ Morg than 4/fs and less than 8/fs: Inde-
1 fcgek: Indeterminate terminate
Both edges More than 3/fspl+1/fcgck: Signal More than 8/fs: Signal
' Less than 2/fspl: Noise Less than 4/fs: Noise
Falling edge
INT2 INT2 IMF AND EF18 = Rising edge More'than 2/fsp_| and less than 3/fspl+1/ Morg than 4/fs and less than 8/fs: Inde-
1 fcgek: Indeterminate terminate
Both edges More than 3/fspl+1/fcgck: Signal More than 8/fs: Signal
’ Less than 2/fspl: Noise Less than 4/fs: Noise
Falling edge
INT3 INT3 IMF AND EF19 = Rising edge More.than 2/fsp_| and less than 3/fspl+1/ Morg than 4/fs and less than 8/fs: Inde-
1 fcgek: Indeterminate terminate
Both edges 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
INT5S INTS IMF AND EFS8 = 1 | Faliing edge More-than 1/fcgck and less than 2/ Morg than 4/fs and less than 8/fs: Inde-
fcgek: Indeterminate terminate
More than 2/fcgck: Signal More than 8/fs: Signal

4.3.1

4.3.2 External interrupt O

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

Low power consumption function

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

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

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

Note: Interrupt request signals may be generated when INTXEN is changed. Before changing INTXEN,
clear the corresponding interrupt enable register to "0" to disable the generation of interrupt. When
the 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 oper-
ation mode is changed and clear the interrupt latch.

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

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

In SLOW/SLEEP mode, pulses of less than 4/fs are removed as noise and pulses of 8/fs or more are recog-

nized as signals.
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4.3.3 External interrupts 1/2/3

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

4.3.3.1 Interrupt request signal generating condition detection function

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

Table 4-2 Selection of Interrupt Request Generation Edge

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

Note:x=1 to 3

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

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

INTi pin [ L 1

Signal that has passed through | | [
the noise canceller

Interrupt request signal I
(detected at the falling edge)

INT x LVL 1

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

INT x LVL T

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

INT x LVL | | |

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

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

4.3.3.3 Noise cancel time selection function

In NORMAL1/2 or IDLE1/2 mode, a signal that has been sampled by fcgck is sampled at the sam-
pling interval selected at EINTCRx<INTxNC>. If the same level is detected three consecutive times, the sig-
nal is recognized as a signal. If not, the signal is removed as noise.
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Table 4-3 Noise Canceller Sampling Lock

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

L2 A A A 2 AN 2 2 2 2 A A |
|

INTi pin
i=1to 3

Signal after noise removal . . . ; : - I

Figure 4-5 Noise Cancel Operation

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

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

sampling operation restarts.

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

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

Note 3: Interrupt requests may be generated during transition of the operation mode. Before changing the op-
eration mode, clear the corresponding interrupt enable register to "0" to disable the generation of inter-
rupt. 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 opera-
tion mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/fspl [s] af-
ter the operation mode is changed and clear the interrupt latch.

4.3.4 External interrupt 4

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

4.3.4.1 Interrupt request signal generating condition detection function

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

Table 4-4 Selection of Interrupt Request Generation Edge

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

2019/08/01 Page 70



Tos H I BA TMP89FS60VEFG

TMP89FS60VUG

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

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

INT4 pin | | |

Signal that has passed through | | [
the noise canceller

Interrupt request signal |
(detected at the falling edge)

INT4LVL I

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

INTALVL |

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

INTALVL

Interrupt request signal | | [

(level detection)

INT4LVL |

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

4.3.4.3 Noise cancel time selection function

In NORMALI1/2 or IDLE1/2 mode, a signal that has been sampled by fcgck is sampled at the sam-
pling interval selected at EINTCRx<INT4NC>. If the same level is detected three consecutive times, the sig-
nal is recognized as a signal. If not, the signal is removed as noise.

Table 4-5 Noise Canceller Sampling Lock

EINTCR4<INT4NC> Sampling interval
00 fegek
01 fcgek/22
10 fcgek/23
11 fcgek/24

Page 71 2019/08/01



4. External Interrupt control circuit
4.3 Function TMP89FS60VEFG
TMP89FS60VUG

INT4 pin

Signal after noise removal ' : : I

Figure 4-7 Noise Cancel Operation

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

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

sampling operation restarts.

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

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

Note 3: Interrupt requests may be generated during transition of the operation mode. Before changing the op-
eration mode, clear the corresponding interrupt enable register to "0" to disable the generation of inter-
rupt. 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 opera-
tion mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2/fcgck+3/fspl [s] af-
ter the operation mode is changed and clear the interrupt latch.

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

In NORMAL1/2 or IDLE1/2 mode, pulses of less than 1/fcgck are removed as noise and pulses of 2/fcgck
or more are recognized as signals.

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

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

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

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

5.1 Configuration

8-bit up counter

|—>Overﬂow Interrupt > Watchdog timer interry,

pt requestl
|1|2|3|4|5|6|7|8 request/reset o
signal control

circuit
\

fegek/2' or fs/2? ——>]
fegek/2™ o fs/25 ——~
fogek/2™ or fs/2” ——-|
fcgt:k/Z16 or fs/2° —> Y

Source clock

Selector

> Watchdog timer reset signal

>

YYYVYYYY
Clear time control circuit

4

CPU/peripheral
circuits reset

Disable
control circuit
A
Disable code Clear code
(0xB1) (0X4E)
Control code < § ; %
decoder sEER 3 (a2
ERERELE N2
\ AnE YYY
[ wocnt | [ wocDR | [ woctR | [ wbosT |

Figure 5-1 Watchdog Timer Configuration
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5.2 Control

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

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

Watchdog timer control register

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

00 : | The 8-bit up counter is cleared by writing the clear code at any point with-
in 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 af-
ter the first quarter of the overflow time has elapsed.

WDTW Sets tthe clear time of the 8-bit up 10 : | A watchdog timer interrupt request is generated by writing the clear
counter. code at a point within the first half of the overflow time of the 8-bit up coun-
ter. 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
DVOCK=0 DVOCK=1
WDTT Sets the overflow time of the 8-bit | 90 2%ffegek 2"fs 2"ffs
up counter. 01: 220fcgck 213fs 213/fs
10: 2%ffcgck 2'5/fs 2'%/fs
11: 2%ffcgck 2'/fs 2"7/fs
WDTOUT Selects an overflow detection sig- 0 : | Watchdog timer interrupt request signal
nal 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
(0x0FD5) Bit Symbol WDTCR2

Read/Write w

After reset 0 0 0 0 0 0 0 0

Ox4E : | Clears the watchdog timer. (Clear code)

Writes watchdog timer control co- 0xB1 : | Disables the watchdog timer operation and clears the 8-bit up coun-

WDTCR2 des. ter 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.
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8-bit up counter monitor
WDCNT 7 6 5 4 3 2 1 0
(OxOFD6) Bit Symbol WDCNT
Read/Write R
After reset 0 0 0 0 0 0 0 0
WDCNT Monltors the count value of the 8- | The count value of the 8-bit up counter is read.
bit up counter
Watchdog timer status
WDST 7 6 5 4 3 2 1 0
(0xOFD7) Bit Symbol - - - - - WINTST2 | WINTST1 WDTST
Read/Write R R R R R R R R
After reset 0 1 0 1 1 0 0 1

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

flow of the 8-bit up counter.

0 : | No watchdog timer interrupt request signal has occurred.
Watchdog timer interrupt request

WINTST1 signal factor status 1 1 :| A watchdog timer interrupt request signal has occurred due to releasing
of the 8-bit up counter outside the clear time.
i i -| 0 :| Operation disabled
WDTST Watchdog timer operating state sta p

tus 1 : | Operation enabled

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

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

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

5.3.1 Setting of enabling/disabling the watchdog timer operation

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

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

To disable the watchdog timer operation, clear WDCTR<WDTEN> to "0" and write 0xB1 into WDCDR. Dis-
abling the watchdog timer operation clears the 8-bit up counter to "0".

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

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

Watchdog timer
source clock

8-bit up counter value 0x00 : X 0x01 ()() OXFF X 0x00
T H (o b

WDCTR<WDTEN> | | :
: . «——— Overflow tme ————————>

WDCTR<WDTEN> _[ ,
- : Overflow time

.". -—--

Interrupt request signal : : H

1 clock (max)

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

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

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

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

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

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

2019/08/01 Page 76



TOSHIBA

TMP89FS60VEFG
TMP89FS60VUG

8-bit up counter value  OFEXR00XD0TX = = = OEFXDxad = = = OTFXDEK = = = ABEIXCK = = = OFEXox0K

When WDCTR<WDTW> is “00" | Clear time — >

When WDCTR<WDTWS> is “01” | <€ Outside the clear t|ms>i<—:— Clear time : >

When WDCTR<WDTW> is “10” |<7 Outside the:clear time >i: Cleair time —>|
' Outside the ' >l <

When WDCTR<WDTWs is “11" | T Cleartime |

if Clear time —>1
Figure 5-3 WDCTR<WDTW> and the 8-bit up Counter Clear Time

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

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

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

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

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

Watchdog timer overflow time [s]
WDTT NORMAL mode SLOW
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
1 1.678 4.000 4.000

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

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

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

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

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

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

Note: When a watchdog timer interrupt is generated while another interrupt, including a watchdog timer interrupt, is al-
ready accepted, the new watchdog timer interrupt is processed immediately and the preceding interrupt is put
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on hold. Therefore, if watchdog timer interrupts are generated continuously without execution of the RETN in-
struction, too many levels of nesting may cause a malfunction of the microcontroller.

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

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

This watchdog timer reset request signal resets the TMP89FS60V and starts the warm-up operation.

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

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

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

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

By designing the program so that no overflow will occur, the program malfunctions and deadlock can be de-
tected through interrupts generated by watchdog timer interrupt request signals.

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

Example: When WDCTR<WDTEN> is "0", set the watchdog timer detection time to 22°/fcgck [s], set the counter clear
time to half of the overflow time, and allow a watchdog timer 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
half of its overflow time and within a peri-
od of the overflow time minus 1 source
clock cycle.

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

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

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

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

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

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

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

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

2019/08/01 Page 78



To s H I BA TMP89FS60VEFG

TMP89FS60VUG

WDST<WINTST2> is set to "1" when a watchdog timer interrupt request signal occurs due to the over-
flow of the 8-bit up counter.

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

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

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

8-bit up counter value - = - 0RXoacX = = = 0x7FXoxe0X = = = 0xBRYpxcOX = = = OxFEX0X00Xox01X
When WDCTR<WDTW> is “10” H—Outside the clear time —>|<7 Clear time —>|

Writing of 4EH (clear code) ]
' '
' ' '
Reading of WDST : [ : [
Interrupt reques} signal generatgd by cldaring H Interrupt reqyiest signal generated by the
the 8-bit up couhter outside thefclear tinfe ' overflow of the 8-bit up counter
Watchdog timer interrupt !

request signal \ ! \ ! ! (

WDST<WINTST1> | \ (\
[ 1

WDST<WINTST2>

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

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

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

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

VDD
; Comparator
+ .
» Power-on reset signal
Reference voltage
generation circuit
Figure 6-1 Power-on Reset Circuit
6.2 Function

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

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

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

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

Increase the supply voltage into the operating range during the period from detection of the power-on reset re-
lease voltage until the end of the warm-up time that follows reset release. If the supply voltage has not reached
the operating range by the end of the warm-up time that follows reset release, the TMP89FS60V cannot operate prop-
erly.
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Supply voltage (VDD)
Operating voltage

VPROFF
VPRON

Power-on
reset signal

Warm-up counter start i

1
Warm-up " X .
counter clock !

1
! tpwup '
N S ]
1

CPU/peripheral circuits
reset signal "

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

Note 2: About turning on power supply after turning off, be sure to lower the power supply voltage below the detecting
voltage of the power-on reset circuit (Vpron) and hold it for 1 ms or more. After that, please follow the same
constraints as when turning on the power and turn on the power supply voltage.

Note 3: For the AC timing, refer to the electrical characteristics.

Figure 6-2 Operation Timing of Power-on Reset
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71

Voltage Detection Circuit

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

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

Configuration

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

The supply voltage (VDD) is divided by the ladder resistor and input to the detection voltage selection circuit.
The detection voltage selection circuit selects a voltage according to the specified detection voltage (VDILVL),
and the comparator compares it with the reference voltage. When the comparator detects the selected volt-age, a
voltage detection reset signal or an INTVLTD interrupt request signal can be generated.

Whether to generate a voltage detection reset signal or an INTVLTD interrupt request signal can be program-
med by software. In the former case, a voltage detection reset signal is generated when the supply voltage (VDD)
becomes lower than the detection voltage (VD1LVL). In the latter case, an INTVLTD interrupt request signal is gen-
erated when the supply voltage (VDD) falls to the detection voltage level.

Note: Since the comparators used for voltage detection do not have a hysteresis structure, INTVLTD interrupt re-
quest signals may be generated frequently if the supply voltage (VDD) is close to the detection voltage
(VD1LVL). INTVLTD interrupt request signals may be generated not only when the supply voltage falls to
the detection voltage but also when it rises to the detection voltage.

VDD
&=
O -
£5 : ™\ o Voltage detection reset
2'§ —1 7 signal 1
sd
58 SID) Interrupt requect| _ INTVLTD interrupt
52 J Signal generation request signal
QO3 circuit
Reference voltage
Generation circuit
A p al,
2| &l & g &l
Sl 9 = 3l 4
ol g| o al 3
313 s 9l g
v] v v v| ¥
VDCR1 VDCR2
S Internal bus s

Figure 7-1 Voltage Detection Circuit
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7.2 Control

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

Voltage detection control register 1

VDCR1 7 6 5 4 3 2 1 0
(0x0FC6) Bit Symbol "o" - "y "o" VD1F VD1SF VD1LVL
Read/Write RIW R RIW RIW R/W R RIW
After reset 0 0 1 0 0 0 0 0
Read Write

Voltage detection 1 flag (Retains

VD1F the state when VDD < VD1LVL is 0:| VDD = VD1LVL Clears VD1F to "0"
detected) 1: | vDD < vD1LVL -
Voltage detection 1 status flag 0: | vDD = VD1LVL

VD1SF (Magnitude relation of VDD and 1: | vDD < vD1LVL

VD1LVL when they are read)

00: [ 4.50 +0.2/-0.2V
. i 01: | Reserved

VD1LVL Selection for detection voltage 1
10: | Reserved

11: | Reserved

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

Note 2: When 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: VD1F cannot be programmed to "1" by the software.

Note 4: Bit 6 of VDCR1 will be read as the indeterminate value.

Note 5: Bit 7 and 4 of VDCR1 should be cleared to "0". And bit 5 of VDCR1 should be set to "1".

Voltage detection control register 2

VDCR2 7 6 5 4 3 2 1 0
(OXOFC7) Bit Symbol _ _ "o "o" "o" "o" VD1MOD VD1EN
Read/Write R R R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
VDIMOD Selects the operation mode of volt- 0: | Generates an INTVLTD interrupt request signal
age detection 1 1: | Generates a voltage detection reset signal
VD1EN 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: VDCR?2 is initialized by a power-on reset or an external reset input.
Note 2: Bits 7 and 6 of VDCR2 are read as "0".
Note 3: Bit 5 to 2 of VDCR2 should be cleared to "0".
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7.3 Function

One detection voltage (VDILVL) can be set in the voltage detection circuit. For each voltage, enabling/
disabling the voltage detection and the operation to be executed when the supply voltage (VDD) falls to or below
the detection voltage (VD1LVL) can be programmed.

7.3.1  Enabling/disabling the voltage detection operation

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

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

Note:When the supply voltage (VDD) is lower than the detection voltage (VD1LVL), setting
VDCR2<VD1EN> to "1" generates an INTVLTD interrupt request signal or a voltage detection reset
sig-nal at the time.

7.3.2 Selecting the voltage detection operation mode

When VDCR2<VDIMOD> is set to "0", the voltage detection operation mode is set to generate
INTVLTD interrupt request signals. When VDCR2<VD1MOD> is set to "1", the operation mode is set to gen-
erate voltage detection reset signals.

When the operation mode is set to generate INTVLTD interrupt signals (VDCR2<VDIMOD>="0")
When VDCR2<VDIEN>="1", an INTVLTD interrupt request signal is generated when the supply
voltage (VDD) falls to the detection voltage (VDILVL).

VDD leve| =————— !
Detection voltage level

(Note1) i (Note1)

VDCR2<VD1EN> | /

<
INTVLTD interruptrequest signal —I

Figure 7-2 Voltage Detection Interrupt Request

Note1: Since the comparators used for voltage detection do not have a hysteresis structure, INTVLTD interrupt re-
quest signals may be generated frequently when the supply voltage (VDD) is close to the detection
volt-age (VD1LVL). INTVLTD interrupt request signals may be generated not only when the supply
voltage falls to the detection voltage but also when it rises to the detection voltage.

Note2: If the supply voltage (VDD) falls to the detection voltage (VD1LVL) during IDLEO or SLEEPO mode, an
INTVLTD interrupt request signal is generated after the TBT counts the specified period and IDLEO or
SLEEP mode is released. In the case of STOP mode, an INTLVTD interrupt request signal is generated
after STOP mode is released by the STOP pin.

When the operation mode is set to generate voltage detection reset signals (VDCR2<VDIMOD>="1")
When VDCR2<VDI1EN>="1", a voltage detection reset signal is generated when the supply volt-
age (VDD) becomes lower than the detection voltage (VDILVL).

VDCRI1 and VDCR?2 are initialized by a power-on reset or an external reset input only. A volt-
age detection reset signal is generated continuously as long as the supply voltage (VDD) is lower
than the detection voltage (VDILVL).
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VDD level
Detection voltage level

]

VDCR2<VD1EN>

Voltage detection reset signal

Figure 7-3 Voltage Detection Reset Signal

7.3.3 Selecting the detection voltage level

Select a detection voltage at VDCRI<VDILVL>.

7.3.4 Voltage detection flag and voltage detection status flag

The magnitude relation between the supply voltage (VDD) and the detection voltage (VD1LVL) can be
checked by reading VDCRI1<VDI1F> and VDCRI1<VDI1SF>,

If VDCR2<VDI1EN> is set at "1", when the supply voltage (VDD) becomes lower than the detection volt-
age (VDILVL), VDCRI<VDIF> is set to "1" and is held in this state. VDCR1<VDI1F> is not cleared to "0"
when the supply voltage (VDD) becomes equal to or higher than the detection voltage (VDILVL).

When VDCR2<VDIEN> is cleared to "0" after VDCR1<VDI1F> is set to "1", the previous state is still
held. To clear VDCRI<VDI1F>, "0" must be written to it.

If VDCR2<VDIEN> is set at "1", when the supply voltage (VDD) becomes lower than the detection volt-
age (VDILVL), VDCRI<VDISF> is set to "1". When the supply voltage (VDD) becomes equal to or higher
than the detection voltage (VD1VL), VDCR1<VDISF> is cleared to "0".

Unlike VDCRI<VDI1F>, VDCR1<VDISF> does not hold the set state.

Note 1: When the supply voltage (VDD) becomes lower than the detection voltage (VD1LVL) in the STOP,
IDLEO or SLEEPO mode, the voltage detection flag and the voltage detection status flag are changed af-
ter the operation mode is returned to NORMAL or SLOW mode.

Note 2: Depending on the voltage detection timing, the voltage detection status flag (VD1SF) may be changed ear-
lier than the voltage detection flag (VD1F) by a maximum of 2/fcgck[s].
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VDD level —\

Detection voltage level

VDCR2<VD1EN>

Write "0" to VDCR1<VD1F> \

VDCR1<VD1F>

VDCR1<VD1SF>

K\ The flag is not set because VDCR2<VD1EN> is "0"

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

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

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

1. Clear the voltage detection circuit interrupt enable flag to "0".
2. Set the detection voltage at VDCRI<VDILVL>.

3. Clear VDCR2<VDIMOD> to "0" to set the operation mode to generate INTVLTD interrupt re-
quest signals.

4. Set VDCR2<VDIEN> to "1" to enable the voltage detection operation.
5. Wait for 5 [ps] or more until the voltage detection circuit becomes stable.
6. Make sure that VDCR1<VDI1SF> is "0".

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

Note:When the supply voltage (VDD) is close to the detection voltage (VD1LVL), voltage detection re-
quest signals may be generated frequently. If this may pose any problem, execute appropriate wait pro-
cessing depending on fluctuations in the system power supply and clear the interrupt latch before re-
turning from the INTVLTD interrupt service routine.

To disable the voltage detection circuit while it is enabled with the INTVLTD interrupt request, make the fol-
lowing setting:

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

2. Clear VDCR2<VDIEN> to "0" to disable the voltage detection operation.

Note:If the voltage detection circuit is disabled without clearing interrupt enable flag, unexpected interrupt re-
quest may occur.

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

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

1. Clear the voltage detection circuit interrupt enable flag to "0".
2. Set the detection voltage at VDCRI<VDILVL>.

3. Clear VDCR2<VDIMOD> to "0" to set the operation mode to generate INTVLTD interrupt re-
quest signals.

4. Set VDCR2<VDIEN> to "1" to enable the voltage detection operation.
5. Wait for 5 [ps] or more until the voltage detection circuit becomes stable.

6. Make sure that VDCRI<VDISF> is "0".
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Note 1:

Note 2:

Clear VDCR1<VDI1F> to "0".

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

VDCR1 and VDCR?2 are initialized by a power-on reset or an external reset input only. If the supply volt-
age (VDD) becomes lower than the detection voltage (VD1LVL) in the period from release of the voltage
detection reset until clearing of VDCR2<VD1EN> to "0", a voltage detection reset signal is generated
imme-diately.

The voltage detection reset signals are generated continuously as long as the supply voltage (VDD) is low-
er than the detection voltage (VD1LVL).

To disable the voltage detection circuit while it is enabled with the voltage detection reset, make the follow-
ing setting:

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

Clear VDCR2<VDIMOD> to "0" to set the operation mode to generate INTVLTD interrupt re-
quest signals.

Clear VDCR2<VDI1EN> to "0" to disable the voltage detection operation.

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

quest may occur.
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The TMP89FS60V has 9 parallel input/output ports (58 pins) as follows:
Table 8-1 List of I/O Ports
Port name Pin name Number of pins Input/output Secondary functions
P03 to P00 4 igh- i i i fre-
Port PO Inputioutput Also used as the high freguenf;y oscillator connection pin and the low-fre
(Note) (Note) quency oscillator connection pin
Port P1 P13 to P10 4 Input/output Also used as the external reset input, the external interrupt input and the

STOP mode release signal input

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

Port P2 P27 1o P20 8 Inputioutput the serial bus interface input/output

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

Port P5 P57 to P50 8 Input/output Also used as the analog input

Port P7 P77 to P70 8 Input/output ,:Iaslc:ntizfistsi:]hpi:imer counter input/output, the divider output and the exter-
Port P8 P84 to P80 5 Input/output Also used as the timer counter input/output

Port P9 P94 to P90 5 Input/output Also used as the UART input/output and the serial interface input/output
Port PB PB7 to PBO 8 Input/output Also used as the UART input/output and the serial interface input/output

Note:P00 and P01 pins can not be used for the 1/0 port, because they should be connected with the high frequen-
cy OSC input.
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Each output port contains a latch, which holds the output data. No input port has a latch, so the external input da-
ta should be externally held until the input data is read from outside or reading should be performed several times
before processing. Figure 8-1 shows input/output timing examples.

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

System clock

Instruction
execution cycle

Internal read
signal

Data input

System clock

Instruction
execution cycle

Internal write
signal

Data output

|

Fetch cycle Fetch cycle Read cycle
I s S N e I
' '
| IIExampIe: LD A, (x); | ---------------------
' y T
[
. B L
X X .
(a) Input timing
Fetch cycle Fetch cycle Write cycle

|

IIExampIe: LD (x), A

(b) Output timing

Figure 8-1 Input/Output Timing (Example)

Note: The positions of the read and write cycles may vary, depending on the instruction.
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8.1 1/0O Port Control Registers

The following control registers are used for I/O ports. (The port number is indicated in place of x.) Registers
that can be set vary depending on the port. For details, refer to the description of each port.

PxDR register

This is the register for setting output data. When a port is set to the "output mode", the value specified
at PxDR is output from the port.

PxPRD register

This is the register for reading input data. When a port is set to the "input mode", the current port in-
put status can be read by reading PxPRD.

PxCR register

This register switches a port between input and output. A port can be switched between the "input
mode" and the "output mode".

PxFC register

This register enables the secondary function output of each port. The secondary function output of
each port can be enabled or disabled.

PxOUTCR register
This register switches the port output between the C-MOS output and the open drain output.

PxPU register

This register determines whether or not the built-in pull-up resistor is connected when a port is used in
the input mode or as the open drain output.
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8.2 List of I/O Port Settings

For the setting methods for individual I/O ports, refer to the following table.

Table 8-2 List of 1/0 Port Settings

Register set value
Port name Pin name Function
PxCR PxOUTCR PxFC Other required settings
Port PO Port input 0 0
P03 to POO
Port output 1 0
P03 XTOUT * W't.h‘:”t
Without register
P02 XTIN * register 1
* Without
P01 XOouT regisiar
P00 XIN * 1
Port P1 Port input 0
P13 to P11
Port output 1
Port input 0 Note 1
P10
Port output 1 Note 1
. Without Without
P13 INT input 0 register register
P12 INTO input 0
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"
SCLO input/output 1 Without 1 SERSEL<SRSEL0>="*0"
P24 :
SI0 input 0 register * SERSEL<SRSEL0>="01"
SDAO input/output 1 Without 1 SERSEL<SRSEL0>="*0"
P23 p
SO0 output 1 register 1 SERSEL<SRSEL0>="01"
SCLKO input 0 . . SERSEL<SRSEL0>="10"
ey SERSEL<SRSEL2>="0"
P22
SERSEL<SRSEL0>="10"
SCLKO output 1 > 1
SERSEL<SRSEL2>="0"
SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="0"
P21 SERSEL<SRSEL0>="0*"
TXDO output 1 * 1 SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="1"
S(0 input 0 . . SERSEL<SRSEL0>="10"
inpu
P SERSEL<SRSEL2>="0"
SERSEL<SRSEL0>="0*"
TXDO output 1 > 1 SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="0"
P20 SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="0"
UATCNG<UATO0IO>="1"
SERSEL<SRSEL0>="10"
SO0 output 1 ** 1
SERSEL<SRSEL2>="0"
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Table 8-2 List of 1/0 Port Settings

Register set value
Port name Pin name Function
PxCR PxOUTCR PxFC Other required settings
Port P4 Port input 0 0
Port output 1 0
P47 to P40 AIN7 to AINO 0 Without 1
register
KWI7 to KWli4 * * KWUCR1
KWI3 to KWIO * * KWUCRO
Port P5 Port input 0 0
P57 to P50 Port output 1 Without 0
register
AIN15 to AIN8 0 1
Port P7 Port input 0 *
P77 to P70
Port output 1 0
P77 INT4 input 0 \r’;’glﬁs:
P76 INT3 input 0 Y\e’gr’s‘:::
P75 INT2 input 0 Yggr‘s‘i::
P74 DVO output 1 1
outpu Without
TCA1 input 0 register *
P73
PPGA1 output 1 1
TCAO input 0 * SERSEL<TCAOSEL>="00"
P72
PPGAOQ output 1 1
TCO1 input 0 *
P71
PPG01 / PWMO1 output 1 1
TCOO input 0 *
P70
PPGO00 / PWMOO output 1 1
Port P8 Port input 0 *
P84 to P80
Port output 1 0
TCO3 input 0 : *
P81 Wlt_h(:ut
PPGO03 / PWMO3 output 1 register 1
TCO2 input 0 *
P80
PPG02 / PWMO02 output 1 1
Port P9 Port input 0 * *
P94 to P90
Port output 1 > 0
RXD2 input 0 * 0 UATCNG<UAT2I0>="0"
P94
TXD2 output 1 > 1 UATCNG<UAT2I0>="1"
TXD2 output 1 * 1 UATCNG<UAT2I0>="0"
P93
RXD2 input 0 * 0 UATCNG<UAT2I0>="1"
SCLK1 input 0 * * SERSEL<SRSEL1>="10"
P92
SCLK1 output 1 ** 1 SERSEL<SRSEL1>="10"
. SERSEL<SRSEL1>="0*"
RXD1 input 0 * 0
UATCNG<UAT110>="0"
P91 SERSEL<SRSEL1>="0*"
TXD1 output 1 *x 1
UATCNG<UAT110>="1"
SI1 input 0 * 0 SERSEL<SRSEL1>="10"
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Table 8-2 List of 1/0 Port Settings

Register set value
Port name Pin name Function
PxCR PxOUTCR PxFC Other required settings
SERSEL<SRSEL1>="0*"
TXD1 output 1 ** 1
UATCNG<UAT110>="0"
P90 SERSEL<SRSEL1>="0*"
RXD1 input 0 * 0
UATCNG<UAT110>="1"
SO1 output 1 ** 1 SERSEL<SRSEL1>="10"
Port PB Port input 0 * *
PB7 to PBO
Port output 1 > 0
SERSEL<SRSEL0>="10"
SCLKO input 0 * *
SERSEL<SRSEL2>="1"
PB6
SERSEL<SRSEL0>="10"
SCLKO output 1 > 1
SERSEL<SRSEL2>="1"
SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="0"
PBS SERSEL<SRSEL0>="0*"
TXDO output 1 > 1 SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="1"
SERSEL<SRSEL0>="10"
SI0 input 0 * *
SERSEL<SRSEL2>="1"
SERSEL<SRSEL0>="0*"
TXDO output 1 ** 1 SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="0"
PB4 SERSEL<SRSEL0>="0*"
RXDO input 0 * * SERSEL<SRSEL2>="1"
UATCNG<UATO0IO>="1"
SERSEL<SRSEL0>="10"
SO0 output 1 > 1
SERSEL<SRSEL2>="1"
Note 1: After the power is turned on, pin P10 serves as an external reset input. To use pin P10 as a port, refer to "How to

use the external reset input pin as a port".

Note 2: About SERSEL, please refer to "8.4 Serial Interface Selecting Function".
Note 3: The symbol and numeric characters in the table have the following meanings:
Syr‘r_‘lbol and nu- Meaning
meric characters
Set "0".
Set "1".
Don’t care
(Operation is the same whether "1" or "0" is selected.)
The sink open drain output or the C-MOS output can be se-
lected.
Without register There is no register that corresponds to the bit.
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8.3 1/O Port Registers

8.3.1 Port PO (P03 to P0O)

Port PO is a 4-bit input/output port that can be set to input or output for each bit individually, and it is also
used as the high-frequency oscillation connection pin and the low-frequency oscillation connection pin.

Port PO contains a programmable pull-up resistor on the VDD side. This pull-up resistor can be used when
the port is used in the input mode.

Table 8-3 Port PO

- - - - P03 P02 PO1 P00

Secondary - - - - XTOUT XTIN XOouT XIN
function

O VDD
Pull-up control

(for e?ch bit) § > I

Programmable
POPUO write pull-up resistor

RiN3
<

Input/output control
(for each bit)

POCRO write

Function control ) >—’—)—\
i

VDD

(for each bit) %

POFCO write 1 o [ ] Poo
(XIN)

Output latch e

(for each bit)

PODRO write S~ ? R

Pull-up control

(for each bit) § > I Rf

Programmable
POPU1 write pull-up resistor,

POPRDO read

Internal data bus

RiN3

Input/output control
(for each bit)

POCR1 write

b ]
System clock reset > ")—\
S

VDD
(internal factor reset)
Ro
1 PO1
£ ]
(XOUT)
Output latch -

(for each bit)

i} R
PODR1 write _P ?
AN
POPRD1 read r
SYSCR2<XEN>

Note1 : R = 100Q (typ.)
Note2 : Rf = 1.2MQ (typ.)

Y SYSCR1<STOP> Note3 : Ro = 0.5k2 (typ.)
ote3 : Ro = 0. yp.
SYSCR1<OUTEN> jE ) o—— Note4 : RiNa = 50k (typ.)

Reset signal (Reset 2)

Figure 8-2 Port PO (P00, P01)
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Pull-up control
(for each bit)

VDD

POPU2 write

Input/output control
(for each bit)

— > |

Programmable
pull-up resistor
RiN3

POCR2 write

Function control
(for each bit)

POFC2 write

Output latch
(for each bit)

VDD %
1 o [ ] Poz
(XTIN)
-

PODR2 write

POPRD2 read

Internal data bus

Pull-up control
(for each bit)

POPU3 write

Input/output control
(for each bit)

E:: I Rf

Programmable
pull-up resistor

Rina

POCRS3 write

Output latch
(for each bit)

VDD
% :’\?\;)\ro
1 —o—| P03
© (XTOUT)
<

PODRS3 write

- 5"

POPRD3 read

SYSCR2<XTEN>

Note1 : R = 100Q (typ.)

A SYSCR1<STOP> Note2 : Rf = 6MQ (typ.)
SYSCR1<OUTEN> 2{)7 Note3 : Ro = 220kQ (typ.)
Reset signal Note4 : RiN3 = 50kQ (typ.)
Figure 8-3 Port PO (P02, P03)
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Port PO output latch
PODR 7 6 3 2 1 0
(0x0000) Bit Symbol - - P03 P02 PO1 P00
Read/Write R R R/W R/W R/W R/W
After reset 0 0 0 0

Function

Port PO input/output control

POCR 7 6
(0x0F1A) Bit Symbol - -

Read/Write R R

After reset

Function

Note:POCR1 and POCRO must be clear to "0".

Port PO function control

POFC 7 6
(0x0F34) Bit Symbol - -

Read/Write R R

After reset

Function

Note 1: When SYSCR2<XEN> is "1", setting POFCO to "0" generates a system clock (internal factor) reset. Normally, ports

Outputs L level when the output mode is selected.

Outputs H level when the output mode is selected.

3 2 1 0
POCR3 POCR2 POCR1 POCRO
R/W R/W R/W R/W
0 0 0 0

Input mode (port input)
Output mode (port output)

3 2 1 0
- POFC2 - POFCO
R R/W R R/W
0 0 0 1
Port func- Port func-
tion tion
XTIN (1) XIN (1)

P00 or P01 are not used as ports, so POFCO must be set to "1".

Note 2: Symbol "I' means secondary function input

Port PO built-in pull-up resistor control

POPU 7 6
(0x0F27) Bit Symbol - -

Read/Write R R

After reset

Function

3 2 1 0
POPU2 POPU2 POPU1 POPUO
R/W R/W R/W R/W
0 0 0 0

The built-in pull-up resistor is not connected.

The built-in pull-up resistor is connected. (The resistor
is connected in the input mode only. Under any other
conditions, setting to "1" does not make the resistor con-
nected.)
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Port PO input data

POPRD 7 6 5 4 3 2 1 0
(0x000D) Bit Symbol - - - - POPRD3 POPRD2 POPRD1 POPRDO
Read/Write R R R R R R R R
After reset 0 0 0 0 * * * *
. If the port is in the input mode, the contents of the port
Function wv i
are read. If not, "0" is read.

Table 8-4 POPRD Read Value (P00 to P01)

Set condition
POPRDi read value
POFCO POCRI
" 1 nge
1 * ngr
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 POCR;j
" 1 nge
1 * g
0 0 Contents of port

Note 1: *: Don’t care
Note 2: j=2,3
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8.3.2 Port P1 (P13 to P10)

Port P1 is a 4-bit input/output port that can be set to input or output for each bit individually, and is also
used as the external interrupt input, the STOP mode release signal input and the external reset input.

Port P1 contains a programmable pull-up resistor on the VDD side. This pull-up resistor can be used when
the port is used in the input mode.

After reset, pin P10 serves as the external reset input. To use pin P10 as a port, refer to "How to use exter-
nal reset input pin as a port".

Table 8-6 Port P1

- P13 P12 P11 P10
Secondary - - - - INT1 INTO INT5 RESET
function STOP
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1/0 Ports

I/O Port Registers TMP89FS60VEFG
TMP89FS60VUG
VDD
|
1
N VDD
Pull-up control Reset
(for each bit) AN I pull-up resistor
)_I o/
Programmable Rin2
P1PU write pull-up resistor
s RiN3
Qa Input/output control — VDD
for each bit - )
E ( it) 1 J
el
— P1CR write —| P10
©
c
b Output latch -
5 .
b= (for each bit)
P1DR write R
Qb
P1PRD read P
N 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 Reset 0
Watchdog timer reset signal
System clock reset signal
Trimming data reset signal
Flash standby reset signal
N VDD
Pull-up control
> (for each bit) NN
 E—
Programmable
P1PU write pull-up resistor
it Rin3
Qa Input/output control VDD
© (for each bit)
©
el
— P1CR write P1i
@
c
° Output latch
= (for each bit)
f=4
Peripheral P1DR write
functions (X
P1PRD read r Noted : R = 1002 (typ)
A e — ote1:R= yp.
Interrupt INTO, INT1, INT5, STOP Note2 : RiNs = 50kQ (typ.)
STOP P LR L L L L R R e e P e . Note3:i=1~3
control H SYSCR1<STOP> tIn case of P12
! SYSCR1<OUTEN> :and P13
i Reset signal (Reset 2) H

case of P11

Figure 8-4 Port P1
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TMP89FS60VUG
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 R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: Outputs L level when the output mode is selected.
Function
1: Outputs H level when the output mode is selected.
Port P1 input/output control
P1CR 7 6 5 4 3 2 1 0
(0x0F1B) Bit Symbol - - - - P1CR3 P1CR2 P1CR1 P1CRO
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
Function 0: INT1 (I) INTO (I) INT5 (I)
(Note1) STOP (1)
1: Output mode (port output)
Note 1: Symbol "I' means secondary function input
Port P1 built-in pull-up resistor control
P1PU 7 6 5 4 3 2 1 0
(0x0F28) Bit Symbol - - - - P1PU4 P1PU2 P1PU1 P1PUO
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: The built-in pull-up resistor is not connected.

The built-in pull-up resistor is connected. (The resistor
Function is connected only when the port is used in the input

1: mode or as the open drain output. Under any other con-
ditions, setting to "1" does not make the resistor connec-
ted.)

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 * * * *
E . If the port is in the input mode, the contents of the port
unction wn
are read. If not, "0" is read.

Table 8-7 P1PRD Read Value

Set condi-
tion P1PRDi read value
P1CRI
0 Contents of port
] g

Note 1: *: Don’t care

Note 2: i=0to 3
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8.3.3 Port P2 (P27 to P20)

Port P2 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is al-
so used as the serial bus interface input/output, the serial interface input/output, the UART input/output and
the on-chip debug function.

The output circuit has the P-channel output control function and either the sink open drain output or the C-
MOS output can be selected. Port P2 contains a programmable pull-up resistor on the VDD side. This pull-
up resistor can be used when the port is used in the input mode or as a sink open drain output.

When this port is used as the serial bus interface, the serial interface or the UART, setting for serial inter-
face selecting function is also needed. For details, refer to "8.4 Serial Interface Selecting Function".

For the on-chip debug function, refer to the chapter of "On-chip Debug Function (OCD)".

Table 8-8 Port P2

P27 P26 P25 P24 P23 P22 P21 P20
SCLKO SI0 SO0 SCLKO Sio SO0
Secondary
. SCLO SDAO RXDO TXDO
function

TXDO RXDO
OCDIO OCDCK
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1/0 Ports
I/O Port Registers

TMP89FS60VEFG
TMP89FS60VUG

Peripheral
functions

SI00
UARTO

Pull-up control

(for each bit)

VDD

P2PU write

Output control

(for each bit)

P20UTCR write

Input/output control

(for each bit)

o
Programmable
pull-up resistor

Rin3

P2CR write

Function control

Internal data bus

(for each bit)

P2FC write

Output latch

(for each bit)

P2DR write

VDD

—{ | P2

oS
1

Functions enclosed by the]

-------------------------- * | dotted line are for P20,
SCLKO, SO0, TXDO0| P21,P22 and P25 only.

>

QEf

%R

N

P2PRD read

SCLKO, SI0, RXD0

=) ¢

Peripheral
functions

SI00
12C0

SYSCR1<STOP>
SYSCR1<OUTEN> 2%
Reset signal (Reset 2)

Input/output control

(for each bit)

P2CR write

Function control

(for each bit)

P2FC write

Output latch

Internal data bus

(for each bit)

P2DR write

Note1 : R = 100 (typ.)
Note2 : RiN3 = 50kQ (typ.)
Note3:i=0t02,5t07

P2j

[N

SCLO, SDAO, SO0

———J k-

NN

P2PRD read

SCLO, SDAO, SI0

SYSCR1<STOP>
SYSCR1<OUTEN> %
Reset signal (Reset 2)

Note1 : R = 100€ (typ.)
Note2:j=3, 4

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/W R/W R/W R/W R/W R/W R/wW R/W
After reset 0 0 0 0 0 0 0 0
0: | Outputs L level when the output mode is selected.
Function 1. | Outputs H level when the output mode is selected. (Serves as Hi-Z or pull-up depending on settings of
P20OUTCR and P2PU.)
Port P2 input/output control
P2CR 7 6 5 4 3 2 1 0
(0xOF1C) Bit Symbol P2CR7 P2CR6 P2CR5 P2CR4 P2CR3 P2CR2 P2CR1 P2CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
0: - - SCLKO (1) Slo (1) - SCLKO (I) | RXDO () RXDO (1)
Function SI0 (1)
(Note1) Output mode (port output)
1: - - SCLKO (O) | SCLO (I/0) | SDAO (I/0) | SCLKO (O) TXDO(O) TXDO (O)
SO (O) SO0 (O)

Note 1: Symbol "I" means secondary function input. Symbol "O" means secondary function output. Symbol "I/O" means secon-

dary function input/output
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8.3 I/O Port Registers TMP89FS60VEFG
TMP89FS60VUG
Port P2 function control
P2FC 7 6 5 4 3 2 1 0
(0xOF36) Bit Symbol - - P2FC5 P2FC4 P2FC3 P2FC2 P2FC1 P2FCO
Read/Write R R R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0
0: Port function
Function 1 SCLKO (O) [ SCLO (I/0) | SDAO (I/O) | SCLKO (O) TXDO(O) TXDO (O)
’ SO (0) SO0 (0)
Port P2 output control
P20UTCR 7 6 5 4 3 2 1 0
(0xOF43) Bit Symbol P20UT7 P20UT6 P20UT5 - P20UT2 P20UT1 P20UTO
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
0: | C-MOS output C-MOS output
Function
1: | Open drain output Open drain output
Port P2 built-in pull-up resistor control
P2PU 7 6 5 4 3 2 1 0
(0x0F29) Bit Symbol P2PU7 P2PU6 P2PU5 - - P2PU2 P2PU1 P2PUO
Read/Write R/W R/W R/W R R R/W R/W R/W
After reset 0 0 0 0 0 0
o: The built-in pull-up resistor is not connec- The built-in pull-up resistor is not connec-
| ted. ted.
The built-in pull-up resistor is connected. The built-in pull-up resistor is connected.
Function (The resistor is connected only when (The resistor is connected only when
1 the 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 the open drain output. Under any other
conditions, setting to "1" does not make conditions, setting to "1" does not make
the resistor connected.) the 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

* * *

* *

* * *

Function

If the port is used in the input mode or
as the open drain output, the contents
of the port are read. If not, "0" is read.

The contents of the port
are read without condition.

If the port is used in the input mode or
as the open drain output, the contents
of the port are read. If not, "0" is read.

Table 8-9 P2PRD Read Value (P20 to P22, P25 to P27)

Set condition
P2PRDi read value
P2CRi P20UTCRI
0 * Contents of port
1 0 nge
1 1 Contents of port

Note 1: *: Don’t care
Note 2: i=0to2,5t07
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TMP89FS60VUG

8.3.4 Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is al-

so used as the analog input and the key-on wakeup input.

Port P4 contains a programmable pull-up resistor on the VDD side. This pull-up resistor can be used when
the port is used in the input mode.

Table 8-10 Port P4

P47 P46 P45 P44 P43 P42 P41 P40
Secondary AIN7 AING AIN5S AIN4 AIN3 AIN2 AIN1 AINO
function KWI7 KWI6 KWI5 KWI14 KWI3 KWI2 KWI1 KWIO
SYSCR1<STOP>
SYSCR1<OUTEN> :D—
N VDD
Pull-up control
(for each bit) P I
_% Programmable
P4PU write pull-up resistor
Rin3
Input/output control d
» (for each bit)
> q
Qo
= P4CR write
@
f Function control VDD
© (for each bit)
c
(o]
= P4FC write I:' pai
Output latch -
(for each bit)
Peripheral
functions P4DR write
KWIi enable signal ? R
Key-on ~P—————
wakeup \mb I—"
\_~ P4PRD read .
KWIi Note1 : R = 1002 (typ.)
Note2 : Rin3 = 50k<2 (typ.)
: Note3:i=0to 7
AINi enable signal Reset signal (Reset 2) ——————
AD ADCCR1<AINEN>
AINi
>

Figure 8-6 Port P4
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Port P4 output latch

P4DR 7 6 5 4 3 2 1 0
(0x0004) Bit Symbol P47 P46 P45 P44 P43 P42 P41 P40
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

After reset 0 0 0 0 0 0 0 0

0: | Outputs L level when the output mode is selected.
Function

1: | Outputs H level when the output mode is selected.

Port P4 input/output control

P4CR 7 6 5 4 3 2 1 0
(OxOF1E) Bit Symbol P4CR7 P4CR6 P4CR5 P4CR4 P4CR3 P4CR2 P4CR1 P4CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
Function o AIN7 (1) AING (1) AINS5 (1) AIN4 (1) AINS (1) AIN2 (1) AINT (1) AINO (1)

1: | Output mode (port output)

Note 1: Symbol "I" means secondary function input.

Note 2: When the key-on wakeup input (KWIi) is enabled (KWUCRmM<KWnEN>="1"), there is no need to set P4CRi. (i=7 to
0, m=1 to 0, n=3 to 0)

Port P4 function control

P4FC 7 6 5 4 3 2 1 0
(0xOF38) Bit Symbol P4FC7 P4FC6 P4FC5 P4FC4 P4FC3 P4FC2 P4FC1 P4FCO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

0: | Port function
Function

1| AINT (1) AING (1) AIN5 (1) AIN4 (1) AIN3 (1) AIN2 (1) AIN1 (1) AINO (1)

Note 1: When the key-on wakeup input (KWIi) is enabled, there is no need to set P4FCi.

Port P4 built-in pull-up resistor control

P4PU 7 6 5 4 3 2 1 0
(0x0F2B) Bit Symbol P4PU7 P4PU6 P4PU5 P4PU4 P4PU3 P4PU2 P4PU1 P4PUO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

0: | The built-in pull-up resistor is not connected.

The built-in pull-up resistor is connected.

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 P4CRi="0"). Under any other conditions, setting to "1" does not make the resistor connec-
ted.)

Function
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TMP89FS60VEFG
TMP89FS60VUG
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.
Table 8-11 PAPRD Read Value
Set condition
P4PRDi read value
P4CRI P4FCi
0 0 Contents of port
* 1 nge
1 * nge
Note 1: *: Don’t care
Note 2: i=0to 7
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8.3.5 Port P5 (P57 to P50)

Port P5 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is al-
so used as the analog input.

Table 8-12 Port P5

P57 P56 P55 P54 P53 P52 P51 P50
Secondary AIN15 AIN14 AIN13 AIN12 AIN11 AIN10 AIN9 AIN8
function
A
Input/output control
(for each bit)
” P5CR write
=]
2 Function control VDD
s (for each bit)
@
©
o P5FC write P5i
=
o Output latch -
c (for each bit)
P5DR write
R
Q
| . §
\~ P5PRD read
Note1 : R = 100Q (typ.)
SYSCR1<STOP> Note2:i=0to7
boriohoral SYSCR1<OUTEN> Note3 :j =810 15
eripnera Reset signal (Reset 2)
functions
AINi enable signal
AD ADCCR1<AINEN>
AINj
>

Figure 8-7 Port P5
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Port P5 output latch

P5DR 7 6 5 4 3 2 1 0
(0x0005) Bit Symbol P57 P56 P55 P54 P53 P52 P51 P50
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Outputs L level when the output mode is selected
Function
1: | Outputs H level when the output mode is selected.
Port P5 input/output control
P5CR 7 6 5 4 3 2 1 0
(0xOF1F) Bit Symbol P5CR7 P5CR6 P5CR5 P5CR4 P5CR3 P5CR2 P5CR1 P5CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
Function | O
(Noto1) AIN15 (1) AIN14 (1) AIN13 (1) AIN12 (1) AIN11 (1) AIN10 (1) AIN9 (1) AINS (1)
ote
1: | Output mode (port output)
Note 1: Symbol "I" means secondary function input.
Port P5 function control
P5FC 7 6 5 4 3 2 1 0
(0xOF39) Bit Symbol P5FC7 P5FC6 P5FC5 P5FC4 P5FC3 P5FC2 P5FC1 P5FCO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Port function
Function
1: | AIN15 (1) AIN14 (1) AIN13 (1) AIN12 (1) AIN11 (1) AIN10 (1) AIN9 (1) AINS (1)
Port P5 input data
P5PRD 7 6 5 4 3 2 1 0
(0x0012) Bit Symbol P5PRD7 P5PRD6 P5PRD5 P5PRD4 P5PRD3 P5PRD2 P5PRD1 P5PRDO
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.
Table 8-13 P5PRD Read Value
Set condition
P5PRDi read value
P5CRi P5FCi
0 0 Contents of port
. 1 g
1 « ngr
Note 1: * : Don’t care
i=0to7
2019/08/01
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8.3.6 Port P7 (P77 to P70)

Port P7 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is al-

so used as the external interrupt input, the divider output and the timer counter input/output.

Table 8-14 Port P7

Peripheral
functions

Divider
output

External
interrupt

TCAO
TCA1
TCO00
TCO1

P77 P76 P75 P74 P73 P72 P71 P70
INT4 INT3 INT2 DVO PPGA1 PPGAO PPGO1 PPGO00
Secondary | -
X TCA1 TCAO PWMO01 PWMO00
function
TCO1 TCO0
M
Input/output control
(for each bit)
P7CR write
L 2 "
s '
re) Function control ' VDD
: D
© T '
© '
— P7FC writ H P7i
o A s : —{ Jen
< -
()
z

Output latch : 0 S '
(for each bit) ! :

}

P7DR write

DVO. PPGAT1. PPGAO, PPGOT, the dotted line are for
PPG00, PWMO1, PWMO0O

1

\ Functions enclosed by

P74 to P70 only.

2R

P7PRD read

TCA1, TCAO, TC01, TCO0

P
Q]

INT4, INT3, INT2,

SYSCR1<STOP>
SYSCR1<OUTEN>
Reset signal (Reset 2)

——

Figure 8-8 Port P7

Note1 : R =100Q (typ.)
Note2:i=0to 7
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TO s H I BA TMP89FS60VEFG
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Port P7 output latch
P7DR 7 6 5 4 3 2 1 0
(0x0007) Bit Symbol P77 P76 P75 P74 P73 P72 P71 P70
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Outputs L level when the output mode is selected
Function
1: | Outputs H level when the output mode is selected
Port P7 input/output control
P7CR 7 6 5 4 3 2 1 0
(0x0F21) Bit Symbol P7CR7 P7CR6 P7CR5 P7CR4 P7CR3 P7CR2 P7CR1 P7CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
0:
INT4 (1) | INT3 (I) | INT2 (I) | - | TCA1 (1) | TCAO (1) | TCO1 (1) | TCOO (1)
Function Output mode (port output)
1: - - - DVO (O) PPGA1 (O) | PPGAO (O) | PPGO1 (O) | PPGO0O0 (O)
PWMO1 (O) | PWMOO (O)
Note: Symbol "I" means secondary function input. Symbol "O" means secondary function output.
Port P7 function control
PTEC 7 6 5 4 3 2 1 0
(0xOF3B) Bit Symbol - - - P7FC3 P7FC3 P7FC2 P7FC1 P7FCO
Read/Write R R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0
0: Port function
Function 1 DVO (O) PPGA1 (O) | PPGAO (O) | PPGO1 (O) | PPGO0 (O)
’ PWMO1 (O) | PWMOO (O)
Port P7 input data
P7PRD 7 6 5 4 3 2 1 0
(0x0014) Bit Symbol P7PRD7 P7PRD6 P7PRD5 P7PRD4 P7PRD3 P7PRD2 P7PRD1 P7PRDO
Read/Write R R R R R R R R
After reset * * * * * * * *
Function If the port is used in the input mode, the contents of the port are read. If not, "0" is read.
Table 8-15 P7PRD Read Value
Set condition
P7PRDi read value
P7CRi
0 Contents of port
1 "0"
Note 1: *: Don’t care
Note 2: i=0to7
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8.3 /0 Port Registers TMP89FS60VEFG
TMP89FS60VUG

8.3.7 Port P8 (P84 to P80)

Port P8 is a 5-bit input/output port that can be set to input or output for each bit individually, and it is also
used as the timer counter input/output.

Table 8-16 Port P8

P84 P83 P82 P81 P80

PPGO03 PPGO02
PWMO03 [ PWMO02
TCO03 TCO02

Secondary
function

Figure 8-9 Port P8
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Port P8 output latch
PSDR 7 6 5 4 3 2 1 0
(0x0008) Bit Symbol - - - P84 P83 P82 P81 P80
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: Outputs L level when the output mode is selected.
Function
1: Outputs H level when the output mode is selected.
Port P8 input/output control
PSCR 7 6 5 4 3 2 1 0
(0x0F22) Bit Symbol - - - P8CR4 P8CR3 P8CR2 P8CR1 P8CRO
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
Input mode (port input)
0:
- | - | - | TCO3 (1) | TCO2 (1)
Function
(Note1) Output mode (port output)
1: - - - PPGO3 (O) | PPG02 (0)
PWMO3 (O) | PWMOZ (O)
Note 1: Symbol "I' means secondary function input. Symbol "O" means secondary function output.
Port P8 function control
PSFC 7 6 5 4 3 2 1 0
(0x0F3C) Bit Symbol - - - - - - P8FC1 P8FCO
Read/Write R R R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
0: Port function
Function - PPGO03 (O) | PPGO02 (O)
' PWMO3 (0) | PWMO2 (O)

Port P8 input data

PSPRD 7 6 5 4 3 2 1 0
(0x0015) Bit Symbol - - - P8PRD4 P8PRD3 P8PRD2 P8PRD1 P8PRDO
Read/Write R R R R R R R R

* * * * *

After reset

If the port is used in the input mode, the contents of the port are

Function read. If not, "0" is read.

Table 8-17 PS8PRD Read Value

Set condition

P8PRDi read value

P8CRI
0 Contents of port
1 nge

Note 1: * : Don’t care
Note 2: i=0to 4
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TMP89FS60VUG

8.3.8  Port P9 (P94 to P90)

Port P9 is a 5-bit input/output port that can be set to input or output for each bit individually, and it is also
used as the serial interface and the UART.

The output circuit has the P-channel output control function and either the sink open drain output or the C-
MOS output can be selected. Port P9 contains a programmable pull-up resistor on the VDD side. This pull-
up resistor can be used when the port is used in the input mode or as a sink open drain output.

When this port is used as the serial interface or the UART, setting for the serial interface selecting func-
tion is also needed. For details, refer to "8.4 Serial Interface Selecting Function".

Table 8-18 Port P9

P94 P93 P92 P91 P90
RXD2 TXD2 SCLK1 S SO1
Secondary
. TXD2 RXD2 RXD1 TXD1
function
TXD1 RXD1

Figure 8-10 Port P9
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Port P9 output latch
P9DR 7 6 5 4 3 2 1 0
(0x0009) Bit Symbol - - - P94 P93 P92 P91 P90
Read/Write R R R R/W R/W R/W R/W R/W
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. (Serves as Hi-Z
’ or pull-up depending on settings of POOUTCR and P9PU.)
Port P9 input/output control
P9CR 7 6 5 4 3 2 1 0
(0x0F23) Bit Symbol - - - PICR4 PICR3 PI9CR2 PICR1 PICRO
Read/Write R R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0

Input mode (port input)
0: RXD2 (1) RXD2 (1) RXD1 (1) RXD1 (1)
SCLK1 (1) SI1 (I)

Function
Output mode (port output)

1: TXD2 (O) | TXD2 (0) TXD1 (O) | TXD1 (0)
SCLK1 (0) S0O1 (0)

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

Page 119 2019/08/01



8. 1/0O Ports

8.3 I/O Port Registers TMP89FS60VEFG
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Port P9 function control
POFC 6 5 4 3 2 1 0
(0xOF3D) Bit Symbol - - POFC4 POFC3 POFC2 POFC1 POFCO
Read/Write R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0
0: Port function
Function . TXD2 (0) | TXD2 (0) TXD1 (0) | TXD1(0)
’ SCLK1 (0) SO1 (0)
Port P9 output control
P9OUTCR 6 5 4 3 2 1 0
(OxOF4A) Bit Symbol - P90OUT4 P90OUT3 P9OUT2 POOUT1 P90OUTO
Read/Write R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0
0: C-MOS output
Function
1: Open drain output
Port P9 built-in pull-up resistor control
POPU 6 5 4 3 2 1 0
(0xOF30) Bit Symbol - - POPU4 P9PU3 P9PU2 POPU1 P9PUO
Read/Write R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0
0: The built-in pull-up resistor is not connected.
. The built-in pull-up resistor is connected. (The resistor is connected on-
Function 1: ly when the port is used in the input mode or as the open drain out-
’ put. Under any other conditions, setting to "1" does not make the resis-
tor connected.)
Port P9 input data
P9PRD 6 5 4 3 2 1 0
(0x0016) Bit Symbol - - P9PRD4 P9PRD3 P9PRD2 P9PRD1 P9PRDO
Read/Write R R R R R R R

After reset

0 * * * *

*

If the port is used in the input mode or as the sink open drain output,

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

Table 8-19 POPRD Read Value

Set condition
PO9PRDi read value
PICRI POOUTCRI
0 * Contents of port
1 0 nge
1 1 Contents of port

Note 1: * : Don’t care
Note 2: i=0to 4
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8.3.9 Port PB (PB7 to PBO)

Port PB is an 8-bit input/output port that can be set to input or output for each bit individually, and it is al-
so used as the serial interface input/output and the UART input/output.

The output circuit has the P-channel output control function and either the sink open drain output or the C-
MOS output can be selected.

When this port is used as the serial interface or the UART, setting for serial interface selecting function is al-
so needed. For details, refer to "8.4 Serial Interface Selecting Function".

Table 8-20 Port PB

PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
- SCLKO SI0 SO0 - - - -
Secondary
X RXDO TXDO
function
TXDO RXDO
N
Output control
(for each bit)
PBOUTCR write
2]
_g Input/output cr?ntrol ’_(1_)_
© (for each bit)
©
el
- PBCR write
© |r """"""""""""""""""""""
c '
° H Function control
pet (for each bit)
) 1o
PBFC write : PBi
Output latch : 0 S : -
(for each bit) 1 I . (Note2)
Peripheral H ! :
functions PBDR write ' Functions enclosed by
........................... + | the dotted line are for
SCLKO, SO0, TXDO | PB to PB4 only. R
UARTO | | [ tmmmmmmmmmmmmermmerme oo e RF
\~ PBPRD read T
SCLKO, SI0, RXDO Note1 : R = 1002 (typ.)
Note2 : Nch large current

SYSCR1<STOP> Note3 :i= to
SYSCR1<OUTEN> 2%
Reset signal (Reset 2)

Figure 8-11 Port PB
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Port PB output latch
PBDR 7 6 5 4 3 2 1 0
(0x000B) Bit Symbol PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Read/Write RIW RIW R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Outputs L level when the output mode is selected.
Function
1: | Outputs H level when the output mode is selected.
Port PB input/output control
PBCR 7 6 5 4 3 2 1 0
(0x0F25) Bit Symbol PBCR7 PBCR6 PBCR5 PBCR4 PBCR3 PBCR2 PBCR1 PBCRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Input mode (port input)
0: SCLKO (I) [ RxDo (1) RXDO (1)
Function ) SI0 (1) . . - -
(Note1) Output mode (port output)
1: ) SCLKO (O) [ TXDO (O) | TXDO (O) ) ) ) )
S00 (0)

Note 1: Symbol "I" means secondary function input. Symbol "O" means secondary function output. Symbol "I/O" means secon-

dary function input/output

Port PB function control

PBFC 7 6 5 4 3 2 1 0
(OxOF 3F) Bit Symbol - PBFC6 PBFC5 PBFC4 - - - -
Read/Write R R/W R/W R/W R R R R
After reset 0 0 0 0 0 0 0
0: Port function
Function " SCLKO (0) | TXDO (O) | TXDO (O)
SO0 (0)
Port PB output control
PBOUTCR 7 6 5 4 3 2 1 0
(0xOF4C) Bit Symbol PBOUT? PBOUT6 PBOUT5 PBOUT4 PBOUT3 PBOUT2 PBOUT1 PBOUTO
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: | C-MOS output
Function
1: | Open drain output
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Port PB input data

7 6 5 4 3 2 1 0

PBPRD
PBPRD3 PBPRD2 PBPRD1 PBPRDO

(0x0018) Bit Symbol PBPRD7 PBPRD6 PBPRD5 PBPRD4
R R R R R

Read/Write R R R

* * * *

* * * *

After reset

If the port is used in the input mode or as the open drain output, the contents of the port are read. If not, "0" is

Function
read.

Table 8-21 PBPRD Read Value

Set condition
PBPRDi read value

PBCRI PBOUTCRI
0 * Contents of port
1 0 "0"
1 1 Contents of port

Note 1: *: Don’t care
Note 2: i=0to 7
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8.4 Serial Interface Selecting Function

On the TMP89FS60V, the built-in serial interface (SIO, UART and I?C) communication pins and interrupt
source assignment can be changed. Two out of three functions, SIO0, UARTO and 12CO0, can be used at the same
time by using this selecting function. One of two functions, SIO1 and UARTI, can be used.

The input pins of the 16-bit timer counter A0 input (TCAO input) can be changed by using this selecting function.

Selector P90 (TXD1/RXD1/ SO1)
UART1 0* Port P91 (RXD1/ TXD1/ SI1)
10 S PO2( - / - /SCLK1)
|
S UATCHG
SI01 <UAT110>
SERSEL PB4 (TXD1/RXD1/ SO1)
<SRSEL1> Pé)rt PB5 (RXD1/ TXD1/ SI1)
I PB6( - / - /SCLK1)
Selector LLJJQ.JI.%IHOG
< >
Selector 1 P20 (TXD1/ RXD1/ SO1)
UARTO >| 0 0 Port P21 (RXD1/TXD1/ SI1)
10 S IS P22( - / - [/SCLK1)
s | UATCHG
SI00 [ SERSEL <UATOIO>
<SRSEL2>
Selector P23 (SDAO / SO0)
01 Port P24 (SCLO/ SI1)
12C0 *0 P25( - / - [/SCLKO)
s
SERSEL<SRSEL0> P93 (TXD2 / RXD2)
UART2 Port
s P94 (RXD2 / TXD2)
|
UATCHG
Selector <UAT2I0>
TCAO 00 Port P72 (TCAO)
01 P21 (RXDO)
10 P91 (RXD1)
11— P94 (RXD2)
s
SERSEL<TCAOSEL>

Figure 8-12 Serial Interface Selecting Function
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Serial interface selection control register
SERSEL 7 6 5 4 3 2 1 0
(0OxOFCB) Bit Symbol TCAOSEL SRSEL2 SRSEL1 SRSELO
Read/Write R/W R/W R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0

00: | P72 input (TCAO)

TCAOSEL | 16-bit timer counter AO input switch- 01: [ P21 input (also used as RXDO)

ing 10: | P91 input (also used as RXD1)

11: | P94 input (also used as RXD2)

SRSEL2 | Select UARTO/SIOO input/output 0: | Select P20, P21, P22(SIO0 only)

port 1: | Select PB4, PB5, PB6(SIO0 only)
00: | Select UART1
o ) 01: | Select UART1

SRSEL1 Serial interface selection 1
10: | Select SIO1
11: | Reserved
00: | Select UARTO, 12C0
01: | Select UARTO, SIO0

SRSELO Serial interface selection 0
10: | Select SIOO0, 12C0
11: | Reserved

Note 1: The operation for changing SERSEL must be executed while the applicable serial interface and timer counter opera-
tions are stopped. If SERSEL is switched during operation of these peripheral functions, each peripheral function
may receive (transmit) unexpected data and operate improperly.

Note 2:

Note 3:

It is recommended to clear the interrupt latch for the applicable serial interface immediately after changing SERSEL. In-

terrupt latches are common to INTRXD and INTSIO and to INTSBI and INTSIO. Therefore, if an interrupt occurs be-
fore or after SERSEL is switched, it is difficult to tell which function has caused the interrupt.

IF TCAOSEL to any values than "00", RXD pin of UART can be used timer counter input.
Select the port pin for RXD pin in UATCNG (UART input/output change control register).

UART input/output change control register

UATCNG 7 6 5 4 3 2 1 0
(0x0F57) Bit Symbol - - - - - UAT2I0 UAT1IO UATOIO
Read/Write R R R R R R/W R/W R/W
After reset 0 0 0
RXD pin TXD pin
. 0: | P94 P93
UAT2IO | Select UART2 input/ output port
1:| P93 P94
) 0: | P91 P90
UAT1IO | Select UART1 input/ output port
1:| P90 P91
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.
Note 2: When a read instruction is executed on UATCNG, bits 3 to 7 are read as "0".
Note 3: If you need to change the UATCNG setting, do so when UART communications are stopped.
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8.4 Serial Interface Selecting Function TMP89FS60VEFG
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Table 8-22 Select input/output port and interrupt
Port
SERSEL SERSEL UATCNG Interrupt
UARTO0/SIO0 12C0/SI00
<SRSELO> | <SRSEL2> | <UATO0IO>
PB4 PB5 PB6 P20 P21 P22 P23 P24 P25 IL7 IL6 IL15
) 0: | Note Note | TXPO [ RXDO | note
0: 1 Note 1 1 1
1: RXDO | TXDO Note
00: SDAO | SCLO 1 INTTXDO | INTRXDO | INTSBIO
) 0: | TXDO | RXDO | Note | Note Note
1: 1 1 Note 1 1
1: | RXDO | TXDO
) 0: | Note Note | TXPO [ RXDO | note
0: 1 Note 1 1 1
1: RXDO | TXDO SCLK
01: SO0 SI0 0 INTTXDO | INTRXDO | INTSIOO
. 0: | TXDO | RXDO Note Note Note
1: 1 1 Note 1 1
1: ] RXDO | TXDO -
0: 0 or 1: N?te Note 1 N?te so0 | slo S%"K
10: SDAO | SCLO N‘;te - INTSIOO | INTSBIO
1: 0or1:|] soo | sio S%LK N‘;‘e Note 1 N‘:te
11: Oor1: Oor1: Reserved
Note 1: Can be used as a port. (Set the function register (PxFC) to "0".)
Table 8-23 Select input/outout port and interrupt
PORT
SERSEL UATCNG Interrupt
UART1/SIO1
<SRSEL1> | <UAT110>
P90 P91 P92 1L23 IL22
0: |1 TXD1 RXD1
00: Note 1 INTTXD1 | INTRXD1
1: | RXD1 TXD1
0:] TXD1 RXD1
01: Note 1 INTTXD1 | INTRXD1
1: | RXD1 TXD1
10: Oor1: SO1 S SCLK1 - INTSIO1
11: Oor1: Reserved

Note 1: Can be used as a port. (Set the function register (PxFC) to "0".)
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9. Special Function Registers

The TMP89FS60V adopts the memory mapped I/O system, and all peripheral hardware data control and trans-
fer operations are performed through the special function registers (SFR). SFR1 is mapped on addresses 0x0000
to 0x003F, SFR2 is mapped on addresses 0x0F00 to 0xOFFF, and SFR3 is mapped on addresses 0x0E40 to 0OxOEBF.

9.1 SFR1 (0x0000 to 0x003F)

Table 9-1 SFR1 (0x0000 to Ox003F)

Address Register Name Address Register Name
0x0000 PODR 0x0020 SIO0SR
0x0001 P1DR 0x0021 SIO0BUF
0x0002 P2DR 0x0022 SBIOCR1
0x0003 Reserved 0x0023 SBIOCR2/SBIOSR2
0x0004 P4DR 0x0024 12COAR
0x0005 P5DR 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 TO1MOD
0x000C Reserved 0x002C TOO1CR
0x000D POPRD 0x002D TAODRAL
0x000E P1PRD 0x002E TAODRAH
0x000F P2PRD 0x002F TAODRBL
0x0010 Reserved 0x0030 TAODRBH
0x0011 P4PRD 0x0031 TAOMOD
0x0012 P5PRD 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 SIO0CR 0x003F PSW

Note 1: Do not access reserved addresses by the program.
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9.2 SFR2 (0xOF00 to OxOFFF) TMP89FS60VEFG
TMP89FS60VUG
9.2 SFR2 (0xOF00 to OxOFFF)
Table 9-2 SFR2 (0xOFO00 to OxOF7F)

Address Register Name Address Register Name Address Register Name Address Register Name
0x0F00 Reserved 0x0F20 Reserved 0x0F40 Reserved 0xOF60 Reserved
0x0FO01 Reserved 0x0F21 P7CR 0x0F41 Reserved 0x0F61 Reserved
0x0F02 Reserved 0x0F22 P8CR 0x0F42 Reserved 0x0F62 Reserved
0x0F03 Reserved 0x0F23 PI9CR 0x0F43 P20UTCR 0x0F63 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 0x0F27 POPU 0x0F47 Reserved 0xO0F67 Reserved
0x0F08 Reserved 0x0F28 P1PU 0x0F48 Reserved 0xOF68 Reserved
0x0F09 Reserved 0x0F29 P2PU 0x0F49 Reserved 0x0F69 Reserved
0xOFO0A Reserved 0x0F2A Reserved O0xOF4A P9OUTCR 0xOF6A Reserved
0x0F0B Reserved 0x0F2B P4PU 0x0F4B Reserved 0xOF6B Reserved
0x0F0C Reserved 0x0F2C Reserved 0x0F4C PBOUTCR 0x0F6C Reserved
0xOFOD Reserved 0x0F2D Reserved 0xOF4D Reserved 0x0F6D Reserved
0xOFOE Reserved 0x0F2E Reserved OxOF4E Reserved 0x0F6E Reserved
0xOFOF Reserved 0x0F2F Reserved OxOF4F Reserved 0xOF6F Reserved
0x0F10 Reserved 0x0F30 P9PU 0x0F50 Reserved 0x0F70 SIO1CR
0x0F11 Reserved 0xOF31 Reserved 0xO0F51 Reserved 0x0F71 SIO1SR
0x0F12 Reserved 0x0F32 Reserved 0x0F52 Reserved 0x0F72 SIO1BUF
0x0F13 Reserved 0x0F33 Reserved 0x0F53 Reserved 0x0F73 Reserved
0x0F14 Reserved 0x0F34 POFC 0x0F54 UART1CR1 0x0F74 POFFCRO
0x0F15 Reserved 0x0F 35 Reserved 0x0F55 UART1CR2 0x0F75 POFFCR1
OxOF 16 Reserved 0x0F36 P2FC 0x0F56 UART1DR 0x0F76 POFFCR2
0x0F17 Reserved 0x0F37 Reserved 0x0F57 UART1SR 0x0F77 POFFCR3
0x0F18 Reserved 0x0F38 P4FC 0x0F58 TD1BUF/RD1BUF 0x0F78 Reserved
0x0F19 Reserved 0x0F39 P5FC 0x0F59 Reserved 0x0F79 Reserved
OxOF1A POCR O0x0F3A Reserved OxOF5A UART2CR1 O0x0F7A Reserved
0x0F1B P1CR 0x0F3B P7FC 0x0F5B UART2CR2 0xOF7B Reserved
0x0F1C P2CR 0x0F3C P8FC 0x0F5C UART2DR 0x0F7C Reserved
0xOF1D Reserved 0x0F3D POFC 0xOF5D UART2SR 0xOF7D Reserved
0xOF1E P4CR 0xOF3E Reserved 0xOF5E TD2BUF/RD2BUF O0xOF7E Reserved
O0xOF1F P5CR 0xOF3F PBFC O0xOF5F Reserved O0xOF7F 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 0xO0FAO0 Reserved 0xOFCO Reserved 0xOFEO ILL
0x0F81 Reserved 0x0FA1 Reserved 0x0FC1 Reserved O0xOFE1 ILH
0x0F82 Reserved 0x0FA2 Reserved 0xOFC2 Reserved 0xOFE2 ILE
0x0F83 Reserved 0x0FA3 Reserved 0xOFC3 Reserved O0xOFE3 ILD
0x0F84 Reserved O0xOFA4 Reserved 0x0FC4 KWUCRO OxOFE4 Reserved
0xOF85 Reserved 0xOFA5 Reserved 0x0FC5 KWUCR1 O0xOFES5 Reserved
0x0F86 Reserved 0xOFAG6 Reserved 0x0FC6 VDCR1 O0xOFE6 Reserved
0x0F87 Reserved Ox0FA7 Reserved 0xOFC7 VDCR2 OxOFE7 Reserved
0x0F88 TO2REG 0xOFA8 TA1DRAL 0xO0FC8 RTCCR 0xOFE8 Reserved
0x0F89 TO3REG 0x0FA9 TA1DRAH 0xOFC9 Reserved 0xOFE9 Reserved
0xOF8A TO2PWM O0xOFAA TA1DRBL 0xOFCA Reserved O0xOFEA Reserved
0x0F8B TO3PWM 0xOFAB TA1DRBH 0x0OFCB SERSEL O0xOFEB Reserved
0x0F8C T02MOD 0xOFAC TA1TMOD 0xOFCC IRSTSR 0xOFEC Reserved
0x0F8D TO3MOD 0xOFAD TA1CR 0xOFCD WUCCR 0xOFED Reserved
0xOF8E T023CR O0xOFAE TA1SR 0xOFCE WUCDR O0xOFEE Reserved
0xOF8F Reserved OxOFAF Reserved 0xOFCF CGCR OxOFEF Reserved
0x0F90 Reserved 0x0FBO Reserved 0xOFDO FLSCR1 0xOFFO ILPRS1
0x0F91 Reserved 0x0FB1 Reserved 0x0FD1 FLSCR2/FLSCRM 0xOFF1 ILPRS2
0x0F92 Reserved 0x0FB2 Reserved 0x0FD2 FLSSTB 0xOFF2 ILPRS3
0x0F93 Reserved 0x0FB3 Reserved 0xOFD3 Reserved O0xOFF3 ILPRS4
0x0F94 Reserved 0x0FB4 Reserved 0x0FD4 WDCTR OxOFF4 ILPRS5
0x0F95 Reserved 0xOFB5 Reserved 0xOFD5 WDCDR O0xOFF5 ILPRS6
0x0F96 Reserved 0x0FB6 Reserved 0xOFD6 WDCNT O0xOFF6 Reserved
0x0F97 Reserved 0x0FB7 Reserved 0xOFD7 WDST OxOFF7 Reserved
0x0F98 Reserved 0x0FB8 Reserved 0xOFD8 EINTCR1 O0xOFF8 Reserved
0x0F99 Reserved 0x0FB9 Reserved 0xOFD9 EINTCR2 0xO0FF9 Reserved
O0xOF9A Reserved O0xOFBA Reserved 0xOFDA EINTCR3 OxOFFA Reserved
0x0F9B Reserved 0xOFBB Reserved 0xOFDB EINTCR4 0xOFFB Reserved
0x0F9C Reserved 0xO0FBC Reserved 0xOFDC SYSCR1 0xOFFC Reserved
0x0F9D Reserved 0x0FBD Reserved 0xOFDD SYSCR2 0xOFFD Reserved
0xOF9E Reserved 0xOFBE Reserved 0xOFDE SYSCR3 OxOFFE Reserved
0xOF9F Reserved 0xOFBF Reserved 0xOFDF SYSCR4/SYSSR4 O0xOFFF Reserved

Note 1: Do not access reserved addresses by the program.
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9.3 SFR3 (0xOE40 to OXOEFF) TMP89FS60VEFG
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9.3 SFR3 (0x0E40 to OxOEFF)
Table 9-4 SFR3 (0xOE40 to OxOEBF)
Address Register Name Address Register Name Address Register Name Address Register Name
0x0E40 Reserved 0x0E60 Reserved 0x0E80 Reserved 0x0EAOQ Reserved
0x0E41 Reserved 0x0E61 Reserved 0x0E81 Reserved O0x0EA1 Reserved
0x0E42 Reserved 0x0E62 Reserved 0x0E82 Reserved O0x0EA2 Reserved
0x0E43 Reserved 0x0E63 Reserved 0x0E83 Reserved O0x0EA3 Reserved
0x0E44 Reserved 0xOE64 Reserved 0x0E84 Reserved 0xO0EA4 Reserved
0x0E45 Reserved 0x0E65 Reserved 0x0E85 Reserved OxOEAS5 Reserved
0x0E46 Reserved 0x0E66 Reserved 0x0E86 Reserved O0xOEA6 Reserved
0x0E47 Reserved 0x0E67 Reserved 0x0E87 Reserved OxOEAT7 Reserved
0x0E48 Reserved 0x0E68 Reserved 0x0E88 Reserved O0xOEA8 Reserved
0x0E49 Reserved 0x0E69 Reserved 0x0E89 Reserved 0xO0EA9 Reserved
OxOE4A Reserved OxOEBA Reserved O0xOE8A Reserved OxOEAA Reserved
0x0E4B Reserved 0x0E6B Reserved 0x0E8B Reserved 0xOEAB Reserved
0x0E4C Reserved 0x0E6C Reserved 0x0E8C Reserved 0xO0EAC Reserved
0xOE4D Reserved 0xOE6D Reserved 0x0E8D Reserved 0xOEAD Reserved
OxOE4E Reserved O0xO0EGE Reserved OxOE8E Reserved OXOEAE Reserved
OXOE4F Reserved 0xOE6F Reserved O0xOE8F Reserved OXOEAF Reserved
0x0E50 Reserved 0x0E70 Reserved 0x0E90 Reserved 0x0EBO Reserved
0x0E51 Reserved 0x0E71 Reserved 0x0E91 Reserved 0x0EB1 Reserved
0x0E52 Reserved 0x0E72 Reserved 0x0E92 Reserved 0x0EB2 Reserved
0x0E53 Reserved 0x0E73 Reserved 0x0E93 Reserved 0x0EB3 Reserved
0x0E54 Reserved 0xO0E74 Reserved 0x0E94 Reserved 0xOEB4 Reserved
0x0E55 Reserved O0x0E75 Reserved 0x0E95 Reserved 0x0EB5 Reserved
0x0E56 Reserved 0xO0E76 Reserved 0x0E96 Reserved 0xOEB6 Reserved
0x0E57 UATCNG Ox0E77 Reserved 0x0E97 Reserved 0x0EB7 Reserved
0x0E58 Reserved 0x0E78 Reserved 0x0E98 Reserved 0xOEB8 Reserved
0x0E59 Reserved 0x0E79 Reserved 0x0E99 Reserved 0x0EB9 Reserved
OxOE5A Reserved Ox0E7A Reserved OxOE9A Reserved OxOEBA Reserved
0xOE5B Reserved 0x0E7B Reserved 0x0E9B Reserved 0xOEBB Reserved
0x0E5C Reserved 0x0E7C Reserved 0x0E9C Reserved 0xO0EBC Reserved
0xOE5D Reserved 0xOE7D Reserved 0x0E9D Reserved 0xOEBD Reserved
OxOE5E Reserved OxO0E7E Reserved O0xOE9E Reserved O0xOEBE Reserved
OxOE5F Reserved OxOE7F Reserved O0xOE9F 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
0xO0ECO Reserved 0xOEDO Reserved O0xOEEO Reserved 0x0EFO Reserved
0x0EC1 Reserved 0xOED1 Reserved OxOEE1 Reserved O0xO0EF1 Reserved
0x0EC2 Reserved 0xOED2 Reserved OxOEE2 Reserved 0x0EF2 Reserved
O0xOEC3 Reserved 0xOED3 Reserved OxOEE3 Reserved 0xO0EF3 Reserved
0xO0EC4 Reserved 0xO0ED4 Reserved O0xOEE4 Reserved OxOEF4 Reserved
0x0EC5 Reserved 0xO0ED5 Reserved O0xOEE5 Reserved 0xOEF5 Reserved
0x0EC6 Reserved 0xOEDG6 Reserved OxOEE6 Reserved 0xOEF6 Reserved
0xOEC7 Reserved 0xOED7 Reserved OxOEE7 Reserved Ox0EF7 Reserved
0xO0EC8 Reserved 0xOED8 Reserved OxOEE8 Reserved 0xO0EF8 Reserved
0x0EC9 Reserved 0xOED9 Reserved O0xOEE9 Reserved 0x0EF9 Reserved
0xOECA Reserved O0xOEDA Reserved OxOEEA Reserved OxOEFA Reserved
0xOECB Reserved 0xOEDB Reserved OxOEEB Reserved O0xOEFB Reserved
0xO0ECC Reserved 0xO0EDC Reserved OxOEEC Reserved O0xOEFC Reserved
0x0ECD Reserved 0xOEDD Reserved OxOEED Reserved O0xOEFD Reserved
0xO0ECE Reserved 0xOEDE Reserved OxOEEE Reserved OxOEFE Reserved
OxOECF Reserved OxOEDF Reserved OxOEEF Reserved OxOEFF Reserved

Note 1: Do not access reserved addresses by the program.

Page 131 2019/08/01



9. Special Function Registers

9.3 SFR3 (0x0E40 to OXOEFF) TMP89FS60VEFG
TMP89FS60VUG

2019/08/01 Page 132



Tos H I BA TMP89FS60VEFG

TMP89FS60VUG

10. Low Power Consumption Function for Peripherals

The TMP89FS60V has low power consumption registers (POFFCRn) that save power when specific peripheral
functions are unused. Each bit of the low power consumption registers can be set to enable or disable each periph-
eral function. (n =0, 1, 2, 3)

The basic clock supply to each peripheral function is disabled for power saving, by setting the corresponding
bit of the low power consumption registers (POFFCRn) to "0". (The disabled peripheral functions become unavail-
able.) The basic clock supply to each peripheral function is enabled and the function becomes available by setting
the corresponding bit of the low power consumption registers (POFFCRn) to "1".

After reset, the low power consumption registers (POFFCRn) are initialized to "0", and thus the peripheral func-
tions are unavailable. When each peripheral function is used for the first time, be sure to set the corresponding bit
of the low power consumption registers (POFFCRn) to "1" in the initial settings of the program (before operating
the control register for the peripheral function).

When a peripheral function is operating, the corresponding bit of the low power consumption registers
(POFFCRn) must not be changed to "0". If it is changed, the peripheral function may operate unexpectedly.
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10.1  Control
The low power consumption function is controlled by the low power consumption registers (POFFCRn). (n =
0,1,2,3)
Low power consumption register 0
POFFCRO 7 6 5 4 3 2 1 0
(OxOF74) Bit Symbol - - TCO023EN | TCOO1EN - - TCA1EN TCAOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0| Disable
TCO023EN | TC23 control
1| Enable
0| Disable
TCO01EN | TCO1control
1| Enable
0 | Disable
TCA1EN TCA1 control
1| Enable
0| Disable
TCAOEN TCAO control
1| Enable
Low power consumption register 1
POFFCR1 7 6 5 4 3 2 1 0
(OXOF75) Bit Symbol - - - SBIOEN - UART2EN | UART1EN | UARTOEN
Read/Write R/W R/W R/W R/W RW RW R/W RW
After reset 0 0 0 0 0 0 0 0
0 | Disable
SBIOEN SBIO control
1| Enable
0| Disable
UART2EN | UART2 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 - - - SIO1EN SIO0EN
Read/Write R/W RW R/W R/W RW 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
SIO1EN SIO1 control
1| Enable
0| Disable
SIO0EN SIO0 control
1| Enable
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Low power consumption register 3
POFFCR3 7 6 5 4 3 2 1 0
(0xOF77) Bit Symbol - - INT5EN INT4EN INT3EN INT2EN INT1EN INTOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
INT5EN INT5 control
1| Enable
0 | Disable
INT4EN INT4 control
1| Enable
0 | Disable
INT3EN INT3 control
1| Enable
0 | Disable
INT2EN INT2 control
1| Enable
0 | Disable
INT1EN INT1 control
1| Enable
0 | Disable
INTOEN INTO control
1| Enable
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11. Divider Output (DVO)

This function outputs approximately 50% duty pulses that can be used to drive the piezoelectric buzzer or other
device.

11.1 Configuration

Selector

fegek/212 or fs/25 S
fogek/2!" or fs/2* S|
fegek/210 or fs/23 >—

fogek/29 >— DVO pin

Figure 11-1 Divider Output
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11.2 Control

The divider output is controlled by the divider output control register (DVOCR).

Divider output control register

DVOCR 7 6 5 4 3 2 1 0
(0x0038) Bit Symbol - - - - - DVOEN DVOCK
Read/Write R R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
Enables/disables 0: Disable the divider output
DVOEN y o
the divider output 1: Enable the divider output
NORMAL 1/2, IDLE 1/2 mode SLOW1/2
SLEEP1
DV9CK=0 DVICK=1
mode
DVOCK iel-id: the divider output frequency | g fegek/212 fs/25 fs/25
nit: [Hz] 01 fegek/2' fs/2¢ fs/2t
10 fcgcek/21° fs/23 fs/28
11 fcgek/2® Reserved Reserved

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

Note 2: DVOCR<DVOEN?> is cleared to "0" when the operation is switched to STOP or IDLEO/SLEEPO mode.
DVOCR<DVOCK> holds the value.

Note 3: When SYSCR1<DV9CK> is "1" in the NORMAL 1/2 or IDLE 1/2 mode, the DVO frequency is subject to some fluctua-
tions to synchronize fs and fcgck.

Note 4: Bits 7 to 3 of DVOCR are read as "0".
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11.3 Function
Select the divider output frequency at DVOCR<DVOCK>.

The divider output is enabled by setting DVOCR<DVOEN> to "1". Then, The rectangular waves selected by
DVOCR<DVOCK> is output from DVO pin.

It is disabled by clearing DVOVR<DVOEN> to "0". And DVO pin keeps "H" level.

When the operation is changed to STOP or IDLEO/SLEEPO mode, DVOCR<DVOEN> is cleared to "0" and
the DVO pin outputs the "H" level.

The divider output source clock operates, regardless of the value of DVOCR<DVOEN>.

Therefore, the frequency of the first divider output after DVOCR<DVOEN> is set to "1" is not the frequency
set at DVOCR<DVOCK>.

When the operation is changed to the software, STOP or IDLEO/SLEEPO mode is activated and
DVOCR<DVOEN> is cleared to "0", the frequency of the divider output is not the frequency set at
DVOCR<DVOCK>.

TBTCR<DVOEN> ‘ I_

DVO output ||||||||||||||

Divider output timing chart

Figure 11-2 Divider Output Timing

When the operation is changed from NORMAL mode to SLOW mode or from SLOW mode to NORMAL
mode, the divider output frequency does not reach the expected value due to synchronization of the gear clock

(fcgcek) and the low-frequency clock (fs).

Example:2.441 kHz pulse output (fcgck = 10.0 MHz)

LD (DVOCR), 0y00000100 ;DVOCK « "00", DVOEN « "1"

Table 11-1 Divider Output Frequency (Example: fcgck = 10.0 MHz, fs = 32.768 kHz)

Divider output frequency [Hz]
DVOCK NORMAL 1/2, IDLE 1/2 mode SLOWA1/2, SLEEP1
DV9CK = 0 DV9CK = 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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12. Time Base Timer (TBT)

The time base timer generates the time base for key scanning, dynamic display and other processes. It also pro-
vides a time base timer interrupt (INTTBT) in a certain cycle.

12.1 Time Base Timer

12.1.1  Configuration

fogek/222 or fs/21% S>——
fegek/i2?0 or fs/213 S|
fegek/2'0 or fs/28
fogok/2'3 or fs/28 > |
fogek/2'2 or fs/25 > |
fogek/i2™ or fs/2% >
fogek/2'0or fs/23 > |
fogek/2® S|

12.1.2 Control

The time base timer is controlled by the time base timer control register (TBTCR).

Source clock

10100j8S

Falling edge
detector

IDLEO, SLEEPO

Ral

TBTCK TBTEN

| TBTCR |

=

Figure 12-1 Time Base Timer Configuration

Time base timer control register

R

INTTBT
Interrupt request

request

TBTCR 7 6 5 3 2 1 0
(0x0039) Bit Symbol - - - TBTEN TBTCK
Read/Write R R R R R/W R/W
After reset 0 0 0 0
TBTEN Enables/disables the time base tim- | 0: Disables generation of interrupt request signals
er interrupt requests 1: Enables generation of interrupt request signals
NORMAL 1/2, IDLE 1/2 mode SLOW1/2, SLEEPA
TBTCK d
DVOCK = 0 DVOCK = 1 mode
000 fcgek/222 fs/218 fs/2'®
001 fcgck/220 fs/213 fs/213
Selects the time base timer inter- 010 fogek/218 fg/28 Reserved
TBTCK rupt frequency
Unit: [Hz] 011 fcgek/2? fs/2¢ Reserved
100 fcgek/21? fs/2% Reserved
101 fcgek/2' fs/24 Reserved
110 fcgek/21° fs/23 Reserved
111 fcgek/28 Reserved Reserved
Note 1: fcgck : Gear clock [Hz], fs : Low-frequency clock [Hz]
Note 2: When the operation is changed to the STOP mode, TBTCR<TBTEN> is cleared to "0" and TBTCR<TBTCK> main-
tains the value.
Note 3: TBTCR<TBTCK> should be set when TBTCR<TBTEN> is "0".
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Note 4: When SYSCR1<DV9CK> is "1" in the NORMAL 1/2 or IDLE1/2 mode, the interrupt request is subject to some fluctua-
tions to synchronize fs and fcgck.

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

12.1.3 Functions

Select the source clock frequency for the time base timer by TBRTCR<TBTCK>. TBTCR<TBTCK>
should be changed when TBTCR<TBTEN> is "0". Otherwise, the INTTBT interrupt request is generated at un-
expected timing.

Setting TBTCR<TBTEN> to "1" causes interrupt request signals to occur at the falling edge of the source
clock. When TBTCR<TBTEN> is cleared to "0", no interrupt request signal will occur.

When the operation is changed to the STOP mode, TBTCR<TBTEN> is cleared to "0".
The source clock of the time base timer operates regardless of the TBRTCR<TBTEN> value.

A time base timer interrupt is generated at the first falling edge of the source clock after a time base timer
interrupt request is enabled. Therefore, the period from when the time TBTCR<TBTEN> is set to "1" to the
time when the first interrupt request occurs is shorter than the frequency period set at TBTCR<TBTCK>.

Source clock | I |

TBTCR<TBTEN>

A

1
1
!
\ I
INTTBT interrupt | ﬂ ﬂ ||
: I
I

request
Interrupt period '

Time base timer enable

Figure 12-2 Time Base Timer Interrupt

When the operation is changed from NORMAL mode to SLOW mode or from SLOW mode to NORMAL
mode, The interrupt request will not occur at the expected timing due to synchronization of the gear clock
(fcgek) and the low-frequency clock (fs). It is recommened that the operation mode 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 DVICK =1
000 2.38 1 1
001 9.54 4 4
010 305.18 128 Reserved
011 1220.70 512 Reserved
100 2441.41 1024 Reserved
101 4882.81 2048 Reserved
110 9765.63 4096 Reserved
111 39062.5 Reserved Reserved

2019/08/01 Page 142



TOSHIBA

TMP89FS60VEFG
TMP89FS60VUG

Example:Set the time base timer interrupt frequency to fcgck/2'® [Hz] and enable interrupts.

DI
SET
El
LD
LD

(EIRL). 5

(TBTCR), 0y00000010
(TBTCR), 0y00001010

;IMF < 0

;Set the interrupt enable register
;IMF «— 1

;Set the interrupt frequency

;Enable generation of interrupt request signals
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13. 16-bit Timer Counter (TCA)

The TMP89FS60V contains 2 channels of high-performance 16-bit timer counters (TCA).

This chapter describes the 16-bit timer counter A0. For the 16-bit timer counter Al, replace the SFR addresses
and pin names, as shown in Table 13-1 and Table 13-2.

Table 13-1 SFR Address Assignment

TAXDRAL TAXDRAH TAxXDRBL TAXDRBH TAXMOD TAXCR TAXSR Low power
consump-

(Address) (Address) (Address) (Address) (Address) (Address) (Address) | tion register

. or AO TAODRAL | TAODRAH | TAODRBL | TAODRBH | TAOMOD TAOCR TAOSR | POFFCRO
Imer counter

(0x002D) | (0x002E) | (0x002F) | (0x0030) | (0x0031) | (0x0032) | (0x0033) | <TCAOEN>

. or A1 TAIDRAL | TA1TDRAH | TA1DRBL | TAIDRBH | TA1MOD TAICR TAISR | POFFCRO
Imer counter

(0xOFA8) | (0xOFA9) | (OxOFAA) | (0xOFAB) | (0xOFAC) | (OXOFAD) | (OxOFAE) | <TCA1EN>

Table 13-2 Pin Names

Timer input pin PPG output pin
Timer counter A0 TCAO pin PPGAOQ pin
Timer counter A1 TCA1 pin PPGA1 pin
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Figure 13-1 Timer Counter AO
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13.2 Control

Timer Counter AQ is controlled by the low power consumption register (POFFCRO), the timer counter A0
mode register (TAOMOD), the timer counter A0 control register (TAOCR) and two 16-bit timer A0 registers
(TAODRA and TAODRB).

Low power consumption register 0

POFFCRO 7 6 5 4 3 2 1 0
(0xOF74) Bit Symbol - - TCO023EN TCO01EN - - TCA1EN TCAOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
TCO023EN | TC23 control
1| Enable
0 | Disable
TCOO1EN | TCO1control
1| Enable
0 | Disable
TCA1EN TCA1 control
1| Enable
0 | Disable
TCAOEN TCAO control
1| Enable
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Timer counter AO mode register
TAOMOD 7 6 5 4 3 2 1 0
) TAOMCAP
(0x0031) Bit Symbol TAODBE TAOTED TAOCK TAOM
TAOMETT
Read/Write R/W R/W R/W R/W R/W
After reset 1 0 0 0 0 0 0 0
0 | Disable the double buffer
TAODBE Double buffer control
1 | Enable the double buffer
. . . 0 | Rising edge/H level
TAOTED External trigger input selection .
1| Falling edgel/L level
i 0 | Double edge capture
TAOMCAP Pulse width measurement mode ‘ 9 p
control 1| Single edge capture
. . 0| Trigger start
TAOMETT | External trigger timer mode control .
1| Trigger start & stop
NORMAL 1/2 or IDLE 1/2 mode
SLOW1/2 or SLEEP1
SYSCR1<DV9CK> SYSCR1<DV9CK> mode
=ng" =nqn
TAOCK Tim_er counter 1 source clock se- 00 fegek/21 fs/23 fs/23
lection
01 fcgcek/28 fcgcek/28 -
10 fcgcek/22 fcgcek/22 -
11 fcgek/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 [HZz]

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 1 0
) TAOACAP
(0x0032) Bit Symbol TAOOVE TAOTFF TAONC - TAOS
TAOMPPG
Read/Write R/W R/W R/W R R/W R/W
After reset 0 1 0 0 0 0
0 | Generate no INTTCAO interrupt request when the counter overflow oc-
curs.
TAOOVE Overflow interrupt control 1| Generate an INTTCAQO interrupt request when the counter overflow oc-
curs.
. 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 N0|§e canceller sampling interval 01 fegek/2 }
setting
10 fcgcek/2? -
11 fcgck/28 fs/2
. 0 | Disable the auto capture
TAOACAP | Auto capture function
1| Enable the auto capture
0| Continuous
TAOMPPG | PPG output control
1| One-shot
. 0 | Stop & counter clear
TAOS Timer counter A start control 11 start
a

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 (TA0OS="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:

stops the noise canceller and no signal is input to the timer.

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"
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Timer counter AO status register

TAOSR 7 6 5 4 3 2 1 0
(0x0033) Bit Symbol TAOOVF - - - - - TAOCPFA | TAOCPFB

Read/Write R R R R R R R R

After reset 0 0 0 0 0 0 0 0

TAOOVF Overflow f 0 | No overflow has occurred.
verflow fla
g 1| At least an overflow has occurred.

0 | No capture operation has been executed.

TAOCPFA | Capture completion flag A 1| At least a pulse width capture has been executed in the double-edge
capture.

0 | No capture operation has been executed.

1| At least 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".
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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 11 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 immediately,
but is temporarily stored in the temporary buffer. Subsequently, when a write instruction is executed on the higher-lev-
el register, TAODRAH (TAODRBH), the 16-bit set values are collectively stored in the double buffer or TAODRAL/H.
When setting data to the timer counter AO register, be sure to write the data into the lower level register and the high-
er level in this order.
Note 2: The timer counter AO register is not writable in the pulse width measurement mode.
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13.3 Low Power Consumption Function

Timer counter AO has the low power consumption register (POFFCRO) that saves power consumption when
the timer is not used.

Setting POFFCRO<TCAOEN> to "0" disables the basic clock supply to timer counter A0 to save power. Note
that this makes the timer unusable. Setting POFFCRO<TCAOEN> to "1" enables the basic clock supply to timer coun-
ter A0 and allows the timer to operate.

After reset, POFFCRO<TCAOEN> is initialized to "0", and this makes the timer unusable. When using the tim-
er for the first time, be sure to set POFFCRO<TCAOEN> to "1" in the initial setting of the program (before the tim-
er control register is operated).

Do not change POFFCRO<TCAOEN> to "0" during the timer operation. Otherwise timer counter A0 may oper-
ate unexpectedly.
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13.4 Timer Function

Timer counter AO has six types of operation modes; timer, external trigger timer, event counter, window, pulse
width measurement and programmable pulse generate (PPG) output modes.

13.4.1

ly

13.4.1

A

Timer mode

In the timer mode, the up-counter counts up using the internal clock, and interrupts can be generated regular-
at specified times.

Setting

Setting the operation mode selection TAOMOD<TAOM> to "000" or "001" activates the timer mode. Se-
lect the source clock at TAOMOD<TAOCK>.

Setting TAOCR<TAOS> to "1" starts the timer operation. After the timer is started, writing to
TAOMOD and TAOCR<TAOOVE> becomes invalid. Be sure to complete the required mode settings be-
fore starting the timer.

Table 13-3 Timer Mode Resolution and Maximum Time Setting

Source clock [Hz] Resolution Maximum time setting
TAOMOD NORMAL 1/2 or IDLE 1/2 mode
<TAOCK> | syscRr1<DVaCK> | SYSCR1<DVaCK> Sflé(;\é\qﬁ :dre fogck=10MHz | fs=32.768kHz | fcgck=10MHz | fs=32.768kHz
="0" ="
00 fcgek/21° fs/23 fs/23 102.4ps 244 1ps 6.7s 16s
01 fcgcek/28 fcgek/28 6.4us 419.4ms
10 fcgek/2? fcgck/2? 400ns 26.2ms
11 fcgek/2 fcgek/2 200ns 13.1ms
13.4.1.2 Operation
Setting TAOCR<TAOS> to "1" allows the 16-bit up counter to increment based on the selected internal
source clock. When a match between the up-counter value and the value set to timer register A
(TAODRA) is detected, an INTTCAO interrupt request is generated and the up counter is cleared to
"0x0000". After being cleared, the up counter continues counting. Setting TAOCR<TAOS> to "0" during
the timer operation causes the up counter to stop counting and be cleared to "0x0000".
13.4.1.3 Auto capture

The latest contents of the up counter can be taken into timer register B (TAODRB) by setting
TAOCR<TAOACAP> to "1" (auto capture function). When TAOCR<TAOACAP> is "1", the current con-
tents of the up counter can be read by reading TAODRBL. TAODRBH is loaded at the same time as
TAODRBL is read. Therefore, when reading the captured value, be sure to read TAODRBL and
TAODRBH in this order. (The capture time is the timing when TAODRBL is read.) The auto capture func-
tion can be used whether the timer is operating or stopped. When the timer is stopped, TAODRBL is read
as "0x00". TAODRBH keeps the captured value after the timer stops, but it is cleared to "0x00" when
TAODRBL is read while the timer is stopped.

If the timer is started with TAOCR<TAOACAP> written to "1", the auto capture is enabled immediate-
ly after the timer is started.

Note 1: The value set to TAOCR<TAOACAP> cannot be changed at the same time as TAOCR<TAOQS> is rewrit-
ten from "1" to "0". (This setting is invalid.)
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13.4.1.4

Register buffer configuration

(1)  Temporary buffer

The TMP89FS60V contains an 8-bit temporary buffer. When a write instruction is executed on
TAODRAL, the data is first stored into this temporary buffer, whether the double buffer is enabled
or disabled. Subsequently, when a write instruction is executed on TAODRAH, the set value is stor-
ed into the double buffer or TAODRAH. At the same time, the set value in the temporary buffer is stor-
ed into the double buffer or TAODRAL. (This structure is designed to enable the set values of the low-
er-level and higher-level registers simultaneously.) Therefore, when setting data to TAODRA, be
sure to write the data into TAODRAL and TAODRAH in this order.

See Figure 13-1 for the temporary buffer configuration.

(2) Double buffer

In the TMP89FS60V, the double buffer can be used by setting TAOCR<TAODBF>. Setting
TAOCR<TAODBEF> to "0" disables the double buffer. Setting TAOCR<TAODBF> to "1" enables
the double buffer.

See Figure 13-1 for the double buffer configuration.

- When the double buffer is enabled

When a write instruction is executed on TAODRAH during the timer operation, the set val-
ue is first stored into the double buffer, and TAODRAH/L are not updated immediately.
TAODRAH/L compare the up counter value to the last set values. If the values are match-
ed, an INTTCAUO interrupt request is generated and the double buffer set value is stored in
TAODRAH/L. Subsequently, the match detection is executed using a new set value.

When a read instruction is executed on TAODRAH/L, the double buffer value (the last
set value) is read, rather than the TAODRAH/L values (the current effective values).

When a write instruction is executed on TAODRAH/L while the timer is stopped, the set
value is immediately stored into both the double buffer and TAODRAH/L.

- When the double buffer is disabled

When a write instruction is executed on TAODRAH during the timer operation, the set val-
ue is immediately stored into TAODRAH/L. Subsequently, the match detection is executed
using a new set value.

If the values set to TAODRAH/L are smaller than the up counter value, the match detec-
tion is executed using a new set value after the up counter overflows. Therefore, the inter-
rupt request interval may be longer than the selected time. If that is a problem, enable the dou-
ble buffer.

When a write instruction is executed on TAODRAH/L while the timer is stopped, the set
value is immediately stored into TAODRAH/L.
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Figure 13-2 Timer Mode Timing Chart
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Figure 13-3 Timer Mode Timing Chart (Auto Capture)
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13.4.2 External trigger timer mode

In the external trigger timer mode, the up counter starts counting when it is triggered by the input to the
TCAO pin.

13.4.2.1  Setting

Setting the operation mode selection TAOMOD<TAOM> to "100" activates the external trigger timer
mode. Select the source clock at TAOMOD<TAOCK>.

Select the trigger edge at the trigger edge input selection TAOMOD<TAQTED>. Setting
TAOMOD<TAOTED> to "0" selects the rising edge, and setting it to "1" selects the falling edge.

Note that this mode uses the TAO input pin, and the TCAO pin must be set to the input mode before-
hand in port settings.

The operation is started by setting TAOCR<TAOS> to "1". After the timer is started, writing to
TAOMOD and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before start-
ing the timer.

13.4.2.2 Operation

After the timer is started, when the selected trigger edge is input to the TCAO pin, the up counter incre-
ments according to the selected source clock. When a match between the up counter value and the value
set to timer register A (TAODRA) is detected, an INTTCAO interrupt request is generated and the up coun-
ter is cleared to "0x0000". After being cleared, the up counter continues counting.

When TAOMOD<TAOMETT> is "1" and the edge opposite to the selected trigger edge is detected, the
up counter stops counting and is cleared to "0x0000". Subsequently, when the selected trigger edge is detec-
ted, the up counter restarts counting. In this mode, an interrupt request can be generated by detecting that
the input pulse exceeds a certain pulse width. [f TAOMOD<TAOMETT> is "0", the detection of the selec-
ted edge and the opposite edge is ignored during the period from the detection of the specified trigger
edge and the start of counting through until the match detection.

Setting TAOCR<TAOS> to "0" during the timer operation causes the up counter to stop counting and
be cleared to "0x0000".

13.4.2.3 Auto capture

Refer to "13.4.1.3 Auto capture".

13.4.2.4 Register buffer configuration

Refer to "13.4.1.4 Register buffer configuration".
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Figure 13-4 External Trigger Timer Timing Chart
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13.4.3 Event counter mode

In the event counter mode, the up counter counts up at the edge of the input to the TCAO pin.

13.4.3.1  Setting
Setting the operation mode selection TAOMOD<TAOM> to "010" activates the event counter mode.

Set the trigger edge at the external trigger input selection TAOMOD<TAOTED>. Setting
TAOMOD<TAOTED> to "0" selects the rising edge, and setting it to "1" selects the falling edge for count-
ing up.

Note that this mode uses the TAO input pin, and the TCAO pin must be set to the input mode before-
hand in port settings.

The operation is started by setting TAOCR<TAOS> to "1". After the timer is started, writing to
TAOMOD and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before start-
ing the timer.

13.4.3.2 Operation

After the event counter mode is started, when the selected trigger edge is input to the TCAO pin, the
up counter increments.

When a match between the up counter value and the value set to timer register A (TAODRA) is detec-
ted, an INTTCAO interrupt request is generated and the up counter is cleared to "0x0000". After being
cleared, the up counter continues counting and counts up at each edge of the input to the TCAO pin. Set-
ting TAOCR<TAOS> to "0" during the operation causes the up counter to stop counting and be cleared to
"0x0000".

The maximum frequency to be supplied is fcgck/2 [Hz] (in the NORMAL 1/2 or IDLE 1/2 mode) or fs/
2 [Hz] (in the SLOW 1/2 or SLEEP 1 mode), and a pulse width of two machine cycles or more is re-
quired at both the "H" and "L" levels.

13.4.3.3 Auto capture

Refer to "13.4.1.3 Auto capture".

13.4.3.4 Register buffer configuration

Refer to "13.4.1.4 Register buffer configuration".
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Figure 13-5 Event Count Mode Timing Chart

When the rising edge is selected (TAOMOD<TAOTED>="0")

\ Reflected by writing to TAODRAH

2019/08/01

Page 160



TO s H I BA TMP89FS60VEFG

TMP89FS60VUG

13.4.4 Window mode

In the window mode, the up counter counts up at the rising edge of the pulse that is logical anded product
of the input pulse to the TCAO pin (window pulse) and the internal clock.

13.4.4.1 Setting

Setting the operation mode selection TAOMOD<TAOM> to "101" activates the window mode. Select
the source clock at TAOMOD<TAOCK>.

Select the window pulse level at the trigger edge input selection TAOMOD<TAOTED>. Setting
TAOMOD<TAOTED> to "0" enables counting up as long as the window pulse is at the "H" level. Setting
TAOMOD<TAOTED> to "1" enables counting up as long as the window pulse is at the "L" level.

Note that this mode uses the TAO input pin, and the TCAO pin must be set to the input mode before-
hand in port settings.

The operation is started by setting TAOCR<TAOS> to "1". After the timer is started, writing to
TAOMOD and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before start-
ing the timer.

13.4.4.2 Operation

After the operation is started, when the level selected at TAOMOD<TAOTED> is input to the TCAO
pin, the up counter increments according to the source clock selected at TAOMOD<TAOCK>. When a
match between the up counter value and the value set to timer register A (TAODRA) is detected, an IN-
TTCAO interrupt request is generated and the up counter is cleared to "0x0000". After being cleared, the
up counter restarts counting.

The maximum frequency to be supplied must be slow enough for the program to analyze the count val-
ue. Define a frequency pulse that is sufficiently lower than the programmed internal source clock.

Setting TAOCR<TAOS> to "0" during the timer operation causes the up counter to stop counting and
be cleared to "0x0000".

13.4.4.3 Auto capture

Refer to "13.4.1.3 Auto capture".

13.4.4.4 Register buffer configuration

Refer to "13.4.1.4 Register buffer configuration".
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13.4.5 Pulse width measurement mode

In the pulse width measurement mode, the up counter starts counting at the rising/falling edge(s) of the in-
put to the TCAO pin and measures the input pulse width based on the internal clock.

13.4.5.1 Setting

Setting the operation mode selection TAOMOD<TAOM> to "110" activates the pulse width measure-
ment mode. Select the source clock at TAOMOD<TAOCK>.

Select the trigger edge at the trigger edge input selection TAOMOD<TAQTED>. Setting
TAOMOD<TAOTED> to "0" selects the rising edge, and setting it to "1" selects the falling edge as a trig-
ger to start the capture.

The operation after capturing is determined by the pulse width measurement mode control
TAOMOD<TAOMCAP>. Setting TAOMOD<TAOMCAP> to "0" selects the double-edge capture. Setting
TAOMOD<TAOMCAP> to "1" selects the single-edge capture.

The operation to be executed in case of an overflow of the up counter can be selected at the overflow in-
terrupt control TAOCR<TAOOVE>. Setting TAOOVE to "1" makes an INTTCAO interrupt request occur
in case of an overflow. Setting TAOOVE to "0" makes no INTTCAQO interrupt request occur in case of an
overflow.

Note that this mode uses the TAO input pin, and the TCAO pin must be set to the input mode before-
hand in port settings.

The operation is started by setting TAOCR<TAOS> to "1". In this time, TAODRA and TAODRB regis-
ter are initialized to "0x0000". After the timer is started, writing to TAOMOD and TAOCR<TAOOVE> is dis-
abled. Be sure to complete the required mode settings before starting the timer.

13.4.5.2 Operation

After the timer is started, when the selected trigger edge (start edge) is input to the TCAO pin, IN-
TTCAO interrupt request is generated, and then the up counter increments according to the selected
source clock. Subsequently, when the edge opposite to the selected edge is detected, the up counter value
is captured into TAODRB, an INTTCAO interrupt request is generated, and TAOSR<TAOCPFB> is set to
"1". Depending on the TAOMOD<TAOMCAP> setting, the operation differs as follows:

Double-edge capture (When TAOMOD<TAOMCAP> is "0")

The up counter continues counting up after the edge opposite to the selected edge is detec-
ted. Subsequently, when the selected trigger edge is input, the up counter value is captured in-
to TAODRA, an INTTCAO interrupt request is generated, and TAOSR<TAOCPFA> is set to
"1". At this time, the up counter is cleared to "0x0000".

Single-edge capture (When TAOMOD<TAOMCAP> is "1")

The up counter stops counting up and is cleared to "0x0000" when the edge opposite to the se-
lected edge is detected. Subsequently, when the start edge is input, INTTCAO interrupt request
is generated, and then the up counter restarts increment.

When the up counter overflows during capturing, the overflow flag TAOSR<TAOOVF> is set to "1".
At this time, an INTTCAO interrupt request occurs if the overflow interrupt control TAOCR<TAOOVE>
is set to "1".

The capture completion flags (TAOSR<TAOCPFA, TAOCPFB> and the overflow flag
(TAOSR<TAOOVEF>) are cleared to "0" automatically when TAOSR is read.
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The captured value must be read from TAODRB (and also from TAODRA for the double-edge capture)
before the next trigger edge is detected. If the captured value is not read, it becomes undefined. TAODRA
and TAODRB must be read by using a 16-bit access instruction.

Setting TAOCR<TAOS> to "0" during the timer operation causes the up counter to stop counting and
be cleared to "0x0000".

Note 1: After the timer is started, if the edge opposite to the selected trigger edge is detected first, no cap-

ture is executed and no INTTCAQO interrupt request occurs. In this case, the capture starts when the se-
lected trigger edge is detected next.
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Figure 13-7 Pulse Width Measurement Mode Timing Chart
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13.4.5.3 Capture process

Figure 13-8 shows an example of the capture process for INTTCAO interrupt subroutine. The capture
edge or overflow state can be easily judged by status register (TAOSR).

INTTCAQO interrupt
subroutin
TAOSR read

INTTCAO interrupt
subroutine

TAOSR read

Error handling Error handling

1 (Capture)

TAODRB read

No Capture

1 (Capture)

TAODRA read

Capture value
handling
T

RETI

Interrupt process for single-edge capture Interrupt process for double-edge capture

Figure 13-8 Example of capture process
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13.4.6 Programmable pulse generate (PPG) mode

In the PPG output mode, an arbitrary duty pulse is output by two timer registers.

13.4.6.1  Setting

Setting the operation mode selection TAOMOD<TAOM> to "011" activates the PPG output mode. Se-
lect the source clock at TAOMOD<TAOCK>. Select continuous or one-shot PPG output at
TAOCR<TAOMPPG>.

Set the PPG output cycle at TAODRA and set the time until the output is reversed first at TAODRB.
Be sure to set register values so that TAODRA is larger than TAODRB.

Note that this mode uses the PPGAO pin. the PPGAO pin must be set to the output mode beforehand in
port settings.

Set the initial state of the PPGAO pin at the timer flip-flop TAOCR<TAOTFF>. Setting
TAOCR<TAOTFF> to "1" selects the "H" level as the initial state of the PPGAO pin. Setting
TAOCR<TAOTFF> to "0" selects the "L" level as the initial state of the PPGAO pin.

The operation is started by setting TAOCR<TAO0S> to "1". After the timer is started, writing to
TAOMOD and TAOCR<TAOOVE, TAOTFF> is disabled. Be sure to complete the required mode settings
before starting the timer.

13.4.6.2 Operation

after the timer is started, the up counter increments .

When a match between the up counter value and the value set to timer register B (TAODRB) is detec-
ted, the PPGAO pin is changed to the "H" level if TAOCR<TAOTFF> is "0", or the PPGAO pin is
changed to the "L" level if TAOCR<TAOTFF>is "1".

Subsequently, the up counter continues counting. When a match between the up counter value and the val-
ue set to timer register A (TAODRA) is detected, the PPGAO pin is changed to the "L" level if
TAOCR<TAOTEFF> is "0", or the PPGAO pin is changed to the "H" level if TAOCR<TAOTFF>is "1".
At this time, an INTTCAO interrupt request occurs. If the PPG output control TAOCR<TAOMPPG> is set
to "1" (one-shot), TAOCR<TAOS> is automatically cleared to "0" and the timer stops.

If TAOCR<TAOMPPG> is set to "0" (continuous), the up counter is cleared to "0x0000" and continues
counting and PPG output. When TAOCR<TAOS> is set to "0" (including the auto stop by the one-shot op-
eration) during the PPG output, the PPGAO pin returns to the level set in TAOCR<TAOTFF>.

TAOCR<TAOMPPG> can be changed during the operation. Changing TAOCR<TAOMPPG> from "1"
to "0" during the operation cancels the one-shot operation and enables the continuous operation. Chang-
ing TAOCR<TAOMPPG> from "0" to "1" during the operation clears TAOCR<TAO0S> to "0" and stops
the timer automatically after the current pulse output is completed.

Timer registers A and B can be set to the double buffer. Setting TAOCR<TAODBF> to "1" enables the
double buffer. When the values set to TAODRA and TAODRB are changed during the PPG output with
the double buffer enabled, the writing to TAODRA and TAODRB will not immediately become effective
but will become effective when a match between TAODRA and the up counter is detected. If the double buf-
fer is disabled, the writing to TAODRA and TAODRB will become effective immediately. If the written val-
ue is smaller than the up counter value, the up counter overflows. After a cycle, the counter match proc-
ess is executed to reverse the output.
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13.4.6.3 Register buffer configuration

(1)  Temporary buffer

The TMP89FS60V contains an 8-bit temporary buffer. When a write instruction is executed on
TAODRAL (TAODRBL), the data is first stored into this temporary buffer, whether the double buf-
fer is enabled or disabled. Subsequently, when a write instruction is executed on TAODRAH
(TAODRBH), the set value is stored into the double buffer or TAODRAH (TAODRBH). At the
same time, the set value in the temporary buffer is stored into the double buffer or TAODRAL
(TAODRBL). (This structure is designed to enable the set values of the lower-level register and the
higher-level register simultaneously.) Therefore, when setting data to TAODRA (TAODRB), be sure
to write the data into TAODRAL and TAODRAH (TAODRBL and TAODRBH) in this order.

See Figure 13-1 for the temporary buffer configuration.

(2) Double buffer

In the TMP89FS60V, the double buffer can be used by setting TAOCR<TAODBF>. Setting
TAOCR<TAODBEF> to "0" disables the double buffer. Setting TAOCR<TAODBF> to "1" enables
the double buffer.

See Figure 13-1 for the double buffer configuration.

- When the double buffer is enabled

When a write instruction is executed on TAODRAH (TAODRBH) during the timer opera-
tion, the set value is first stored into the double buffer, and TAODRAH/L are not updated im-
mediately. TAODRAH/L (TAODRBH/L) compare the last set values to the counter value.
If a match is detected, an INTTCAO interrupt request is generated and the double buffer
set value is stored into TAODRAH/L (TAODRBH/L). Subsequently, the match detection is
executed using a new set value.

When a read instruction is executed on TAODRAH/L (TAODRBH/L), the double buffer
value (the last set value) is read, not the TAODRAH/L (TAODRBH/L) values (the current ef-
fective values).

When a write instruction is executed on TAODRAH/L (TAODRBH/L) while the timer is
stopped, the set value is immediately stored into both the double buffer and TAODRAH/L
(TAODRBH/L).

- When the double buffer is disabled

When a write instruction is executed on TAODRAH (TAODRBH) during the timer opera-
tion, the set value is immediately stored in TAODRAH/L (TAODRBH/L). Subsequently,
the match detection is executed using a new set value.

If the values set to TAODRAH/L (TAODRBH/L) are smaller than the up counter value,
the up counter overflows and the match detection is executed using a new set value. As a re-
sult, the output pulse width may be longer than the set time. If that is a problem, enable
the double buffer.

When a write instruction is executed on TAODRAH/L (TAODRBH/L) while the timer is
stopped, the set value is immediately stored into TAODRAH/L (TAODRBH/L).
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13.5 Noise Canceller

The digital noise canceller can be used in the operation modes that use the TCAO pin.

13.5.1 Setting

When the digital noise canceller is used, the input level is sampled at the sampling intervals set at
TAOCR<TAONC>. When the same level is detected three times consecutively, the level of the input to the tim-
er is changed.

Setting TAOCR<TAONC> to any values than "00" allows the noise canceller to start operation, regardless
of the TAOCR<TAO0S> value.

When the noise canceller is used, allow the timer to start after a period of time that is equal to four times
the sampling interval after TAOCR<TAONC> is set has elapsed. This stabilizes the input signal.

Set TAOCR<TAONC> while the timer is stopped (TAOCR<TAO0S> = "0"). When TAOCR<TAO0S> is "1",
writing is ignored.

In the SLOW 1/2 or SLEEP 1 mode, setting TAOCR<TAONC> to "11" selects fs/2 as the source clock for
the operation. Setting TAOCR<TAONC> to "00" disables the noise canceller. Setting TAOCR<TAONC> to
"01" or "10" disables the TCAO pin input.

Table 13-4 Noise Cancel Time ( fcgck = 10 [MHz] )

TAONC Sampling interval Time removed as noise | Time regarded as signal
00 None
01 200 ns (2/fcgck) 600 ns or less 800 ns or more
10 400 ns (4/fcgck) 1.2 ys or less 1.6 ys or more
11 25.6 ps (256/fcgck) 76.8 us or less 102.4 ys or more
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14. 8-bit Timer Counter (TCO)

The TMP89FS60V contains 4 channels of high-performance 8-bit timer counters (TCO0). Each timer can be
used for time measurement and pulse output with a prescribed width. Two 8-bit timer counters are cascadable to

form a 16-bit timer.

This chapter describes 2 channels of 8-bit timer counters 00 and 01. For 8-bit timer counters 02 and 03, replace
the SFR addresses and pin names as shown in Table 14-1 and Table 14-2.

Table 14-1 SFR Address Assignment

) TOXREG TOXPWM TOXMOD TOxxCR Low power
16-bit mode consumption
(Address) (Address) (Address) (Address) register
. TOOREG TOOPWM TOOMOD
Timer counter 00 Lower
(0x0026) (0x0028) (0x002A) TOO1CR POFFCRO
, ) TO1REG TO1PWM | TO1MOD (0x002C) | <TCOO1EN>
Timer counter 01 Higher
(0x0027) (0x0029) (0x002B)
) TO2REG TO2PWM TO2MOD
Timer counter 02 Lower
(0xOF88) (0xOF8A) | (0xOF8C) T023CR POFFCRO
, ) TO3REG TO3PWM | To3MOD | (OxOF8E) | <TCO23EN>
Timer counter 03 Higher
(0x0F89) (OxOF8B) (OxOF8D)

Table 14-2 Pin Names

Timer input pin PWM output pin PPG output pin
Timer counter 00 TCO0 pin PWMO pin PPGO pin
Timer counter 01 TCO1 pin PWMT1 pin PPG1 pin
Timer counter 02 TCO02 pin PWM2 pin PPG2 pin
Timer counter 03 TCO03 pin PWM3 pin PPG3 pin
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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 timer counter 00 is controlled by the timer counter 00 mode register (TOOMOD) and two 8-bit timer reg-

isters (TOOREG and TOOPWM).

Timer register 00

TOOREG 15 14 13 12 11 10 9 8
(0x0026) Bit Symbol TOOREG

Read/Write R/W

After reset 1 1 1 1 1 1 1 1

Timer register 00

TOOPWM 7 6 5 4 3 2 1 0
(0x0028) Bit Symbol TOOPWM

Read/Write R/W

After reset 1 1 1 1 1 1

1

1

Note 1: For the configuration of TOOPWM in the 8-bit and 12-bit PWM modes, refer to "14.4.3 8-bit pulse width modulation

(PWM) output mode" and "14.4.7 12-bit pulse width modulation (PWM) output mode".
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Timer counter 00 mode register
TOOMOD 7 6 5 4 3 2 1 0
(0x002A) Bit Symbol TFFO DBEO TCKO EINO TCMO
Read/Write R/W R/W R/W 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 buffer control
1| Enable the double buffer
NORMAL1/2 or IDLE1/2 mode
SLOW1/2 or SLEEP1
SYSCR1<DV9CK> SYSCR1<DV9CK> mode
="Q" =""
000 fcgek/2™ fs/24 fs/24
001 fcgek/21° fs/23 fs/23
TCKO Operation clock selection 010 fegek/2® fegek/2® -
011 fcgek/28 fcgek/28 -
100 fcgek/24 fcgek/24 -
101 fcgek/2? fcgck/22 -
110 fcgek/2 fcgck/2 -
111 fegek fcgek fs/22
i ) 0 | Select the internal clock as the source clock.
EINO Selection for using external 1| Select an external clock as the source clock.
source clock
(the falling edge of the TCOO pin)
00 | 8-bit timer/event counter modes
01 | 8-bit timer/event counter modes
TCMO Operation mode selection
10 | 8-bit pulse width modulation output (PWM) mode
11 | 8-bit programmable pulse generate (PPG) mode
Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]
Note 2: Set TOOMOD while the timer is stopped. Writing data into TOOMOD is invalid during the timer operation.
Note 3: In the 8-bit timer/event modes, the TFFO setting is invalid. In this mode, when the PWMO and PPGO pins are set as
the function output pins in the port setting, the pins always output the "H" level.
Note 4: When EINO is set to "1" and the external clock input is selected as the source clock, the TCKO setting is ignored.
Note 5: When the 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 PWMO and PPGO pins are set to the function output pins
in the port setting, the pins always output the "H" level.
Note 6: When the 16-bit mode is selected at TOO1CR<TCAS>, the timer start is controlled at TO01CR<TO1RUN>. Timer 00
is not started by writing data into TO01CR<TOORUN>.
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14.2.2 Timer counter 01

Timer counter 01 is controlled by timer counter 01 mode register (TOIMOD) and two 8-bit timer registers
(TOIREG and TO1PWM).

Timer register 01

TO1REG 15 14 13 12 11 10 9 8

TO1REG

(0x0027)

Bit Symbol

Read/Write

R/W

After reset 1 1 1 1 1 1 1 1

Timer register 01

TO1PWM 7 6 5 4 3 2 1 0
(0x0029)

Bit Symbol TO1PWM

Read/Write 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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Timer counter 01 mode register
TO1MOD 7 6 5 4 3 2 1 0
(0x002B) Bit Symbol TFF1 DBE1 TCK1 EIN1 TCM1
Read/Write R/W R/W R/W R/W 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 fcgek/2™ fs/24 fs/24
001 fcgek/21° fs/23 fs/23
TCK1 Operation clock selection 010 fcgek/2® fegek/2° -
011 fcgek/28 fcgek/28 -
100 fcgek/24 fcgek/24 -
101 fcgek/2? fcgek/2? -
110 fcgek/2 fcgek/2 -
111 fcgek fcgek fs/22
. . 0 [ Select the internal clock as the source clock.
Selection for using external )
EIN1 source clock 1| Select an external clock as the source clock. (the falling edge of the
TCO1 pin)
TO01CR<TCAS>="0" TOO1CR<TCAS>="1"
(8-bit mode) (16-bit mode)
00 | 8-bit timer/event counter modes 16-bit timer/event counter modes
TCMA Operation mode selection 01 | 8-bit timer/event counter modes 16-bit timer/event counter modes
10 | 8-bit pulse width modulation 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 TO1MOD while the timer is stopped. Writing data into TO1MOD 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

Timer counters 00 and 01 have the low power consumption register (POFFCRO) and timer 00 and 01 con-
trol registers in common.

Low power consumption register 0

POFFCRO 7 6 5 4 3 2 1 0
(0x0F74) Bit Symbol - - TCO023EN TCOO01EN - - TCA1EN TCAOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
TCO023EN | TC23 control
1| Enable
0 | Disable
TCOO1EN | TCO1control
1| Enable
0 | Disable
TCA1EN TCA1 control
1| Enable
0 | Disable
TCAOEN TCAO control
1| Enable
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Timer counter 01 control register
TO01CR 7 6 5 4 3 2 1 0
(0x002C) Bit Symbol - - - - OUTAND TCAS TO1RUN TOORUN
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Output the timer 00 output from the PWMO and PPGO pins and the tim-
. er 01 output from the PWM1 and PPG1 pins.
OUTAND | Timers 00 and 01 output control 1| Output a pulse that is a logical ANDed product of the outputs of
timers 00 and 01 from the PWM1 and PPG1 pins.
) 0 | Use timers 00 and 01 independently (8-bit mode).
TCAS Timers 00 and 01 cascade control . .
1 | Cascade timers 00 and 01 (16-bit mode).
Timer 01 control 0 | Stop and clear the counter
TO1RUN Timers 00/01 control 1| Start
(16-bit mode)
. 0 | Stop and clear the counter
TOORUN Timer 00 control
1| Start

Note 1: When STOP mode is started, TOORUN and TO1RUN are cleared to "0" and the timers stop. Set TO01CR again to
use timers 00 and 01 after STOP mode is released.

Note 2: When a read instruction is executed on TO01CR, bits 7 to 4 are read as "0".

Note 3: When OUTAND is "1", output is obtained from the PWM1 and PPG1 pins only. There is no timer output to the
PWMO0 and PPGO pins. If the PWMO and PPGO pins are set as the function output pins in the port setting, the pins al-
ways output "H".

Note 4: OUTAND and TCAS can be changed only when both TCO1RUN and TCOORUN are "0". When either TCO1RUN or
TCOORUN is "1" or both are "1", the register values remain unchanged by executing write instructions on OUTAND
and TCAS. OUTAND and TCAS can be changed at the same time as TCO1RUN and TCOORUN are changed from
"0" to ™"
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14.2.4 Operation modes and usable source clocks
The operations modes of the 8-bit timers and the usable source clocks are listed below.
Table 14-3 Operation Modes and Usable Source Clocks (NORMAL1/2 and IDLE1/2 modes)
TCKO 000 001 010 011 100 101 110 111
fogek/21 | fegek/21 TCOi
Operation mode or or fcgck/28 fcgek/28 fcgek/24 fcgek/22 fcgek/2 fcgck pin input
fs/24 fs/23
8-bit timer o] o] o] o] o] o] o] o] -
8-bit | g pit event counter - - - - - - - - (¢}
timer -
modes | 8Pt PWM o] o] o] o] o o] o] o] -
8-bit PPG o o (e} (e} o O O O
16-bit timer O O o O o 0} o O -
16-bit | 16.pit event counter - - - - - - - - o
timer -
modes | 12-bit PWM 0 o]
16-bit PPG o] o] o] o] o] o] o] o] o]

Note 1: O: Usable, -: Unusable
Note 2: Set the source clock in the 16-bit modes on the TC01 side (TCK1).

Note 3: When the low-frequency clock, fs, is not oscillating, it must not be selected as the source clock. If fs is selected
when it is not oscillating, no source clock is supplied to the timer, and the timer remains stopped.

Note 4: =0, 1 (i=0 only in the 16-bit modes)
Note 5: The operation modes of the 8-bit timers and the usable 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 11 TCOi
Operation mode fs/24 fs/23 - - - - - fs/22 pin input
8-bit timer (0] (e} - - - - - [e) -
8-bit | g hit event counter - - - - - - - - 0o
timer -
modes 8-bit PWM o (6] - - - - - 0 -
8-bit PPG o] o] - - - - - o
16-bit timer o} o - - - - - 0 -
16-bit | 46.pit event counter - - - - - - - - 1)
timer -
modes | 12-bit PWM o o - - - - - 0
16-bit PPG (0] (6] - - - - - o) 0

Note 1: O: Usable, -: Unusable
Note 2: Set the source clock in the 16-bit modes on the TCO1 side (TCK1).
Note 3: =0, 1 (i=0 only in the 16-bit modes)
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14.3 Low Power Consumption Function

Timer counters 00 and 01 have the low power consumption registers (POFFCRO) that save power when the
timers are not used.

Setting POFFCRO<TCOO1EN> to "0" disables the basic clock supply to timer counters 00 and 01 to save pow-
er. Note that this renders the timers unusable. Setting POFFCRO<TCOO1EN> to "1" enables the basic clock sup-

ply to timer counters 00 and 01 and allows the timers to operate.

After reset, POFFCRO<TCOO1EN> are initialized to "0", and this makes the timers unusable. When using the
timers for the first time, be sure to set POFFCRO<TCO01EN> to "1" in the initial setting of the program (before

the timer control registers are operated).

Do not change POFFCRO<TCOO1EN> to "0" during the timer operation. Otherwise timer counters 00 and 01
may operate unexpectedly.
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14.4 Functions

Timer counters TC00 and TCO1 have 8-bit modes in which they are used independently and 16-bit modes in
which they are cascaded.

The 8-bit modes include four operation modes; the 8-bit timer mode, the 8-bit event counter mode, the 8-bit
pulse width modulation output (PWM) mode and the 8-bit programmable pulse generated output (PPG) mode.

The 16-bit modes include four operation modes; the 16-bit timer mode, the 16-bit event counter mode, the 12-
bit PWM mode and the 16-bit PPG mode.

14.4.1 8-bit timer mode

In the 8-bit timer mode, the up-counter counts up using the internal clock, and interrupts can be generated reg-
ularly at specified times. The operation of TCOO is described below, and the same applies to the operation of
TCO1. (Replace TC00- by TCO1-).

14411  Setting

TCO00 is put into the 8-bit timer mode by setting TOOMOD<TCMO0> to "00" or "01", TOOICR<TCAS>
to "0" and TOOMOD<EINO> to "0". Select the source clock at TOOMOD<TCKO>. Set the count value to
be used for the match detection as an 8-bit value at the timer register TOOREG.

Set TOOMOD<DBEO> to "1" to use the double buffer.

Setting TOO1CR<TOORUN> to "1" starts the operation. After the timer is started, writing to TOOMOD be-
comes invalid. Be sure to complete the required mode settings before starting the timer.

14.4.1.2 Operation

Setting TOO1CR<TOORUN> to "1" allows the 8-bit up counter to increment based on the selected inter-
nal source clock. When a match between the up counter value and the TOOREG set value is detected, an
INTTCOO0 interrupt request is generated and the up counter is cleared to "0x00". After being cleared, the
up counter restarts counting. Setting TO01CR<TOORUN> to "0" during the timer operation makes the up
counter stop counting and be cleared to "0x00".

14.4.1.3 Double buffer

The double buffer can be used for TOOREG by setting TOOMOD<DBEOQ>. The double buffer is disa-
bled by setting TOOMOD<DBEO> to "0" or enabled by setting TOOMOD<DBEO> to "1".

When the double buffer is enabled

When a write instruction is executed on TOOREG during the timer operation, the set value
is initially stored in the double buffer, and TOOREG is not immediately updated. TOOREG com-
pares the previous set value with the up counter value. When the values match, an INTTCOO in-
terrupt request is generated and the double buffer set value is stored in TOOREG. Subsequent-
ly, the match detection is executed using a new set value.

When a write instruction is executed on TOOREG while the timer is stopped, the set value is
immediately stored in both the double buffer and TOOREG.

When the double buffer is disabled

When a write instruction is executed on TOOREG during the timer operation, the set value
is immediately stored in TOOREG. Subsequently, the match detection is executed using a new
set value.

If the value set to TOOREG is smaller than the up counter value, the match detection is execu-
ted using a new set value after the up counter overflows. Therefore, the interrupt request inter-
val may be longer than the selected time. If the value set to TOOREG is equal to the up coun-
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ter value, the match detection is executed immediately after data is written into TOOREG. There-
fore, the interrupt request interval may not be an integral multiple of the source clock (Figure
14-3). If these are problems, enable the double buffer.

When a write instruction is executed on TOOREG while the timer is stopped, the set value is
immediately stored in TOOREG.

When a read instruction is executed on TOOREG, the last value written into TOOREG is read out, regard-
less of the TOOMOD<DBEO> setting.

Table 14-5 8-bit Timer Mode Resolution and Maximum Time Setting

Source clock [Hz] Resolution Maximum time setting
TOOMOD NORMAL1/2 or IDLE1/2 mode
<TCKO> | 5ySCR1<DVOCK> | SYSCR1<DVICK> SEE(E\F’,\T/ri;Je fegck=10MHz | fs=32.768kHz | fogck=10MHz | fs=32.768kHz
="0" ="1"
000 fcgek/2' fs/24 fs/24 204.8us 488.2us 52.2ms 124.5ms
001 fcgck/21° fs/23 fs/23 102.4us 244 1us 26.1ms 62.3ms
010 fcgck/28 fcgek/28 - 25.6ps - 6.5ms -
011 fcgck/28 fcgek/2° - 6.4us - 1.6ms -
100 fcgck/24 fcgek/24 - 1.6us - 408ps -
101 fcgck/22 fcgek/22 - 400ns - 102us -
110 fcgek/2 fcgek/2 - 200ns - 51us -
111 fcgek fcgek fs/22 100ns 122.1pus 25.5us 31.1ms

(Example) Operate TCOO in the 8-bit timer mode with the operation clock of fcgck/2? [Hz] and generate interrupts at
64 ps intervals (fcgck = 10 MHz)

LD (POFFCRO0),0x10 ; Sets TCOO1EN to "1"

[n]] ; Sets the interrupt master enable flag to "disable"
SET (EIRH).4 ; Sets the 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 (64ps / (2%/fcgck) = 0xA0)
SET (TO01CR).0 ; Starts TC00
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Source clock
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TOOREG m Q n ?
L v 2

INTTCOO interrupt request Reflected by writing to TOOREG ﬂ ﬂ

TO01CR<TOORUN>

TOOMOD<DBEO>

Source clock

Counter

Write to TOOREG

Double buffer

TOOREG

\Reflected by writing to TOOREG
When the double buffer is disabled (TOOMOD<DBEO0>="0")

¢ Timer start

— e

lCounter clear A Counter Clear

k"

A

erte m erte n

¥
m Xn

m Match detection @

)

Match detection (|> n Match detection (|>

Reflected at the same time Reflected b
. & as data is written into TOOREG +J +J a:i:t(;?ru ty +J
INTTCOO interrupt request while the timer is stopped ” H P H

When the double buffer is enabled (TOOMOD<DBEO0>="1")
Figure 14-2 Timer Mode Timing Chart

TOOMOD<DBEO>

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

|_|)

INTTCOO interrupt request

Figure 14-3 Operation When TOOREG and the Up Counter Have the Same Value
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14.4.2 8-bit event counter mode

In the 8-bit event counter mode, the up counter counts up at the falling edge of the input to the TCO0 or
TCO1 pin. The operation of TCOO is described below, and the same applies to the operation of TCOL.

14421 Setting

TCO00 is put into the 8-bit event counter mode by setting TOOMOD<TCMO0> to "00", TOO1CR<TCAS>
to "0" and TOOMOD<EINO> to "1". Set the count value to be used for the match detection as an 8-bit val-
ue at the timer register TOOREG.

Set TOOMOD<DBEO> to "1" to use the double buffer.

Setting TOO1CR<TOORUN> to "1" starts the operation. After the timer is started, writing to TOOMOD be-
comes invalid. Be sure to complete the required mode settings before starting the timer.

14.4.2.2 Operation

Setting TOOICR<TOORUN> to "1" allows the 8-bit up counter to increment at the falling edge of the
TCO00 pin. When a match between the up-counter value and the TOOREG set value is detected, an
INTTCOO0 interrupt request is generated and the up counter is cleared to "0x00". After being cleared, the
up counter restarts counting. Setting TO01CR<TOORUN> to "0" during the timer operation makes the up
counter stop counting and be cleared to "0x00".

The maximum frequency to be supplied is fcgek/2? [Hz] (in NORMALI1/2 or IDLE1/2 mode) or fs/24
[Hz] (in SLOW1/2 or SLEEP1 mode), and a pulse width of two machine cycles or more is required at
both the "H" and "L" levels.

14.4.2.3 Double buffer

Refer to "14.4.1.3 Double buffer".

(Example) Operate TCOO in the 8-bit event counter mode and generate an interrupt each time 16 falling edges are de-
tected 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 (TO01CR).0 ; Starts TC00
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TOO1CR<TOORUN>

TCOO pin input

Counter

Write to TOOREG

TOOREG

INTTCOO interrupt

¢ Timer start

¢Timer stop

UL

UL

A Counter clear A Counter clear
[ Write m [ Write n
Match detection Match detection
m <|) n (|>
L v .
request Reflected by writing to TOOREG H H

N\ Reflected by writing to TOOREG

When the double buffer is disabled (TOOMOD<DBE0>="0")

Figure 14-4 Event Counter Mode Timing Chart
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14.4.3 8-bit pulse width modulation (PWM) output mode

The pulse-width modulated pulses with a resolution of 7 bits are output in the §-bit PWM mode. An addition-
al pulse can be added to the 2 % n-th duty pulse. This enables PWM output with a resolution nearly equiva-
lent to 8 bits. (n=1, 2, 3...)

The operation of TCOO0 is described below, and the same applies to the operation of TCO1.

14.4.3.1  Setting

TCOO is put into the 8-bit PWM mode by setting TOOMOD<TCMO0> to "10" and TO01CR<TCAS> to
"0". Set TOOMOD<EINO> to "0" and select the clock at TOOMOD<TCKO0>. Set the count value to be
used for the match detection and the additional pulse value at the PWM register TOOPWM.

Set TOOMOD<DBEO> to "1" to use the double buffer.

Setting TOO1CR<TOORUN> to "1" starts the operation. After the timer is started, writing to TOOMOD be-
comes invalid. Be sure to complete the required mode settings before starting the timer.

In the 8-bit PWM mode, the TOOPWM register is configured as follows:

Timer register 00

TOOPWM 7 6 5 4 3 2 1 0

(0x0028) Bit Symbol PWMDUTY PWMAD
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 1 1 1 1 1 1 1 1

Timer register 01

TO1PWM 7 6 5 4 3 2 1 0

(0x0029) Bit Symbol PWMDUTY PWMAD
Read/Write R/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-bit register used to set the duty pulse width value (the time before the first output
change) in a cycle (128 counts of the source clock).

PWMAD is a register used to set the additional pulse. When PWMAD is "1", an additional pulse that cor-
responds to 1 count of the source clock is added to the 2 x n-th duty pulse (n=1, 2, 3...). In other words,
the 2 x n-th duty pulse has the output of PWMDUTY+1.

The additional pulse is not added when PWMAD is "0".
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(TFF0="0") ) > i< ) T
128 counts 128 counts
(cycle width) (cycle width)
INTTCOO interrupt |' |' |'
request —
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6

Figure 14-5 PWMO Pulse Output

Set the initial state of the PWMO pin at TOOMOD<TFFO0>. Setting TOOMOD<TFF0> to "0" selects the
"L" level as the initial state of the PWMO pin. Setting TOOMOD<TFF0> to "1" selects the "H" level as
the initial state of the PWMO pin. If the PWMO pin is set as the function output pin in the port setting
while the timer is stopped, the value of TOOMOD<TFF0> is output to the PWMO pin. Table 14-6 shows
the list of output levels of the PWMO pin.

Table 14-6 List of Output Levels of PWMO Pin

PWMO pin output level
TOOPWM
TFFO Before the start <PWMDUTY> Operation stop-
of operation matched Overflow ped
(initial state) (after the addi- (initial state)
tional pulse)
0 L H L L
1 H L H H

And by setting "1" to TOO1CR<OUTAND> bit, a logical product (AND) pulse of TC00 and TCO1’s out-
put can be output to PWMO pin. By using this function, the remote-control waveform can be created eaily.

14.4.3.2 Operations

Setting TOO1CR<TOORUN> to "1" allows the up counter to increment based on the selected source
clock. When a match between the lower 7 bits of the up counter value and the value set to
TOOPWM<PWMDUTY> is detected, the output of the PWMO pin is reversed. When TOOMOD<TFF0>
is "0", the PWMO pin changes from the "L" to "H" level. When TOOMOD<TFFO0> is "1", the PWMO pin
changes from the "H" to "L" level.

If TOOPWM<PWMAD> is "1", an additional pulse that corresponds to 1 count of the source clock is add-
ed at the 2 x n-th match detection (n=1, 2, 3...). In other words, the PWMO pin output is reversed at the tim-
ing of TOOPWM<PWMDUTY>+1. When TOOMOD<TFF0> is "0", the period of the "L" level becomes lon-
ger than the value set to TOOSPWMDUTY> by 1 source clock. When TOOMOD<TFFO0> is "1", the peri-
od of the "H" level becomes longer than the value set to TOOPWM<PWMDUTY> by 1 source clock.
This function allows two cycles of output pulses to be handled with a resolution nearly equivalent to 8 bits.

No additional pulse is inserted when TOOPWM<PWMAD> is "0".

Subsequently, the up counter continues counting up. When the up counter value reaches 128, an over-
flow occurs and the up counter is cleared to "0x00". At the same time, the output of the PWMO pin is re-
versed. When TOOMOD<TFFO0> is "0", the PWMO pin changes from the "H" to "L" level. When
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TOOMOD<TFFO0> is "1", the PWMO pin changes from the "L" to "H" level. If the 2 X n-th overflow oc-
curs at this time, an INTTCOO interrupt request is generated. (No interrupt request is generated at the 2 x
n-th -1 overflow.) Subsequently, the up counter continues counting up.

When TOOICR<TOORUN> is set to "0" during the timer operation, the up counter is stopped and
cleared to "0x00". The PWMO pin returns to the level selected at TOOMOD<TFF0>.

(Example) Operate TCOO in the 8-bit PWM mode with the operation clock of fcgck/2 and output a duty pulse nearly
equivalent to 11.6 ys (fcgck = 10 MHz)

(Actually, output a total duty pulse of 23.2 s in 2 cycles (51.2 us))

TO01CR<TOORUN>
TOOMOD<TFFO0>

Source clock

Counter

Write to TOOPWM

Double buffer

TOOPWM
<PWMAD>

TOOPWM
<PWMDUTY>

PWMO pin output

INTTCOO interrupt

SET (P7FC).0
SET (P7CR).0
LD (POFFCRO0),0x10
DI
SET (EIRH).4
El
LD (TOOMOD),0xF2
LD (TOOPWM),0x74
SET (TO01CR).0

¢ Timer start

; Sets P7FCO to "1"
; Sets P7CRO to "1"
; Sets TCOO1EN to "1"

; Sets the interrupt master enable flag to "disable”

; Sets the INTTCOO interrupt enable register to "1"

; Sets the interrupt master enable flag to "enable”

; Selects the 8-bit PWM mode and fcgck/2

; Sets the timer register (duty pulse)

; (11.6us x 2) / (2/fcgcl
; Starts TC00

K) = 0x74

Timer stop ¢

JUuy

request

Overflow Overflow Overflow
128 128 128 128
30D 00N 0T H00NODN00N0EN00 e
Counter Counter Counter Counter
clear clear clear clear
[ Write m [ Write r Write s
m r s
\V o ‘V
Reflected by an _T Reflected by an
vinterrupt request \ interrupt request
|
m @Match detection QMatch detectionip r ¢Match detection QMatch detectioniA s
Becomes the level selected at —» Additional pulsei Returns to the
TFFO while the timer is stopped ) ) ! level selected
No interrupt request No interrupt request at TEFO
is generated ] Interrupt request is generated ]
<> <« <« <>
m m i r i r+1
(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)
' < 3 | ¢ 3 | ¢ 3 | ¢ )
1 128 counts 1 128 counts 1 128 counts 1 128 counts
(Cycle 1) (Cycle 2) (Cycle 3) (Cycle 4)

When the double buffer is enabled (TOOMOD<DBE0>="1")

Figure 14-6 8-bit PWM Mode Timing Chart
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14.4.3.3 Double buffer

The double buffer can be used for TOOPWM by setting TOOMOD<DBEO>. The double buffer is disa-
bled by setting TOOMOD<DBEO> to "0" or enabled by setting TOOMOD<DBEO> to "1".

When the double buffer is enabled

When a write instruction is executed on TOOPWM during the timer operation, the set value
is first stored in the double buffer, and TOOPWM is not updated immediately. TOOPWM com-
pares the previous set value with the up counter value. When the 2 x n-th overflow occurs, an
INTTCOO interrupt request is generated and the double buffer set value is stored in TOOPWM.
Subsequently, the match detection is executed using a new set value.

When a read instruction is executed on TOOPWM, the value in the double buffer (the last
set value) is read out, not the TOOPWM value (the currently effective value).

When a write instruction is executed on TOOPWM while the timer is stopped, the set value
is immediately stored in both the double buffer and TOOPWM.

When the double buffer is disabled

When a write instruction is executed on TOOPWM during the timer operation, the set value
is immediately stored in TOOPWM. Subsequently, the match detection is executed using a new
set value. If the value set to TOOPWM is smaller than the up counter value, the PWMO pin is
not reversed until the up counter overflows and a match detection is executed using a new set val-
ue. If the value set to TOOPWM is equal to the up counter value, the match detection is execu-
ted immediately after data is written into TOOPWM. Therefore, the timing of changing the
PWMO pin may not be an integral multiple of the source clock (Figure 14-7). Similarly, if
TOOPWM is set during the additional pulse output, the timing of changing the PWMO pin may
not be an integral multiple of the source clock. If these are problems, enable the double buffer.

When a write instruction is executed on TOOPWM while the timer is stopped, the set value
is immediately stored in TOOPWM.

TOOMOD<DBEO>

Source clock | | | | | | | | | |_
Counter n-5 X n-4 X n-3 X n-2 X n-1 X n

Write to TOOPWM Wite n-2 ||

TOOPWM
<PWMDUTY> n

Match detection % n-2

PWMO pin output |

Figure 14-7 Operation When TOOPWM and the Up Counter Have the Same Value
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Table 14-7 Resolutions and Cycles in the 8-bit PWM Mode

7-bit cycle
Source clock [Hz] Resolution . y
(period x 2)
TOOMOD
NORMAL1/2 or IDLE1/2 mode
<TCKO> SLOWA1/2 or
SYSCR1<DVI9CK> | SYSCR1<DV9CK> SLEEP1 mode fcgck=10MHz | fs=32.768kHz | fcgck=10MHz | fs=32.768kHz
= ugr =
26.2ms 62.5ms
000 fcgek/2 fs/24 fs/24 204.8ps 488.2us
(52.4ms) (125ms)
13.1ms 31.3ms
001 fcgek/21° fs/23 fs/23 102.4ps 244 1ps
(26.2ms) (62.5ms)
3.3ms
010 fcgck/28 fcgek/28 - 25.6ps - -
(6.6ms)
819.2us
011 fcgck/28 fcgck/28 - 6.4us - -
(1638.4ps)
204.8ps
100 fcgck/24 fcgek/24 - 1.6us - -
(409.6ps)
51.2us
101 fcgck/2? fcgek/2? - 400ns - H -
(102.4ps)
25.6ps
110 fcgck/2 fcgek/2 - 200ns - H -
(51.2ps)
12.8us 15.6ms
111 fcgek fcgek fs/22 100ns 122.1us !
(25.6ps) (31.3ms)
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14.4.4 8-bit programmable pulse generate (PPG) output mode

In the 8-bit PPG mode, the pulses with arbitrary duty and cycle are output by using the TOOREG and
TOOPWM registers.

By setting the TOO1CR<OUTAND> register, a pulse that is a logical ANDed product of the TC00 and
TCO1 outputs can be output to the TCO1 pin. This function facilitates the generation of remote-controlled wave-
forms, for example.

The operation of TCOO0 is described below, and the same applies to the operation of TCO1.

14.4.4.1 Setting

TCO0O is put into the 8-bit PPG mode by setting TOOMOD<TCMO0> to "10" and TO01CR<TCAS> to
"0". Set TOOMOD<EINO> to "0" and select the clock at TOOMOD<TCKO0>. Set the duty pulse width at
TOOPWM and the cycle width at TOOREG.

Set TOOMOD<DBEO> to "1" to use the double buffer.

Setting TOO1CR<TOORUN> to "1" starts the operation. After the timer is started, writing to TOOMOD be-
comes invalid. Be sure to complete the required mode settings before starting the timer.

Timer start Timer stop
(Duty pulse) (Duty pulse)
TOOPWM TOOPWM
<> <«

PPGO pin output | |
(TFF0="0") —

PPGO pin output | | |

(TFF0="1")
> >
TOOREG TOOREG
(1 cycle) (1 cycle)

Figure 14-8 PPGO Pulse Output

Set the initial state of the PPGO pin at TOOMOD<TFF0>. Setting TOOMOD<TFFO0> to "0" selects the
"L" level as the initial state of the PPGO pin. Setting TOOMOD<TFFO0> to "1" selects the "H" level as the
initial state of the PPGO pin. If the PPGO pin is set as the function output pin in the port setting while the

timer is stopped, the value of TOOMOD<TFFO0> is output to the PPGO pin. Table 14-8 shows the list of out-
put levels of the PPGO pin.

Table 14-8 List of Output Levels of PPGO Pin

PPGO pin output level
TEFO Before the start Operation stop-
of operation TOOPWM TOOREG ped
(initial state) matched matched (initial state)
0 L H L L
1 H L H H

Setting the TOO1CR<OUTAND> bit to "1" allows the PPGO pin to output a pulse that is a logical AN-
Ded product of the TC00 and TCO1 outputs.

Page 191 2019/08/01



14. 8-bit Timer Counter (TCO)

14.4 Functions

TMP89FS60VEFG
TMP89FS60VUG

14.4.4.2 Operation

Setting TOO1CR<TOORUN> to "1" allows the up counter to increment based on the selected source
clock. When a match between the internal up counter value and the value set to TOOPWM is detected, the
output of the PPGO pin is reversed. When TOOMOD<TFF0> is "0", the PPGO pin changes from the "L"
to "H" level. When TOOMOD<TFF0> is "1", the PPGO pin changes from the "H" to "L" level.

Subsequently, the up counter continues counting up. When a match between the up counter value and
TOOREG is detected, the output of the PPGO pin is reversed again. When TOOMOD<TFFO0> is "0", the
PPGO pin changes from the "H" to "L" level. When TOOMOD<TFF0> is "1", the PPGO pin changes from
the "L" to "H" level. At this time, an INTTCOO interrupt request is generated.

When TOOICR<TOORUN> is set to "0" during the operation, the up counter is stopped and cleared to
"0x00". The PPGO pin returns to the level selected at TOOMOD<TFFO0>.

14.4.4.3 Double buffer

The double buffer can be used for TOOPWM and TOOREG by setting TOOMOD<DBEO>. The double buf-
fer is disabled by setting TOOMOD<DBEO> to "0" or enabled by setting TOOMOD<DBEO> to "1".

When the double buffer is enabled

When a write instruction is executed on TOOPWM (TOOREG) during the timer operation,
the set value is first stored in the double buffer, and TOOPWM (TOOREG) is not updated imme-
diately. TOOPWM (TOOREG) compares the previous set value with the up counter value.
When an INTTCOO0 interrupt request is generated, the double buffer set value is stored in
TOOPWM (TOOREG). Subsequently, the match detection is executed using a new set value.

When a read instruction is executed on TOOPWM (TOOREG), the value in the double buffer
(the last set value) is read out, not the TOOPWM (TOOREG) value (the currently effective value).

When a write instruction is executed on TOOPWM (TOOREG) while the timer is stopped,
the set value is immediately stored in both the double buffer and TOOPWM (TOOREG).

When the double buffer is disabled

When a write instruction is executed on TOOPWM (TOOREG) during the timer operation,
the set value is immediately stored in TOOPWM (TOOREG). Subsequently, the match detection
is executed using a new set value. If the value set to TOOPWM (TOOREG) is smaller than the
up counter value, the PPGO pin is not reversed until the up counter overflows and a match detec-
tion is executed using a new set value. If the value set to TOOPWM (TOOREG) is equal to the
up counter value, the match detection is executed immediately after data is written into
TOOPWM (TOOREG). Therefore, the timing of changing the PPGO pin may not be an integral
multiple of the source clock (Figure 14-10). If these are problems, enable the double buffer.

When a write instruction is executed on TOOPWM (TOOREG) while the timer is stopped,
the set value is immediately stored in TOOPWM (TOOREG).
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(Example) Operate TCOO in the 8-bit PPG mode with the operation clock of fcgck/2 and output the 8us duty pulse in
32ps cycles (fcgck = 10 MHz)

SET (P7FC).0 ; Sets P7FCO to "1"

SET (P7CR).0 ; Sets P7CRO to "1"

LD (POFFCRO0),0x10 ; Sets 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/fcgck) = 0XAO

LD (TOOPWM),0x28 ; Sets the timer register (duty pulse)
; 8us / (2/fcgck) = 0x28
SET (TO01CR).0 ; Starts TC00
¢ Timer start Timer stop ¢
TOO1CR<TOORUN>
TOOMOD<TFF0>
Source clock
p s
N DN OB DENOEE—
Counter Counter Counter Counter
clear clear clear clear
Write to TOOPWM [ Write m [ Write r [ Write t
Double buffer m r t
TOOPWM m OMatch detectioniX r OMatch detection: OMatch detectioniX s OMatch detection
Wite to TOOREG (| write p [l write s [[wiite w
Double buffer p s w
TOOREG p Match detectionGX s Match detectionO Match detectionQ} w
\ \ \4 \ 4
PPGO pin output T *
Returns to the
) Becomes the level selected at level selected
INTTCOO interrupt TFFO while the timer is stopped ] ] ] ] at TFFO
request < > ” ) c 3 ’ 3
oom T r r t
(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)
| < ) : ¢ 3 : ¢ ) i ¢ 3
H p H S H S H w
(1 cycle) (1 cycle) (1 cycle) (1 cycle)

When the double buffer is enabled (TOOMOD<DBEO0>="1")

Figure 14-9 8-bit PPG Mode Timing Chart
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TOOMOD<DBEO>

Source clock | | | | | | | | | |_
Counter n-5 X n-4 X n-3 X n-2 X n-1 X n

Write to TOOPWM .
(TOOREG) Write n-2 [

2-19(?0PR\’I|\£’\£) n Match detection % n-2

PPGO pin output |

Figure 14-10 Operation When TOOPWM (TOOREG) and the Up Counter Have the Same Value

2019/08/01 Page 194



TO s H I BA TMP89FS60VEFG

TMP89FS60VUG

14.4.5 16-bit timer mode

In the 16-bit timer mode, TCO00 and TCO1 are cascaded to form a 16-bit timer counter, which can measure
a longer period than an 8-bit timer.

14451 Setting

Setting TOO1CR<TCAS> to "1" connects TC00 and TCO1 and activates the 16-bit mode. All the set-
tings of TCOO are ignored and those of TCO1 are effective in the 16-bit mode.

The 16-bit timer mode is activated by setting TOIMOD<TCMI1> to "00" or "01" and TOIMOD<EIN1>
to "0". Select the source clock at TOIMOD<TCKI1>.

Set the count value to be used for the match detection as a 16-bit value at the timer registers TOOREG
and TOIREG. Set the lower 8 bits of the 16-bit value at TOOREG and the higher 8 bits at TOIREG. (Here-
inafter, the 16-bit value specified by the combined setting of TOIREG and TOOREG is indicated as TO1
+00REG.) The timer register settings are reflected on the double buffer or TO1+00REG when a write instruc-
tion is executed on TO1REG. Be sure to execute the write instructions on TOOREG and TO1REG in this or-
der. (When data is written to the high-order register, the set values of the low-order and high-order regis-
ters become effective at the same time.)

Set TOIMOD<DBE1> to "1" to use the double buffer.

Setting TOOICR<TO1RUN> to "1" starts the operation. After the timer is started, writing to TOIMOD be-
comes invalid. Be sure to complete the required mode settings before starting the timer. (Make settings
when TOO1CR<TOORUN> and <TOIRUN> are "0".)

14452 Operations

Setting TOO1CR<TO1RUN> to "1" allows the 16-bit up counter to increment based on the selected inter-
nal source clock. When a match between the up counter value and the TO0+01REG set value is detected,
an INTTCO1 interrupt request is generated and the up counter is cleared to "0x0000". After being
cleared, the up counter restarts counting. Setting TOO1CR<TO1RUN> to "0" during the timer operation
makes the up counter stop counting and be cleared to "0x0000".

14.4.5.3 Double buffer

The double buffer can be used for TOI+00REG by setting TOIMOD<DBE1>. The double buffer is dis-
abled by setting TOIMOD<DBEI> to "0" or enabled by setting TOIMOD<DBE1> to "1".

When the double buffer is enabled

When write instructions are executed on TOOREG and TOIREG in this order during the tim-
er operation, the set value is first stored in the double buffer, and TO1+00REG is not updated im-
mediately. TO1+00REG compares the previous set value with the up counter value. When the val-
ues are matched, an INTTCO!1 interrupt request is generated and the double buffer set value is
stored in TO1+00REG. Subsequently, the match detection is executed using a new set value.

When write instructions are executed on TOOREG and TOIREG in this order while the tim-
er is stopped, the set value is immediately stored in both the double buffer and TO1+00REG.

When the double buffer is disabled

When write instructions are executed on TOOREG and TO1REG in this order during the tim-
er operation, the set value is immediately stored in TO1+00REG. Subsequently, the match detec-
tion is executed using a new set value.

If the value set to TO1+00REG is smaller than the up counter value, the match detection is exe-
cuted using a new set value after the up counter overflows. Therefore, the interrupt request inter-
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val may be longer than the selected time. If the value set to TO1+00REG is equal to the up coun-
ter value, the match detection is executed immediately after data is written into TO1+00REG.
Therefore, the interrupt request interval may not be an integral multiple of the source clock. If
these are problems, enable the double buffer.

When write instructions are executed on TOOREG and TOIREG in this order while the tim-
er is stopped, the set value is immediately stored in TO1+00REG.

When a read instruction is executed on TO1+00REG, the last value written into TO1+00REG is read
out, regardless of the TOOMOD<DBE1> setting.

(Example) Operate TC00 and TCO1 in the 16-bit timer mode with the operation clock of fcgck/2 [Hz] and generate inter-
rupts at 96 ps intervals (fcgck = 10 MHz)

LD
DI
SET
El
LD
LD
LD
LD

(POFFCRO),0x10

(EIRH).4

(TO1MOD),0xFO
(TOOREG),0xEQ
(TO1REG),0x01
(TOO1CR),0x06

; Sets TCOO1EN to "1"

; Sets the interrupt master enable flag to "disable"
; Sets the INTTCOO interrupt enable register to "1"
; Sets the interrupt master enable flag to "enable"
; Selects the 16-bit timer mode and fcgck/2

; Sets the timer register (96us / (2/fcgck) = 0x1EO0)
; Sets the timer register

; Starts TC00 and TC001 (16-bit mode)

2019/08/01
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¢ Timer start ¢Timer stop
TO01CR<TO1RUN>
TO1MOD<DBE1>
Source clock
Counter hm 066

A Counter clear A Counter clear
Write to TOOREG Wnte m H Write r
Wite to TOTREG Il write | write s
Match detection Match detection
TO1+00REG km 0 st O
A v V)
INTTCO1 interrupt Reflected by writing to TO1REG H t H
request \ Reflected by writing to TOTREG
When the double buffer is disabled (TO1MOD<DBE1>="0")

¢ Timer start
TO01CR<TO1RUN>
TO1MOD<DBE1>

Source clock h
Countr X T X2 )3

A Counter clear \ Counter Clear
Wite to TOOREG Nl write m [l write r
Write to TO1REG | write k N write s
Double buffer km sr e
TO1+00REG km Match detection @ Match detection®X] sr  Match detection @
Reflected simultaneously by Reflected b

_ e e ot Y timer ¥/ Y Refleced by ¥
INTTCO1 interrupt is stopped I | P
request Reflected by writing to TO1REG

When the double buffer is enabled (TO1MOD<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
TO1MOD NORMAL1/2 or IDLE1/2 mode
<TCK1> [ GUSCRI<DVICKS | SYSCRIDVOCKs | comoW V20 | foack=10MHz | fs=32.768KkHz | fcgok=10MHz | fs=32.768KHz
SLEEP1 mode
=g ="
000 fcgek/2' fs/24 fs/24 204.8us 488.2us 13.4s 32s
001 fcgek/21° fs/23 fs/23 102.4ps 244 1us 6.7s 16s
010 fcgck/28 fcgek/28 - 25.6ps - 1.7s -
011 fcgcek/28 fcgck/28 - 6.4us - 419.4ms -
100 fcgck/24 fcgek/2* - 1.6us - 104.9ms -
101 fcgek/2? fcgek/22 - 400ns - 26.2ms -
110 fcgck/2 fcgek/2 - 200ns - 13.1ms -
111 fcgck fcgek fs/22 100ns 122.1ps 6.6ms 8s
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14.4.6 16-bit event counter mode

In the 16-bit event counter mode, the up counter counts up at the falling edge of the input to the TC00
pin. TCO00 and TCO1 are cascaded to form a 16-bit timer counter, which can measure a longer period than an
8-bit timer.

14.4.6.1 Setting

Setting TOO1CR<TCAS>to "1" connects TC0O0 and TCO1 and activates the 16-bit timer mode. All the set-
tings of TCOO are ignored and those of TCO1 are effective in the 16-bit timer mode.

The 16-bit timer mode is activated by setting TOIMOD<TCMI1> to "00" or "01" and TOIMOD<EINO>
tO Hll‘,

Set the count value to be used for the match detection as a 16-bit value at the timer registers TOOREG
and TO1REG. Set the lower 8 bits of the 16-bit value at TOOREG and set the higher 8 bits at TOIREG. (Here-
inafter, the 16-bit value specified by the combined setting of TOIREG and TOOREG is indicated as TO1
+00REG.) The timer register settings are reflected on the double buffer or TO1+00REG when a write instruc-
tion is executed on TO1REG. Be sure to execute the write instructions on TOOREG and TO1REG in this or-
der. (When data is written to the high-order register, the set values of the low-order and high-order regis-
ters become effective at the same time.)

Set TOIMOD<DBE1> to "1" to use the double buffer.

Setting TOOICR<TO1RUN> to "1" starts the operation. After the timer is started, writing to TOIMOD be-
comes invalid. Be sure to complete the required mode settings before starting the timer. (Make settings
when TOO1CR<TOORUN> and <TOIRUN> are "0".)

14.4.6.2 Operations

Setting TOOICR<TO1RUN> to "1" allows the 16-bit up counter to increment at the falling edge of the
TCO00 pin. When a match between the up counter value and the TO0+01REG set value is detected, an
INTTCO1 interrupt request is generated and the up counter is cleared to "0x0000". After being cleared,
the up counter restarts counting. Setting TO0OICR<TO1RUN> to "0" during the timer operation makes the
up counter stop counting and be cleared to "0x0000".

The maximum frequency to be supplied is fcgek/2 [Hz] (in NORMALI1/2 or IDLE1/2 mode) or fs/2*
[Hz] (in SLOW1/2 or SLEEP1 mode), and a pulse width of two machine cycles or more is required at
both the "H" and "L" levels.

14.4.6.3 Double buffer

Refer to 14.4.5.3.
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(Example) Operate TCO0 and TCO1 in the 16-bit event counter mode and generate an interrupt each time the 384th fall-
ing edge is 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)

¢ Timer start ¢Timer stop
TOO1CR<TO1RUN>
TCOO pin input l
Counter {kn-1XX 0) (rs1XX 0 X1X2X 0
A Counter A Counter  Counter
Write to TOOREG |'| Write m clear |'| Write s clear clear
Write to TO1REG [ Write k [ Write r
Match detection Match detection
TO1+00REG km Q rs Q
A v .
INTTCOO interrupt Reflected by writing to TO1REG ” ”
request \Reflected by writing to TO1REG
When the double buffer is disabled (TO1MOD<DBE1>="0")
¢ Timer start
TOO1CR<TO1RUN>
TCOO pin input
o) ) onn E0E
\Counter ACounter ACounter
Write to TOOREG Nl write m clear [l write s clear clear
Wite to TOTREG N write | write r
Double buffer km rs &
Match detection Match detection Match detection
TO1+00REG km Q A TS ?
t +) y *) Reflected by *)

INTTCOO interrupt Reflected by writing to TO1REG ﬂ t ﬂ an interrupt ﬂ
request

N Reflected by writing to TO1REG

When the double buffer is enabled (TO1MOD<DBE1>="1")

Figure 14-12 16-bit Event Counter Mode Timing Chart
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14.4.7 12-bit pulse width modulation (PWM) output mode

In the 12-bit PWM output mode, TC00 and TCO1 are cascaded to output the pulse-width modulated pulses
with a resolution of 8 bits. An additional pulse of 4 bits can be inserted, which enables PWM output with a res-
olution nearly equivalent to 12 bits.

14471 Setting

Setting TOO1CR<TCAS>to "1" connects TC00 and TCO1 and activates the 16-bit timer mode. All the set-
tings of TCOO are ignored and those of TCO1 are effective in the 16-bit timer mode.

The 12-bit PWM mode is selected by setting TOIMOD<TCMI1> to "10". To use the internal clock as
the source clock, set TOIMOD<EIN1> to "0" and select the clock at TOIMOD<TCK1>. To use an exter-
nal clock as the source clock, set TOIMOD<EIN1> to "1".

Set TOIMOD<DBE1> to "1" to use the double buffer.

Setting TOO1CR<TO1RUN> to "1" starts the operation. After the timer is started, writing to TOIMOD be-
comes invalid. Be sure to complete the required mode settings before starting the timer. (Make settings
when TOO1CR<TOORUN> and <TOIRUN> are "0".)

Set the count value to be used for the match detection and the additional pulse value as a 12-bit value
at the timer registers TOOPWM and TO1PWM. Set bits 11 to 8 of the 12-bit value at the lower 4 bits of
TO1PWM and set bits 7 to 0 at TOOPWM. Refer to the following table for the register configuration. Here-
inafter, the 12-bit value specified by the combined setting of TOOPWM and TOIPWM is indicated as TO1
+00PWM. The timer register settings are reflected on the double buffer or TO1+00PWM when a write in-
struction is executed on TO1PWM. Be sure to execute the write instructions on TOOPWM and TOIPWM
in this order. (When data is written to the high-order register, the set values of the low-order and high-or-
der registers become effective at the same time.)

Timer register 00

TOOPWM 7 6 5 4 3 2 1 0
(0x0028) Bit Symbol PWMDUTYL PWMAD3 PWMAD2 PWMAD1 PWMADO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

After reset 1 1 1 1 1 1 1 1

Timer register 01

TO1PWM 7 6 5 4 3 2 1 0

(0x0029) Bit Symbol PWMDUTYH

Read/Write R/W R/W R/W R/W

After reset 1 1 1 1 1 1 1 1

Bits 7 to 4 of TOIPWM are not used in the 12-bit PWM mode. However, data can be written to these
bits of TOIPWM and the written values are read out as they are when the bits are read. Normally, set
these bits to "0".

PWMDUTYH and PWMDUTYL are 4-bit registers. They are combined to set an 8-bit value of duty
pulse width (time before the first change in the output) for one cycle (256 counts of the source clock). Here-
inafter, an 8-bit value specified by the combined setting of PWMDUTYH and PWMDUTYL is indicated
as PWMDUTY.

PWMAD?3 to 0 are the additional pulse setting register. Additional pulses can be inserted in specific cy-
cles of the duty pulse by setting each bit to "1". The additional pulses are inserted in the positions listed
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in Table 14-10. PWMAD 3 to 0 can be combined to specify the number of times of inserting the addition-
al pulses in 16 cycles to any number from 1 to 16. Examples of inserting additional pulses are shown in Fig-
ure 14-13.

Table 14-10 Cycles in Which Additional Pulses Are Inserted

Cycles in which additional pulses are inserted among
cycles 1 to 16

PWMADO="1" 9

PWMAD1="1" 5,13

PWMAD2="1" 3,7,11,15
PWMAD3="1" 2,4,6,8,10, 12, 14, 16

Set the initial state of the PWMI pin at TOIMOD<TFF1>. Setting TOIMOD<TFF1> to "0" selects the
"L" level as the initial state of the PWMI1 pin. Setting TOIMOD<TFF1> to "1" selects the "H" level as
the initial state of the PWMI1 pin. If the PWMI pin is set as the function output pin in the port setting
while the timer is stopped, the value of TOIMOD<TFF1> is output to the PWM1 pin. Table 14-11 shows
the list of output levels of the PWMI pin.

Table 14-11 List of Output Levels of PWM1 Pin

PWM1pin output level
TEF1 Before the start P\r/nva'\{clcl:DhLejzzY Operation stop-
of operation ter the addi Overflow ped
(initial state) (iioiratl :ulase)" (initial state)
0 L H L L
1 H L H H
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Additional Additional
Timer start pulse pulse Timer stop

v v

PWM1 pin output_} 1

AT A A AN A A Iy
el Un i iniyipipinipininiy e
nrerowenstt | L

INTTCO1 interrupt

request
Cycle 1 2 3 4 5 6 7 8 9 0 N 12 17
When PWMAD1=%1"
Additional Additional Additional Additional Additional
Timer start pulse pulse pulse pulse pulse Timer stop

_ v

PWM1 pin output
(TFF1="1") I

v

I
il
n

(TFF1="0") —

INTTCOO interrupt
request

1
PWM1 pin output J_
[

L
Epiniy
]

INTTCO1 interrupt
request

A
Y
A
Y
A
Y.
A
Y.

»id— > > E—
PP <>

Cycle 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17
When PWMADO = “1” and PWMAD2 = “1”

€ d—
<>

A
Y.
A
Y.
A
Y
A
Y

Figure 14-13 Examples of Inserting Additional Pulses

14.4.7.2 Operations

Setting TOO1CR<TO1RUN> to "1" allows the up counter to increment based on the selected source
clock. When a match between the lower 8 bits of the up counter value and the value set to PWMDUTY
is detected, the output of the PWMI pin is reversed. When TOIMOD<TFF1> is "0", the PWMI pin
changes from the "L" to "H" level. When TOIMOD<TFF1> is "1", the PWMI pin changes from the "H"
to "L" level.

If any of PWMAD?3 to 0 is "1", an additional pulse that corresponds to 1 count of the source clock is in-
serted in specific cycles of the duty pulse. In other words, the PWM1 pin output is reversed at the timing
of PWMDUTY+1. When TOOMOD<TFFO0> is "0", the period of the "L" level becomes longer than the val-
ue set to PWMDUTY by 1 source clock. When TOOMOD<TFF0> is "1", the period of the "H" level be-
comes longer than the value set to PWMDUTY by 1 source clock. This function allows 16 cycles of out-
put pulses to be handled with a resolution nearly equivalent to 12 bits.

No additional pulse is inserted when PWMAD3 to 0 are all "0".

Subsequently, the up counter continues counting up. When the up counter value reaches 256, an over-
flow occurs and the up counter is cleared to "0x00". At the same time, the output of the PWMI pin is re-
versed. When TOIMOD<TFF1> is "0", the PWMI pin changes from the "H" to "L" level. When
TOIMOD<TFF1> is "1", the PWMI1 pin changes from the "L" to "H" level. At this time, an INTTCOO in-
terrupt request is generated (an INTTCOO interrupt request is generated each time an overflow occurs.)
An INTTCO1 interrupt request is generated at the 16 x n-th overflow (n=1, 2, 3...). Subsequently, the up
counter continues counting up.
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When TOOICR<TOIRUN> is set to "0" during the timer operation, the up counter is stopped and
cleared to "0x00". The PWMI pin returns to the level selected at TOIMOD<TFF1>.

When an external source clock is selected, input the clock at the TCO0 pin. The maximum frequency
to be supplied is fcgek/2 [Hz] (in NORMALI1/2 or IDLE1/2 mode) or fs/2* [Hz] (in SLOW1/2 or
SLEEPI mode), and a pulse width of two machine cycles or more is required at both the "H" and "L" levels.

. Additional
Timer start pulse
¢ (1 source clock)
(Duty pulse (Duty pulse
width) width)
PWMDUTY PWMDUTY
<> <> /
PWM1 pin output |
(TFF0="1")
PWM1 pin output
(TFF0="0") ¢ > i< 3
256 counts 256 counts
(cycle width) (cycle width)

Figure 14-14 PWM1 Pin Output

14.4.7.3 Double buffer

The double buffer can be used for TO1+00PWM by setting TOIMOD<DBEI1>. The double buffer is dis-
abled by setting TOIMOD<DBEI1> to "0" or enabled by setting TOIMOD<DBE1> to "1".

When the double buffer is enabled

When write instructions are executed on TOOPWM and TO1PWM in this order during the tim-
er operation, the set value is first stored in the double buffer, and TO1+00PWM is not updated
immediately. TO1+00PWM compares the previous set value with the up counter value. When
the 16 x n-th overflow occurs, an INTTCO1 interrupt request is generated and the double buf-
fer set value is stored in TO1+00PWM. Subsequently, the match detection is executed using a
new set value.

When a read instruction is executed on TO1+00PWM (TOOREG), the value in the double buf-
fer (the last set value) is read out, not the TO1+00PWM value (the currently effective value).

When write instructions are executed on TOOPWM and TO1PWM in this order while the tim-
er is stopped, the set value is immediately stored in both the double buffer and TO1+00PWM.

When the double buffer is disabled

When write instructions are executed on TOOPWM and TO1PWM in this order during the tim-
er operation, the set value is immediately stored in TO1+00PWM. Subsequently, the match detec-
tion is executed using a new set value. If the value set to TO1+00PWM is smaller than the up
counter value, the PWMI1 pin is not reversed until the up counter overflows and a match detec-
tion is executed using a new set value. If the value set to TO1+00PWM is equal to the up coun-
ter value, the match detection is executed immediately after data is written into TO1+00PWM.
Therefore, the timing of changing the PWM1 pin may not be an integral multiple of the
source clock. Similarly, if TO1+00PWM is set during the additional pulse output, the timing
of changing the PWM1 pin may not be an integral multiple of the source clock. If these are prob-
lems, enable the double buffer.

When write instructions are executed on TOOPWM and TO1PWM in this order while the tim-
er is stopped, the set value is immediately stored in TO1+00PWM.
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(Example) Operate TC0O0 and TCO1 in the 12-bit PWM mode with the operation clock of fcgck/2 and output a duty
pulse nearly equivalent to 14.0625 us in 51.2ps cycles (fcgck = 10 MHz)

(Actually, output a duty pulse of 225 pus in total in 16 cycles (819.2 us))

SET (P7FC).1 ; Sets P7TFC1 to "1"

SET (P7CR).1 ; Sets P7TCR1 to "1"

LD (POFFCRO0),0x10 ; Sets TCOO1EN to "1"

DI ; Sets the interrupt master enable flag to "disable”
SET (EIRH).4 ; Sets the INTTCOO interrupt enable register to "1"
El ; Sets the interrupt master enable flag to "enable”
LD (TO1MOD),0xF2 ; Selects the 12-bit PWM mode and fcgck/2

LD (TOOPWM),0x65 ; Sets the timer register (duty pulse)

; (14.0625ps x 16) / (2/fcgck) = 0x465

LD (TO1PWM),0x04 ; Sets the timer register (duty pulse)
LD (TO01CR),0x06 ; Starts TC00 and TCO1
¢ Timer start
TOO1CR<TO1RUN>
TO1MOD<TFF1>

Source clock

Overflow Overflow Overflow
256 256 256 256
YEENaWEHHTDNEENaNEEHICINE!
E Counter Counter Counter Counter
i clear clear clear clear
Write to TOOPWM ”Write m (0001) H Write s (0011)
Write to TO1PWM (| write k | write r
Double buffer km (0001) rs (0011)
3
PWMAD3 to 0 0001 Q 0011
— Y
PWMDUTY km @Match detection @Match detection @Match detection QMatch detectiony rs Q
PWM1 pin output » —)i—(— 2
G Seadditional pulse
Becomes the level selected at H
INTTCOO interrupt request TFF1 while the timer is stopped ] Interrupt request ))] Interrupt request » ] Interrupt request ] Interrupt request
18 1§
INTTCO1 interrupt request ” » ]
<«—> <« fl———> 1 Yle—— <«
km km km+1 km rs
(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)
i 256 counts 1 256 counts ¢ 1 256 counts ¢ 1 256 counts 1
(Cycle 1) (Cycle 2) (Cycle 9) (Cycle 16) (Cycle 17)

When the double buffer is enabled (TO1MOD<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 cycle
Source clock [Hz] Resolution . y
(period x 16)
TO1MOD
NORMAL1/2 or IDLE1/2 mode
<TCK1> SLOWA1/2 or
SYSCR1<DVI9CK> | SYSCR1<DV9CK> SLEEP1 mode fcgck=10MHz | fs=32.768kHz | fcgck=10MHz | fs=32.768kHz
= g =
52.4ms 125ms
000 fcgek/2 fs/24 fs/24 204.8ps 488.2us
(838.9ms) (2000ms)
26.2ms 62.5ms
001 fegek/210 fs/23 fs/23 102.4ps 244 1ps
(419.4ms) (1000ms)
6.6ms
010 fcgck/28 fcgek/28 - 25.6ps - -
(104.9ms)
1.6ms
011 fcgck/28 fcgck/28 - 6.4us - -
(26.2ms)
409.6ps
100 fcgck/24 fcgek/24 - 1.6us - -
(6.6ms)
102.4ps
101 fcgck/2? fcgek/2? - 400ns - -
(1.6ms)
51.2us
110 fcgck/2 fcgek/2 - 200ns - H -
(819.2ps)
25.6 31.3m
111 fcgek fcgek fs/22 100ns 122.1us He s
(409.6ps) (500ms)
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14.4.8 16-bit programmable pulse generate (PPG) output mode

In the 16-bit PPG mode, TC00 and TCO! are cascaded to output the pulses that have a resolution of 16
bits and arbitrary pulse width and duty. Two 16-bit registers, TO1+00REG and TO1+00PWM, are used to out-
put the pulses. This enables output of longer pulses than an 8-bit timer.

14.4.8.1 Setting

Setting TOO1CR<TCAS> to "1" connects TC00 and TCO1 and activates the 16-bit mode. All the set-
tings of TCOO are ignored and those of TCO1 are effective in the 16-bit mode.

The 16-bit PPG mode is selected by setting TOIMOD<TCMI1> to "11". To use the internal clock as
the source clock, set TOIMOD<EIN1> to "0" and select the clock at TOIMOD<TCK1>. To use an exter-
nal clock as the source clock, set TOIMOD<EINO> to "1".

Set TOIMOD<DBE1> to "1" to use the double buffer.

Set the count value that corresponds to a cycle as a 16-bit value at the timer registers TOIREG and
TOOREG. Set the count value that corresponds to a duty pulse as a 16-bit value at TOIPWM and
TOOPWM (hereinafter, the 16-bit value specified by the combined setting of TOIREG and TOOREG is indi-
cated as TO1+00REG, and the 16-bit value specified by the combined setting of TO1PWM and TOOPWM
is indicated as TO1+00PWM). The timer register settings are reflected on the double buffer or TO1
+00PWM and TO1+00REG when a write instruction is executed on TOIPWM. Be sure to execute the
write instructions on TOOREG, TO1REG and TOOPWM before executing a write instruction on TOIPWM.
(When data is written to TOIPWM, the set values of the four timer registers become effective at the same
time.)

Set the initial state of the PPG1 pin at TOIMOD<TFF1>. Setting TOIMOD<TFF1> to "0" selects the
"L" level as the initial state of the PPG1 pin. Setting TOIMOD<TFF1> to "1" selects the "H" level as the
initial state of the PPG1 pin. If the PPG1 pin is set as the function output pin in the port setting while the
timer is stopped, the value of TOIMOD<TFF1> is output to the PPG1 pin. Table 14-13 shows the list of out-
put levels of the PPG1 pin.

Table 14-13 List of Output Levels of PPG1 Pin

PPG1 pin output level
TEF1 Before the.start TO1+00PWM TO1+00REG Operation stop-
of operation ped
(initial state) matched matched (initial state)
0 L H L L
1 H L H H

14.4.8.2 Operations

Setting TOOICR<TO1RUN> to "1" allows the up counter to increment based on the selected source
clock. When a match between the up counter value and the value set to TOI+00PWM is detected, the out-
put of the PPGI pin is reversed. When TOIMOD<TFF1> is "0", the PPG1 pin changes from the "L" to
"H" level. When TOIMOD<TFF1> is "1", the PPGI pin changes from the "H" to "L" level. At this time,
an INTTCOO interrupt request is generated.

The up counter continues counting up. When a match between the up counter value and the value set
to TOI+00REG is detected, the output of the PPG1 pin is reversed again. When TOIMOD<TFF1> is "0",
the PPG1 pin changes from the "H" to "L" level. When TOIMOD<TFF1> is "1", the PPG1 pin changes
from the "L" to "H" level. At this time, an INTTCO1 interrupt request is generated and the up counter is
cleared to "0x0000".
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When TOOICR<TOIRUN> is set to "0" during the timer operation, the up counter is stopped and
cleared to "0x0000". The PPGI pin returns to the level selected at TOIMOD<TFF1>.

When an external source clock is selected, input the clock at the TCO0 pin. The maximum frequency
to be supplied is fcgek/2 [Hz] (in NORMALI1/2 or IDLE1/2 mode) or fs/2* [Hz] (in SLOW1/2 or
SLEEPI mode), and a pulse width of two machine cycles or more is required at both the "H" and "L" levels.

14.48.3

Double buffer

The double buffer can be used for TO1+00PWM and TO1+00REG by setting TOIMOD<DBE1>. The dou-
ble buffer is enabled by setting TOIMOD<DBE1> to "0" or disabled by setting TOIMOD<DBEI> to "1".

When the double buffer is enabled

When a write instruction is executed on TO1PWM after write instructions are executed on
TOOREG, TOIREG and TOOPWM during the timer operation, the set values are first stored in
the double buffer, and TO1+00PWM and TO1+00REG are not updated immediately. TO1
+00PWM and TO1+00REG compare the previous set values with the up counter value. When
a match between the up counter value and the TO1+00REG set value is detected, an INTTCO1
interrupt request is generated and the double buffer set values are stored in TO1+00PWM and
TO1+00REG. Subsequently, the match detection is executed using new set values.

When a write instruction is executed on TOIPWM after write instructions are executed on
TOOREG, TOIREG and TOOPWM while the timer is stopped, the set values are immediately stor-
ed in both the double buffer and TO1+00PWM and TO1+00REG.

When the double buffer is disabled

When a write instruction is executed on TO1PWM after write instructions are executed on
TOOREG, TOIREG and TOOPWM during the timer operation, the set values are immediately stor-
ed in TO1+00PWM and TO1+00REG. Subsequently, the match detection is executed using
new set values.

If the value set to TOI+00PWM or TO1+00REG is smaller than the up counter value, the
PPG1 pin is not reversed until the up counter overflows and a match detection is executed us-
ing a new set value. If the value set to TO1+00PWM or TO1+00REG is equal to the up coun-
ter value, the match detection is executed immediately after data is written into TO1+00PWM
and TO1+00REG. Therefore, the timing of changing the PPG1 pin may not be an integral mul-
tiple of the source clock. If these are problems, enable the double buffer.

When a write instruction is executed on TOIPWM after write instructions are executed on
TOOREG, TO1REG and TOOPWM while the timer is stopped, the set values are immediately stor-
ed in TO1+00PWM and TO1+00REG.

When read instructions are executed on TOI+00PWM and TO1+00REG, the last value written into TO1
+00REG is read out, regardless of the TOOMOD<DBE1> setting.
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(Example) Operate TC00 and TCO1 in the 16-bit PPG mode with the operation clock of fcgck/2 and output the 68ps du-
ty pulse in 96us cycles (fcgck = 10 MHz)

SET
SET
LD
DI
SET
El
LD
LD
LD

LD
LD

LD

(P7FC).1 ; Sets P7FCO to "1"
(P7CR).1 ; Sets P7CRO to "1"
(POFFCRO0),0x10 ; Sets TCOO1EN to "1"

; Sets the interrupt master enable flag to "disable”
(EIRH).4 ; Sets the INTTCOO interrupt enable register to "1"

; Sets the interrupt master enable flag to "enable”

(TO1MOD),0xF3 ; Selects the 8-bit PPG mode and fcgck/2
(TOOREG),0xEO0 ; Sets the timer register (cycle)
(TO1REG),0x01 ; Sets the timer register (cycle)

; 96us / (2/fcgck) = Ox01EO
(TOOPWM),0x54 ; Sets the timer register (duty pulse)
(TO1PWM),0x01 ; Sets the timer register (duty pulse)

; 68ps / (2/fcgck) = 0x0154
(TO01CR),0x06 ; Starts TC00 and TCO1
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¢ Timer start Timer stop ¢
TOO1CR<TO1RUN>
TO1MOD<TFF1>
Source clock
cd cd ef
Counter ()_ 0@" @m ()_ 9@“ 90@(3:0
E Counter Counter Counter Counter
i clear clear clear clear
Write to TOOREG J Write b HWrite d H Write f
Write to TO1TREG J Write a ”Write c ” Write e
Double buffer ab Xcd Xef
TO1+00REG ab Match detection <Xcd Match detection O Match detection Qi ef Match detection C
Write to TOOPWM Write h H Write m H Write r
Wite to TO1PWM [|write g [| write [| write g
Double buffer gh km qr
TO1+00PWM gh Q@Match detectionih km @Match detection @Match detectioni\ qr @ Match detection
PPG1 pin output
INTTCOO interrupt | I I |
request !
L Becomes the level selected at Esgf@;;gg;

INTTCOO interrupt TFF1 while the timer is stopped ] ] ] at TFF1
request < > c > < > < >

i gh T km km qr

(Duty pulse) (Duty pulse) (Duty pulse) (Duty pulse)

| < »ie > > 3

i ab H cd H cd H ef

(Cycle 1) (Cycle 1) (Cycle 1) (Cycle 1)

When the double buffer is enabled (TO1TMOD<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 function that generates interrupt requests at certain intervals using the low-frequency

clock.
The number of interrupts is counted by the software to realize the clock function.

The real time clock can be used only in the operation modes where the low-frequency clock oscillates, except
for SLEEPO.

15.1 Configuration

RTCCR |
—>| Selector |——> .INTRTC
interrupt request
RTCSEL A A A A A A A A ptreq
RTCRUN 2" [ 2"s | 2 | 2"s | 2" s | 2"s | 2% | 2%s
Y
fs -
(32768 kHZ) —4)| Blnary counter
Figure 15-1 Real Time Clock
15.2 Control
The real time clock is controlled by following resisters.
Low power consumption register 2
POFFCR2 7 6 5 4 3 2 1 0
(OXOF76) Bit Symbol RTCEN - - - SIO1EN SIO0EN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
RTCEN RTC control
1| Enable
0 | Disable
SIO1EN | SIO1 control
1| Enable
0 | Disable
SIO0EN SIOO0 control
1| Enable

Page 211 2019/08/01




15. Real Time Clock (RTC)

15.3  Function TMP89FS60VEFG
TMP89FS60VUG

Real time clock control register

RTCCR 7 6 5 4 3 2 1 0

(OxOFC8) Bit Symbol - - - - RTCSEL RTCRUN
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0

000 : 2'%/fs (1.000 [s] @fs=32.768kHz)
001 : 2'/fs (0.500 [s] @fs=32.768kHz)
010 : 2'%fs (0.250 [s] @fs=32.768kHz)
011 : 2%2/fs (125.0 [ms] @fs=32.768kHz)
100 : 2"/fs (62.50 [ms] @fs=32.768kHz)
101 : 2'fs (31.25 [ms] @fs=32.768kHz)
110 : 2%fs (15.62 [ms] @fs=32.768kHz)
111 : 2%fs (7.81 [ms] @fs=32.768kHz)

RTCSEL Selects the interrupt generation interval

Enables/disables the real time clock opera- | 0 : 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<RTCSEL> when RTCCR<RTCRUN=> is "1", the existing data remains effective. RTCCR<RTCSEL>
can be rewritten at the same time as enabling the real time clock, but it cannot be rewritten at the same time
as disabling the real time clock.

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

Real time clock has the low power consumption registers (POFFCR2) that save power when the real time
clock is not being used.

Setting POFFCR2<RTCEN> to "0" disables the basic clock supply to real time clock to save power. Note
that this renders the real time clock unusable. Setting POFFCR2<RTCEN> to "1" enables the basic clock sup-
ply to real time clock and allows the real time clock to operate.

After reset, POFFCR2<RTCEN> are initialized to "0", and this renders the real time clock unusable.
When using the real time clock for the first time, be sure to set POFFCR2<RTCEN> to "1" in the initial set-
ting of the program (before the real time clock control registers are operated).

Do not change POFFCR2<RTCEN> to "0" during the real time clock operation. Otherwise real time clock
may operate unexpectedly.

15.3.2 Enabling/disabling the real time clock operation

Setting RTCCR<RTCRUN> to "1" enables the real time clock operation. Setting RTCCR<RTCRUN> to
"0" disables the real time clock operation.

RTCCR<RTCRUN> is cleared to "0" just after reset release.

15.3.3 Selecting the interrupt generation interval

The interrupt generation interval can be selected at RTCCR<RTCSEL>.
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RTCCR<RTCSEL> can be rewritten only when RTCCR<RTCRUN> is "0". If data is written into
RTCCR<RTCSEL> when RTCCR<RTCRUN> is "1", the existing data remains effective.

RTCCR<RTCSEL> can be rewritten at the same time as enabling the real time clock operation, but it can-
not be rewritten at the same time as disabling the real time clock operation.

15.4 Real Time Clock Operation

15.4.1  Enabling the real time clock operation

Set the interrupt generation interval to RTCCR<RTCSEL>, and at the same time, set RTCCR<RTCRUN>
tO "1"'

When RTCCR<RTCRUN> is set to "1", the binary counter for the real time clock starts counting of the
low-frequency clock.

When the interrupt generation interval selected at RTCCR<RTCSEL> is reached, a real time clock inter-
rupt request (INTRTC) is generated and the counter continues counting.

15.4.2 Disabling the real time clock operation

Clear RTCCR<RTCRUN> to "0".

When RTCCR<RTCRUN> is cleared to "0", the binary counter for the real time clock is cleared to "0"
and stops counting of the low-frequency clock.
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16. Asynchronous Serial Interface (UART)

The TMP89FS60V contains 3 channels of asynchronous serial interfaces (UART).

This chapter describes asynchronous serial interface 0 (UARTO). For UART1 and UART2, replace the SFR ad-
dresses and pin names as shown in Table 16-1 and Table 16-2.

Table 16-1 SFR Address Assignment

UARTXCR1 | UARTXCR2 | UARTXDR | UARTxXSR RDxBUF TDxBUF
(address) (address) (address) (address) (address) (address)

UARTOCR1 [ UARTOCR2 | UARTODR | UARTOSR RDOBUF TDOBUF

UARTO
(0x001A) | (0x001B) | (0x001C) | (0x001D) | (0x001E) | (OxOO1E)
UARTY UART1CR1 | UART1CR2 | UARTIDR | UARTISR | RD1BUF | TD1BUF
(0xOF54) | (0xOF55) | (OXOF56) | (OxOF57) | (OxOF58) | (OxOF58)
UART2 UART2CR1 | UART2CR2 | UART2DR | UART2SR | RD2BUF | TD2BUF

(0xOF5A) | (0xOF5B) | (0xOF5C) | (OxOF5D) | (OxOF5E) | (OxOFS5E)

Table 16-2 Pin Names

Serial data Serial data

input pin output pin

UARTO RXDO pin TXDO pin
UART1 RXD1 pin TXD1 pin
UART2 RXD2 pin TXD2 pin

Page 215 2019/08/01



16. Asynchronous Serial Interface (UART)

16.1

Configuration

TMP89FS60VEFG
TMP89FS60VUG

16.1

Configuration

UARTO control register 1

!

UARTO transmit data buffer

]

| UARTOCR1 | | UARTOCR1 | UARTO receive data buffer
| | RDOBUF
I -
[ N
2 >»| = & _; Shift register 1
3 L 3 —
2 5 le Parity bit
i i «
% 1 Shift register 4D Stop bit
INTTXDO _ 8 2
interrupt request e e
Q. o
8 = _+ A
Hadl AA
INTRXDO _ A IrDA control|—4D TXDO
interrupt request
| Baudrate @ T ————————————
! generator S :
Receive
1 A 1
1 RT clock
: S 1B T (/)Y A _< ¢
—— 1
PPGAO output > A I o (| Frequency
(TCAO output) ! B ' g B divid
P ! Transmit 1 g cH—|divider
' arom | -
1
i ounter Transmission start Counter ! 274 A
! — : \A 2
1 1
fcgek or fs >— { 8-bit counter ! UARTOSR UARTOCR2
' - ' UARTO status ~ UARTO control register 2
X 8-bit counter , register
! EN '
. ) Comparator Match | ﬂ
, Start bit detection 1
| detection Comparator :
1
1 Match detection :
1
UARTODR
UARTO baud rate register
Figure 16-1 Asynchronous Serial Interface (UART)
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16.2 Control

UARTO is controlled by the low power consumption registers (POFFCR1), UARTO control registers 1 and 2
(UARTOCR1 and UARTOCR?2) and the UARTO baud rate register (UARTODR). The operating status can be moni-
tored using the UART status register (UARTOSR).

Low power consumption register 1

POFFCR1 7 6 5 4 3 2 1 0
(0xOF75) Bit Symbol - - - SBIOEN - UART2EN 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 SBIO control
1| Enable
0 | Disable
UART2EN | UART2 control
1| Enable
0 | Disable
UART1EN | UART1 control
1| Enable
0 | Disable
UARTOEN | UARTO control
1| Enable
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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
. X 0: | Disable
TXE Transmit operation
1: | Enable
. . 0: | Disable
RXE Receive operation
1: | Enable
0: | 1 bit
STOPBT | Transmit stop bit length .
1: | 2 bits

. . 0: | Odd-numbered parity
EVEN Parity selection )
1: | Even-numbered parity
. » 0: | No parity
PE Parity addition .
1: | Parity added
. . 0: | UART output
IRDASEL | TXD pin output selection
1: | IrDA output
When SYSCR2<SYSCK> is "0" When SYSCR2<SYSCK> is "1"
BRG Transfer base clock selection 0: 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 da-
ta 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/re-
ceived 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 communica-

tion, the register cannot be rewritten during the UART operation. For details, refer to "16.4 Protection to Prevent
UARTOCR1 and UARTOCR2 Registers from Being Changed ".

Note 7: When the STOP, IDLEO or SLEEPO mode is activated, TXE and RXE are cleared to "0" and the UART stops. Other
bits keep their values.
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UARTO control register 2
UARTOCR2 7 6 5 4 3 2 1 0
(0x001B) Bit Symbol - - RTSEL RXDNC STOPBR
Read/Write R R R/W R/W R/W
After reset 0 0 0 0 0 0 0
Odd-numbered bits Even-numbered bits
of transfer frame of transfer frame
000: 16 clocks 16 clocks
001: 16 clocks 17 clocks
RTSEL Selects the number of RT clocks 010: 15 clocks 15 clocks
011: 15 clocks 16 clocks
100: 17 clocks 17 clocks
101: Reserved
11* Reserved
Selects the RXD input noise rejec- 00: [ No noise rejection
RXDNG tion time 01: [ 1 x (UARTODR+1)/(Transfer base clock frequency) [s]
(Time of pulses to be removed as 10: | 2 x (UARTODR+1)/(Transfer base clock frequency) [s]
noise) 11: | 4 x (UARTODR+1)/(Transfer base clock frequency) [s]
. . 0:] 1 bit
STOPBR | Receive stop bit length .
1:1 2 bits
Note 1: When a read instruction is executed on UARTOCR2, bits 7 and 6 are read as "0".
Note 2: RTSEL can be set to two kinds of RT clocks for the even- and odd-numbered bits of the transfer frame. For details, re-
fer to "16.8.1 Transfer baud rate calculation method".
Note 3: For details of the RXDNC noise rejection time, refer to "16.10 Received Data Noise Rejection".
Note 4: When the STOP, IDLEO or SLEEPO mode is activated, the UART stops automatically but each bit value of
UARTOCR2 remains unchanged.
Note 5: When STOPBR is set to 2 bits, the first bit of the stop bits (during data receiving) is not checked for a framing error.
Note 6: To prevent RTSEL, RXDNC and STOPBR from being changed accidentally during the UART communication, the reg-

ister cannot be rewritten during the UART operation. For details, refer to "16.4 Protection to Prevent UARTOCR1 and
UARTOCR?2 Registers from Being Changed ".

UARTO baud rate register

UARTODR 7 6 5 4 3 2 1 0
(0x001C) Bit Symbol UARTODRY7 | UARTODR6 | UARTODRS5 | UARTODR4 | UARTODR3 | UARTODR2 | UARTODR1 | UARTODRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Note 1: Set UARTOCR1<RXE> and UARTOCR1<TXE> to "0" before changing UARTODR. For the set values, refer to "16.8
Transfer Baud Rate".
Note 2: When UARTOCR1<BRG> is 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.
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UARTO status register

UARTOSR 7 6 5 4 3 2 1 0
(0x001D) Bit Symbol PERR FERR OERR - RBSY RBFL TBSY TBFL
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
. 0: | No parity error
PERR Parity error flag .
1: | Parity error
. 0: | No framing error
FERR Framing error flag .
1: | Framing error
0: | No overrrun error
OERR Overrun error flag
1: | Overrun error
. 0: | Before receiving or end of receiving
RBSY Receive busy flag B
1:| On receiving
. 0: | Receive buffer empty
RBFL Receive buffer full flag .
1: | Receive buffer full
. 0: | Before transmission or end of transmission
TBSY Transmit busy flag »
1: | On transmitting
. 0: | Transmit buffer empty
TBFL Transmit buffer full flag ) . .
1: | Transmit buffer full (Transmit data writing is completed)

Note 1: TBFL is cleared to "0" automatically after an INTTXDO interrupt request is generated, and is set to "1" when data is
set to TDOBUF.

Note 2: When a read instruction is executed on 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

(Ox001E) Bit Symbol RDODR7 RDODR6 RDODR5 RDODR4 RDODR3 RDODR2 RDODR1 RDODRO
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0

Note 1: When the STOP, IDLEO or SLEEPO mode is activated, the RDOBUF values become undefined. If received data is re-
quired, read it before activating the mode.

UARTO transmit data buffer

TDOBUF 7 6 5 4 3 2 1 0

(0x001E) Bit Symbol TDODR?7 TDODR6 TDODR5 TDODR4 TDODR3 TDODR2 TDODR1 TDODRO
Read/Write w w w w w w w w
After reset 0 0 0 0 0 0 0 0

Note 1: When the STOP, IDLEO or SLEEPO mode is activated, the TDOBUF values become undefined.
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16.3 Low Power Consumption Function

UARTO has a low power consumption register (POFFCR1) that saves power consumption when the UART func-
tion is not used.

Setting POFFCR1<UARTOEN> to "0" disables the basic clock supply to UARTO to save power. Note that this ren-
ders the UART unusable. Setting POFFCR1<UARTOEN> to "1" enables the basic clock supply to UARTO and ren-
ders the UART usable.

After reset, POFFCR1<UARTOEN> is initialized to "0", and this renders the UART unusable. When using the
UART for the first time, be sure to set POFFCRI<UARTOEN> to "1" in the initial setting of the program (before
the UART control register is operated).

Do not change POFFCRI<UARTOEN> to "0" during the UART operation, otherwise UARTO may operate unex-
pectedly.
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16.4 Protection to Prevent UARTOCR1 and UARTOCR2 Registers from Be-
ing Changed

The TMP89FS60V has a function that protects the registers from being changed so that the UART communica-
tion settings (for example, stop bit and parity) are not changed accidentally during the UART operation.

Specific bits of UARTOCR1 and UARTOCR2 can be changed only under the conditions shown in Table 16-3.
If a write instruction is executed on the register when it is protected from being changed, the bits remain un-
changed and keep their previous values.

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" - -

Transfer base clock selec-

UARTOCR1<BRG> tion
- All of these bits are "0"
UARTOCR2<RTSEL> Selection of number of RT
clocks
UARTOCR2<RXDNC> Select.lon of R>t('D ptl.n input
noise rejection time - - Both of these bits are "0"
UARTOCR2<STOPBR> Receive stop bit length
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16.5 Activation of STOP, IDLEO or SLEEPO Mode

16.5.1 Transition of register status

When the STOP, IDLEO or SLEEPO mode is activated, the UART stops automatically and each register be-
comes the status as shown in Table 16-4. For the registers that do not hold their values, make settings again

as needed after the operation mode is recovered.

Table 16-4 Transition of Register Status

7 6 5 4 3 2 1 0
TXE RXE STOPBT EVEN PE IRDASEL BRG -
UARTOCR1 _ _ _ _ _
Cleared to 0 | Cleared to 0 Hold the val- | Hold the val- | Hold the val- | Hold the val- | Hold the val )
ue ue ue ue ue
- - RTSEL RXDNC STOPBR
UARTOCR2 ) ) Hold the val- | Hold the val- | Hold the val- | Hold the val- | Hold the val- | Hold the
ue ue ue ue ue value
PERR FERR OERR - RBSY RBFL TBSY TBFL
UARTOSR
Cleared to 0 | Cleared to 0 | Cleared to 0 - Cleared to 0 | Cleared to 0 | Cleared to 0 | Cleared to 0
UARTODR7 | UARTODR6 | UARTODR5 | UARTODR4 | UARTODR3 | UARTODR2 | UARTODR1 | UARTODRO
UARTODR Hold the val- | Hold the val- | Hold the val- | Hold the val- | Hold the val- | Hold the val- | Hold the val- | Hold the
ue ue ue ue ue ue ue 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
TDODR? TDODR6 TDODR5 TDODR4 TDODR3 TDODR2 TDODR1 TDODRO
TDOBUF Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi- Indetermi-
nate nate nate nate nate nate nate nate

16.5.2 Transition of TXD pin status

When the IDLEO, SLEEPO or STOP mode is activated, the TXD pin reverts to the status shown in Table
16-5, whether data is transmitted/received or the operation is stopped.

Table 16-5 TXD Pin Status When the STOP, IDLEO or SLEEPO Mode Is Activated

UARTOCR1 STOP mode
IDLEO or SLEEPO mode
<IRDASEL> SYSCR1<OUTEN>="1" | SYSCR1<OUTEN>="0"
"0" H level H level
Hi-Z
" L level L level
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16.6 Transfer Data Format

The UART transfers data composed of the following four elements. The data from the start bit to the stop bit is
collectively defined as a "transfer frame". The start bit consists of 1 bit (L level) and the data consists of 8 bits. Par-
ity bits are determined by UARTOCR1<PE> that selects the presence or absence of parity and
UARTOCRI<EVEN> that selects even- or odd-numbered parity. The bit length of the stop bit can be selected at
UARTOCRI<STBT>.

Figure 16-2 shows the transfer data format.

Start bit (1 bit)

Data (8 bits)

Parity bit (selectable from even-numbered, odd-numbered or no parity)
Stop bit (selectable from 1 bit or 2 bits)

Transfer frame

PE |STBT 1 2 3 4 5 6 7 8 9 10 11 12

o] o _\Start/( BltOXBlt1XB|t2XB|t3XB|t4XB|t5XB|t6X B.t7Y3top1. 5 5
o | 1 _\Start,( BnoX B|t1XB|t2X B|t3X B|t4X an)( B|t6X B.t7){Stop1 Stop2
1 0 _\ Startl< BItOX Bit 1 X Bit 2X Bit 3)( B|t4X BltSX Bit 6)( Bit 7)‘(Panty)’3top d 5
1 1 _\ Start/( BltOX Bit 1 X Bit 2X Bit 3)( B|t4x Bit 5)( Bit GX Bit 7XPantyYStop 1! Stop 2

Figure 16-2 Transfer Data Format

16.7 Infrared Data Format Transfer Mode

The TXDO pin can output data in the infrared data format (IrDA) by the setting of the IrDA output control regis-
ter. Setting UARTOCRI<IRDASEL> to "1" allows the TXDO pin to output data in the infrared data format.

Start bit Stop bit

UART output DO D1 I p2 ---- D7

IrDA output

T

3/16
Bit width

Figure 16-3 Example of Infrared Data Format (Comparison between Normal Output and Ir-
DA Output)
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16.8 Transfer Baud Rate

The transfer baud rate of UART is set by UARTOCR1<BRG>, UARTODR and UARTOCR2<RTSEL>. The set-
tings of UARTODR and UARTOCR2<RTSEL> for general baud rates and operating frequencies are shown below.

For independent calculation of transfer baud rates, refer to "16.8.1 Transfer baud rate calculation method".

Table 16-6 Set Values of UARTODR and UARTOCR2<RTSEL> for Transfer Baud Rates (fcgck=10 to 1 MHz,
UARTOCR2<RXDNC>=0y00)

Operating frequency

Basic
baud rate | - Register 7.3728 | 6.144 4.9152
baud] 10MHz | 8MHz i s 6MHz | 5MHz i | 41OMHZ | 4MHz | 2MHz | MHz
UARTODR |  0x04 0x03 - 0x02 0x02 - - 0x01 0x01 0x00 -
128000 | RTSEL | 0yo11 | Oyo11 - 0y000 | Oy011 - - 0yo01 | oyo11 | o0yo11 -
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 | oyoo1 | oyoto | oyooo | oyooo | oyo11 | oyoot1 | oyooo - 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 | oyooo | oyt00 | oyoO1 0y000 | oyooo | oyo11 0y100 | oyooo | oyooo | oyooo

Error (0%) 0%) | (-0.87%) | (-0.70%) | (0%) 0%) | (+1.48%) | (-1.41%) |  (0%) (0%) (0%)
UARTODR | Ox0A 0x08 0x07 0x06 0x06 0x04 0x04 - 0x03 0x01 0x00
57600 RTSEL 0y000 | 0y011 0y000 | 0yo10 | oyot0 | oy100 | o0y100 - 0y100 | oy100 | 0y100
Error | (-1.36%) | (-0.44%) | (0%) | (+1.59%) | (-0.79%) | (+2.12%) | (+0.39%) - (+2.12%) | (+2.12%) | (+2.12%)
UARTODR |  0x10 0x0C 0xO0B 0x09 0x09 0x07 0x07 0x06 0x06 0x02 -

38400 RTSEL 0y011 0y000 | oyooo | oyooo | oyo11 0y001 0y000 | 0y011 0y010 | oy100 -

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 0xOF 0x0D 0x0C 0x06 0x02

19200 RTSEL 0y010 | oyooo | oyooo | oyooo | 0yoO1 0y011 0y000 | 0y011 0y000 | oyo10 | oy100

Error | (-0.79%) | (+0.16%) |  (0%) ©0%) | (0.32%) | (-117%) | (©%) | (+0.57%) | (+0.16%) | (-0.79%) | (+2.12%)
UARTODR |  0x40 0x30 0x2F 0x27 0x26 0x22 0x1F 0x1C 0x19 0x0C 0x06
9600 RTSEL 0y000 | Oy100 | 0yooo | o0yooo | oyooo | oyoto | oyooo | oyoto | oyooo | oyooo | 0yo10
Error | (+0.16%) | (+0.04%) |  (0%) (0%) | (+0.16%) | (-0.79%) | (0%) | (+0.34%) | (+0.16%) | (+0.16%) | (-0.79%)
UARTODR | 0x8A 0x64 OX5F Ox4F 0x4D 0x40 OX3F 0x34 0x30 0x19 0x0C
4800 RTSEL 0yo10 | oyoo1 | oyooo | oyooo | oyooo | oyooo | oyooo | oyoot1 | oy100 | oyooo | oyooo
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 0x7F 0x6C 0x64 0x30 0x19
2400 RTSEL 0y100 | oyoo1 | oyooo | oyooo | oyt00 | oyoto | oyooo | oyooo | oyoo1 0y100 | 0y000
Error | (+0.04%) | (+0.01%) |  (0%) 0%) | (+0.04%) | (-0.08%) | (0%) | (+0.11%) | (+0.01%) | (+0.04%) | (+0.16%)
UARTODR - - - - - OxF4 OXFF OxE8 0xC9 0x64 0x30
1200 RTSEL - - - - - 0y100 | 0yo00 | oyo10 | O0y001 0y001 | 0y100
Error - - - - - (+0.04%) | (+0%) | (-0.10%) | (+0.01%) | (+0.01%) | (+0.04%)
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Table 16-7 Set Values of UARTODR and UARTOCR2<RTSEL> for Transfer
Baud Rates (fs=32.768 kHz, UARTOCR2<RXDNC>=0y00)

Basic baud Operating frequency
rate Register
[baud] 32.768 kHz
UARTODR 0x06
300 RTSEL 0y011
Error (+0.67%)
UARTODR 0x0D
150 RTSEL 0y011
Error (+0.67%)
UARTODR 0x0E
134 RTSEL 0y001
Error (-1.20%)
UARTODR 0x11
110 RTSEL 0y001
Error (+0.30%)
UARTODR 0x1C
75 RTSEL 0y010
Error (+0.44%)

Note 1: The overall error from the basic baud rate must be within £3%. Even if the overall error is within 3%, the communica-
tion may fail due to factors such as frequency errors in external controllers (for example, a personal computer) and os-
cillators 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 can be finely adjusted by changing UARTOCR2<RTSEL>.
The number of RT clocks per bit can be changed in a range of 15 to 17 clocks by changing
UARTOCR2<RTSEL>. The RT clock is the transfer base clock, which is the pulses obtained by counting
the clock selected at UARTOCR1<BRG> the number of times of (UARTODR set value) + 1. Especially,
when UARTOCR2<RTSEL> is set to "0y001" or "0y011", two types of RT clocks alternate at each bit,
so that the pseudo baud rates of RT x 15.5 clocks and RT x 16.5 clocks can be generated. The number of
RT clocks per bit of transfer frame is shown in Figure 16-4.

For example, when fcgck is 4 [MHz], UARTOCR2<RTSEL> is set to "0y000" and UARTODR is set to
"0x19", the baud rate calculated using the formula in Figure 16-4 is expressed as:

fegck / (16 x (UARTODR + 1) = 9615 [baud]

These settings generate a baud rate close to 9600 [baud] (+0.16%).
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Transfer frame

PE |STBT 1 2 3 4 5 6 7 8 9 10 1" 12

ol o _\Startx BnoX B|t1XB|t2X B|t3X B|t4X B|t5X BltGX B.t7)’$top1 |
o | 1 _\StartK BltOX B|t1XB|t2X B|t3X B|t4X an)( an)( Bn7)/3top1 Stop2
1 0 _\ Start,( BitOX Bit 1 X Bitz)‘( Bit3X Bit4)‘( BitSX BitGX Bit7)‘(ParityYStop 11 .
1 1 _\ Start/( BltOX Bit 1 X B|t2X B|t3X B|t4X B|t5X B|t6X B|t7XPamyYStop 7! Stop 2

RTSEL I I I E E Number Of RT CIOCkS Generated baud rate
000 16 16 16 16 16 16 16 16 16 16 16 16 ﬁF%R—Jr”[baud]
001 16 17 16 17 16 17 16 17 16 17 16 17 Tx(fjgg(mTﬂ[baud]
010 15 15 15 15 15 15 15 15 15 15 15 15 H—X(JiiF%JTU[ba”d]
011 15 16 15 16 15 16 15 16 15 16 15 16 ﬁ%w[baud]
100 17 17 17 17 17 17 17 17 17 17 17 17 W—X(LKQRC%R—JM[baud]

*When BRG is set to fcgck

Figure 16-4 Fine Adjustment of Baud Rate Clock Using UARTOCR2<RTSEL>

16.8.1.2 Calculation of set values of UARTOCR2<RTSEL> and UARTODR

The set value of UARTODR for an operating frequency and baud rate can be calculated using the calcu-
lation formula shown in Figure 16-5. For example, to generate a basic baud rate of 38400 [baud] with
fcgck=4 [MHz], calculate the set value of UARTODR for each setting of UARTOCR2<RTSEL> and com-
pensate the calculated value to a positive number to obtain the generated baud rate as shown in Figure
16-6. Basically, select the set value of UARTOCR2<RTSEL> that has the smallest baud rate error from
among the generated baud rates. In Figure 16-6, the setting of UARTOCR2<RTSEL>="0y010" has the
smallest error among the calculated baud rates, and thus the generated baud rate is 38095 [baud]
(—0.79%) against the basic baud rate of 38400 [baud].

Note: The error from the basic baud rate should be accurate to within £3%. Even if the error is within
+3%, the communication 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 = %_1
o1 UARTDR = %_1
100 | UARTDR = %_1

Figure 16-5 UARTODR Calculation Method (When BRG Is Set to fcgck)
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RTSEL UARTDR calculation Generated baud rate
000 UARTDR = % —-1=6 W =35714 [baud] (—6.99%)
001 UARTDR = % —1=5 % =40404 [baud] (+5.22%)
010 UARTDR = % —1=6 % =38095 [baud] (—0.79%)
011 UARTDR = % —-1=6 % =36866 [baud] (—3.99%)
100 UARTDR = % —-1=5 % =39216 [baud] (+2.12%)

Figure 16-6 Example of UARTODR Calculation
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16.9 Data Sampling Method

The UART receive control circuit starts RT clock counting when it detects a falling edge of the input pulses to
the RXDO pin. 15 to 17 RT clocks are counted per bit and each clock is expressed as RTn (n=16 to 0). In a bit
that has 17 RT clocks, RT16 to RTO are counted. In a bit that has 16 RT clocks, RT15 to RTO are counted. In a
bit that has 15 RT clocks, RT14 to RTO are counted (Decrement). During counting of RT8 to RT6, the UART re-
ceive control circuit samples the input pulses to the RXDO pin to make a majority decision. The same level detec-
ted twice or more from among three samplings is processed as the data for the bit.

The number of RT clocks can be changed in a range of 15 to 17 by setting UARTOCR2<RTSEL>. However, sam-
pling is always executed in RTS8 to RT6, even if the number of RT clocks is changed (Figure 16-7).

RXDO pin \  StartBit A sito X

RT1514 1312110 9 8 7 6 5 4 3 2 1 0 1514131211109 8 7 6 5 4 3 2 1 0 151413

RT clock

| ||
!jn;te;nal received \ Start Bit /< Bit 0 * * * X

(a) UARTCR2<RTSEL> is “000B”

RXDO pin \  StartBit A Bito X

RT1514 1312110 9 8 7 6 5 4 3 2 1 0 1615141312110 9 8 7 6 5 4 3 2 1 0 1514

RT clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Internal received ~ \  Start Bt A Bito YYY X
data

(b) UARTCR2<RTSEL> is “001B”

RXDO pin \  StartBit A Bito X sit1

RT1413 121110 9 8 7 6 5 4 3 2 1 0 1413121110 9 8 7 6 5 4 3 2 1 0 14131211 10

RT clock

L]
Internal received \ Start Bit /< Bit 0 * * * X Bit 1

data
(c) UARTCR2<RTSEL> is “010B”

RXDO pin \  StartBit A sito X sit1

RT1413 121110 9 8 7 6 56 4 3 2 1 0 15141312110 9 8 7 6 5 4 3 2 1 0 141312 11

RT clock

|||
Ln;?amal received \ Start Bit /< Bit 0 * * * X Bit 1

(d) UARTCR2<RTSEL> is “011B”

RXDO pin \  StartBit A Bito X:

RT1615 141312110 9 8 7 6 5 4 3 2 1 0 1615141312110 9 8 7 6 5 4 3 2 1 0 16

RT clock

|||
Internal received \ Start Bit /< Bit 0 * * * X:
data

(e) UARTCR2<RTSEL> is “100B”

Figure 16-7 Data Sampling in Each Case of UARTCR2<RTSEL>
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The sampling (a majority decision) is done at the timing of a data bit, parity bit and STOP bit.

The sampling (a majority decision) is not done at the timing of the START bit. After the falling edge of the
RXDO pin is detected, the counting by the RT clock is continued regardless of the RXDO pin's level after the
falling edge and the UART starts receiving a data.

1514131211109 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3

RT clock
Sampling
RXDO pin \ Start bit /< Bit 0
Internal received Start bit /( Bit 0 2929
data + + +
Shift register X Bit 0

Afalling edge is detected. The received data is taken
(Start receiving a data.) into the shift register.

Figure 16-8 Start Bit Sampling

Not to start receiving a data by the influence of a noise on the RXDO pin, a noise should be reject. For a detail,
refer to "16.10 Received Data Noise Rejection". Generally, it is recommend that the program has a error recovery
procedure beforehand to reject the influence of a noise on the RXDO pin.
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16.10 Received Data Noise Rejection

When noise rejection is enabled at UARTOCR2<RXDNC>, the time of pulses to be regarded as signals is as
shown in Table 16-8.

Table 16-8 Received Data Noise Rejection Time

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>.

151413121110 9 8 7 6 5 4 3 2 1 015141312110 9 8 7 6 5 4 3
RT clock

Noise

RXDO pin ” \ Start bit /( Bit 0

Internal received U Noise is removed Start bit /( Bit 0
data

[ ER
vYVYYy

Shift register X Bit 0
Afall d The received data is taken into
alling edge the shift register
is detected

When the noise rejection circuit is used

Figure 16-9 Received Data Noise Rejection
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16.11 Transmit/Receive Operation
16.11.1  Data transmit operation
Set UARTOCRI<TXE> to "1". Check UARTOSR<TBFL> = "0", and then write data into TDOBUF (trans-
mit data buffer). Writing data into TDOBUF sets UARTOSR<TBFL> to "1", transfers the data to the transmit
shift register, and outputs the data sequentially from the TXDO pin. The data output includes a start bit, stop
bits whose number is specified in UARTOCRI<STBT> and a parity bit if parity addition is specified. Select
the data transfer baud rate using UARTOCR1<BRG>, UARTOCR2<RTSEL> and UARTODR. When data trans-
mission starts, the transmit buffer full flag UARTOSR<TBFL> is cleared to "0" and an INTTXDO interrupt re-
quest is generated.
Note 1: After data is written into TDOBUF, if new data is written into TDOBUF before the previous data is transfer-
red 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
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
mitted data is written to TDOBUF
When the STOP, IDLEO or SLEEPO
mode is active
16.11.2 Data receive operation
Set UARTOCR1<RXE> to "1". When data is received via the RXDO pin, the received data is transferred
to RDOBUF (receive data buffer). At this time, the transmitted data includes a start bit, stop bit(s) and a pari-
ty bit if parity addition is specified. When the stop bit(s) are received, data only is extracted and transferred
to RDOBUF (receive data buffer). Then the receive buffer full flag UARTOSR<RBFL> is set and an
INTRXDO interrupt request is generated. Set the data transfer baud rate using UARTOCR1<BRG>,
UARTOCR2<RTSEL> and UARTODR.
If an overrun error occurs when data is received, the data is not transferred to RDOBUF (receive data buf-
fer) but discarded; data in the RDOBUF is not affected.
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16.12 Status Flag

16.12.1

Parity error

When the parity determined using the receive data bits differs from the received parity bit, the parity error
flag UARTOSR<PERR> is set to "1". At this time, an INTRXDO interrupt request is generated.

If UARTOSR<PERR> is "1" when UARTOSR is read, UARTOSR<PERR> will be cleared to "0" when
RDOBUF is read subsequently. (The RDOBUF read value becomes undefined.)

If UARTOSR<PERR> is set to "1" after UARTOSR is read, UARTOSR<PERR> will not be cleared to "0"
when RDOBUF is read subsequently. In this case, UARTOSR<PERR> will be cleared to "0" when
UARTOSR is read again and RDOBUF is read.

) 0. 0 ) () (0 . e

RXDO pin input

UARTOSR<PERR>
PERR is cleared to “0”
when RDOBUF
INTRXDO interrupt request ] is read after reading PERR="1".
Reading of UARTOSR I
Reading of RDOBUF k»ﬂ
|
RDOBUF Indeterminate¢
v
Data reading

RXDO pin input

tari{ 10 o1 iz g1 Y o {5 g Y i eary stop
Not cleared
O

UARTOSR<PERR>

PERR is cleared to “0”
when RDOBUF
is read after reading PERR="1".

INTRXDO interrupt request

— <
—

Reading of UARTOSR

\J

Reading of RDOBUF S
I I
RDOBUF ME.MEJP ‘JP
v v
Data reading Data reading

Figure 16-10 Occurrence of Parity Error
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16.12.2 Framing Error

If the internal and external baud rates differ or "0" is sampled as the stop bit of received data due to the in-
fluence of noise on the RXDO pin, the framing error flag UARTOSR<FERR> is set to "1". At this time, an
INTRXDO interrupt request is generated.

If UARTOSR<FERR> is "1" when UARTOSR is read, UARTOSR<FERR> will be cleared to "0" when
RDOBUF is read subsequently.

If UARTOSR<FERR> is set to "1" after UARTOSR is read, UARTOSR<FERR> will not be cleared to "0"
when RDOBUF is read subsequently. In this case, UARTOSR<FERR> will be cleared to "0" when
UARTOSR is read again and RDOBUF is read.

Afalling edge is
detected
'

LR =G G (2 G o G O

FERR is generated if “0” is received

Sampling in the sampling of the stop bit.
Bit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Stop ~
UARTOSR<FERR> |
FERR is cleared to “0”
INTRXDO interrupt request ] :As”-lrz:dREf?eBrLrJeFading FERR="1".

Reading of UARTOSR

)

|
Reading of RDOBUF k.ﬂ
I
0
v

Data reading

When the external baud rate is slower than the internally set baud rate

RDOBUF Indeterminate

Afalling edge is Afalling edge is
detected detected

RXDO pin input

Sampling
Bit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Stop Bit0O Bit1 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 ﬂ
Reading of RDOBUF k,”

RDOBUF

I
Indeterminate (:)
v

Data reading

When the external baud rate is faster than the internally set baud rate

Figure 16-11 Occurrence of Framing Error
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16.12.3 Overrun error

If receiving of all data bits is completed before the previous received data is read from RDOBUF, the over-
run error flag UARTOSR<OERR> is set to "1" and an INTRXDO interrupt request is generated. The data re-
ceived at the occurrence of the overrun error is discarded and the previous received data is maintained. Subse-
quently, if data is received while UARTOSR<OERR> is still "1", no INTRXDO interrupt request is gener-
ated, and the received data is discarded. (Figure 16-12)

Note that parity or framing errors in the discarded received data cannot be detected. (These error flags are
not set.) That is to say, if these errors are detected together with an overrun error during the reading of
UARTOSR, they have occurred in the previous received data (the data stored in RDOBUF). (Figure 16-13)

If UARTOSR<OERR> is "1" when UARTOSR is read, UARTOSR<OERR> will be cleared to "0" when
RDOBUF is read subsequently. (Figure 16-14)

If UARTOSR<OERR> is set to "1" after UARTOSR is read, UARTOSR<OERR> will not be cleared to "0"
when RDOBUF is read subsequently. In this case, UARTOSR<OERR> will be cleared to "0" when
UARTOSR is read again and RDOBUF is read. (Figure 16-14)

Data A Data B Data C
r A N A N A Al
S0 ) 9, o ) ) 9, o e ) 0 ) 0 -
UARTOSR<RBFL>
UARTOSR<OERR> The flag is set.
No interrupt

. An interrupt request An interrupt request request is
INTRXDO interrupt request ] is generated. -| is generated. generated.
RDOBUF 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
RO ETRNI S ) 9 20 2m Y ) 649 2 S AR ) 649, 20 et G 9 2 o
v ¥
A parity error occurs. The parity is OK.} The flag is not set even if
UARTOSR<FERR> a framing error occurs.
UARTOSR<PERR> \—» The flag is set.
UARTOSR<RBFL>
UARTOSR<OERR>
X An interrupt request An interrupt request No interrupt request
INTRXDO interrupt request -| is generated. -| is generated. <«—is generated. —>
RDOBUF Data A ) 2 2
The contents of data B are discarded / The contents of data C are discarded / The dqontegtsaof dda:ﬁ b aref /
and those of data A are maintained. and those of data A are maintained. iscarded and fhose o

data A are maintained.

When a parity error occurs in the first received data and a framing error occurs in the second data

Data A Data B Data C Data D
r A N A N A N A Al
RXDO pin input w @ Stop \ Start, @ @ Stop \ Start m 1@ Stop \ Start @ ' Stop
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>
X An interrupt request An interrupt request No interrupt request
INTRXDO interrupt request ] is generated. ] is generated. <«—is generated. —>
RDOBUF Data A ) A 2
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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RXDO pin input

UARTOSR<RBFL>

Data A Data B

o0 0 &9, G0 e 0 0 69 G

UARTOSR<OERR>

INTRXDO interrupt request

1

I

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
‘ RBFL="1".

Reading of UARTOSR

Reading of RDOBUF

v
|
Kﬂ

RDOBUF

Data A

RXDO pin input

UARTOSR<RBFL>

The contents of data B are discarded /
and those of data A are maintained.

Data A Data B
A N

S0 0 &9, G o 0 0 69 o

|
3
{

Reading of data A

RBFL is cleared to “0” when

UARTOSR<OERR>

|

RDOBUF is read after reading

RBFL="1".

INTRXDO interrupt request

—

O—|

OERR is cleared to “0” when
RDOBUF is read after reading
OERR="1".

Reading of UARTOSR

——

Reading of RDOBUF

o

—]

'
|
\J

RDOBUF

|
0
.

Data A
The contents of data B are discarded / ¢
and those of data A are maintained. Reading  Reading
of data A of data A

Figure 16-14 Clearance of Overrun Error Flag
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16.12.4 Receive Data Buffer Full
Loading the received data in RDOBUF sets UARTOSR<RBFL> to "1".

If UARTOSR<RBFL> is "1" when UARTOSR is read, UARTOSR<RBFL> will be cleared to "0" when
RDOBUF is read subsequently.

If UARTOSR<RBFL> is set to "1" after UARTOSR is read, UARTOSR<RBFL> will not be cleared to "0"
when RDOBUF is read subsequently. In this case, UARTOSR<RBFL> will be cleared to "0" when
UARTOSR is read again and RDOBUF is read.

Data A Data B
A A

20,0 449, 0 e (o ) 9 G e
UARTOSR<RBFL> ‘ ‘
1
v
n

RBFL is cleared to “0” when
RDOBUF is read after

INTRXDO interrupt request reading RBFL="1".

Reading of UARTOSR
Reading of RDOBUF k»ﬂ k»ﬂ

RDOBUF Data A

~to+—

|
Data B (:)
v

Reading of data A Reading of data B

Figure 16-15 Occurrence of Receive Data Buffer Full
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16.12.5 Transmit busy flag

If transmission is completed with no waiting data in TDOBUF (when UARTOSR<TBFL>="0"),
UARTOSR<TBSY> is cleared to "0". When transmission is restarted after data is written into TDOBUF,
UARTOSR<TBSY> is set to "1". At this time, an INTTXDO interrupt request is generated.

UARTOCR1<TXE> 4 Data A Data B

s e (e Vo

TXDO pin input stanpBio a1 e i s s} e ) v stop

UARTOSR<TBFL> [
UARTOSR<TBSY>
INTTXDO interrupt 1 1
request
Writing of TDOBUF |
Writing of Writing of
data A data B

Figure 16-16 Transmit Busy Flag and Occurrence of Transmit Buffer Full

16.12.6 Transmit Buffer Full

When TDOBUF has no data, or when data in TDOBUF is transferred to the transmit shift register and trans-
mission is started, UARTOSR<TBFL> is cleared to "0". At this time, an INTTXDO interrupt request is gener-
ated.

Writing data into TDOBUF sets UARTOSR<TBFL> to "1".

UARTOCR1<TXE> 4 Data A Data B

TXDO pin input stantfeo i oz ava X e s e X i stop\stat e i ez o)

UARTOSR<TBFL> |_ |
UARTOSR<TBSY> l
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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16.13 Receiving Process

Figure 16-18 shows an example of the receiving process. Details of flag judgments in the processing are shown
in Table 16-10 and Table 16-11.

If any framing error or parity error is detected, the received data has erroneous value(s). Execute the error han-
dling, for example, by discarding the received data read from RDOBUF and receiving the data again.

If any overrun error is detected, the receiving of one or more pieces of data is unfinished. It is impossible to de-
termine the number of pieces of data that could not be received. Execute the error handling, for example, by receiv-
ing data again from the beginning of the transfer. Basically, an overrun error occurs when the internal software pro-
cessing cannot follow the data transfer speed. It is recommended to slow the transfer baud rate or modify the soft-
ware to execute flow control.

R INTRXDO interrupt
eceiving process subroutine

Read UARTOSR Read UARTOSR

| Read RDOBUF | | Read RDOBUF |

UARTOSR<RBFL>

1
1 1
UARTOSR<PERR> - UARTOSR<PERR> -
Parity error Parity error
0 0
UARTOSR<FERR> UARTOSR<FERR>

Data processing | Error handling | Data processing | Error handling |
(Received data is valid) | (Received data is valid)

1
UARTOSR<OERR> UARTOSR<OERR>
Overrun error Overrun error
0

Framing error Framing 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 pre-
vious data receiving process.)

1 0 0 Receiving has been completed properly.

Receiving has been completed properly, but some pieces
1 0 1 ]

of data could not be received.
1 1 0 Received data has erroneous value(s).

Received data has erroneous value(s) and some pieces of
data could not be received.

Table 16-11 Flag Judgments When a Receive Interrupt Is Used

FERR/PERR OERR State
0 0 Receiving has been completed properly.
0 1 Receiving has been completed properly, but some pieces

of data could not be received.

1 0 Received data has erroneous value(s).

Received data has erroneous value(s) and some pieces of
data could not be received.
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16.14 AC Properties

16.14.1  IrDA properties

(Vss = 0V, Topr = =40 to 85°C)

ltem 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 - Hs
Transfer baud rate = 57600 bps - 3.26 -
Transfer baud rate = 115200 bps - 1.63 -
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17. Synchronous Serial Interface (SIO)

The TMP89FS60V contains 2 channels of high-speed 8-bit serial interfaces of the clock synchronization type.

This chapter describes serial interface 0. For serial interface 1, replace the SFR addresses and pin names as

shown in Table 17-1 and Table 17-2.

Table 17-1 SFR Address Assignment

SIOxCR SIOxSR SIOxBUF
(address) (address) (address)
o SIO0CR SIO0SR SIO0BUF
Serial interface 0
(0x001F) (0x0020) (0x0021)
L SIO1CR SIO1SR SIO1BUF
Serial interface 1
(0xOF70) (0xOF71) (0xOF72)
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
Serial interface 1 SCLK1 pin SI1 pin SO1 pin
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17.1 Configuration

2 Internal bus 8

N
INTSIO0
v interrupt request
| sioocr | | sioosr | —[ 7 7 7 7 7 77 sioosur

<| |7 Shift register on transmitter
1 Shift clock T T T Y T T T Port .
Internal clock —>| Control circuit | | |—>| (Note) |—|:| SO0 pin
I MSBJ/LSB selection S
— T T o .
3 R D soein

Shift register on receiver

: |SIOOBUF

= .
oo |«—[_] scLko pin

2 Internal bus 8

Q

Figure 17-1 Serial Interface

Note: The serial interface input/output pins are also used as the 1/O ports. The I/O port register settings are re-
quired to use these pins for a serial interface. For details, refer to the chapter of I/O ports.
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17.2 Control

The synchronous serial interface SIO0 is controlled by the low power consumption registers (POFFCR2), the se-
rial interface data buffer register (SIOOBUF), the serial interface control register (SIOOCR) and the serial inter-
face status register (SIOOSR).

Low power consumption register 2

POFFCR2 7 6 5 4 3 2 1 0
(OxOF76) Bit Symbol - - RTCEN - - - SIO1EN SIO0EN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0 | Disable
RTCEN RTC control
1| Enable
0 | Disable
SIO1EN SIO1 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
SIOO0BUF 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 SIO0OBUF
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 trans-

mit data.
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Serial interface control register
SIO0CR 7 6 5 4 3 2 1 0
(0x001F) Bit Symbol SIOEDG SIOCKS SIODIR SIoS SIOM
Read/Write R/W R/W R/W 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 . B . .
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 fcgck/25 -
SIOCKS Serial clock selection [Hz] 011 fcgck/24 -
100 fcgck/23 -
101 fcgck/22 -
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)
108 Transfer operation start/stop in- 0 [ 0: Operation stop (reserved stop)
struction 1| 1: Operation start
00 | Operation stop (forced stop)
siom Transfer mode selection and 01 8-bit transmit mode
operation 10 | 8-bit receive mode
11 | 8-bit transmit and receive mode

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

Note 2: After the operation is started by writing "1" to SIOS, writing to SIOEDG, SIOCKS and SIODIR is invalid until
SIO0SR<SIOF> becomes "0". (SIOEDG, SIOCKS and SIODIR can be changed at the same time as changing SIOS
from "0" to "1".)

Note 3: After the operation is started by writing "1" to SIOS, no values other than"00" can be written to SIOM until SIOF be-
comes "0" (if a value from "01" to "11" is written to SIOM, it is ignored). The transfer mode cannot be changed during
the operation.

Note 4: SIOS remains at "0", if "1" is written to SIOS when SIOM is "00" (operation stop).

Note 5: When SIO is used in SLOW1/2 or SLEEP1 mode, be sure to set SIOCKS to "110". If SIOCKS is set to any other val-
ue, 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 opera-
tion. At the same time, SIOS is cleared to "0". However, the values set for SIOEDG, SIOCKS and SIODIR are main-
tained.
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Serial interface status register

SIO0SR 7 6 5 4 3 2 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
SIOF Serial transfer operation status 0 [ Transfer not in progress
monitor 1| Transfer in progress
. . . 0| Shift operation not in progress
SEF Shift operation status monitor . L
1| Shift operation in progress
. 0| No overrun error has occurred
OERR Receive overrun error flag
1| At least one overrun error has occurred
. . 0 | No data has been received since the last receive data was read out
REND Receive completion flag ) )
1| At least one data receive operation has been executed
i 0 [ No transmit underrun error has occurred
UERR Transmit underrun error flag .
1] At least one transmit underrun error has occurred
. 0 | The transmit buffer is empty
TBFL Transmit buffer full flag . .
1| The transmit buffer has the data that has not yet been transmitted
Note 1: The OERR and UERR flags are cleared by reading SIO0SR.
Note 2: The REND flag is cleared by reading SIOOBUF.
Note 3: Writing "00" to SIOOCR<SIOM> clears all the bits of SIO0OSR 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 to "0".
Note 4: Bit 1 to O of SIOOSR are read "0".
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17.3 Low Power Consumption Function

Serial interface 0 has the low power consumption registers (POFFCR2) that save power when the serial inter-
face is not being used.

Setting POFFCR2<SIOOEN> to "0" disables the basic clock supply to serial interface 0 to save power. Note
that this renders the serial interface unusable. Setting POFFCR2<SIOOEN> to "1" enables the basic clock supply
to serial interface 0 and allows the serial interface to operate.

After reset, POFFCR2<SIOOEN> are initialized to "0", and this renders the serial interface unusable. When us-
ing the serial interface for the first time, be sure to set POFFCR2<SIO0EN> to "1" in the initial setting of the pro-
gram (before the serial interface control registers are operated).

Do not change POFFCR2<SIO0EN> to "0" during the serial interface operation. Otherwise serial interface 0
may operate unexpectedly.
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17.4 Functions

17.4.1 Transfer format

The transfer format can be set to either MSB or LSB first by using SIOOCR<SIODIR>. Setting SIOOCR<SIO-
DIR> to "0" selects LSB first as the transfer format. In this case, the serial data is transferred in sequence
from the least significant bit.

Setting SIOOCR<SIODIR> to "1" selects MSB first as the transfer format. In this case, the serial data is trans-
ferred in sequence from the most significant bit.

17.4.2 Serial clock
The serial clock can be selected by using SIOOCR<SIOCKS>.

Setting SIOOCR<SIOCKS> to "000" to "110" selects the internal clock as the serial clock. In this case, the
serial clock is output from the SCLKO pin. The serial data is transferred in synchronization with the edge of
the SCLKO pin output.

Setting SIOOCR<SIOCKS> to "111" selects an external clock as the serial clock. In this case, an external se-
rial clock must be input to the SCLKO pin. The serial data is transferred in synchronization with the edge of
the external clock.

The serial data transfer edge can be selected for both the external and internal clocks. For details, refer to
"17.4.3 Transfer edge selection".

Table 17-3 Transfer Baud Rate

SIO0CR Serial clock [Hz] fcgck=4MHz fcgck=8MHz fcgck=10MHz fs=32.768kHz
<SlocKs> | NORMAL1/2 or [ SLOW1/2 or 1-bit time | Baud rate | 1-bit time | Baud rate | 1-bit time | Baud rate | 1-bit time | Baud rate

IDLE1/2 mode | SLEEP1 mode (us) (bps) (us) (bps) (us) (bps) (us) (bps)

000 fegek/2° - 128 7.813k 64 15.625k 51.2 19.531k

001 fcgek/28 - 16 62.5k 8 125k 6.4 156.25k

010 fecgek/2® 8 125k 4 250k 3.2 312.5k

011 fcgek/24 - 4 250k 2 500k 1.6 625k

100 fcgek/2° 2 500k 1 ™ 0.8 1.25M

101 fcgck/22 - 1 ™ 0.5 2M 0.4 2.5M

110 fcgek/2 fs/23 0.5 2M 0.25 4M 0.2 5M 244 4k

17.4.3 Transfer edge selection

The serial data transfer edge can be selected by using SIOCR<SIOEDG>.

Table 17-4 Transfer Edge Selection

SIO0CR<SIOEDG> Data transmission Data reception
0 Falling edge Rising edge
1 Rising edge Falling edge

When SIOCR<SIOEDG> is "0", the data is transmitted in synchronization with the falling edge of the
clock and the data is received in synchronization with the rising edge of the clock.

When SIOCR<SIOEDG> is "1", the data is transmitted in synchronization with the rising edge of the
clock and the data is received in synchronization with the falling edge of the clock.
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17.4 Functions

SLCKO pin

viviyi

500 pin (ro)(m Nz ()T )T

- ro)Ri)(Re)(re) Ra)Re)Re (&7

When SIOCR<SIOEDG>="0"

vViviyi

o0 06560 15 /5 (0 (A

- ro)Ri)(Re)(re) Ra)Re)Re (&7

When SIOCR<SIOEDG>="1"

SCLKO pin

Figure 17-2 Transfer Edge

Note:When an external clock input is used, 4/fcgck or longer is needed between the receive edge at the
8th bit and the transfer edge at the first bit of the next transfer.

Ve > Bl

SCLKO pin ( ) I l
Trailing edge at the  Leading edge at the

Rhw AR ERE ng e ing ecge
SO0 pin j( AB X A7 X BO X B1 X B2 8th bit (receive edge) 1st bit (transmit edge)
% v v v y Symbol Name Minimum time
SI0 pin X C6 X Cc7 X DO X D1 X D2 tBl | Interval time between bytes | 4/fcgck

Figure 17-3 Interval time between bytes
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17.5 Transfer Modes

17.5.1 8-bit transmit mode

The 8-bit transmit mode is selected by setting SIOOCR<SIOM> to "01".

17.5.1.1  Setting

Before starting the transmit operation, select the transfer edges at SIOOCR<SIOEDG>, a transfer for-
mat at SIOOCR<SIODIR> and a serial clock at SIOOCR<SIOCKS>. To use the internal clock as the seri-
al clock, select an appropriate serial clock at SIOOCR<SIOCKS>. To use an external clock as the serial
clock, set SIOOCR<SIOCKS>to "111".

The 8-bit transmit mode is selected by setting SIOOCR<SIOM> to "01".

The transmit operation is started by writing the first byte of transmit data to SIOOBUF and then setting
SIOOCR<SIOS> to "1".

Writing data to SIOOCR<SIOEDG, SIOCKS and SIODIR> is invalid when the serial communication
is in progress, or when SIOOSR<SIOF> is "1". Make these settings while the serial communication is stop-
ped. While the serial communication is in progress (SIOOSR<SIOF>="1"), only writing "00" to
SIO0CR<SIOM> or writing "0" to SIOOCR<SIOS> is valid.

17.5.1.2  Starting the transmit operation

The transmit operation is started by writing data to SIOOBUF and then setting SIOOCR<SIOS> to "1".
The transmit data is transferred from SIOOBUF to the shift register, and then transmitted as the serial da-
ta from the SO0 pin according to the settings of SIOOCR<SIOEDG, SIOCKS and SIODIR>. The serial da-
ta becomes undefined if the transmit operation is started without writing any transmit data to SIOOBUF.

In the internal clock operation, the serial clock of the selected baud rate is output from the SCLKO pin.
In the external clock operation, an external clock must be supplied to the SCLKO pin.

By setting SIOOCR<SIOS> to "1", SIOOSR<SIOF and SEF> are automatically set to "1" and an IN-
TSIOO interrupt request is generated.

SIOOSR<SEF> is cleared to "0" when the 8th bit of the serial data is output.

17.5.1.3 Transmit buffer and shift operation

If data is written to SIOOBUF when the serial communication is in progress and the shift register is emp-
ty, the written data is transferred to the shift register immediately. At this time, SIOOSR<TBFL> remains
at HO".

If data is written to SIOOBUF when some data remains in the shift register, SIOOSR<TBFL> is set to
"1". If new data is written to SIOOBUF in this state, the contents of SIOOBUF are overwritten by the new
value. Make sure that SIOOSR<TBFL> is "0" before writing data to SIOOBUF.

17.5.1.4  Operation on completion of transmission

The operation on completion of the data transmission varies depending on the operating clock and the
state of SIOOSR<TBFL>.
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(1)  When the internal clock is used and SIOOSR<TBFL> is "0"

When the data transmission is completed, the SCLKO pin becomes the initial state and the SO0
pin becomes the "H" level. SIOOSR<SEF> remains at "0". When the internal clock is used, the seri-
al clock and data output is stopped until the next transmit data is written into SIOOBUF (automatic
wait).

When the subsequent data is written into SIOOBUF, SIOOSR<SEF> is set to "1", the SCLKO pin out-
puts the serial clock, and the transmit operation is restarted. An INTSIOO interrupt request is gener-
ated at the restart of the transmit operation.

(2) When an external clock is used and SIOOSR<TBFL> is "0"

When the data transmission is completed, the SO pin keeps last output value. When an external se-
rial clock is input to the SCLKO pin after completion of the data transmission, an undefined value is
transmitted and the transmit underrun error flag SIOOSR<UERR> is set to "1".

If a transmit underrun error occurs, data must not be written to SIOOBUF during the transmission
of an undefined value. (It is recommended to finish the transmit operation by setting
SIOOCR<SIOS> to "0" or force the transmit operation to stop by setting SIOOCR<SIOM> to "00".)

The transmit underrun error flag SIOOSR<UERR> is cleared by reading SIOOSR.

(3) When an internal or external clock is used and SIOOSR<TBFL> is "1"

When the data transmission is completed, SIOOSR<TBFL> is cleared to "0". The data in
SIOOBUF is transferred to the shift register and the transmission of subsequent data is started. At
this time, SIOOSR<SEF> is set to "1" and an INTSIOO interrupt request is generated.

17.5.1.5 Stopping the transmit operation

Set SIOOCR<SIOS> to "0" to stop the transmit operation. When SIOOSR<SEF> is "0", or when the
shift operation is not in progress, the transmit operation is stopped immediately and an INTSIOO interrupt
request is generated. When SIOOSR<SEF> is "1", the transmit operation is stopped after all the data in
the shift register is transmitted (reserved stop). At this time, an INTSIOO interrupt request is generated
again.

When the transmit operation is completed, SIOOSR<SIOF, SEF and TBFL> are cleared to "0". Other
SIOO0SR registers keep their values.

If the internal clock has been used, the SO0 pin automatically returns to the "H" level. If an external
clock has been used, the SO0 pin keeps the last output value. To return the SO0 pin to the "H" level,
write "00" to SIOOCR<SIOM> when the operation is stopped.

The transmit operation can be forced to stop by setting SIOOCR<SIOM> to "00" during the operation.
By setting SIOOCR<SIOM> to "00", SIOOCR<SIOS> and SIOOSR are cleared to "0" and the SIO stops
the operation, regardless of the SIOOSR<SEF> value. The SO0 pin becomes the "H" level. If the internal
clock is selected, the SCLKO pin returns to the initial level.

2019/08/01

Page 252



Tos H I BA TMP89FS60VEFG

TMP89FS60VUG
Start operation Reserved stop
SIOOCR<SIOS> | —
SIO0CR<SIOM> 01
SIOOSR<SIOF> | Automatic wait —_
SIOOSR<SEF> | |

SIO0SR<TBFL>

Internal clock —|_|_|_ ] _—|_|_|_|_|_—|_|_|_|_|_|_|_|_|_|_|_|_|_|_|__ﬂ_

Dat‘a A Dat‘a B Dat‘a C
r N r ) r
SO0 pin (outpu) DD LT DT LT DT DT D, OB T DT DT
—

SCLKO pin (output) ] I U_|_|_|_|_|_|_|_|_|_|_|_|_|_|__
1

An interrupt is generated
The level is held for the period after transmission in
] of the internal clockx(1/2) -|

INTSIOO interrupt request

case of reserved stop

SIO0BUF XA c

Write to SIOOBUF [ ﬂ

Writing data A Writing data B Writing data C

Figure 17-4 8-bit Transmit Mode (Internal Clock and Reserved Stop)

Start operation Forced stop Start operation Reservedl stop Forced stop
SIOOCR<SIOS>  __ |
SI00CR<sIOM> | X o1 00 X o1 00
SIOOSR<SIOF>  ___|
SIO0SR<SEF> | L

SIO0SR<TBFL> I_
itemal cock | [ U U U U U U UL
>)_

Data A Data B Data C
A A A

N

009 ot DT T T D S AT, 2T T T
SCLKO pin (output) «—— Clock output is stopped U_|_|_|_—|_|_|_|_|_|_U—

: Forced stop has priority
INTSIOO interrupt request ] ] ] over reserved stop
SIO0BUF XA B c D
Write to SIOOBUF | | |
Writing data A Writing data B Writing data C Writing data D

Figure 17-5 8-bit Transmit Mode (Internal Clock and Forced Stop)
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Start operation Reserved stop
SIO0CR<SIOS> —
SIO0CR<SIOM> :X o1 00
SIO0SR<SIOF> -
SIOOSR<SEF> || |

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

SO0 pin (output) ) L, ), D G G
SCLKO pin (input) _|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|

An interrupt is generated after
-| ] transmission in case of reserved stop -|

INTSIOO interrupt request ]

SIO0BUF XA B c
X Returned to the H level by setting —
Write to SIOOBUF |- SIOCR1<SIOM> to “00”
Writing data A Writing data B Writing data C

Figure 17-6 8-bit Transmit Mode (External Clock and Reserved Stop)

Start operation Reserved stop Start operation Reserved stop Forced stop
SIO0CR<SIOS>
SIO0CR<SIOM> :X 01 00 X 01 00
SIO0SR<SIOF>
SIO0SR<SEF> |_
SIO0SR<TBFL> |

Data A Data C Data C
S00 pin (output) Eroferprafprferprofproferpioferfery jfe—pazisnanaaot  aojrifarefercfauforey
SCLKO pin (input) _| |_| |_| |_| |_ |_| |_| |—| |—|
. Forced stop has priority

INTSIOO interrupt request ] ] ] over reserved stop

SIO0BUF XA B Xc ? D
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 transmit\ed.[
Writing Writing Writing Writing
data A data B data C data D

Figure 17-7 8-bit Transmit Mode (External Clock and Forced Stop)
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Start operation Reserved stop
SIO0CR<SIOS> )
SIO0CR<SIOM> :X 01 00
SIO0SR<SIOF> —
SIO0SR<SEF>
Stopped while keeping the
current level in the operation — i
SIO0OSR<TBFL> with an external clock
SIO0SR<UERR>
Data A Data A Data B Data B Data C
p A p A A A

SO0 pin (output)

INTSIOO interrupt request ]

@@@@@@ Bite)Bit7 @@
SCLKO pin (input) U UUyy L

Transferred to the buffer
immediately after writing

D E— r
2R o EEEREEERE or

Transferred to the buffer
immediately after writing -|

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 SIOOSR |
Reading
SIO0SR

Figure 17-8 8-bit Transmit Mode (External Clock and Occurrence of Transmit Underrun Error)
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17.5.2 8-bit Receive Mode

The 8-bit receive mode is selected by setting SIOOCR<SIOM> to "10".

17.5.2.1  Setting

As in the case of the transmit mode, before starting the receive operation, select the transfer edges at
SIOOCR<SIOEDG>, a transfer format at SIOOCR<SIODIR> and a serial clock at SIOOCR<SIOCKS>.
To use the internal clock as the serial clock, select an appropriate serial clock at SIOOCR<SIOCKS>. To
use an external clock as the serial clock, set SIOOCR<SIOCKS> to "111".

The 8-bit receive mode is selected by setting SIOOCR<SIOM> to "10".
Reception is started by setting SIOOCR<SIOS> to "1".

Writing data to SIOOCR<SIOEDG, SIOCKS and SIODIR> is invalid when the serial communication
is in progress, or when SIOOSR<SIOF> is "1". Make these settings while the serial communication is stop-
ped. While the serial communication is in progress (SIOOSR<SIOF>="1"), only writing "00" to
SIOOCR<SIOM> or writing "0" to SIOOCR<SIOS> is valid.

17.5.2.2  Starting the receive operation

Reception is started by setting SIOOCR<SIOS> to "1". External serial data is taken into the shift regis-
ter from the SIO pin according to the settings of SIOOCR<SIOEDG, SIOCKS and SIODIR>.

In the internal clock operation, the serial clock of the selected baud rate is output from the SCLKO pin.
In the external clock operation, an external clock must be supplied to the SCLKO pin.

By setting SIOOCR<SIOS> to "1", SIOOSR<SIOF and SEF> are automatically set to "1".

17.5.2.3 Operation on completion of reception

When the data reception is completed, the data is transferred from the shift register to SIOOBUF and
an INTSIOO interrupt request is generated. The receive completion flag SIOOSR<REND> is set to "1".

In the operation with the internal clock, the serial clock output is stopped until the receive data is read
from SIOOBUF (automatic wait). At this time, SIOOSR<SEF> is set to "0". By reading the receive data
from SIOOBUF, SIOOSR<SEF> is set to "1", the serial clock output is restarted and the receive operation
continues.

In the operation with an external clock, data can be continuously received without reading the received
data from SIOOBUF. In this case, data must be read from SIOOBUF before the subsequent data has been
fully received. If the subsequent data is received completely before reading data from SIOOBUF, the over-
run error flag SIOOSR<OERR> is set to "1". When an overrun error has occurred, set SIOOCR<SIOM>
to "00" to abort the receive operation. The data received at the occurrence of an overrun error is discar-
ded, and SIOOBUF holds the data value received before the occurrence of the overrun error.

SIOOSR<REND> is cleared to "0" by reading data from SIOOBUF. SIOOSR<OERR> is cleared by read-
ing SIOOSR.

17.5.2.4  Stopping the receive operation

Set SIOOCR<SIOS> to "0" to stop the receive operation. When SIOOSR<SEF> is "0", or when the
shift operation is not in progress, the operation is stopped immediately. Unlike the transmit mode, no IN-
TSIOO0 interrupt request is generated in this state.
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When SIOOSR<SEF> is "1", the operation is stopped after the 8-bit data has been completely received

(reserved stop). At this time, an INTSIOO interrupt request is generated.

After the operation has stopped completely, SIOOSR<SIOF and SEF> are cleared to "0". Other

SIOOSR registers keep their values.

The receive operation can be forced to stop by setting SIOOCR<SIOM> to "00" during the operation.
By setting SIOOCR<SIOM> to "00", SIOOCR<SIOS> and SIOOSR are cleared to "0" and the SIO stops
the operation, regardless of the SIOOSR<SEF> value. If the internal clock is selected, the SCLKO pin re-

turns to the initial level.

SIO0CR<SIOS>

Reserved
stop  ——

SIO0CR<SIOM>

SIO0SR<SIOF>

Automatic wait

SIO0SR<SEF>

SIO0SR<REND>

Internal clock |_| |_| |_

Data A

UL

Data C

r

S10 pin (input) (1o eidEiEiefiny

BitOXBit1ABit2\Bit3XBit4XBit5ABit6 B£7>l

SCLKO pin (output)

INTSIOO interrupt request

UL

)

UYL

SIO0BUF XA

?

Xc

?

Read SIO0BUF

|
[

v
I

Reading data A

Reading data C

Figure 17-9 8-bit Receive Mode (Internal Clock and Reserved Stop)
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Start operation Forced stop Start operation Reserved stop Forced stop
SIO0CR<SIOS>
SIOOCR<SIOM> 10 o X 10 00
SIO0SR<SIOF> Automatic

—_— wait
SIO0SR<SEF>

SIO0SR<REND>

memarco [T UTUUU U UL UUUUL

Data A Data B Data C
A f_%

r N

SI0 pin (input) @@@@@@@ Bit7 BitOXBit1YBit2 BitS
SCLKO pin (output) L L
Returned to Returned to

the initial level the initial level
INTSIOO interrupt request

SIO0BUF XA ©

Read SIO0BUF I
Reading data A

Figure 17-10 8-bit Receive Mode (Internal Clock and Forced Stop)

Start operation Reserved stop
SIO0CR<SIOS> )
SIO0CR<SIOM> 10
SIO0SR<SIOF> —
SIO0SR<SEF> | |
SIO0SR<REND>
Dat‘a A Dat‘a B Dat‘a C

SI0 pin (input) @@@@@@% Bit7) @@@@@ Bit5, @ Bit7] @ Bit1 @@@@% dit7)
SCLKO pin (input) |_| |_| |_| |_| |_

INTSIOO interrupt request

ST

SIO0BUF XA Q Xe ¢ c
) v
Read SIO0BUF | I

Reading data A Reading data B

Figure 17-11 8-bit Receive Mode (External Clock and Reserved Stop)
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Start operation Forced stop Start operation
SIO0CR<SIOS>
SIOOCR<SIOM> 10 o X 10
SIO0SR<SIOF>
SIO0SR<SEF>
SIO0SR<REND> |
Data A Data B Data C
r A N f_% r A N
SI0 pin (input) @@@@@@@ Hit7 BitOXBit 1XBit2\Bit3)Bit4)BitoXBit6kBit7  XBitoKBit1)Bit2)Bit3\Bit4XBit5XBit6XBit7
SCLKO pin (input)
Data B is discarded

INTSIOO interrupt request ] ]
SIO0BUF XA o cQ
Read SIO0BUF | 1

Reading data A Reading data C

Figure 17-12 8-bit Receive Mode (External Clock and Forced Stop)

Start operation Forced stop

SIO0CR<SIOS>

SIO0CR<SIOM> 10 00

SIO0SR<SIOF>

SIO0SR<SEF> ] J J J

SIO0SR<REND> Subsequent data is received
completely before reading
data A
SIO0SR<OERR>
Data A Data B Data C

r

ST T T 2 T 0 T T . 2 T 0 0 )
SCLKO pin (input) o _| |_

. Data B is Data C is
INTSIOO interrupt request ] discarded ] discarded
SIO0BUF XA °
Read SIOOBUF
Reading data A
Read SIO0SR |

Reading SUIOSR

Figure 17-13 8-bit Receive Mode (External Clock and Occurrence of Overrun Error)
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17.5.3 8-bit transmit/receive mode

The 8-bit transmit/receive mode is selected by setting SIOOCR<SIOM> to "11".

17.5.3.1  Setting

Before starting the transmit/receive operation, select the transfer edges at SIOOCR<SIOEDG>, a trans-
fer format at SIOOCR<SIODIR> and a serial clock at SIOOCR<SIOCKS>. To use the internal clock as
the serial clock, select an appropriate serial clock at SIOOCR<SIOCKS>. To use an external clock as the se-
rial clock, set SIOOCR<SIOCKS>to "111".

The 8-bit transmit/receive mode is selected by setting SIOOCR<SIOM> to "11".

The transmit/receive operation is started by writing the first byte of transmit data to SIOOBUF and
then setting SIOOCR<SIOS> to "1".

Writing data to SIOOCR<SIOEDG, SIOCKS and SIODIR> is invalid when the serial communication
is in progress, or when SIOOSR<SIOF> is "1". Make these settings while the serial communication is stop-
ped. While the serial communication is in progress (SIOOSR<SIOF>="1"), only writing "00" to
SIOOCR<SIOM> or writing "0" to SIOCR<SIOS> is valid.

17.5.3.2  Starting the transmit/receive operation

The transmit/receive operation is started by writing data to SIOOBUF and then setting SIOOCR<SIOS>
to "1". The transmit data is transferred from SIOOBUF to the shift register, and the serial data is transmit-
ted from the SO0 pin according to the settings of SIOOCR<SIOEDG, SIOCKS and SIODIR>. At the
same time, the serial data is received from the SIO pin according to the settings of SIOOCR<SIOEDG,
SIOCKS and SIODIR>.

In the internal clock operation, the serial clock of the selected baud rate is output from the SCLKO pin.
In the external clock operation, an external clock must be supplied to the SCLKO pin.

The transmit data becomes undefined if the transmit/receive operation is started without writing any trans-
mit data to SIOOBUF.

By setting SIOOCR<SIOS> to "1", SIOOSR<SIOF and SEF> are automatically set to "1" and an IN-
TSIOO interrupt request is generated.

SIOOSR<SEF> is cleared to "0" when the 8th bit of data is received.

17.5.3.3  Transmit buffer and shift operation

If any data is written to SIOOBUF when the serial communication is in progress and the shift register
is empty, the written data is transferred to the shift register immediately. At this time, SIOOSR<TBFL> re-
mains at "0".

If any data is written to SIOOBUF when some data remains in the shift register, SIOOSR<TBFL> is set
to "1". If new data is written to SIOOBUF in this state, the contents of SIOOBUF are overwritten by the
new value. Make sure that SIOOSR<TBFL> is "0" before writing data to SIOOBUF.

17.5.3.4  Operation on completion of transmission/reception

When the data transmission/reception is completed, SIOOSR<REND> is set to "1" and an INTSIOO inter-
rupt request is generated. The operation varies depending on the operating clock.
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(1)  When the internal clock is used

If SIOOSR<TBFL> is "1", it is cleared to "0" and the transmit/receive operation continues. If
SIOOSR<REND> is already "1", SIOOSR<OERR> is set to "1".

If SIOOSR<TBFL> is "0", the transmit/receive operation is aborted. The SCLKO pin becomes the
initial state and the SO0 pin becomes the "H" level. SIOOSR<SEF> remains at "0". When the subse-
quent data is written to SIOOBUF, SIOOSR<SEF> is set to "1", the SCLKO pin outputs the clock
and the transmit/receive operation is restarted. To confirm the receive data, read it from SIOOBUF be-
fore writing data to SIOOBUF.

(2) When an external clock is used

The transmit/receive operation continues. If the external serial clock is input without writing any da-
ta to SIOOBUF, the last data value set to SIOOBUF is re-transmitted. At this time, the transmit under-
run error flag SIOOSR<UERR> is set to "1".

When the next 8-bit data is received completely before SIOOBUF is read, or in the state of
SIOOSR<REND>="1", SIOOSR<OERR> is set to "1".

17.5.3.5 Stopping the transmit/receive operation

Set SIOOCR<SIOS> to "0" to stop the transmit/receive operation. When SIOOSR<SEF> is "0", or
when the shift operation is not in progress, the operation is stopped immediately. Unlike the transmit
mode, no INTSIOO interrupt request is generated in this state.

When SIOOSR<SEF> is "1", the operation is stopped after the 8-bit data is received completely. At
this time, an INTSIOO interrupt request is generated.

After the operation has stopped completely, SIOOSR<SIOF, SEF and TBFL> are cleared to "0". Other
SIOOSR registers keep their values.

If the internal clock has been used, the SO0 pin automatically returns to the "H" level. If an external
clock has been used, the SO0 pin keeps the last output value. To return the SO0 pin to the "H" level,
write "00" to SIOOCR<SIOM> when the operation is stopped.

The transmit/receive operation can be forced to stop by setting SIOOCR<SIOM> to "00" during the op-
eration. By setting SIOOCR<SIOM> to "00", SIOOCR<SIOS> and SIOOSR are cleared to "0" and the
SIO stops the operation, regardless of the SIOOSR<SEF> value. The SO0 pin becomes the "H" level. If
the internal clock is selected, the SCLKO pin returns to the initial level.
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Start operation Reserved stop
SIO0CR<SIOS> E—
SIO0SR<SIOF> —_
- Wait

SIO0SR<SEF>

SIO0SR<TBFL>

SIO0SR<REND>

Internal clock —|_|_|_ _J_ |_| |_—|_|_J_ MM_J— L

Data A Data B Data C
A
10 pin (input) @@@@@@@ b7 @@@@@@ a7 . e\
H
Data D Data E i Data F

SO0 pin (output) @@@ oitd @@@ Bit7\Bit0) @@@@@@ Bit7) @@ Bit2 @@@@ Biry__
SCLKO pin (outpu) Uuuuuuuyuyuyyyy UUyuuuu

INTSIOO interrupt request ] ] ] L

SIO0BUF A (I) B (I) C 3

(Read buffer) Reading Reading Reading
data A data B data C

Read SIOOBUF | | Il

SIO0BUF X D E E G

(Write buffer)

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 (Internal Clock and Reserved Stop)
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Start operation Reserved stop

SIO0CR<SIOS> )
SIO0CR<SIOM> " XE
SIO0SR<SIOF> —
SIO0SR<SEF>
SIO0SR<TBFL>
SIO0SR<REND> [ ] e

Dat‘a A Dat‘a B Dat‘a C
S10 pin (input) TDEE DT HTN T DT RTINS

DatAa D i i DatAa E i Daia F
SO0 pin (output) @@@ Bit3, @@@ Bit7XBit0, @@@@@@ Bit7 @@@ Bit'
SCLKO pin (input) —|_|_ |_|
INTSIOOQ interrupt request ] ] ] ]
SIO0BUF A B C
(Read bUffer) CI) Reading Reading<|> Reading<|>
Read SIO0BUF |-| data A data B |-| data C |-|_

SIO0BUF o E \(F G

(Write buffer)
Write to SIO0BUF j | ﬂ ﬂ

Writing data D Writing data E Writing data F Writing data G

Figure 17-15 8-bit Transmit/Receive Mode (External Clock and Reserved Stop)
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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
A

SI0 pin (input)

Data D

r

SO0 pin (output)

SCLKO pin (input)

INTSIOO interrupt request ]

1

H
Data D DataF |

DR DRI

1 Data G i

|
.
.
.

SIO0BUF

(Read buffer)

Read SIO0OBUF

A ? c 9
Reading Reading
|-| data A data C |-|

F G

[

SIO0BUF x D

(Write buffer)

Write to SIOOBUF j
Writing
data D

Read SIO0OSR

Writing Writing
data F data G

1

Figure 17-16 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 |
tseye tscyH |
\/SCLKH
SCLK pin
VSCLKL:
tsis tsiH

Sl pin —_—

tsop

SO pin ><

Figure 17-17 AC Characteristics

(Vss =0V, Vpp = 4.5V - 5.5 V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
SCLK cycle time tscy 2 / fegek - -
SCLK "L" pulse width tscyL 1/ fegek - -
-25
SCLK "H" pulse width tscyH Internal clock operation 1/ fegek } )
SO pin and SCLK pin load capacity=100 pF - 15
Sl input setup time tsis 60 - -
Sl input hold time tsiH 35 - -
SO output delay time tsob -50 - 50 ns
SCLK cycle time tscy 2 / fcgek - -
SCLK "L" pulse width tscyL 1/ fegek - -
SCLK "H" pulse width tscyH External clock operation 1/ fegek - -
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 * 0.30
SCLK high-level input voltage tScLKH Vpp x 0.70 - Vpp v
/ > € tBlI >

SCLKO pin

SO0 pin ;<

stopn X c6 X c7 X o

% Y i % E % E Trsilipg edgg at the I1_eading edge gtthe
X A7 X BO X B1 X B2 8th bit (receive edge) 1st bit (transmit edge)
% % % % Symbol Name Minimum time

X D1 X D2 tBl | Interval time between bytes | 4/fcgck

Figure 17-18 Interval time between bytes
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18. Serial Bus Interface (SBI)

The TMP89FS60V contains 1 channels of serial bus interface (SBI).

The serial bus interface supports serial communication conforming to the I>C bus standards. It has clock synchro-
nization and arbitration functions, and supports the multi-master in which multiple masters are connected on a
bus. It also supports the unique free data format.
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18.1  Communication Format
18.1.1  I2C bus
The I>C bus is connected to devices via the SDA0 and SCLO pins and can communicate with multiple devices.

VDD

=

SDA SDAF— | ----- SDA|—
SCL SCL SCL
Device 1 Device 2 Device n

Figure 18-1 Device Connections

Communications are implemented between a master and slave.

The master transmits the start condition, the slave addresses, the direction bit and the stop condition to the
slave(s) connected to the bus, and transmits and receives data.

The slave detects these conditions transmitted from the master by the hardware, and transmits and receives
data.

The data format of the I>C bus that can communicate via the serial bus interface is shown in Figure 18-2.

The serial bus interface does not support the following functions among those specified by the I>’C bus stand-
ards:

1. Start byte
2. 10-bit addressing
3. SDA and SCL pins falling edge slope control

4. The I/O pins of the serial bus interface do not avoid the transmittion on the SDA and SCL line
when the power supply (Vpp) is turned off.

2019/08/01 Page 268



Tos H I BA TMP89FS60VEFG

TMP89FS60VUG
(a) Addressing format
l«— 8bits —>»{1]€« 1to8bits >|1}€ 1to8bits >|1]
TTT T T
R[A A A
S| Slave address |/|C Data C Data C|P
W[ K K K
I(— 1 —>|<— 1 or more —>|
(b) Addressing format (with restart)
l«— 8bits —»{1}€« 1to8bits >{1| |€«— 8bits —>|1}€« 1to8bits >|1]
T T T T T T T T
RIA A RIA 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 I12C Bus

18.1.2 Free data format
The free data format is for communication between a master and slave.

In the free data format, the slave address and the direction bit are processed as data.

(a) Free data format

l«— 8bits —>{1|« 1to8bits >|1|€ 1to8bits >|1]

T TTTTT
A A A
S Data C Data (o} Data C|P
K K K

|<— 1 —>|(— 1ormore—)|

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
_ canceller °
> | Transfer =
control 8
circuit K =
A A A+ g
(]
Yl vy N/ Y %
Software Clock . > c
A . Shift Data >
reset circuit | [control circuit o !
> | register B co_ntrqtl Noo SDA ]
% A A A ~ circut canceller
sl
@ =)
é = X 9(3
S o «| & HE
) = ol & & o <| & 5SS g
= @) [5] < (%] z (] < =m <J(" J"
SBIOCR2 | | sBlocR1 | | 12coAR | | sBioDBR | | sBiosR2 |

Figure 18-4 Serial Bus Interface 0 (SBIO)
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18.3 Control

The following registers are used to control the serial bus interface and monitor the operation status.

+ Serial bus interface control register 1 (SBIOCR1)

+ Serial bus interface control register 2 (SBIOCR2)

+ Serial bus interface status register 2 (SBIOSR2)

+ Serial bus interface data buffer register (SBIODBR)
+ I2C bus address register (I2COAR)

In addition, the serial bus interface has low power consumption registers that save power when the serial bus in-
terface is not being used.

Low power consumption register 1

POFFCR1 7 6 5 4 3 2 1 0
(0OXOF75) Bit Symbol - - - SBIOEN - UART2EN 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 SBIO control
1| Enable
0 | Disable
UART2EN | UART2 control
1| Enable
0 | Disable
UART1EN [ UART1 control
1| Enable
0 | Disable
UARTOEN | UARTO control
1| Enable
Note : When SBIOEN is cleared to "0", the clock supply to the serial bus interface is stopped. At this time, the data writ-

ten 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 1 0
(0x0022) Bit Symbol BC ACK NOACK SCK
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0
ACK=0 ACK=1
Number of Number of
BC . Number of data . Number of data
clocks for data ) clocks for data )
bits bits
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
0:| Not generating the clocks for an Generate an interrupt request
acknowledge signal. Generate an | when the data transfer is finished
interrupt request when the data (non-acknowledgement mode)
) ) transfer is finished
Generation and counting of the
ACK ) (non-acknowledgement mode)
clocks for an acknowledge signal
1:| Generate the clocks for an ac- Count the clocks for an acknowl-
knowledge signal and an interrupt | edge signal and generate an inter-
request when the data transfer is | rupt request when the data
finished transfer is finished
(acknowledgement mode) (acknowledgement mode)
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NOACK Master mode Slave mode
0: | Don’t Care Enable the slave address match
Enables/disables the slave detection and the GENERAL
NOACK address match detection and the CALL detection
GENERAL CALL detection 1: | Don’t Care Disable the slave address match
detection and the GENERAL
CALL detection
thicr(m/fegek) | fLow(nffegek) | fsci@fegek= | fscl@fegek=
SCK
m n 8MHz 4MHz
Reserved
00: 12 1kH
000 9 381kHz (Note5)
R
_ 001: 1 14 320kHz eserved
HIGH and LOW periods of the (Noteb5)
serial clock in the master mode
K Reserved
s¢ Time before the release of the SCL [ 010: 15 18 242kHz (Note5)
pin in the slave mode
011: 23 26 163kHz 82kHz
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 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, I2COAR and SBIODBR registers are initialized.

Note 5: When fcgck is 4MHz, SCK should be not set to 0y000, 0y001 or 0y010 because it is not possible to satisfy the bus spec-
ification of fast mode.

Serial bus interface control register 2

SBIOCR2 7 6 5 4 3 2 1 0
(0x0023) Bit Symbol MST TRX BB PIN SBIM - SWRST
Read/Write W w w w w R w
After reset 0 0 0 1 0 0 0
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 gen-
erated or during the period from when an interrupt request is generated for stopping the data transfer until it is released.

Note 3: Make sure that the port is in a high state before switching the port mode to the serial bus interface mode. Make sure
that the bus is free before switching the serial bus interface mode to the port mode.

Note 4: SBIOCR?2 is a write-only register, and must not be accessed by using a read-modify-write instruction, such as a bit op-
eration.

Note 5: After a software reset is generated, all the bits of SBIOCR2 register except SBIOCR2<SBIM> and the SBIOCR1,
I2COAR and SBIOSR2 registers are initialized.

Note 6: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR2 register, except SBIOCR2<SBIM>,
and the SBIOCR1, I2COAR and SBIODBR registers are initialized.
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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 *
i 0:| Slave
MST MasFer/sIave selection status
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:f -
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:f-
monitor 1:| Detect "GENERAL CALL"
0:| Lastreceived bit is "0"
LRB Last received bit monitor
1:| Last received bitis "1"

Note 1: *: Unstable
Note 2: When SBIOCR2<SBIM> becomes "0", SBIOSR s initialized.
Note 3: After a software reset is generated, all the bits of the SBIOCR2 register except SBIOCR2<SBIM> and the SBIOCR1,

I2COAR and SBIOSR2 registers are initialized.

Note 4: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR2 register, except SBIOCR2<SBIM>,

and the SBIOCR1, 12COAR and SBIODBR registers are initialized.

I°C bus address register

12COAR 6 5 4 3 2 1 0
(0x0024) Bit Symbol SA 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: | 12C 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 I2C bus
standard start byte ("0x01") is received in the slave mode.

Note 2: Don't change the contents of the registers when the start condition is generated, the stop condition is generated or
the data transfer is in progress. Write data to the registers before the start condition is generated or during the period
from when an interrupt request is generated for stopping the data transfer until it is released.

Note 3: After a software reset is generated, all the bits of the SBIOCR2 register except SBIOCR2<SBIM> and the SBIOCR1,
I2COAR and SBIOSR2 registers are initialized.

Note 4: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR2 register, except SBIOCR2<SBIM>,

and the SBIOCR1, I2COAR and SBIODBR registers are initialized.

Serial bus interface data buffer register

SBIODBR 7 6 5 4 3 2 1 0
(0x0025) Bit Symbol SBIODBR

Read/Write R/W

After reset 0 0 0 0 0 0 0 0

Note 1: Write the transmit data beginning with the most significant bit (bit 7).

Note 2: SBIODBR has individual writing and reading buffers, and written data cannot be read out. Therefore, SBIODBR must
not be accessed by using a read-modify-write instruction, such as a bit operation.

Note 3: Don't change the contents of the registers when the start condition is generated, the stop condition is generated or
the data transfer is in progress. Write data to the registers before the start condition is generated or during the period
from when an interrupt request is generated for stopping the data transfer until it is released.

Note 4: To set SBIOCR2<PIN> to "1" by writing the dummy data to SBIODBR, write 0x00. Writing any data other than 0x00 cau-
ses an improper value in the subsequently received data.

Note 5: When the operation is switched to STOP, IDLEO or SLOW mode, the SBIOCR2 register, except SBIOCR2<SBIM>,

and the SBIOCR1, 12COAR and SBIODBR registers are initialized.
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18.4 Functions

18.4.1 Low Power Consumption Function

The serial bus interface has a low power consumption register (POFFCR1) that saves power when the seri-
al bus interface is not being used.

Setting POFFCR1<SBIOEN> to "0" disables the basic clock supply to the serial bus interface to save pow-
er. Note that this makes the serial bus interface unusable. Setting POFFCR1<SBIOEN> to "1" enables the ba-
sic clock supply to the serial bus interface and makes external interrupts usable.

After reset, POFFCR1<SBIOEN> is initialized to "0", and this makes the serial bus interface unusable.
When using the serial bus interface for the first time, be sure to set POFFCRI<SBIOEN> to "1" in the initial
setting of the program (before the serial bus interface control registers are operated).

Do not change POFFCR1<SBIOEN> to "0" during the serial bus interface operation, otherwise serial bus in-
terface may operate unexpectedly.

18.4.2 Selecting the slave address match detection and the GENERAL CALL detection

SBIOCR1<NOACK> enables and disables the slave address match detection and the GENERAL CALL de-
tection in the slave mode.

Clearing SBIOCR1<NOACK> to "0" enables the slave address match detection and the GENERAL CALL
detection.

Setting SBIOCRI<NOACK> to "1" disables the subsequent slave address match and GENERAL CALL de-
tections. The slave addresses and "GENERAL CALL" sent from the master are ignored. No acknowledge-
ment is returned and no interrupt request is generated.

In the master mode, SBIOCR1<NOACK> is ignored and has no influence on the operation.

Note: If SBIOCR1<NOACK?> is cleared to "0" during data transfer in the slave mode, it remains at "1" and re-
turns an acknowledge signal of data transfer.

18.4.3 Selecting the number of clocks for data transfer and selecting the acknowledge-
ment or non-acknowledgment mode

1-word data transfer consists of data and an acknowledge signal. When the data transfer is finished, an inter-
rupt request is generated.

SBIOCR1<BC> is used to select the number of bits of data to be transmitted/received subsequently.
The acknowledgment mode is activated by setting SBIOCR1<ACK> to "1".

The master device generates the clocks for an acknowledge signal and outputs an acknowledge signal in
the receiver mode. The slave device counts the clocks for an acknowledge signal and outputs an acknowl-
edge signal in the receiver mode.

The non-acknowledgment mode is activated by setting SBIOCR1<ACK> to "0".

The master device does not generate the clocks for an acknowledge signal. The slave device does not
count the clocks for an acknowledge signal.

18.4.3.1  Number of clocks for data transfer
The number of clocks for data transfer is set by using SBIOCR1<BC> and SBIOCR1<ACK>.

The acknowledgment mode is activated by setting SBIOCR1<ACK> to "1".
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In the acknowledgment mode, the master device generates the clocks that correspond to the number of da-
ta bits, generates the clocks for an acknowledge signal, and generates an interrupt request.

The slave device counts the clocks that correspond to the data bits, counts the clocks for an acknowl-
edge signal, and generates an interrupt request.

The non-acknowledgment mode is activated by setting SBIOCR1<ACK> to "0".

In the non-acknowledgment mode, the master device generates the clocks that correspond to the num-
ber of data bits, and generates an interrupt request.

The slave device counts the clocks that correspond to the data bits, and generates an interrupt request.

SBIOCR1<BC>="110", SBIOCR1<BC>="011",
SBIOCR1<ACK>="0" SBIOCR1<ACK>="1"

|
< > !
~* ot
|
1

.
Y

-
N
w
N
)]
(o2}
-
N
w
N

INTSBIO interrupt request —|

— 1

Figure 18-5 Number of Clocks for Data Transfer and SBIOCR1<BC> and SBIOCR1<ACK>

The relationship between the number of clocks for data transfer and SBIOCR1<BC> and
SBIOCR1<ACK> is shown in Table 18-1.

Table 18-1 Relationship between the Number of Clocks for Data Transfer and SBIOCR1<BC>
and SBIOCR1<ACK>

ACK=0 (Non-acknowledgment mode) ACK=1 (Acknowledgment mode)
B¢ Number c;iacr:cs’?:f for data Number of data bits Number c;:aﬂg;:;(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 cleared to "000" by the start condition.

Therefore, the slave address and the direction bit are always transferred in 8-bit units. In other cases,
BC keeps the set value.

Note: SBIOCR1<ACK> must be set before transmitting or receiving a slave address. When
SBIOCR1<ACK> is cleared, the slave address match detection and the direction bit detection are
not executed properly.

18.4.3.2  Output of an acknowledge signal

In the acknowledgment mode, the SDAO pin changes as follows during the period of the clocks for an ac-
knowledge signal.

In the master mode

Page 275 2019/08/01



18. Serial Bus Interface (SBI)

18.4 Functions

TMP89FS60VEFG
TMP89FS60VUG

In the transmitter mode, the SDAO pin is released to receive an acknowledge signal from
the receiver during the period of the clocks for an acknowledge signal. In the receiver mode,
the SDAO pin is pulled down to the low level and an acknowledge signal is generated during
the period of the clocks for an acknowledge signal.

In the slave mode

When a match between the received slave address and the slave address set to
I2COAR<SA> is detected or when a GENERAL CALL is received, the SDAO pin is pulled
down to the low level and an acknowledge signal is generated during the period of the clocks
for an acknowledge signal.

During the data transfer after the slave address match is detected or a "GENERAL CALL"
is received in the transmitter mode, the SDAO pin is released to receive an acknowledge sig-
nal from the receiver during the period of the clocks for an acknowledge signal.

In the receiver mode, the SDAO pin is pulled down to the low level and an acknowledge sig-
nal is generated. Table 18-2 shows the states of the SCL0O and SDAO pins in the acknowledg-
ment mode.

Note: In the non-acknowledgment mode, the clocks for an acknowledge signal are not generated or coun-
ted, and thus no acknowledge signal is output.

Table 18-2 States of the SCLO and SDAO Pins in the Acknowledgment Mode

Mode Pin Condition Transmitter Receiver
SCLO } Add the clocks for an acknowl- | Add the clocks for an acknowl-
edge signal. edge signal
Master
Release the pin to receive an | Output the low level as an ac-
SDAO - ) . h
acknowledge signal knowledge signal to the pin
Count the clocks for an ac- Count the clocks for an ac-
SCLO - : -
knowledge signal knowledge signal
When the slave address
match is detected or a ) Output the low level as an ac-
"GENERAL CALL" is re- knowledge signal to the pin
Slave .
ceived
SDAO
During transfer after the
slave address match is Release the pin to receive an | Output the low level as an ac-
detected or a "GENER- | acknowledge signal knowledge signal to the pin
AL CALL" is received

18.4.4 Serial clock

18.4.41 Clock source
SBIOCR1<SCK> is used to set the HIGH and LOW periods of the serial clock to be output in the mas-
ter mode.
tHigH(m/fcgek) tLow(n/fcgck)
SCK
m n
000: 9 12
001: 1 14
010: 15 18
011: 23 26
100: 39 42
101: 71 74
110: 135 138
11; 263 266
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thigH | tLow H 1/fscl i

SCL output I | | | | |

tHIGH = m / fegck
tLow = n/ fcgek
fscl =1/ (tHIGH * tLow)

Figure 18-6 SCL Output

Note: There are cases where the HIGH period differs from ty gy selected at SBIOCR1<SCK> when the ris-
ing edge of the SCL pin becomes blunt due to the load capacity of the bus.

In the master mode, the hold time when the start condition is generated is tgigy [s] and the setup time
when the stop condition is generated is tygy [S]-

When SBIOCR2<PIN> is set to "1" in the slave mode, the time that elapses before the release of the
SCL pin is t ow [s]-

In both the master and slave modes, the high level period must be 3/fcgck[s] or longer and the low lev-
el period must be 5/fcgck[s] or longer for the externally input clock, regardless of the SBIOCR1<SCK> set-
ting.

<— tHiGH —><— tLow —>

SCL input | | |

tHigH = 3 / fegek
tLow = 5/ fcgck

Figure 18-7 SCL Input

18.4.4.2  Clock synchronization

In the I?C bus, due to the structure of the pin, in order to drive a bus with a wired AND, a master de-
vice which pulls down a clock pulse to low will, in the first place, invalidate the clock pulse of another mas-
ter device which generates a high-level clock pulse. Therefore, the master outputting the high level must de-
tect this to correspond to it.

The serial bus interface circuit has a clock synchronization function. This function ensures normal trans-
fer even if there are two or more masters on the same bus.

The example explains clock synchronization procedures when two masters simultaneously exist on a bus.

1
1
| Wait | Count start
1 1
1 1
1
SCL pin (Master 2) Count reset ! / Count reset
. : g‘
1
SCL (Bus) ! A
b

Figure 18-8 Example of Clock Synchronization

SCL pin (Master 1)

o-—=-
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As Master 1 pulls down the SCL pin to the low level at point "a", the SCL line of the bus becomes the
low level. After detecting this situation, Master 2 resets counting a clock pulse in the high level and sets
the SCL pin to the low level.

Master 1 finishes counting a clock pulse in the low level at point "b" and sets the SCL pin to the high lev-
el. Since Master 2 holds the SCL line of the bus at the low level, Master 1 waits for counting a clock
pulse in the high level. After Master 2 sets a clock pulse to the high level at point "c" and detects the
SCL line of the bus at the high level, Master 1 starts counting a clock pulse in the high level. Then, the mas-
ter, which has finished the counting a clock pulse in the high level, pulls down the SCL pin to the low lev-
el.

The clock pulse on the bus is determined by the master device with the shortest high-level period and
the master device with the longest low-level period from among those master devices connected to the bus.

18.4.5 Master/slave selection
To set a master device, SBIOCR2<MST> should be set to "1".

To set a slave device, SBIDCR2<MST> should be cleared to "0". When a stop condition on the bus or an ar-
bitration lost is detected, SBIOCR2<MST> is cleared to "0" by the hardware.

18.4.6 Transmitter/receiver selection

To set the device as a transmitter, SBIOCR2<TRX> should be set to "1". To set the device as a receiver,
SBIOCR2<TRX> should be cleared to "0".

For the IZ_C bus data transfer in the slave mode, SBIOCR2<TRX> is set to "1" by the hardware if the direc-
tion bit (R/W) sent from the master device is "1", and is cleared to "0" if the bit is "0".

In the master mode, after an acknowledge signal is returned from the slave device, SBIOCR2<TRX> is
cleared to "0" by hardware if a transmitted direction bit is "1", and is set to "1" by hardware if it is "0".
When an acknowledge signal is not returned, the current condition is maintained.

When a stop condition on the bus or an arbitration lost is detected, SBIOCR2<TRX> is cleared to "0" by
the hardware. Table 18-3 shows SBIOCR2<TRX> changing conditions in each mode and SBIOCR2<TRX> val-
ue after changing.

Note:When SBIOCR1<NOACK> is "1", the slave address match detection and the GENERAL CALL detec-
tion are disabled, and thus SBIOCR2<TRX> remains unchanged.

Table 18-3 SBIOCR1<TRX> Operation in Each Mode

Mode Direction bit Changing condition TRX after changing
"0" A received slave address is "0"
Slave mode the same as the value set to
"" I2COAR<SA> ""
ng g
Master ACK signal is returned
mode g nn

When the serial bus interface circuit operates in the free data format, a slave address and a direction bit
are not recognized. They are handled as data just after generating the start condition. SBIOCR2<TRX> is not
changed by the hardware.
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18.4.7 Start/stop condition generation

When SBIOSR2<BB> is "0", a slave address and a direction bit which are set to the SBIODBR are output
on a bus after generating a start condition by writing "1" to SBIOCR2 <MST>, SBIOCR2<TRX>,
SBIOCR2<BB> and SBIOCR2<PIN>. It is necessary to set SBIOCR1<ACK> to "1" before generating the
start condition.

SCLO pin

/A6XA5 XA4 XA3 XA2 XA1 XAO XR/W

Start condition Slave address and direction bit Acknowledge signal

INTSBIO Interrupt

request

\

[E— |

SDAO pin

Figure 18-9 Generating the Start Condition and a Slave Address

When SBIOCR2<BB> is "1", the sequence of generating the stop condition on the bus is started by writ-
ing "1" to SBIOCR2<MST>, SBIOCR2<TRX> and SBIOCR2<PIN> and writing "0" to SBIOCR2<BB>.

When a stop condition is generated. The SCL line on a bus is pulled down to the low level by another de-
vice, a stop condition is generated after releasing the SCL line.

Stop condition

Figure 18-10 Stop Condition Generation

The bus condition can be indicated by reading the contents of SBIOSR2<BB>. SBIOSR2<BB> is set to
"1" when the start condition on the bus is detected (Bus Busy State) and is cleared to "0" when the stop condi-
tion is detected (Bus Free State).

18.4.8 Interrupt service request and release

When a serial bus interface circuit is in the master mode and transferring a number of clocks set by
SBIOCR1<BC> and SBIOCR1<ACK> is complete, a serial bus interface interrupt request (INTSBIO) is gener-
ated.

In the slave mode, a serial bus interface interrupt request (INTSBIO) is generated when the above and follow-
ing conditions are satisfied:

At the end of the acknowledge signal when the received slave address matches to the value set by
the I2COAR<SA> with SBIOCRI<NOACK> set at "0"

At the end of the acknowledge signal when a "GENERAL CALL" is received with
SBIOCRI<NOACK> set at "0"

At the end of transferring or receiving after matching of the slave address or receiving of "GENER-
AL CALL"

When a serial bus interface interrupt request occurs, SBIOCR2<PIN> is cleared to "0". During the time
that SBIOCR2<PIN> is "0", the SCLO pin is pulled down to the low level.
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tLow
SCLO pin'is pulled >+ 1 %
to low when P
SCLO pin 1 2 3 7 8 9 | SBIOCR2<PIN>is "0"; 1
INTSBIO interrupt request o ﬂ \ ;

SBIOCR2<PIN> Q /

Set SBIOCR2<PIN>to "1" or
write data to SBIODBR

Figure 18-11 SBIOCR2<PIN> and SCLO Pin

Writing data to SBIODBR sets SBIOCR2<PIN> to "1". The time from SBIOCR2<PIN> being set to "1" un-
til the SBIO pin is released takes t; ow.

Although SBIOCR2<PIN> can be set to "1" by the software, SBIOCR2<PIN> can not be cleared to "0" by
the software.

18.4.9 Setting of serial bus interface mode
SBIOCR2<SBIM> is used to set serial bus interface mode.
Setting SBIOCR2<SBIM> to "1" selects the serial bus interface mode. Setting it to "0" selects the port mode.

Set SBIOCR2<SBIM> to "1" in order to set serial bus interface mode. Before setting of serial bus inter-
face mode, confirm serial bus interface pins in a high level, and then, write "1" to SBIOCR2<SBIM>.

And switch a port mode after confirming that a bus is free and set SBIOCR2<SBIM> to "0".

Note:When SBIOCR2<SBIM> is "0", no data can be written to SBIOCR2 except SBIOCR2<SBIM>. Before
setting values to SBIOCR2, write "1" to SBIOCR2<SBIM> to activate the serial bus interface mode.

18.4.10 Software reset

The serial bus interface circuit has a software reset function that initializes the serial bus interface circuit.
If the serial bus interface circuit locks up, for example, due to noise, it can be initialized by using this function.

A software reset is generated by writing "10" and then "01" to SBIOCR2<SWRST>.

After a software reset is generated, the serial bus interface circuit is initialized and all the bits of SBIOCR2
register, except SBIOCR2<SBIM> and the SBIOCR1, I2COAR<SA> and SBIOSR2 registers, are initialized.

18.4.11 Arbitration lost detection monitor

Since more than one master device can exist simultancously on a bus, a bus arbitration procedure is imple-
mented in order to guarantee the contents of transferred data.

Data on the SDA line is used for bus arbitration of the I?C bus.

The following shows an example of a bus arbitration procedure when two master devices exist simultaneous-
ly on a bus. Master 1 and Master 2 output the same data until point "a". After that, when Master 1 outputs
"1" and Master 2 outputs "0", since the SDA line of a bus is wired AND, the SDA line is pulled down to the
low level by Master 2. When the SCL line of a bus is pulled-up at point "b", the slave device reads data on
the SDA line, that is data in Master 2. Data transmitted from Master 1 becomes invalid. The state in Master
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1 is called "arbitration lost". A master device which loses arbitration releases the SDA pin and the SCL pin
in order not to effect data transmitted from other masters with arbitration. When more than one master sends
the same data at the first word, arbitration occurs continuously after the second word.

:
1
so. (ue [ I I O B
|
1
1

SDA pin (Master 1)

SDA pin (Master 2) \ /

_—

SDA (Bus)

Figure 18-12 Arbitration Lost

The serial bus interface circuit compares levels of a SDA line of a bus with its SDA pin at the rising edge
of the SCL line. If the levels are unmatched, arbitration is lost and SBIOSR2<AL> is set to "1".

When SBIOSR2<AL> is set to "1", SBIOCR2<MST> and SBIOCR2<TRX> are cleared to "0" and the
mode is switched to a slave receiver mode. Thus, the serial bus interface circuit stops output of clock pulses dur-
ing data transfer after the SBIOSR2<AL> is set to "1". After the data transfer is completed, SBICR2<PIN> is
cleared to "0" and the SCL pin is pulled down to the low level.

SBIOSR2<AL> is cleared to "0" by writing data to the SBIODBR, reading data from the SBIODBR or writ-
ing data to the SBIOCR2.

SCL pin 1 2 3 4 5 6 7 8 9 1 2 3
\
W onpn \DZAXDEAXD5AXDIAXD3AXD2A B AXBOA 7AYDERNDEA

SCL pin [11 J2]_J37 141 '51 161 171 181 19
Master B f—> Stop clock output

SDA pin D7A XD6A T Releasing SDA pin and SCL pin
to high level as losing arbitration.

SBIOSR2<AL> I

SBIOCR2<MST> I D\

SBIOCR2<TRX> I AZ

SBIOCR2<PIN>

—

Access to SBIODBR
or SBIOCR2

N . <y

T
| A —

INTSBIO Interrupt request

Figure 18-13 Example When Master B is a Serial Bus Interface Circuit
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18.4.12 Slave address match detection monitor

In the slave mode, SBIOSR2<AAS> is set to "1" when the received data is "GENERAL CALL" or the re-
ceived data matches the slave address setting by [2COAR<SA> with SBIOCRI<NOACK> set at "0" and the
I2C bus mode is active (I2COAR<ALS>="0").

Setting SBIOCR1I<NOACK> to "1" disables the subsequent slave address match and GENERAL CALL de-
tections. SBIOSR2<AAS> remains at "0" even if a "GENERAL CALL" is received or the same slave ad-
dress as the 2COAR<SA> set value is received.

When a serial bus interface circuit operates in the free data format (I2COAR<ALS>="1"),
SBIOSR2<AAS> is set to "1" after receiving the first 1-word of data. SBIOSR2<AAS> is cleared to "0" by writ-
ing data to the SBIODBR or reading data from the SBIODBR.

SDAO (Bus) -__i__\i / SA6 X SA5 X SA4 X SA3 X SA2 X SA1 X SA0 X RIW /

v
Start condition Slave address + Direction bit

SDAQO pin \ /

Output of an acknowledge signal

SBIOSR2<AAS>

Writing or reading SBIODBR (

INTSBIO Interrupt request |_|

Figure 18-14 Changes in the Slave Address Match Detection Monitor

18.4.13 GENERAL CALL detection monitor

SBIOSR2<ADO0> is set to "1" when SBIOCRI<NOACK> is "0" and GENERAL CALL (all 8-bit received da-
ta is "0" immediately after a start condition) in a slave mode.

Setting SBIOCR1I<NOACK> to "1" disables the subsequent slave address match and GENERAL CALL de-
tections. SBIOSR2<ADO0> remains at "0" even if a "GENERAL CALL" is received.

SBIOSR2<ADO0> is cleared to "0" when a start or stop condition is detected on a bus.

N
N
w
>
o
o
~
©
©
1

1

1

L‘,

SCL (Bus) X E
SDA (Bus) N T_%\LJ / . _4@/__;_

v -
Start condition GENERAL CALL Stop condition j

SDAQO pin \ /

Output of an acknowledge signal

SBIOSR2<ADO> | |_

INTSBIO Interrupt request |_|

Figure 18-15 Changes in the GENERAL CALL Detection Monitor
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18.4.14 Last received bit monitor
The SDA line value stored at the rising edge of the SCL line is set to SBIOSR2<LRB>.

In the acknowledge mode, immediately after an interrupt request is generated, an acknowledge signal is
read by reading the contents of SBIOSR2<LRB>.

SCL 1 2 3 4 5 6 7 8 9

SDA /D7XD6XD5XD4XD3XD2XD1XDOX .
A;k;c:wTe::lgment

SBIOSR2<LRB> X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO XAcknowIedgment

Figure 18-16 Changes in the Last Received Bit Monitor

18.4.15 Slave address and address recognition mode specification

When the serial bus interface circuit is used in the I>’C bus mode, clear 2COAR<ALS> to "0", and set
I2COAR<SA> to the slave address.

When the serial bus interface circuit is used with a free data format not to recognize the slave address, set
I2COAR<ALS> to "1". With a free data format, the slave address and the direction bit are not recognized,
and they are processed as data from immediately after the start condition.
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18.5

Data Transfer of I°C Bus

18.5.1 Device initialization

Set POFFCRI<SBIOEN> to "1".

After confirming that the serial bus interface pin is high level, set SBIOCR2<SBIM> to "1" to select the se-
rial bus interface mode.

Set SBIOCRI<ACK> to "1", SBIOCR1<NOACK> to "0" and SBIOCR1<BC> to "000" to count the num-
ber of clocks for an acknowledge signal, to enable the slave address match detection and the GENERAL
CALL detection, and set the data length to 8 bits. Set Ty and Trow at SBIOCR1<SCK>.

Set a slave address at 2COAR<SA> and set [2COAR<ALS> to "0" to select the I>’C bus mode.

Finally, set SBIOCR2<MST>, SBIOCR2<TRX> and SBIOCR2<BB> to "0", SBIOCR2<PIN> to "1" and
SBIOCR2<SWRST> to "00" for specifying the default setting to a slave receiver mode.

Note: The initialization of a serial bus interface circuit must be complete within the time from all devices
which are connected to a bus have initialized to and device does not generate a start condition. If
not, the data can not be received correctly because the other device starts transferring before an
end of the initialization of a serial bus interface circuit.

Example :Initialize a device

CHK_PORT: LD A, (P2PRD) ; Checks whether the serial bus interface pin is at the high level
AND A, 0x18
CMP A, 0x18
JR NZ, CHK_PORT
LD (SBIOCR2), 0x18 ; Selects the serial bus interface mode
LD (SBIOCR1), 0x16 ; Selects the acknowledgment mode and sets SBIOCR1<SCK> to "110"
LD (I2COAR), 0xa0 ; Sets the slave address to 1010000 and selects the 12C bus mode
LD (SBIOCR2), 0x18 ; Selects the slave receiver mode

18.5.2 Start condition and slave address generation

Confirm a bus free status (SBIOSR2<BB>="(0").
Set SBIOCR1<ACK> to "1" and specify a slave address and a direction bit to be transmitted to the SBIODBR.

By writing "1" to SBIOCR2<MST>, SBIOCR2<TRX>, SBIOCR2<BB> and SBIOCR2<PIN>, the start condi-
tion is generated on a bus and then, the slave address and the direction bit which are set to the SBIODBR are
output. The time from generating the START condition until the falling SBIO pin takes tuot,

An interrupt request occurs at the 9th falling edge of a SCL clock cycle, and SBIOCR2<PIN> is cleared to
"0". The SCLO pin is pulled down to the low level while SBIOCR2<PIN> is "0". When an interrupt request oc-
curs, SBIOCR2<TRX> changes by the hardware according to the direction bit only when an acknowledge sig-
nal is returned from the slave device.

Note 1: Do not write a slave address to the SBIODBR while data is transferred. If data is written to the
SBIODBR, data to be output may be destroyed.

Note 2: The bus free state must be confirmed by software within 98.0 ps (the shortest transmitting time accord-
ing to the standard mode I°C bus standard) or 23.7us (the shortest transmitting time according to the
fast mode I2C bus standard) after setting of the slave address to be output. Only when the bus free
state is confirmed, set "1" to SBIOCR2<MST>, SBIOCR2<TRX>, SBIOCR2<BB> and SBIOCR2<PIN> to
generate the start 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 mas-
ters may start the transferring and the slave address data written in SBIODBR may be broken.
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Example :Generate the start condition
CHK_BB: TEST (SBIOSR2).BB ; Confirms that the bus is free
JR F, CHK_BB
LD (SBIODBR), Oxcb ; The transmission slave address 0x65 and the direction bit "1"
LD (SBIOCR2), 0xf8 ; Write "1" to SBIOCR2<MST>, <TRX>, <BB> and <PIN> to "1"
[ —
1
SCLO pin X :| |1| |2| |3| |4| |5| |6| |7| |8| |9|
X 1
| 1
- 1
I 1 “ 7
SDAO pin | _\_:_/—\—/_\_/ o &_ N
1 J

- AN v N Acknowledgem
. Slave address + Direction bit ent signal from
Start condition a slave

SBIOCR1<PIN>

Interrupt request
signal

SBIOCR2<TRX>

-

i
L
3

SBIOCR2 <TRX> is cleared to "0"
when the direction bit is "1"and an
acknowledge signal is returned.

Figure 18-17 Generating the Start Condition and the Slave Address

18.5.3 1-word data transfer

Check SBIOSR2<MST> by the interrupt process after a 1-word data transfer is completed, and determine
whether the mode is a master or slave.

18.5.3.1  When SBIOSR2<MST> is "1" (Master mode)

Check SBIOSR2<TRX> and determine whether the mode is a transmitter or receiver.

(1)

When SBIOSR2<TRX> is "1" (Transmitter mode)

Check SBIOSR2<LRB>. When SBIOSR2<LRB> is "1", a receiver does not request data. Imple-
ment the process to generate a stop condition (described later) and terminate data transfer.

When SBIOSR2<LRB> is "0", the receiver requests subsequent data. When the data to be transmit-
ted subsequently is other than 8 bits, set SBIOCR1<BC> again, set SBIOCR1<ACK> to "1", and
write the transmitted data to SBIODBR.

After writing the data, SBIOCR2<PIN> becomes "1", a serial clock pulse is generated for transfer-
ring the subsequent 1-word data from the SCLO pin, and then the 1-word data is transmitted from
the SDAO pin.

After the data is transmitted, an interrupt request occurs. SBIOCR2<PIN> become "0" and the
SCLO pin is set to the low level. If the data to be transferred is more than one word in length, re-
peat the procedure from the SBIOSR2<LRB> checking above.
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SCLO pin 1 2 3 4 5 6 7 8 9

Write to SBIODBR

SDAO pin \D?XDGXDSXD4XD3XD2XD1XDO]{ I'I

Acknowledge signal
from the receiver

SBIOCR2<PIN> | |

INTSBIO Interrupt request H

Figure 18-18 Example when SBIOCR1<BC>="000" and SBIOCR1<ACK>="1"

(2) When SBIOSR2<TRX> is "0" (Receiver mode)

When the data to be transmitted subsequently is other than 8 bits, set SBIOCR1<BC> again. Set
SBIOCR1< ACK> to "1" and read the received data from the SBIODBR (Reading data is undefined im-
mediately after a slave address is sent).

After the data is read, SBIOCR2<PIN> becomes "1" by writing the dummy data (0x00) to the
SBIODBR. The serial bus interface circuit outputs a serial clock pulse to the SCLO pin to transfer
the subsequent 1-word data and sets the SDAO pin to "0" at the acknowledge signal timing.

An interrupt request occurs and SBIOCR2<PIN> becomes "0". Then a serial bus interface circuit out-
puts a clock pulse for 1-word data transfer and the acknowledge signal by writing data to the
SBIODBR or setting SBIOCR2<PIN> to "1" after reading the received data.

Read SBIODBR

— Write to SBIODBR

SCLO pin 9 | 1 2 3 4 5 6 7 8 9

SDAO pin D7 ¥ D6 : D5 * D4 ¥ D3 * D2 * D1 ¥ DO

Acknowledge signal
to the transmitter

SBIOCR2<PIN> | |

INTSBIO Interrupt
request

Figure 18-19 Example when SBIOCR1<BC>="000" and SBIOCR1<ACK>="1"

To make the transmitter terminate transmission, execute following procedure before receiving a
last data.

1. Read the received data.
2. Clear SBIOCRI<ACK> to "0" and set SBIOCR1<BC> to "000".

3. To set SBIOCR2<PIN> to "1", write a dummy data (0x00) to SBIODBR.

Transfer 1-word data in which no clock is generated for an acknowledge signal by setting
SBIOCR2<PIN> to "1". Next, execute following procedure.
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1. Read the received data.
2. Clear SBIOCR1<ACK> to "0" and set SBIOCR1<BC> to "001".

3. To set SBIOCR2<PIN> to "1", write a dummy data (0x00) to SBIODBR.
Transfer 1-bit data by setting SBIOCR1<PIN> to "1".

In this case, since the master device is a receiver, the SDA line on a bus keeps the high level.
The transmitter receives the high-level signal as a negative acknowledge signal. The receiver indi-
cates to the transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, generate the stop condition to ter-
minate data transfer.

SCLO pin

SDAO pin \ /i D7 i De ¥ Ds % D4 % D3 L D2 % DI ¥ DO/ | Negative

""""""""""""""""""""""""""" acknowledge signal
to the transmitter

SBIOCR<PIN> I_i | | |
o t 1

INTSBIO Interrupt |_| i |_| i |_|
request : :
L After reading the received data, clear LAfter reading the reveived
SBIOCR1<ACK> to "0" and writing the data, set SBIOCR1<BC> to
dummy data (0x00) "001" and write dummy data
(0x00)

Figure 18-20 Termination of Data Transfer in the Master Receiver Mode

18.5.3.2 When SBIOSR2<MST> is "0" (Slave mode)

In the slave mode, a serial bus interface circuit operates either in the normal slave mode or in the slave
mode after losing arbitration.

In the slave mode, the conditions of generating the serial bus interface interrupt request (INTSBIO) are fol-
lows:

At the end of the acknowledge signal when the received slave address matches the value set
by the I2COAR<SA> with SBIOCRI<NOACK> set at "0"

At the end of the acknowledge signal when a "GENERAL CALL" is received with
SBIOCRI<NOACK> set at "0"

At the end of transferring or receiving after matching of slave address or receiving of "GENER-
AL CALL"

The serial bus interface circuit changes to the slave mode if arbitration is lost in the master mode. And
an interrupt request occurs when the word data transfer terminates after losing arbitration. The generation
of the interrupt request and the behavior of SBIOCR2<PIN> after losing arbitration are shown in Table
18-4.
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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".

ing tLow.

es according to conditions listed in Table 18-5.

Table 18-5 Operation in the Slave Mode

When an interrupt request occurs, SBIOCR2<PIN> is reset to "0", and the SCLO pin is set to the low lev-
el. Either writing data to the SBIODBR or setting SBIOCR2<PIN> to "1" releases the SCLO pin after tak-

Check SBIOSR2<AL>, SBIOSR2<TRX>, SBIOSR2<AAS> and SBIOSR2<ADO0> and implement process-

SBIOSR2< | SBIOSR2< | SBIOSR2< | SBIOSR2< Conditions Process
TRX> AL> AAS> ADO>
The serial bus interface circuit loses ar-
bitration when transmitting a slave ad-
1 1 0 dress, and receives a slave address of
which the value of thg (?'ir?ction bit sent Set the number of bits in 1 word to
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 ad-
dress of which the value of the direc-
1 tion bit sent from the master is "1".
Check SBIOSR2<LRB>. If it is set to "1",
set SBIOCR2<PIN> to "1" since the receiv-
0 er does not request subsequent data.
In the slave transmitter mode, the serial | Then, clear SBIOCR2<TRX> to "0" to re-
0 0 bus interface circuit finishes the trans- | lease the bus. If SBIOSR2<LRB> is set to
mission of 1-word data "0", set the number of bits in 1 word to
SBIOCR1<BC> and write the transmitted
data to SBIODBR since the receiver re-
quests subsequent data.
The serial bus interface circuit loses ar-
eI 3 ey | e e curmy ot (0500 o e
1 1/0 o S : SBIODBR to set SBIOCR2<PIN> to "1", or
which the value of the direction bit sent e wan ’
 wAn X write "1" to SBIOCR2<PIN>.
from another master is "0" or receives
1 a "GENERAL CALL".
Th . . - The serial bus interface circuit is changed
e serial bus interface circuit loses ar- )
bitration when transmitting a slave ad- {o the slave mode. Write the dummy data
0 0 dress or data, and terminates transfer- (0x00) to the SBIODER to clear
ring the word’data SBIOSR2<AL> to "0" and set
0 9 ’ SBIOCR2<PIN> to "1".
In the slave receiver mode, the serial
bus interface circuit receives a slave ad- | Write the dummy data (0x00) to the
1 1/0 dress of which the value of the direc- SBIODBR to set SBIOCR2<PIN> to "1", or
tion bit sent from the master is "0" or re- | write "1" to SBIOCR2<PIN>.
0 ceives "GENERAL CALL".
In the slave receiver mode, the serial Set the number of bits in 1-word to
. o S SBIOCR1<BC>, read the received data
0 1/0 bus interface circuit terminates the re- f the SBIODBR and write the dumm
ceipt of 1-word data. drom Y
ata (0x00).

Note:In the slave mode, if the slave address set in I2COAR<SA> is "0x00", a START Byte "0x01" in I12C bus stand-
ard 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 SBIOCR2<BB> is "1", a sequence of generating a stop condition is started by setting "1" to
SBIOCR2<MST>, SBIOCR2<TRX> and SBIOCR2<PIN> and clearing SBIOCR2<BB> to "0". Do not modify
the contents of SBIDCR2<MST>, SBIOCR2<TRX>, SBIOCR2<BB> and SBIOCR2<PIN> until a stop condi-
tion is generated on a bus.

When a SCL line on a bus is pulled down by other devices, a serial bus interface circuit generates a stop con-
dition after a SCL line is released.

The time from the releasing SCL line until the generating the STOP condition takes tgigy.

Example :Generate the stop condition

LD (SBIOCR2), 0xD8 ; Sets SBIOCR2<MST>, <TRX> and <PIN> to "1" and SBIOCR2<BB> to "0"
CHK_BB: TEST (SBIOSR2).BB ;Waits until the bus is set free
JR T, CHK_BB

SBIOCR2<TRX>="1"
SBIOCR2<BB>="0"

SBIOCR2<MST>="1" }
SBIOCR2<PIN>="1"

If the SCL of the bus is pulled
down by other devices, the stop
condition is generated after it is

released
/— Stop condition

A
Y

SCLO pin

D1

SCL (Bus)

SDAO pin

| E——

A

SBIOSR2<BB> |

SBIOCR2<PIN>

e RS EEEPY R

)

Figure 18-21 Stop Condition Generation

18.5.5 Restart

Restart is used to change the direction of data transfer between a master device and a slave device during
transferring data. The following explains how to restart the serial bus interface circuit.

Clear SBIOCR2<MST>, SBIOCR2<TRX> and SBIOCR2<BB> to "0" and set SBIOCR2 <PIN> to "1". The
SDAUO pin retains the high level and the SCLO pin is released.

Since this is not a stop condition, the bus is assumed to be in a busy state from other devices.

Check SBIOSR2<BB> until it becomes "0" to check that the SCLO pin of the serial bus interface circuit is re-
leased.

Check SBIOSR2<LRB> until it becomes "1" to check that the SCL line on the bus is not pulled down to
the low level by other devices.
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After confirming that the bus stays in a free state, generate a start condition in the procedure "18.5.2 Start con-
dition and slave address generation".

In order to meet the setup time at a restart, take at least 4.7us of waiting time by the software in the stand-
ard mode I?C bus standard or at least 0.6us of waiting time in the fast mode I?’C bus standard from the time
of restarting to confirm that a bus is free until the time to generate a start condition.

Note:When the master is in the receiver mode, it is necessary to stop the data transmission from the
slave device before the STOP condition is generated. To stop the transmission, the master device
make the slave device receiving a negative acknowledge. Therefore, SBIOSR2<LRB> is "1" before gen-
erating the Restart and it can not be confirmed that SCL line is not pulled down by other devices.
Please confirm the SCL line state by reading the port.

Example :Generate a restart

LD (SBIOCR2), 0x18 ; Sets SBIOCR2<MST>, <TRX> and <BB> to "0" and SBIOCR2<PIN> to "1"
CHK_BB: TEST (SBIOSR2).BB ; Waits until SBIOSR2<BB> becomes "0"

JR T, CHK_BB
CHK_LRB: TEST (SBIOSR2).LRB ; Waits until SBIOSR2<LRB> becomes "1"

JR F, CHK_LRB

; Wait time process by the software

LD (SBIOCR?2), 0xf8 : Sets SBIOCR2<MST>, <TRX>, <BB> and <PIN> to "1"
SBIOCR2<MST>="0" 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.

7 '
6 s min in the fast mode sl / Start condition
1

i |\ )

|

SCL (Bus)

— 1 1

SCLO pin

T1ha"

SDAO pin

SBIOSR2<LRB>

SBIOSR2<BB>

SBIOCR2<PIN>

| |Pg

Figure 18-22 Timing Diagram When Restarting
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18.6 AC Specifications

The AC specifications are as listed below.

The operating mode (fast or standard) mode should be selected suitable for frequency of fcgck. For these operat-

ing mode, refer to the following table.

Table 18-6 AC Specifications (Circuit Output Timing)

Standard mode Fast mode
Parameter Symbol Unit
MIN MAX MIN MAX
SCL clock frequency fscL 0 fcgek / (m+n) 0 fcgek / (m+n) kHz
Hold time (re)start condition. This peri-
od is followed by generation of the tHD;sTA m / fegek - 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) thiH m / fcgck - m / fcgck - us
Low-level period of SCL clock (input) tLow 5 / fegek - 5 / fcgek - us
High-level period of SCL clock (input) tHigH 3/ fcgck - 3 / fcgek - us
- . Depends on Depends on
Restart condition setup time tsu:sTA the software - the software - us
Data hold time tHD;DAT 0 5 / fcgck 0 5 / fcgck us
Data setup time tsu;pAT 250 - 100 - ns
Rising time of SDA and SCL signals tr - 1000 - 300 ns
Falling time of SDA and SCL signals t - 300 - 300 ns
Stop condition setup time tsu:sTo m / fcgck - m / fcgck - us
Bus free time between the stop condi- t Depends on } Depends on : s
tion and the start condition BUF the software the software H
Time before rising of SCL after
SBICR2<PIN> is changed from "0" to tsu;scL n / fcgck - n / fcgck - us
nq
Note:For m and n, refer t0"18.4.4.1 Clock source".
[ - [
|
\! 1f1 !
| | |
- ) |1 |
11 [ |
! — tf—ﬂ Ft —l
| |
. tupsTa , BUF
| | |
| t
| |
| 1 |
| I
I ! I
- Lo _ |
L Do
| | |
— r—tgusma — ~—tsusto
Figure 18-23 Definition of Timing (No. 1)
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SCL

SBICR2<PIN>

Figure 18-24 Definition of Timing (No. 2)
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19. Key-on Wakeup (KWU)

The key-on wakeup is a function for releasing the STOP mode at the STOP pin or at pins KWI7 through KWIO.

19.1 Configuration

SYSCR1<RELM>

| Rising edge

stopmode  —y offeeecton |y Port STOP

release signal 1
(to be released Select

if set to “1”) elector

( Port KWIO0

< e}

‘C@(:ﬁ: Port KWI2

g(_ Port KWI3

KWUCROL T T T T T T T
(OXOFC4) 7 6 5 4 3 2 1 0

<« E—D KwWi4

( Port KWI5
@(:ﬁ(_ Port KWI6
g(_ Port KwI7

KWUCRIL T T T T T T T
(OXOFC3) 7 6 5 4 3 2 1 0

Figure 19-1 Key-on Wakeup Circuit

Note : The key-on wakeup pins KWIO to KWI7 are also used as input/output ports P40 to P47.
To operate them as key-on wakeup, set the registers of input/output ports. Refer to the chapter of I/O Ports.
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19.2 Control

Key-on wakeup control registers (KWUCRO0 and KWUCR1) can be configured to designate the key-on wakeup
pins (KWI7 through KWI0) as STOP mode release pins and to specify the STOP mode release levels of each of
these designated pins.

Key-on wakeup control register 0

KWUCRO 7 6 5 4 3 2 1 0
(OxOFC4) Bit Symbol KW3LE KW3EN KW2LE KW2EN KW1LE KW1EN KWOLE KWOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Low level
KW3LE STOP mode release level of KWI3 W levi
pin 1: | High level
i 0: | Disable
KW3EN Input er)able/dlsable control of
KWI3 pin 1: | Enable
0: | Low level
KW2LE S_TOP mode release level of KWI2 :
pin 1: | High level
i 0: | Disable
KW2EN Input er_13b|e/d|sable control of
KWI2 pin 1: | Enable
0: | Low level
KW1LE STOP mode release level of KWI1 .
1: | High level
i 0: | Disable
KW1EN Input er}able/d|sable control of
KWI1 pin 1: | Enable
0: | Low level
KWOLE STOP mode release level of KWIO .W Vi
pin 1: | High level
i 0: | Disable
KWOEN Input er)able/dlsable control of
KWIO pin 1: | Enable
Key-on wakeup control register 1
KWUCR1 7 6 5 4 3 2 1 0
(OxOFC5) Bit Symbol KW7LE KW7EN KW6LE KW6EN KWS5LE KW5EN KWA4LE KW4EN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Low level
KW7LE STOP mode release level of KWI7 W levi
pin 1: | High level
i 0: | Disable
KW7EN Input er)able/dlsable control of
KWI7 pin 1: | Enable
0: | Low level
KW6LE S_TOP mode release level of KWI6 .
pin 1: | High level
i 0: | Disable
KWBEN Input er_13b|e/d|sable control of I
KWI6 pin 1: | Enable
0: | Low level
KW5LE STOP mode release level of KWI5 :
pin 1: | High level
i 0: | Disable
KW5EN Input er}able/d|sable control of
KWIS pin 1: | Enable
0: | Low level
KWALE STOP mode release level of KWI4 W levi
pin 1: | High level
i 0: | Disable
KWAEN Input er)able/dlsable control of
KWI4 pin 1: | Enable
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19.3 Functions

By using the key-on wakeup function, the STOP mode can be released at a STOP pin or at KWIm pin (m: 0
through 7). After resetting, the STOP pin is the only STOP mode release pin. To designate the KWIm pin as a
STOP mode release pin, therefore, it is necessary to configure the key-on wakeup control register (KWUCRn) (n:
0 or 1). Because the STOP pin lacks a function for disabling inputs, it can be designated as a pin for receiving a
STOP mode release signal, irrespective of whether the key-on wakeup function is used or not.

Setting KWUCRn and P4PU registers

To designate a key-on wakeup pin (KWIm) as a STOP mode release pin, set KWUCRn<KWmEN> to
"1". After KWIm pin is set to "1" at KWUCRn<KWmEN>, a specific STOP mode release level can be
specified for this pin at KWUCRn<KWmLE>. If KWUCRn<KWmLE> is set to "0", STOP mode is re-
leased when an input is at a low level. If it is set to "1", STOP mode is released when an input is at a
high level. For example, if you want to release STOP mode by inputting a high-level signal into a KWIO0
pin, set KWUCRO<KWOEN> to "1", " and KWUCRO<KWOLE> to "1".

Each KWIm pin can be connected to internal pull-up resistors. Before connecting to internal pull-up re-
sistors, the corresponding bits in the pull-up control register (P4PU) at port P4 must be set to "1".

Starting STOP mode

To start the STOP mode, set SYSCRI<RELM> to "1" (level release mode), and SYSCRI1<STOP> to
" 1 H.

To use the key-on wakeup function, do not set SYSCRI<RELM> to "0" (edge release mode). If the key-
on wakeup function is used in edge release mode, STOP mode cannot be released, although a rising edge

is input into the STOP pin. This is because the KWIm pin enabling inputs to be received is at a release lev-
el after the STOP mode starts.

Releasing STOP mode

To release STOP mode, input a high-level signal into the STOP pin or input a specific release level in-
to the KWIm pin for which receipt of inputs is enabled. If you want to release STOP mode at the KWIm
pin, rather than the STOP pin, continue inputting a low-level signal into the STOP pin throughout the peri-
od from when the STOP mode is started to when it is released.

If the STOP pin or KWIm pin is already at a release level when the STOP mode starts, the following in-
struction will be executed without starting the STOP mode (with no warm-up performed).

Note 1: If an analog voltage is applied to KWIm pin for which receipt of inputs is enabled by the key-on wakeup con-
trol register (KWUCRN) setting, a penetration current will flow. Therefore, in this case, the analog voltage
should be not applied to this pin.

Table 19-1 STOP Mode Release Level (edge)

Release level (edge)

SYSCR1<RELM>="1"

Pin name —nyn
(level release mode) SYSCR1<RELM>="0

(edge release mode)
KWUCRn<KWmLE>="0" | KWUCRn<KWmLE>="1"

STOP "H" level Rising edge

KWIm "L" level | "H" level Don't use
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Example :A case in which STOP mode is started with the release level of the STOP pin set to a high level and the re-
lease level of KWIO set to a low level (connected to an internal pull-up resistor of the KWIO0 pin)

DI ; IMF<—0

SET (P4PU).0 ; KWIO (P40) connected to a pull-up resistor

LD (KWUCRO0), 0y00000001 ; the KWIO pin is set to enable inputs, and its release level is set
; to a low level.

LD (SYSCR1), 0y10100000 ; Starting in level release mode
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20. 10-bit AD Converter (ADC)

The TMP89FS60V has a 10-bit successive approximation type AD converter.

20.1 Configuration

The circuit configuration of the 10-bit AD converter is shown in Figure 20-1.

It consists of control registers ADCCR1 and ADCCR2, converted value registers ADCDRL and ADCDRH, a
DA converter, a sample-hold circuit, a comparator, a successive comparison circuit, etc.

DA converter
fm———
VAREFD—I_L ' L M —MA— = ————mmmmm m AVSS
r A ! R2 R R2 U
AVDD[} fog-o Reference A
voltage
Input selector _ Sample-hold "_"_ 9
| circuit 1
ANO [ }F—A v — AW i
I I
Y 10
5 l A |
Analog
comparator Successive
AIN15 [ ]— nS N —| Shift clockl_’ approximation circuit
A A — 1 10 INTADC
4 | Control circuit | >
AA A 5 b
[%2)
SAIN AINEN % 2 3 8 <D( 8 5
<| [AMD ACKY Y Y A
| apbccri | | Apccrz | | ADCDRL || ADCDRH
AD converter control registers 1 and 2 AD converted value registers 1 and 2

Figure 20-1 10-bit AD Converter

Note 1: Before using the AD converter, set an appropriate value to the 1/O port register which is also used as an analog input
port. For details, see the section on "I/O ports".

Note 2: The DA converter current (IREF) is automatically cut off at times other than during AD conversion.
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20.2 Control

The AD converter consists of the following four registers:

1. AD converter control register 1 (ADCCRI)

This register selects an analog channel in which to perform AD conversion, selects an AD conversion op-
eration mode, and controls the start of the AD converter.

2. AD converter control register 2 (ADCCR2)

This register selects the AD conversion time, and monitors the operating status of the AD converter.

3. AD converted value registers (ADCDRH and ADCDRL)

These registers store the digital values generated by the AD converter.
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AD converter control register 1
ADCCR1 7 6 5 4 3 2 1 0
(0x0034) Bit Symbol ADRS AMD AINEN SAIN
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
i 0: 1 -
ADRS AD conversion start
1:| AD conversion start
00: | AD operation disable, forcibly stop AD operation
. 01: | Single mode
AMD AD operating mode
10: | Reserved
11: | Repeat mode
. 0: | Analog input disable
AINEN Analog input control .
1: | Analog input enable
0000: | AINO
0001: | AIN1
0010: | AIN2
0011: [ AIN3
0100: | AIN4
0101: [ AIN5
0110: | AIN6
0111: [ AIN7
SAIN Analog input channel select
1000: | AIN8
1001: | AIN9
1010: | AIN10
1011: | AIN11
1100: | AIN12
1101: | AIN13
1110: | AIN14
1111: | AIN15

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 ac-
curacy of AD conversion that you do not execute input/output instructions during AD conversion. Additionally, do not in-
put 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 convert-
er after returning to NORMAL mode, you must reconfigure ADRS, AMD and AINEN.

Note 5: After the start of AD conversion, ADRS is automatically cleared to "0" ("0" is read).
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AD converter control register 2
ADCCR2 7 6 5 4 3 2 1 0
(0x0035) Bit Symbol EOCF ADBF - - "0" ACK
Read/Write R R R R Wi R/W
After reset 0 0 0 0 0 0 0 0
. 0: | Before conversion or during conversion
EOCF AD conversion end flag .
1: | Conversion end
. 0: | AD conversion being halted
ADBF AD conversion BUSY flag . .
1: | AD conversion being executed
000: | 39/fcgck
001: | 78/fcgck
010: | 156/fcgck
AD conversion time select (exam- 011: | 312/fcgck
ACK ples of AD conversion time are
shown in the table below) 100: | Reserved
101: | Reserved
110: | Reserved
111: | Reserved
Note 1: Make sure that you make the ACK setting when AD conversion is in a halt condition (ADCCR2<ADBF>="0").
Note 2: Make sure that you write "0" to bit 3 of ADCCR2.
Note 3: If STOP, IDLEO or SLOW mode is started, EOCF and ADBF are initialized to "0".
Note 4: If the AD converted value register (ADCDRH) is read, EOCF is cleared to "0". It is also cleared to "0" if AD conver-
sion is started (ADCCR1<ADRS>="1") without reading ADCDRH after completing AD conversion in single mode.
Note 5: If an instruction to read ADCCR2 is executed, 0 is read from bits 3 through 5.

Table 20-1 ACK Settings and Conversion Times Relative to Frequencies

Frequency (fcgck)
ACK setting Cma’rﬁr:'m 10MHz | 8MHz | 5MHz | 4MHz | 25MHz | 2MHz 1MHz | 0.5MHz |0.25 MHz
000 39/fcgck - - - - 15.6 us 19.5 ps 39.0 us - -
001 78/fcgck - - 15.6 ps 19.5 ps 31.2 ys 39.0 ys - - -
010 156/fcgck 15.6 us 19.5 us 31.2 us 39.0 us - - - - -
011 312/fcgck 31.2 us 39.0 s - - - - - - -
100
101 Reserved
11*
Note 1: Spaces indicated by "-" in the above table mean that it is prohibited to establish conversion times in these spaces.

Note 2:

fcgek: 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 time shown above is 10/fcgck (s). If ACK = 01%, it is 32/fcgck (s).

Note 3: The conversion time must be within the following time.

- VAREF =4.510 5.5V 15.6 us or longer, and 39.0 ps or shorter
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AD converted value register (lower side)
ADCDRL 7 6 5 4 3 2 1 0
(0x0036) Bit Symbol ADO7 ADO06 ADO05 ADO04 ADO3 ADO02 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 - - - - - - ADO09 ADO08
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> be-
comes "1".

Note 2: In single mode, do not read ADCDRL or ADCDRH during AD conversion (ADCCR2<ADBF>="1"). (If AD conversion
is finished in the interim between a read of ADCDRL and a read of ADCDRH, the INTADC interrupt request is can-
celed, 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 pre-
vious converted value is retained without overwriting the AD converted value register. In this case, the INTADC inter-
rupt request is canceled, and the conversion result is lost.
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20.3

Functions

The 10-bit AD converter operates in either single mode in which AD conversion is performed only once or re-

peat mode in which AD conversion is performed repeatedly.

20.3.1

Single mode
In single mode, the voltage at a designated analog input pin is AD converted only once.

Setting ADCCR1<ADRS> to "1" after setting ADCCRI1<AMD> to "01" allows AD conversion to start.
ADCCRI1<ADRS> is automatically cleared after the start of AD conversion. As AD conversion starts,
ADCCR2<ADBF> is set to "1". It is cleared to "0" if AD conversion is finished or if AD conversion is
forced to stop.

After AD conversion is finished, the conversion result is stored in the AD converted value registers
(ADCDRL and ADCDRH), ADCCR2<EOCF> is set to "1", and the AD conversion finished interrupt (IN-
TADC) is generated. The AD converted value registers (ADCDRL and ADCDRH) should be usually read ac-
cording to the INTADC interrupt processing routine. If the upper side (ADCDRH) of the AD converted val-
ue register is read, ADCCR2<EOCF> is cleared to "0".

Note: Do not perform the following operations on the ADCCR1 register when AD conversion is being execu-
ted (ADCCR2<ADBF>="1"). If the following operations are performed, there is the possibility that AD
conversion may not be executed properly.

+ Changing the ADCCR1<SAIN> setting

+ Setting ADCCR1<AINEN> to "0"

» Changing the ADCCR1<AMD> setting (except a forced stop by setting AMD to "00")
- Setting ADCCR1<ADRS> to "1"

AD conversion start AD conversion start

ADCCR1<ADRS> [] ]

ADCCR2<ADBF>

Status of ADCDRL Indeterminate X Result of the first conversionX Result of the second conversion
and ADCDRH
Clearing EOCF based on
ADCCR2<EOCF> the conversion result
! A ' \

INTADC interrupt |_| |_|
request
Read of ADCDRH —| —|

Read of conversion result Read of conversion result
Read of ADCDRL |_| |_|

Read of conversion result Read of conversion result

Figure 20-2 Single Mode

20.3.2 Repeat mode

In repeat mode, the voltage at an analog input pin designated at ADCCRI<SAIN> is AD converted repeat-
edly.

Setting ADCCR1<ADRS> to "1" after setting ADCCRI1<AMD> to "11" allows AD conversion to start. Af-
ter the start of AD conversion, ADCCR1<ADRS> is automatically cleared. After the first AD conversion is fin-
ished, the conversion result is stored in the AD converted value registers (ADCDRL and ADCDRH),
ADCCR2<EOCF> is set to "1", and the AD conversion finished interrupt (INTADC) is generated. After this
interrupt is generated, the second (next) AD conversion starts immediately.
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The AD converted value registers (ADCDRL and ADDRH) should be read before the next AD conversion
is finished. If the next AD conversion is finished in the interim between a read of ADCDRL and a read of
ADCDRH, the previous converted value is retained without overwriting the AD converted value registers
(ADCDRL and ADCDRH). In this case, the INTADC interrupt request is not generated, and the conversion re-
sult is lost. (See Figure 20-3.)

To stop AD conversion, write "00" (AD operation disable) to ADCCR1<AMD>. As "00" is written to
ADCCRI1<AMD>, AD conversion stops immediately. In this case, the converted value is not stored in the
AD converted value register. As AD conversion starts, ADCCR2<ADBF> is set to "1". It is cleared to "0" if
"00" is written to AMD.

ADCCR1<AMD> >< “11” X “00”

AD conversion start ‘

ADCCR1<ADRS>

! AD conversion is

! _sl_%spended. ] X
Conversion 1 Result of th_e >< Result of th_e 3rd Result of th_e 4th is r?ott:grt]c\)lreerglon resu
Operation / < 2nd conversion conversion \ conversion \ -
Status of ADCDRL Indeterminate X Result of the 1st conversion X Rescﬂ;\?é::,z: e Resczl:“?ef,t:iz: "
and ADCDRH
ADCCR2<EOCF> | | |

A
Aread of the
conversion result

INTADC interrupt will clear EOCF.
Moo
Read of ADCDRH _| _| -|
Read of Read of Read of
Read of ADCDRL [ result o result result
The INTADC interrupt requestis ~Read of Read of Read of
not generated in the interim ~ CONversion Een Een

between a read of ADCDRL result

and a read of ADCDRH.

Figure 20-3 Repeat Mode

20.3.3 AD operation disable and forced stop of AD operation

If you want to force the AD converter to stop when AD conversion is ongoing in single mode or if you
want to stop the AD converter when AD conversion is ongoing in repeat mode, set ADCCR1<AMD> to "00".

If ADCCRI<AMD> is set to "00", registers ADCCR2<EOCF>, ADCCR2<ADBF>, ADCDRL, and
ADCDRH are initialized to "0".
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20.4

Register Setting

Set the AD converter control register 1 (ADCCR1) as described below:

From the AD input channel select (SAIN), select the channel in which AD conversion is to be per-
formed.

Set the analog input control (AINEN) to "Analog input enable".

At AMD, specify the AD operating mode (single or repeat mode).

Set the AD converter control register 2 (ADCCR?2) as described below:

At the AD conversion time (ACK), specify the AD conversion time. For information on how to spec-
ify the conversion time, refer to the AD converter control register 2 and Table 20-1.

After the above two steps are completed, set "1" on the AD conversion start (ADRS) of the AD convert-
er control register 1 (ADCCR1), and AD conversion starts immediately if single mode is selected.

As AD conversion is finished, the AD conversion end flag (EOCF) of the AD converter control register
2 (ADCCRY2) is set to "1", the AD conversion result is stored in the AD converted value registers
(ADCDRH and ADCDRL), and the INTADC interrupt request is generated.

After the conversion result is read from the AD converted value register (ADCDRH), EOCF is cleared to
"0". EOCF will also be cleared to "0" if AD conversion is performed once again before reading the AD con-
verted value register (ADCDRH). In this case, the previous conversion result is retained until AD conver-
sion is finished.

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 sin-

gle mode.

: (Port setting) ;Before setting AD converter registers, make an appropriate port
;register setting.(For further details, refer to the section that describes
;11O ports.)

LD (ADCCR1), 0y00110011 ;Select AIN3 and operation mode

LD (ADCCR2), 0y00000010 ;Select conversion time (156/fcgck)

SET (ADCCR1). 7 ;ADRS = 1 (AD conversion start)

SLOOP : TEST (ADCCR2). 7 ;EOCF =17
J T, SLOOP
LD HL, (ADCDRL) ;Read result data

20.5 Starting STOP/IDLEO/SLOW Modes

If STOP/IDLEO/SLOW mode is started, registers ADCCR1<ADRS, AMD, AINEN>, ADCCR2<EOCF,
ADBF>, ADCDRL and ADCDRH are initialized to "0". If any of these modes is started during AD conversion,
AD conversion is suspended, and the AD converter stops (registers are likewise initialized). When restored from
STOP/ IDLEO/SLOW mode, AD conversion is not automatically restarted. Therefore, registers must be reconfig-
ured as necessary.

If STOP/IDLEO/SLOW mode is started during AD conversion, analog reference voltage is automatically discon-
nected and, therefore, there is no possibility of current flowing into the analog reference voltage.
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20.6 Analog Input Voltage and AD Conversion Result

Analog input voltages correspond to AD-converted, 10-bit digital values, as shown in Figure 20-4.

3FFy + —

3FEy

3FDy T

03H T 7 -

AD-converted value
(
))
R
S

02y + .

(« . . . . 5 VAREF - AVSS
)] T T T T >
1021 1022 1023 1024 1024

3
Analog input voltage

Figure 20-4 Relationships between Analog Input Voltages and AD-converted Values (typical
values)
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20.7 Precautions about the AD Converter

20.7.1 Analog input pin voltage range
Analog input pins (AINO through AIN15) should be used at voltages from VAREF to VSS. If any voltage

outside this range is applied to one of the analog input pins, the converted value on that pin becomes uncer-
tain, and converted values on other pins will also be affected.

20.7.2 Analog input pins used as input/output ports

Analog input pins (AINO to AIN15) are also used as input/output ports. In using one of analog input pins
(ports) to execute AD conversion, input/output instructions at all other pins (ports) must not be executed. If
they are executed, there is the possibility that the accuracy of AD conversion may deteriorate. This also ap-
plies to pins other than analog input pins; if one pin receives inputs or generates outputs, noise may occur

and its adjacent pins may be affected by that noise.

20.7.3 Noise countermeasure

The internal equivalent circuit of the analog input pins is shown in Figure 20-5. The higher the output impe-
dance of the analog input source, the more susceptible it becomes to noise. Therefore, make sure the output im-
pedance of the signal source in your design is 5 kQ or less. It is recommended that a capacitor be attached ex-

ternally.

% Internal resistance: Analog comparator
AINi

5 kQ (max) i 5 kQ (typ.)
| a_‘vvv I | vy I L
Permissible signal nterna Cagg%ﬁ;ﬁ ; r

source impedance:

DA converter

Note)i=15t0 0

Figure 20-5 Analog Input Equivalent Circuit and Example of Input Pin Processing
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21.

Flash Memory

The TMP89FS60V has flash memory of 61440 bytes. A write and erase to be performed on flash memory can
be controlled in the following three modes:

- MCU mode

In MCU mode, the flash memory is accessed by the CPU control, and the flash memory can be execu-
ted the erasing and writing without affecting the operations of a running application. Therefore, this
mode is used for software debugging and firmware change after shipment of the TMP89FS60V.

- Serial PROM mode

In serial PROM mode, the flash memory is accessed by the CPU control. Use of the serial interface
(UART) enables the flash memory to be controlled by the small number of pins. The TMP89FS60V
used in serial PROM mode supports on-board programming, which enables users to pro-gram flash
memory after the microcontroller is mounted on a user board.

- Parallel PROM mode

The parallel PROM mode allows the flash memory to be accessed as a stand-alone flash memory by
the program writer provided by a third party. High-speed access to the flash memory is available by control-
ling address and data signals directly. To receive a support service for the program writer, please ask a Tosh-
iba sales representative.

In MCU and serial PROM modes, flash memory control registers (FLSCR1 and FLSCR2) are used to control
the flash memory. This chapter describes how to access the flash memory using the MCU and serial PROM modes.
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21.1 Flash Memory Control

The flash memory is controlled by the flash memory control register 1 (FLSCR1), flash memory control regis-
ter 2 (FLSCR2), and flash memory standby control register (FLSSTB).

Flash memory control register 1

FLSCR1
(0XOFDO)

Note 1:
Note 2:

Note 3:

7 6 5 4 3 2 1 0
Bit Symbol FLSMD BAREA FAREA - -
Read/Write R/W R/W R/W R/W R/W
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: | Assign the data area 0x1000 through Ox7FFF

to the data area 0x9000 through OxFFFF.

10: | Assign the code area 0x8000 through OxFFFF

to the data area 0x8000 through OxFFFF.

11: | Assign the code area 0x1000 through Ox7FFF

to the data area 0x9000 through OxFFFF.

FAREA Flash memory area select control

It is prohibited to make a setting in "Reserved".

The flash memory control register 1 has a double-buffer structure comprised of the register FLSCR1 and a shift regis-
ter. 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 "OxD5" is written to the register FLSCR2. The value
of the shift register can be checked by reading the register FLSCRM.

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 FLSCR1 register 0xD5 | Enable a change in the FLSCR1 setting
enable/disable control Others | Reserved
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Flash memory control register 1 monitor
FLSCRM 7 6 5 4 3 2 1 0
(OXOFD1) Bit Symbol FLSMDM BAREAM FAREAM ROMSELM
Read/Write R R R R R R
After reset 0 0 0 0 0 0 0
FLsmpM | Monitoring of FLSCR1<FLSMD> 0 [ FLSCR1<FLSMD>="101" setting disabled
status 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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Flash memory standby reset control register

FLSSTB 7 6 5 4 3 2 1 0

(0xO0FD2) Bit Symbol FSTB
Read/Write R R R R R R R w
After reset 0 0 0 0 0 0 0 0

o

Disable flash memory standby reset
FSTB Flash memory standby reset control

-

Enable flash memory standby reset

Note 1: A value can be written to FSTB only by using a program that resides in RAM. A value written using a program resid-
ing 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.
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21.2 Functions

21.2.1 Flash memory command sequence execution and toggle control (FLSCR1
<FLSMD>)

To prevent inadvertent writes to the flash memory due to program error or microcontroller malfunction,
the execution of the flash memory command sequence and the toggle operation can be disabled (the flash mem-
ory can be write protected) by making an appropriate control register setting (write protect). To enable the ex-
ecution of the command sequence and the toggle operation, set FLSCRI<FLSMD> to "0Oy101", and then set
"0xD5" on FLSCR2<CR1EN>. To disable the execution of the command sequence, set FLSCR1<FLSMD>
to "0y010", and then set "0xD5" on FLSCR2<CR1EN>. If the command sequence or the toggle operation is exe-
cuted with the execution of the command sequence and the toggle operation set to "disable", the executed com-
mand sequence or toggle operation takes no effect.

After a reset, FLSCR1<FLSMD> is initialized to "0y010" to disable the execution of the command se-
quence. FLSCR1<FLSMD> should normally be set to "0y010" except when a write or erase is to be per-
formed on the flash memory.

Note 1: If FLSCR1<FLSMD> is set to "disable", subsequent commands (write instructions) generated are rejec-
ted 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.

Page 311 2019/08/01



21. Flash Memory

21.2 Functions

TMP89FS60VEFG
TMP89FS60VUG

21.2.2 Flash memory area switching (FLSCR1<FAREA>)

To perform an erase or write on the flash memory, a memory transfer instruction (command sequence)
must be executed. If a memory transfer instruction is used to read or write data, a read or write can be per-
formed only on the data area. To perform an erase or write on the code area, therefore, part of the code area
must be temporarily switched to the data area. This switching between data and code areas is performed by mak-
ing the appropriate FLSCRI<FAREA> setting.

By setting "0xD5" on FLSCR2<CR1EN> after setting FLSCRI<FAREA> to "01", 0x1000 through
0x7FFF (AREA DO0) in the data area is mapped to 0x9000 through OXFFFF (AREA D1) in the data area.

By setting "0xD5" on FLSCR2<CR1EN> after setting FLSCRI<FAREA> to "10", 0x8000 through
OxFFFF (AREA C1) in the code area is mapped to 0x8000 through OxFFFF (AREA D1) in the data area.

By setting "0xD5" on FLSCR2<CR1EN> after setting FLSCRI<FAREA> to "11", 0x1000 through
0x7FFF (AREA CO0) in the code area is mapped to 0x9000 through OXxFFFF (AREA D1) in the data area.

For example, to access 0x4000 in the code area, set "0xD5" on FLSCR2<CR1EN> after setting
FLSCRI<FAREA> to "11", and then execute the memory transfer instruction on 0xC000.

To restore the flash memory to the initial state of mapping, set FLSCR1<FAREA> to "00", and then set
"0xDS5" on FLSCR2<CRIEN>.

All flash memory areas can be accessed by performing the appropriate steps described above and then exe-
cuting the memory transfer instruction on 0x8000 through OxFFFF (AREA D1) in the data area.

0x1000 through OXFFFF (AREA D1) in the data area and 0x1000 through OxFFFF (AREA C1) in the code
area are mirror areas; these two areas refer to the same physical address in memory. Therefore, an erase or
write must be performed on one of these two mirror areas. For example, If a write is performed on 0x8000 in
the data area with FLSCR1<FAREA> set to "10" after performing a write on 0x8000 in the data area with
FLSCR1<FAREA> set to "00", data is overwritten. To write data to the flash memory that already has data writ-
ten to it, existing data must first be erased from the flash memory by performing a sector erase or chip erase,
and then data must be written.

Additionally, access to areas to which memory is not assigned should be avoided by executing an instruc-
tion or specifying such an area by using jump or call instructions.
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0x0000 0x0000 0x0000 0x0000
SFR [ H H R [ H H
RAM( oxorFr OXOFFF RAM oxorFr OXOFFF
0x1000 0x1000 0x1000 0x1000
AREA DO AREA CO AREA DO AREA CO
144
Ox7FFF 61440 Ox7FFF 61440 OX7FFF 6by1eso OX7FFF 61440
0x8000 |77 bytes ~T] 0x8000 |77 bytes "7 0x8000 [T 7T T 0x8000 |*"7"""" bytes 777"
Flash Flash Flash : Flash
0x9000
AREA D1 AREAC1 AREA C1
AREA DO
OXFFFF OXFFFF OXFFFF || OXFFFF
Data area Code area Data area Code area
If FLSCR<FAREA> = “00" If FLSCR<FAREA> = “01"
0x0000 0x0000 0x0000 0x0000
SFR [ : : R [ : :
RAM( oxofrr OxOFFF OXOFFF OxOFFF
0x1000 0x1000 0x1000 0x1000;
AREA DO AREA CO AREA DO AREA CO
61440 61440
OXTFFF bytes OXTFFF 61440 OX7FFF bytes OXTFFF 61440
0x8000 |*r it 2R ettt 0x8000 | """"""" bytes T 0x8000 |77777 TP T Ox y/ bytes *=**
Flash Flash Flash Flash | "
V'
AREAC1 AREAC1 AREAC1
AREA CO
OXFFFF| | OXFFFF| OXFFFF | | OXFFFF|
Data area Code area Data area Code area

If FLSCR<FAREA> = 10"

If FLSCR<FAREA> = “11"

Figure 21-1 Area Switching Using the FLSCR1<FAREA> Setting
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21.2.3 RAM area switching (SYSCR3<RAREA>)

If "0xD4" is set on SYSCR4 after SYSCR3<RAREA> is set to "1" in MCU mode, RAM is mapped to the
code area. To restore the RAM area to the initial state of mapping, set SYSCR3<RAREA> to "0", and then
set "0xD4" on SYSCRA4.

In serial PROM mode, RAM is mapped to the code area, irrespective of the SYSCR3<RAREA> setting.

21.2.4 BOOTROM area switching (FLSCR1<BAREA>)

If "0xD5" is set on FLSCR2<CR1EN> after FLSCRI<BAREA> is set to "1" in MCU mode, 0x1000
through 0x17FF in the code and data areas is masked by flash memory, and 2K-byte (first half of 4KB) BOOT-
ROM is mapped. If you do not want to map BOOTROM, set "0xD5" on FLSCR2<CR1EN> after setting
FLSCR1<BAREA> to "0".

A set of codes for programming flash memory in serial PROM mode are built into BOOTROM, and a sup-
port program (API) for performing an erase or write on flash memory in a simple manner is also built into
one part in the BOOTROM area. Therefore, by calling a subroutine in the support program after BOOT-
ROM is mapped, it is possible to erase, write and read flash memory easily.

In serial PROM mode, BOOTROM is mapped to 0x1000 through 0x17FF in the data area and 0x1000
through Ox1FFF in the code area, irrespective of the FLSCR1<BAREA> setting. BAREA is always "1", and
the set BAREA value remains unchanged, even if data is written. "1" is always read from BAREA.

Note: Do not allocate the FLSCR1<FAREA> switching program to the code area 0x1000 through Ox1FFF. If it is al-
located to that area, the software program may not function properly, and the microcontroller may malfunction.
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0x0000 0x0000 0x0000 0x0000
0x003F SFR 0x003F SFR 0x003F
00040 =AM 00040 RAM 0x0040 RAM
0RXXXX 0RXXXX 010XXXX
! : 00KXX+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 0:0040 RAM 0:0040 RAM
OXXXXX i 0XXXXX XXX
0x1000 0x1000 0x1000 0x1000
! BOOTROM ! BOOTROM ! BOOTROM ! BOOTROM
OXI7FF 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"
0%0000 0x0000
0x003F SFR 0x003F
010040 RAM 010040 RAM
OXXXIXX OXXXIXX
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
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21.2.5 Flash memory standby reset control (FLSSTB<FSTB>)

The only program on the RAM can be changed FLSSTB<FSTB>. If a program on the Flash memory
tries to change FLSSTB<FSTB>, changing FLSSTB<FSTB> is ignored and the content of
FLSSTB<FSTB> is maintained.

If the Flash memory is accessed by a program when FLSSTB<FSTB> is "1", the "Flash memory
stand-bye reset" occurs. When a data from/to Flash memory is read/written by a program on the
RAM, or an instruction is fetched from the Flash memory, FLSSTB<FSTB> is cleared to "0"
beforehand.

Even if FLSSTB<FSTB> is "1" and the interrupt vector table is mapped to the Flash memory (when
SYSCR3<RVCTR>="0" is valid), FLSSTB<FSTB> is cleared to "0" automatically and an interrupt
vector is read from the Flash memory when an interrupt occurs.

However, when the interrupt vector table is mapped to the RAM (when SYSCR3<RVCTR>="1" is
valid), FLSSTB<FSTB> remains "1" and an interrupt vector is read from the RAM. At this time, in
case that the referred address of the interrupt vector is within Flash memory area, the "Flash memory
stand-bye reset" occurs after generating an interrupt since an instruction is fetched from the Flash
memory when FLSSTB<FSTB>is "1".

The FLSSTB<FSTB> is the register for a compatibility with TMP89FS60's software. The content in
FLSSTB<STB> is no influence to the operation of the Flash memory on the TMPS9FS60V.

So, it should be generally cleared to "0" except the case of using the program for the TMP89FS60.
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21.3 Command Sequence

In MCU and serial PROM modes, the command sequence consists of six commands (JEDEC compatible), as
shown in Table 21-1.

Table 21-1 Command Sequence

1st Bus Write Cy- | 2nd Bus Write Cy- | 3rd Bus Write Cy- | 4th Bus Write Cy- | 5th Bus Write Cy- | 6th Bus Write Cy-

Command sequence cle cle cle cle cle cle

Add Data Add Data Add Data Add Data Add Data Add Data

BA Data
1 Byte Program O0x#555 [ OxAA | Ox#AAA [ O0x55 | Ox#555 | OxAO (Note - - - -
(Note 1) 1)
Sector Erase SA
2 | (partial erase in units | Ox#555 | OxAA | OX#AAA | 0x55 0x#555 0x80 Ox#555 | OxAA | Ox#AAA | 0x55 0x30
of 4KB) (Note 2)
Chip Erase
3 (all ) Ox#555 [ OxAA | Ox#AAA | O0x55 | Ox#555 | 0x80 Ox#555 [ OxAA | Ox#AAA [ O0x55 | Ox#555 [ 0x10
all erase

4 Product ID Entry 0x#555 OxAA | Ox#AAA 0x55 0x#555 0x90 - - - - - -

5 Product ID Exit 0xXX 0xFO - - - - - - - - - -

6 Security Program 0x#555 OxAA | Ox#AAA | 0x55 0x#555 0xA5 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 execu-
ted or a task specified in a command sequence is being executed (write, erase or ID entry).

Note 4: # ; Ox1 through OxF should be specified as the upper 4bits of the address. However, while FLSCRM<BAREAM> is
"1", Ox2 or more should be specified. Usually, it is recommended that OxF is specified.

Note 5: XXX ; Don’t care
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21.3.1

Byte program

This command writes the flash memory in units of one byte. The address and data to be written are speci-
fied in the 4th bus write cycle. The range of addresses that can be specified is shown in Table 21-2. For exam-
ple, to write data to 0x1000 in the data area, set FLSCRI<FAREA> to "0y01", set "0xD5" on
FLSCR2<CRI1EN>, and then specify 0x9000 as an address in the 4th bus write cycle. The time needed to
write each byte is 3 ms maximum. The next command sequence cannot be executed if an ongoing write oper-
ation is not completed. To check the completion of the write operation, perform read operations twice on the
same address in the flash memory, and perform polling until the same data is read from the flash memory.
Dur-ing the write operation, bit 6 is reversed each time a read 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 ei-
ther of these two areas, not both.

Note 3: Do not perform a Byte Program on areas other than those shown in Table 21-2.
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Table 21-2 Range of Addresses Specifiable (BA)

. FLSCR1 Address specified by instruction
Write Area
<FAREA> (Address of 4th bus write cycle)
AREA DO
0x1000 through Ox7FFF 01 0x9000 through OxFFFF
(Data area)
AREA D1
0x8000 through OxFFFF 00 0x8000 through OxFFFF
(Data area)
AREA CO
0x1000 through Ox7FFF 11 0x9000 through OxFFFF
(Code area)
AREA C1
0x8000 through OxFFFF 10 0x8000 through OxFFFF
(Code area)

21.3.2 Sector erase (4-kbyte partial erase)

This command erases the flash memory in units of 4 kbytes. The flash memory area to be erased is speci-
fied by the upper 4 bits of the 6th bus write cycle address. The range of addresses that can be specified is
shown in Table 21-3. For example, to erase 4 kbytes from 0x1000 through Ox1FFF in the code area, set
FLSCRI1<FAREA> to "Oyl1", set "0xD5" on FLSCR2<CR1EN>, and then specify either 0x9000 or 0x9FFF
as the 6th bus write cycle. The sector erase command is effective only in MCU and serial PROM modes, and
it cannot be used in parallel PROM mode.

The time needed to erase 4 kbytes is 30 ms maximum. The next command sequence cannot be executed if
an ongoing erase operation is not completed. To check the completion of the erase operation, perform read op-
erations twice on the same address in the flash memory, and perform polling until the same data is read from
the flash memory. During the erase operation, bit 6 is reversed each time a read is performed.

Data in 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

0xC000 through OxCFFF

0xD000 through OXDFFF

0xEQ00 through OXEFFF

0xF000 through OxFFFF

FLSCR1 Address specified by instruction
Erase Area .
<FAREA> (Address of 6th bus write cycle)
0x1000 through Ox1FFF 0x9000 through 0x9FFF
0x2000 through Ox2FFF 0xA000 through OxAFFF
0x3000 through Ox3FFF 0xB000 through OxBFFF
AREA DO
0x4000 through Ox4FFF 01 0xC000 through OXCFFF
(Data area)
0x5000 through Ox5FFF 0xD000 through OXDFFF
0x6000 through Ox6FFF 0xEO000 through OXEFFF
0x7000 through Ox7FFF 0xFO000 through OxFFFF
0x8000 through 0x8FFF 0x8000 through 0x8FFF
0x9000 through 0x9FFF 0x9000 through Ox9FFF
0xA000 through OXAFFF 0xA000 through OXAFFF
AREA D1 0xB000 through OxBFFF 0xB000 through OxBFFF
00
(Data area)

0xC000 through OxCFFF

0xD000 through OXDFFF

0xEQ00 through OXEFFF

0xF000 through OxFFFF
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Table 21-3 Range of Addresses Specifiable

FLSCR1 Address specified by instruction
Erase Area
<FAREA> (Address of 6th bus write cycle)
0x1000 through Ox1FFF 0x9000 through 0x9FFF
0x2000 through Ox2FFF 0xA000 through OxAFFF
0x3000 through Ox3FFF 0xB000 through OxBFFF
AREA CO
0x4000 through Ox4FFF 11 0xC000 through OXCFFF
(Code area)
0x5000 through Ox5FFF 0xD000 through OxDFFF
0x6000 through Ox6FFF 0xEO000 through OXEFFF
0x7000 through Ox7FFF 0xFO000 through OxFFFF
0x8000 through Ox8FFF 0x8000 through Ox8FFF
0x9000 through Ox9FFF 0x9000 through Ox9FFF
0xA000 through OxAFFF 0xA000 through OXAFFF
AREA C1 0xB000 through OxBFFF 0xB000 through 0xBFFF
10

(Code area) 0xCO000 through OxCFFF 0xCO000 through OXCFFF
0xD000 through OXDFFF 0xD000 through OXDFFF
0xEQ00 through OXEFFF 0xEOQ00 through OXEFFF
0xF000 through OxFFFF 0xFO000 through OxFFFF

21.3.3 Chip erase (all erase)

This command erases the entire flash memory.

The time needed to erase it is 126 ms maximum. The next command sequence cannot be executed if an
ongoing erase operation is not completed. To check the completion of the erase operation, perform read
operations twice on the same address in the flash memory, and perform polling until the same data is read
from the flash memory. During the erase operation, bit 6 is reversed each time a read is performed.

Data in the erased area is OxFF.

21.3.4 Product ID entry

This command activates the product ID mode. If an instruction to read the flash memory is executed in Prod-
uct ID mode, the vendor ID, flash ID and security status can be read from the flash memory.

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

This command is used to exit the Product ID mode.
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21.3.6 Security program

If the security program is enabled, the flash memory is write and read protected in parallel PROM mode,
and the flash memory write command cannot be executed in serial PROM mode.

To disable the security program, the chip erase must be performed. To check whether the security program
is enabled or disabled, read OXFF7F in product ID mode. Refer to Table 21-4 for further details. The time
needed to enable or disable the security program is 3 ms maximum. The next command sequence cannot be
executed until the security program setting is completed. To check the completion of the security program
setting, perform read operations twice on the same address in the flash memory, and perform polling until the
same data is read. When the security program setting is being made, bit 6 is reversed each time a read is
performed.

21.4 Toggle Bit (D6)

After the flash memory write, the chip erase, and the security program command sequence are executed, the val-
ue of the 6th bit (D6) in data read by a read operation is reversed each time a read is performed. This bit reversal
can be used as a software mechanism for checking the completion of each operation. Normally, perform read oper-
ations twice on the same address in the flash memory, and perform polling until the same data is read from the
flash memory.

After the flash memory write, the chip erase, and the security program command sequence are executed, the tog-
gle bit read by the first read operation is always "1".

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 in-
struction, the toggle bit does not function properly.
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21.5 Access to the Flash Memory Area

A read or a program fetch cannot be performed on the whole of the flash memory area if data is being written
to the flash memory, if data in flash memory is being erased or if a security setting is being made in the flash mem-
ory. When performing these operation on the flash memory area, the flash memory cannot be directly accessed by
using a program in the flash memory; the flash memory must be accessed using a program in the BOOTROM
area or the RAM area.

Data can be written to and read from the flash memory area in units of one byte. Data in the flash memory can
be erased in units of 4 kbytes, and all data in the flash memory can be erased at one stroke. A read can be per-
formed using one memory transfer instruction. A write or erase, however, must be performed using more than
one memory transfer instruction because the command sequence method is used. For information on the com-
mand sequence, 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 re-
set 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 to access the flash memory by using a control program provided in the BOOT-
ROM area. Since almost all operations relating to access to the flash memory can be controlled simply using
data supplied through the serial interface (UART), it is not necessary to operate the control register for the
user. For details of the serial PROM mode, see "Serial PROM Mode".

21.5.1.1  How to transfer and write a control program to the RAM area by the RAM loader command in the
serial PROM mode

TMP8I9FS60V cannot support the RAM loader command in the serial PROM mode.
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21.5.2 Flash memory control in MCU mode

21521

In MCU mode, a write can be performed on the flash memory by executing a control program in RAM or
using a support program (API) provided inside BOOTROM.

How to write to the flash memory by transferring a control program to the RAM area

This section describes how to execute a control program in RAM in MCU mode. A control program to
be executed in RAM must be acquired and stored in the flash memory or it must be imported from an out-
side source through a communication pin. (The following procedure assumes that a program copy is provi-
ded inside the flash memory.)

Steps 1 through 5 and 11 shown below concern the control by a program in the flash memory, and oth-
er steps concern the control by a program transferred to RAM. The following procedure is linked with a pro-
gram example to be described later.

10.

11.

12.

13.

14.

Set the interrupt master enable flag to "disable (DI)" (IMF «— "0").
Transfer the write control program to RAM.
Establish the nonmaskable interrupt vector in the RAM area.

After setting both SYSCR3<RAREA> and SYSCR3<RVCTR> to "1", set "0xD4" on
SYSCR4. Then allocate RAM to the code area, and switch the vector area to the RAM area.

Invoke the erase processing program in the RAM area by generating a CALL instruction.
Set FLSCRI<FLSMD> to "0Oy101", and specify the area to be erased by making the appropri-

ate FLSCR1<FAREA> setting. (Make the appropriate FLSCR1<ROMSEL> setting, as necessa-
ry.) Then set "0xD5" on FLSCR2<CRI1EN>.

Execute the erase command sequence.

Perform a read on the same address in the flash memory twice consecutively. (Repeat this
step until the read values become the same.)

After setting FLSCR1<FLSMD> to "0y010" and FLSCR1<FAREA> to "0y00", set "0xD5"
on FLSCR2<CRI1EN>. (This disables the execution of the command sequence and returns
FAREA to the initial state of mapping.)

Generate the RET instruction to return to the flash memory.
Invoke the write program in the RAM area by generating a CALL instruction.

Set FLSCRI<FLSMD> to "0y101", and make the appropriate FLSCR1<FAREA> setting to
specify the area (area erased by performing step 7 above) on which a write is to be performed.
(Make the appropriate FLSCR1<ROMSEL> setting, as necessary.) Then set "0xD5" on
FLSCR2<CRI1EN>.

Execute the write command sequence.

Perform a read on the same address in the flash memory twice consecutively.
(Repeat this step until the read values become the same.)
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15. After setting FLSCR1<FLSMD> to "0y010" and FLSCRI<FAREA> to "0y00", set "0xD5"
on FLSCR2<CRI1EN>. (This disables the execution of the command sequence and returns

FAREA to the initial state of mapping.)

16. Generate the RET instruction to return to the flash memory.

17. After setting both SYSCR3<RAREA> and SYSCR3<RVCTR> to "0", set "0xD4" on
SYSCR4. Then release RAM allocation for the code area, and switch the vector area to the

Note 1:

Note 2:

Note 3:

Example: Case in which a program is transferred to RAM, a sector erase is performed on 0xEOOO through OXEFFF

flash area.

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 address-
es (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.

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.

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 descri-
bed on the previous page).

in the code area, and then Ox3F data is written to 0xE500.
If nonmaskable interrupts (INTSWI, INTUNDEF or INTWDT) occur, system clock reset is generated.

cRAMStartAdd equ 0x0200 ; RAM start address

main section code abs = 0xF000

DI ; Disable interrupts (step 1)

; ##HH# Transfer the program to RAM #### (step 2)

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

; #### Allocate RAM to the code area. Switch the vector area to RAM #### (step 4)

LD (SYSCRS3),0x06 ; Set RAREA and RVCTR to "1"
LD (SYSCRA4),0xD4 ; Enable Code

; #iHH# 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 sSectorErase - sRAMprogStart + cRAMStartAdd

; Perform a sector erase (0xE000)

; Write process (step 11)

LD C,0x00 ; Set upper addresses
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LD IX,0xE500 ; Set middle and lower addresses
LD B,0x3F ; Data to be written
CALL sByteProgram - sRAMprogStart + cRAMStartAdd

; Write process (0xE500)
; ####H## Allocate RAM to the code area. Switch the vector area to RAM #### (step 17)
LD (SYSCRS3),0x00 ; Set RAREA and RVCTR to "0"
LD (SYSCR4),0xD4 ; Enable Code
; #### Execute the next main program ####
; Execute the main program
J XXXXX
; #### Program to be executed in RAM ###H
sRAMprogStart:
NOP ; Fail-safe process
NOP
NOP
NOP
NOP
LD (SYSCR2),0x10 ; Generate system clock reset
sSectorErase: CALL sAddConv - sRAMprogStart + cRAMStartAdd
; Address conversion process

; Sector erase process (step 7)

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 (IX),B ; 4th Bus Write Cycle (note 1)
; End process
sRAMopEnd: NOP ; (note 2)
NOP ; (note 2)
NOP ; (note 2)
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 (FLSCR2),0xD5 ; Reflect the FLSCR1 setting
RET ; Return to flash memory

; Address conversion process (steps 6 and 12)

sAddConv: LD WA, IX
SWAP C
AND C,0x10
SWAP w
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AND W,0x08
OR c,w
XOR C,0x08
SHRC C
OR C,0xA0
LD (FLSCR1),C ; Enable the execution of command sequence. Make the
; FAREA setting.
LD (FLSCR2),0xD5 ; Reflect the FLSCR1 setting
LD WA, IX
TEST C.3
J Z,sAddConvEnd
OR W,0x80
LD IX,WA
sAddConvEnd: RET
; Interrupt subroutine
sINTWDT:
sINTSWI: LD 1X,0xF000
LD A,(IX)
CMP A, (IX)
J NZ,sINTWDT ; Loop until the read values become the same
LD (SYSCR2),0x10 ; Generate system clock reset
RETN

sRAMprogEnd: NOP

Note 1: In using a write instruction in the n-th 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 instruc-
tions 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 n-th 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 n-th
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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21.5.2.2 How to write to the flash memory by using a support program (API) of BOOTROM

TMP89FS60V has following support program (API) inside BOOTROM. The following shows how to
per-form an erase and a write on the flash memory by using a support program (API) of BOOTROM in
MCU mode. For details, please refere to "21.6 API (Application Programming Interface)".

Steps 1 through 16 shown below concern the control by a program in the flash memory.

1.

10.

11.

12.

13.

14.

15.

Example:

Transfer the subroutine program of nonmaskable interrupt (INTSWI, INTWDT) to RAM.

Establish the nonmaskable interrupt vector in the RAM area.

After setting both SYSCR3<RAREA> and SYSCR3<RVCTR> to "1", set "0xD4" on
SYSCRA4. Then allocate RAM to the code area, and switch the vector area to the RAM area.

Set "0xD5" on FLSCR2<CRI1EN> after setting FLSCR1<BAREA> to "1".

Set the erasing address range to A register. For example, to erase sector area from 0xE000
through OXEFFF, set OxOE to register.To erase sector area from 0x1F000 through 0x1FFFF,
set Ox1F to register.

Set "0xD5" to C register as enable code.

Call address (0x1012). (Sector erase is performed. It is not necessary from 2 through 4 steps,
if programing area is already erased beforehand.)

Set "0x00" to C register.

Set A[15:0] of address for programing to WA register.

Set programing data to E register.

Set "0xD5" to (SP-) as enable code.

Call address (0x1010). (Byte program is performed)

If programing is continued for other address, return to step 8.
Set "0xD5" to FLSCR2 after setting FLSCR1<BAREA> to "0".

Set "0xD4" to SYSCR4 after setting SYSCR3<RAREA, RVCTR> to "0".

Case in which a sector erase is performed on OxE000 through OXEFFF in the data area, and then data at
0x0100 through 0x01FF is written to OXEOOO through OxEOFF in the data area.

If nonmaskable interrupts (INTSWI, INTUNDEF or INTWDT) occur, system clock reset is generated.

.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
cRAMStartAdd equ 0x0200 ; RAM start address

main section code abs = 0xFO00

; #### Transfer the program to RAM ####

LD HL,cRAMStartAdd
LD IX,sRAMprogStart
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sRAMLOOP: LD
LD
INC
INC
CMP
J

A,(IX)

(HL),A

HL

IX
IX,sRAMprogEnd
NZ,sRAMLOOP

; Transfer the program from sRAMprogStart to

; SRAMprogEnd to cRAMStartAdd.

; ##H#H# Set a nonmaskable interrupt vector inside the RAM area ####

LD
LDW
LD
LDW

HL,0x01FC

; Set INTUNDEF and INTSWI interrupt vectors

(HL),sINTSWI - sRAMprogStart + cRAMStartAdd

HL,0x01F8

; Set INTWDT interrupt vector

(HL),sINTWDT - sRAMprogStart + cRAMStartAdd

; #i##H# Allocate RAM to the code area. Switch the vector area to RAM ##H##

LD
LD

(SYSCR3),0x06
(SYSCR4),0xD4

; ###Ht Allocate BOOTROM to the data/code area ####

LD
LD

(FLSCR1),0x50
(FLSCR2),0xD5

; #### Sector erase process (API) ####

LD
LD
CALL

; #iH#H# Write process ##H#
LD
LD

sLOOP1:
LD
LD
LD
LD
CALL
INC
INC
CMP
J

; #HH# End process #H#HE
LD
LD
LD
LD

J

A,0xOE
C,0xD5
(.BTEraseSec)

HL,0xE000
1Y,0x0100

C,0x00
WA, HL
E,(IY)
(SP-),0xD5
(.BTWrite)
Y

HL

L,0x00
NZ,sLOOP1

(FLSCR1),0x40
(FLSCR2),0xD5
(SYSCR3),0x00
(SYSCR4),0xD4

XXXX

; #### Program to be executed in RAM ###H#

sRAMprogStart:

; Interrupt subroutine

sINTWDT:

sINTSWI: LD
LD
CMP
J
LD
RETN

IX,0xF000
A(IX)

A(IX)
NZ,sINTWDT
(SYSCR2),0x10

; Set RAREA and RVCTR to "1"

; Enable Code

; Set BAREA to "1" (note)
; Reflect the FLSCR1 setting

; Specify the area to be erased (0xE000 through OXEFFF)

; Enable Code

; Execute sector erase

; Flash start address (address where data is written)

; RAM start address

; Address where data is written (bit 16)

; Address where data is written (bits 15 to 0)

; Data to be written

; Enable Code

; Write data to the flash memory (1 byte)
; Increment flash address
; Increment RAM address

; Finish 256-byte write?

; Return to sSLOOP1 if the number of bytes is less than 256

; Set BAREA to "0"

; Set RAREA and RVCTR to "0"

; Enable Code

; Loop until the read values become the same

; Generate system clock reset
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sRAMprogENd: NOP

Note 1: Do not allocate the above program to 0x1000 through 0x17FF in the code area in the flash memory. If this
area is set to BAREA="1", it changes from the flash memory area to the BOOTROM area so that the pro-
gram will not function properly and the microcontroller may malfunction.

Note 2: It is not necessary to add DI instruction for above example program, because the support program include
it. However, the support program does not include El instruction. Therefore, if interrupt process is used, ena-
ble IMF after finishing all above process.
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21.5.2.3 How to set the security program by using a support program (API) of BOOTROM

1. Transfer the subroutine program of nonmaskable interrupt INTSWI, INTWDT) to RAM.
2. Establish the nonmaskable interrupt vector in the RAM area.

3. After setting both SYSCR3<RAREA> and SYSCR3<RVCTR> to "1", set "0xD4" on
SYSCR4. Then allocate RAM to the code area, and switch the vector area to the RAM area.

4. Set "0xD5" on FLSCR2<CRI1EN> after setting FLSCR1<BAREA> to "1".

5. Set "0xD5" to A register as enable code.

6. Set "0x00" to C register.

7. Call address (0x1016). (After processing, security program state returns to A register.)
8. If A register is not "OxFF", jump to sSKIP because security program is already set.

9. Set "0xD5" to A register as enable code.

10. Set "0x00" to C register.

11. Call address (0x1016). (Security program is performed.)

12. Set "0xDS5" to FLSCR?2 after setting FLSCR1<BAREA> to "0".

13. Set "0xD4" to SYSCR4 after setting SYSCR3<RAREA, RVCTR> to "0".

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
cRAMStartAdd equ 0x0200 ; RAM start address

main section code abs = 0xF000

; #### Transfer the program to RAM ####

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
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; ###H# Set a nonmaskable interrupt vector inside the RAM area ####
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
; ###H Allocate RAM to the code area. Switch the vector area to RAM ##H##
LD (SYSCRS3),0x06 ; Set RAREA and RVCTR to "1"
LD (SYSCR4),0xD4 ; Enable Code
; #### Allocate BOOTROM to the data/code area ####
LD (FLSCR1),0x50 ; Set BAREA to "1" (note 2)
LD (FLSCR2),0xD5 ; Reflect the FLSCR1 setting
; ##H### 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"
LD (FLSCR2),0xD5
LD (SYSCR3),0x00 ; Set RAREA and RVCTR to "0"
LD (SYSCR4),0xD4 ; Enable Code
J XXXX
; ##H## Program to be executed in RAM ##H#
sRAMprogStart:
; Interrupt subroutine
sINTWDT:
sINTSWI: LD 1X,0xF000
LD A,(IX)
CMP A, (IX)
J NZ,sINTWDT ; Loop until the read values become the same
LD (SYSCR2),0x10 ; Generate system clock reset
RETN

sRAMprogEnd: NOP

Note 1: Make sure that you set the C register to "0x00".

Note 2: Do not allocate the above program to 0x1000 through 0x17FF in the code area in the flash memory. If this
area is set to BAREA="1", it changes from the flash memory area to the BOOTROM area so that the pro-
gram will not function properly and the microcontroller may malfunction.

Note 3: It is not necessary to add DI instruction for above example program, because the support program include
it. However, the support program does not include El instruction. Therefore, if interrupt process is used, ena-
ble IMF after finishing all above process.
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21.5.2.4 How to read data from flash memory

To read data from flash memory, execute transfer instruction for memory. It is possible to read the corre-
sponding individual data (include data of code area) to each address in flash memory, if
FLSCR1<FAREA> and FLSCR? is selected properly.

Example: Case in which data is read from 0xF0O0O 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 0xFO00
LD (0x98),A ; Store data at 0x98

LD (FLSCR1),0x40 ; Select AREA DO

LD (FLSCR2),0xD5 ; Reflect the FLSCR1 setting
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21.6 API (Application Programming Interface)
The BOOTROM has a support program (API) which contains a special subroutine for erasing or writing on the

flash memory. After mapping of the BOOTROM, it allows easy erasing or writing on the flash memory by only call-
ing the subroutine in BOOTROM. The Table 21-5 shows the list of API.

Table 21-5 List of API

Using Working Argument Return value
Address Contents Stack Register ] ] ]
(Note2) (Note1) Register Setting Value Register Contents
Writing the data to speci- WA Specify the address to - - -
fied address of one byte. be written.
WA
0x1010 BC C 0x00
) Tbytes
(.BTWrite) DE E Specify the data to be
IX written.
(SP-) 0xD5 (Enable Code)
Erasing the specified WA A Specify the sector to be - - -
0x1012 one sector. BC erased.
4bytes
(.BTEraseSec) DE (e} 0xD5 (Enable Code)
IX
Executing the Chip WA A 0xD5 (Enable Code) - - -
Erase.
0x1014 BC
. 6bytes (e} 0x00
(.BTEraseChip) DE
IX
Getting the status of Se- WA A 0xD5 (Enable Code) A OxFF | Security Program
curity Program. disabled.
0x1016 BC
(BTGetRP) Bbytes DE c 0x00 Other | Security Program
than [ enabled.
IX OXFF
Setting the Security Pro- WA A 0xD5 (Enable Code) - - -
0x1018 gram. BC
Gbytes C 0x00
(.BTSetRP) DE
IX
0x101E Calculating the setting WA WA Captured value by timer w Setting value for RTSEL
(.BTCalcUART) for UART (Baud rate) BC counter
from the captured value ] .
by timer counter. 4bytes DE C The pumber of bit for cal- A Setteing value for UARTDR
X culation.
Y

Note 1: Because working registers (general-purpose registers) are rewritten in the support program, the contents of general-pur-
pose registers should be saved before calling the support program.

Note 2: While the support program is executed, a maximum 7 bytes are used as stack which doesn’t include the stack used
by interrupts. Therefore, be sure to reserve a stack area beforehand.

Note 3: Each API works properly without the setting Enable Code (0xD5) as argument. However, it is recommended to set
the Enable Code (0xD5) to keep compatibility in the family products.
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21.6.1 .BTWrite

Data in E register is written into the address specified by WA register. C register should be written 0x00
and (SP-) should be written Enable Code (0xD5) before calling the subroutine.

21.6.2 .BTEraseSec

The sector specified by A register is erased. C register should be written Enable Code (0xD5) before call-
ing the subroutine. Table 21-6 shows the sector erased by this API.

Table 21-6 Erased Sector by setting of A register

A register Erased area
0x01 0x1000 through Ox1FFF
0x02 0x2000 through 0x2FFF
0x03 0x3000 through 0x3FFF
0x04 0x4000 through Ox4FFF
0x05 0x5000 through Ox5FFF
0x06 0x6000 through Ox6FFF
0x07 0x7000 through OX7FFF
0x08 0x8000 through Ox8FFF
0x09 0x9000 through 0x9FFF
0x0A 0xA000 through OXAFFF
0x0B 0xB000 through OxBFFF
0x0C 0xC000 through OXCFFF
0x0D 0xD000 through OxDFFF
0x0E 0xEO000 through OXEFFF
O0xOF 0xF000 through OxFFFF
Others Reserved

Note:Reserved : Do not set the reserved data into A register. Unexpected sector might be erased by the reserved
data setting.

21.6.3 .BTEraseChip

All flash memory area is erased. C register should be written 0x00 and A register should be written Ena-
ble Code (0xD5) before calling the subroutine.

21.6.4 .BTGetSP

The security status of flash memory can be read out. C register should be written 0x00 and A register
should be written Enable Code (0xD5) before calling the subroutine.

After completion of the execution, API returns A register with the contents of OxFF7F (security status) in
Product ID as return value.

21.6.5 .BTSetSP

The setting of security program can be executed by this API. C register should be written 0x00 and A regis-
ter should be written Enable Code (0xD5) before calling the subroutine.
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.BTCalcUART

This API calculates the proper setting for baud rate of UART from the value of C and WA register. Gener-
ally, 8 bits data (0x80) of UART is captured by 16-bit timer counter which is set to pulse width measure-
ment mode. In this case, the timer counter input pin should be assigned to RXD pin. And stores the captured
value in WA register. Be sure to select fcgck/2 as the source clock for 16-bit timer counter and capture the
length of 8 bits. C register should be written 0x08.

RXD pin can be used as TCA pin. To capture the value, please select the pin as TCA pin by SER-
SEL<TCAOSEL> temporarily. After capturing, be sure to resume the pin to RXD pin.

The possible value for WA register as argument is from 0x0020 to 0x3BFF. In the return value of WA reg-
ister, bits 5, 4 and 3 are suitable value for UARTCR2<RTSEL> and the return value of A register is a suita-
ble data for UARTDR. The API sets bits 7, 6, 2, 1 and 0 to "0" as return value. Therefore, set the proper val-
ue for UARTCR2<RXDNC, STOPBR>. If the contents of WA register is out of the area 0x0020 to 0x3BFF,
the API returns WA register with OXFFFF as return value.

Note 1: If the captured value of WA register is little even though the value is within 0x0020 to Ox3BFF, the prop-
er setting may not be gotten.

The following procedure shows example how to calculate the baud rate for UART in MCU mode by using
support program.

1. By serial interface selection control register SERSEL<TCAOSEL>, assign TCA pin to RXD pin.

2. Set 16-bit timer counter to pulse width measurement mode. And set falling edge/L level as an exter-
nal trigger and select fcgck/2 as the source clock.

3. Receive data 0x80 via RXD pin for adjusting UARTCR2<RTSEL> and UARTDR and capture it
by 16-bit timer counter. In this case, enabling of UART is no need.

4. Write the captured value into WA register. Because general-purpose registers (DE, BC, IX, 1Y) are
rewritten in the support program, the contents of these registers should be saved before calling the sup-
port program.

5. Set the interrupt master enable flag to "disable (DI)" (IMF « "0").

6. Set "0xD5" on FLSCR2<CRI1EN> after setting FLSCR1<BAREA> to "1".

7. Set "0x08" to C register as the number of bit.

8. Call address (0x101E).

9. Set bits 5, 4 and 3 of W register into UARTCR2<RTSEL> and set the contents of A register to
UARTDR. If the value of WA register is OXFFFF which indicates an error of calculation, retry the ex-

ecution from receiving data 0x80 for adjusting UARTCR2<RTSEL> and UARTDR.

10. Set "0xD5" to FLSCR2<CRI1EN> after setting FLSCRI<BAREA> to "0".

Note 1: If general-purpose registers (WA, BC, DE, IX, IY) are used in non-maskable interrupt subroutine, occur-
ring of non-maskable interrupt may cause unexpected result.

Note 2: With success of calculation, this API returns "0" into bits 7, 6, 2, 1 and 0 as return value. Therefore, set prop-
er value for these bits to set UARTOCR2<RXDNC> and UARTOCR2<STOPBR>.
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21.6 API (Application Programming Interface)

Example:  Captures the low width of 8 bit value via RXD pin by 16-bit timer counter which is set to
the pulse width measurement mode. And calculates baud rate for UART from the captured val-
ue.

.BTCalcUART equ 0x101E ; Calculating the setting for UART (Baud rate)
CalcUART secion code abs = 0xF000
; #### Assign TCA input to RXD pin ####

LD (SERSEL),0x40 ; Assign TCAO pin to RXD pin{

; ##H## Receive data (0x80) from a master device ####

LD (TAOMOD),0x5E ; Set the pulse width measurement mode and select falling
; edge/L level for external trigger
; Select fcgck/2 as the surce clock
sTimerStart: LD (TAOCR),0x01 ; Timer start
Receives data (0x80) via TCAO pin
LD WA, (TAODRL) ; Write the captured data into WA register
LD (TAOCR), 0x00 ; Timer stop
DI

; ##HH Allocate BOOTROM to the data/code area ####

LD
LD

(FLSCR1),0x50
(FLSCR?2),0xD5

; #### Calculation for UART setting (API) ##H##

; Set BAREA to "1"
; Reflect the FLSCR1 setting

LD C,0x08 ; The number of bit length (8 bit)

CALL (.BTCalcUART) ; Calculate UART setting

CMP W, OxFF

J Z, sTimerStart ; Return to sTimerStart if W register equals OxFF

; #t## Setting the calculated result to UART registers ####

LD (UARTCR2),W ; Set RTSEL
LD (UARTDR), A ; Set UARTDR
; #iH#H# End process ##H#
LD (FLSCR1),0x40 ; Set BAREA to "0"
LD (FLSCR2),0xD5 ; Reflect the FLSCR1 setting
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22. Serial PROM Mode

22.1 Outline

The TMP89FS60V has a 4K-byte BOOTROM (Mask ROM) for programming to flash memory. BOOTROM is
available in serial PROM mode. The serial PROM mode is controlled by RXDO0/SI0 pins, TXDO0/SO0 pins,
MODE pin, and RESET pin. In serial PROM mode, communication is performed via the UART.

Table 22-1 Operating Range in Serial PROM Mode

Parameter Min Max Unit
Power supply voltage 4.5 55 \%
High frequency 1 10 MHz

22.2 Security

In serial PROM mode, two security functions are provided to prevent illegal memory access attempts by a third
party: password and security program functions. For more security-related information, refer to "22.12 Security".
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22.3 Serial PROM Mode Setting

22.3.1  Serial PROM mode control pins

To execute on-board programming, activate the serial PROM mode. Table 22-2 shows the pin setting used
to activate the serial PROM mode.

Table 22-2 Serial PROM Mode Setting

Pin Setting
RXDO / SI0 / P21 pin H level
TXDO / SO0 / P20 pin H level

MODE, RESET pin .

Note:Before you activate the serial PROM mode, you must set the RXD0/SI0/P21 and TXD0/SO0/P20 pins to
high (H) level by using a pull-up resistor.

Table 22-3 Pin Functions in Serial PROM Mode

Pin name -
. . Input/out Function Pin name (in MCU mode)
(in serial PROM mode) put
TXDO Output Serial PROM mode control/serial data output TXDO / SO0 / P20
RXDO Input Serial PROM mode control/serial data input RXDO0 / SI0 / P21
(See note 1)

RESET Input Serial PROM mode control RESET
MODE Input Serial PROM mode control MODE
VDD Power | 45Vto55V

supply

Power
AVDD Connect to VDD.

supply

Power
VSS oV

supply

Power
AVSS Connect to VSS.

supply

Power
VAREF Leave open or apply reference voltage.

supply

These ports are in the high-impedance state in the serial PROM mode. The port input is physical-
Input/output port other than Input/ ly fixed to a specified input level in order to prevent a penetration current (the port input is disa-
RXDO and TXDO output bled).
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 communi-
cation 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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TMP89FS60V
_T_ VDD (4.5V to 5.5V)
VDD [«
1l | XIN %%Pull-up resistors
| —
| RXDO (P21) |«
— XOouT TXDO (P20 =
_( ) P External control
VSS RESET
MODE [«
GND
77

Figure 22-1 Serial PROM Mode Pin Setting

Note 1: For information on other pin settings, refer to "Table 22-3 Pin Functions in Serial PROM Mode".
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22.4 Example Connection for On-board Writing

Figure 22-2 shows example connections to perform on-board writing.

_T_VDD (45Vto5.5V)
VDD |«
%Pull—up resistors
RXDO (P21) |« Level
TXDO (P20) l »| converter |——» ( PC control
Of
Tl Tl (Note 2)
Other RESET
TMP89FS60V parts control
(Note 1) &l %
BFarET |« T RC power-on
RESET |« _L L reset circuit
MODE Serial PROM mode
MCU mode ._T
XIN —
(]
XOUT
VSS
777 GND
Target board External control board

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 us-
ing 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 serial PROM mode by performing the following procedure. For information on the detailed tim-
ing, refer to "22.14.1 Reset timing".

1.

Supply power to the VDD pin.

Set the RESET and MODE pins to low.

Set the RXDO0/SI10/P21 and TXD0/SO0/P20 pins to high.
Wait until the power supply and clock oscillation stabilize.

Set the RESET and MODE pins from low to high.

Input the matching data 0x86 to the RXD0/SIO/P21 pins after the setup period has elapsed.
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22.6

22.6

Interface Specifications

The serial PROM mode supports the UART as a communication method.

To execute an on-board program, the communication format of the external controller (personal computer, micro-
controller, etc.) must be set as described below.

.1 UART communication

Baud rate: 9600 to 128000 bps (automatic detection)
Data length: 8 bits (LSB first)

Parity bit: None

STOP bit: 1 bit

If the TMP89FS60V receives serial data "0x86" after a reset, it starts the UART communication. It also
meas-ures the pulse width of the received data (0x86), and automatically establishes the reference baud rate. In
all sub-sequent data communication transactions, this reference baud rate is used. For information on the
communica-tion timings of each operation command, refer to "22.14 AC Characteristics (UART)".

Usable baud rates differ depending on the operating frequency and are shown in Table 22-4. However,
there is the possibility of data communication not working properly, even if a baud rate shown in Table 22-4
is used, because data communication is affected by frequency errors of a resonator of the external controller
(personal computer, etc.), the load capacity of a communication pin, and various other factors.
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Table 22-4 Usable Baud Rates as a General Guideline

9600 bps 19200 bps | 38400 bps | 57600bps | 115200 bps | 128000 bps

10 MHz o o o o o o

8 MHz o o o) o o)

7.3728 MHz o o o o) o -

6.144 MHz o o o - - o)

6 MHz o o o o) o o)

5 MHz o o) o - - .
4.9152 MHz o) o o o) -

4.19 MHz o) o} o - - o)

4 MHz o o o o) o o)

2 MHz o o o o) - -

1 MHz o) o - o) - -

Note 1: "O" means a usable baud rate. "-" means an unusable baud rate.
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22.7 Memory Mapping
Figure 22-3 shows memory maps in serial PROM and MCU modes.

In serial PROM mode, the BOOTROM (mask ROM) is mapped to the 0x1000 through 0x17FF in the data area
and 0x1000 through Ox1FFF in the code area respectively.

When the command to write data to flash memory (hereafter called the 0x30 command) or the command to
erase data from flash memory (hereafter called the 0xFO command) is executed, BOOTROM automatically con-
verts addresses. Therefore, as the address of flash memory, specify an address equivalent to that specified in
MCU mode (if FLSCRI<BAREA>="0"), namely, 0x1000 through OXFFFF.

0x0000 0x0000 ~*7r7mrmrmrreme ey 0x0000 0x0000§ """ 7T
8’(8825 SFR : ox003F SFR :
“ RAM 0x0040 RAM
Ox‘l: 000 0x1000 0x1000 BOOTROM 0x1000 BOOTROM
H Ox17FF (2048 bytes) Ox17FF (2048 bytes)
0x1800 0x1800
FLASH FLASH
FLASH FLASH
OXFFFF OXFFFF OXFFFF OxXFFFF
Data area Code area Data area Code area
If FLSCR1<BAREA>="0" If FLSCR1<BAREA>="1"
(MCU mode) (MCU mode)
0x0000 0xQ000{ ™77
0x003F SFR i
0x0040
: RAM
0x1:000 BOOTROM 0x1000
0x17FF (2048 bytes) BOOTROM
0x1800 (4096 bytes)
: Ox1FFF
0x2000
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 commands shown in Table 22-5 are used. After a reset is released, the
TMP8IFS60V goes into a standby state and awaits the arrival of matching data 1 (0x86).
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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
Setup this command.
0x86, 0x79 .
(matching data 1, 2)
0xFO Flash memory erase Data in the flash memory area (address 0x1000 through OxFFFF) can be erased.
0x30 Flash memory write Data can be written to the flash memory area (address 0x1000 through OxFFFF).
0x40 Flash memory read Data can be read from the flash memory area (address 0x1000 through OxFFFF).
O0xFF check data and 2-byte checksums of the entire flash memory area (ad-
0x90 Flash memory SUM output dress 0x1000 through OxFFFF) are output in descending order (from upper to low-
er bytes).
0xCO Product ID code output Product ID codes are output.
0xC3 Flash memory status output The security program status and other status codes are output.
0xDO Mask ROM emulation setting Flagh products of 124K or 96Kbytes can be provisioned to emulate a small-ca-
pacity mask ROM product.
OxFA Flash memory security setting The security program setting is enabled.

Each command is outlined below. For detailed information on how each command works, refer to 22.8.1 and sub-
sequent sections.

1. Flash memory erase command

Either Chip Erase (total erase of flash memory) or Sector Erase (erase of flash memory in 4K-byte
units) can be used to erase the data in flash memory. Data in the erased area is OxFF. If the security pro-
gram is enabled or if the option code EPFC_OP is OxFF, the flash erase command of Sector Erase can-
not be executed.

To disable the security program setting, execute the flash erase command of Chip Erase. Before eras-
ing the data in flash memory, the TMP89FS60V performs password authentication except where a prod-
uct is a blank product or EPFC_OP is OxFF. If a password is not authenticated, the flash memory erase com-
mand is not executed.

2. Flash memory write command

Data can be written in single-byte units to a specified address in flash memory. Provision the external con-
troller so that it transmits data to write as binary data in the Intel Hex format. If errors do not occur until
the end record is reached, the TMP89FS60V calculates checksums in the entire flash memory area
(0x1000 through 0xFFFF), and returns the calculation results. If the security program is enabled, the
flash memory write command cannot be executed. In this case, execute Chip Erase beforehand by using
the flash memory erase command. Before executing the flash memory write command, the
TMP8IFS60V performs password authentication except where a product is a blank product. If a pass-
word is not authenticated, the flash memory write command is not executed.

3. Flash memory read command

Data can be read from a specified address in flash memory in single-byte units. Provision the external con-
troller so that it transmits the address in memory where a read starts, as well as the number of bytes. Af-
ter outputting the number of data equal to the number of bytes, the TMP8IFS60V calculates the check-
sums of the output data, and returns the calculation results. If the security program is enabled, the flash mem-
ory read command cannot be executed. In this case, execute Chip Erase beforehand by using the flash mem-
ory erase command. Before executing the flash memory read command, the TMP89FS60V performs pass-
word authentication except where a product is blank. If a password is not authenticated, the flash memo-
ry read command is not executed.
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4. Flash memory SUM output command

Checksums in the entire flash memory area (0x1000 through 0XxFFFF) are calculated, and the calcula-
tion results are returned.

5. Product ID code output command

This is a code output used to identify a product. The output code consists of information on the ROM
area and on the RAM area respectively. The external controller reads this code to identify the product to
which data is to be written.

6. Flash memory status output command

The status of 0XFFEO through OXFFFF and that of the security program are output. The external control-
ler reads this code to identify the status of flash memory.

7. Mask ROM emulation setting command

This command is nonfunctional in the TMP89FS60V. It becomes functional if used for a product
with flash memory of more than 96Kbytes.

8. Flash memory security setting command

This command is used to prohibit the reading or writing of data in flash memory in parallel mode. In se-
rial PROM mode, the flash memory write command is prohibited. To disable the flash memory security
program, execute Chip Erase by using the flash memory erase command.
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22.8.

1 Flash memory erase command (0xFO0)

Table 22-6 shows the flash memory erase commands.

Table 22-6 Flash Memory Erase Commands

Transfer byte Transfer data from the external controller to Baud rate Transfer data from TMP89FS60V to the ex-
4 TMP89FS60V ternal controller
1st byte Matching data 1 (0x86) Automatic adjustment - (Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86)
Error: No data transmitted
3rd byte Matching data 2 (0x79) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79)
Error: No data transmitted
5th byte Operation command data (0xFO0) Baud rate after adjustment | -
6th byte R Baud rate after adjustment | OK: Echo back data (0xFO0)
Error: 0xA1 x 3, OxA3 x 3, 0x63 x 3 (note
1)
7th byte Password count storage address bit 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 bit 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 bit 07 to 00 Baud rate after adjustment | -
12th byte Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
BOOT
ROM 13th byte Password comparison start address bit 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 bit 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 bit 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 - 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: "0x** x 3" means that the device goes into an idle state after transmitting 3 bytes of 0x**. For further information,
refer to Table 22-17.

Note 2:

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".

Note 3:

Do not transmit a password string if OXFFFA of a flash memory is 0xFF, or blank product. (However, the password

count storage address and the password comparison start address must be transmitted.)

Note 4:

ry is OxFF, the TMP89FS60V goes into an idle state.

Note 5:

If a value less than 0x20 is transmitted at the n-th - 2 byte (execution of Sector Erase) and if OxFFFA of flash memo-

When a password error occurs, the TMP89FS60V stops communication and goes into an idle state. Therefore, when a

password error occurs, initialize the TMP89FS60V 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 TMP89FS60V

stops communication and goes into an idle state. Therefore, when a password error occurs, initialize the

TMP89FS60V by using the RESET pin, and restart the serial PROM mode.
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22.8.1.1  Specifying the erase area

The flash memory erase command is used to specify an area in flash memory to be erased at n-th-2
byte; specifically, ERASEC is used to specify the address of an area to be erased.

If data of less than 0x20 is specified, Sector Erase (erasing flash memory in 4K-byte units) is execu-
ted. Executing Sector Erase with OxXFFFA memory set to "0XxFF" or with the security program enabled
will cause the device to go into an infinite loop state.

If data of more than 0x20 is specified, Chip Erase (total erasure of flash memory) is executed, and the se-
curity program in flash memory is disabled. Therefore, to disable the security program in flash memory, ex-
ecute Chip Erase, not Sector Erase.

2019/08/01

Page 350



Tos H I BA TMP89FS60VEFG

TMP89FS60VUG

Erase area specification data (data at n-th-2 bytes)

7 6 5 4 3 2 1 0
ERASEC

0x00 Reserved
0x01 0x1000 - Ox1FFF
0x02 0x2000 - 0x2FFF
0x03 0x3000 - Ox3FFF
0x04 0x4000 - Ox4FFF
0x05 0x5000 - Ox5FFF
0x06 0x6000 - Ox6FFF
0x07 0x7000 - Ox7FFF
0x08 0x8000 - Ox8FFF
0x09 0x9000 - Ox9FFF
0x0A 0xA000 - OXAFFF
0x0B 0xB000 - OxBFFF
0x0C 0xC000 - OXCFFF
0x0D 0xD000 - OxDFFF
0xO0E 0xEO000 - OXEFFF
0xOF 0xF000 - OxFFFF

ERASEC | Erase area start address | 0x10 Reserved
0x11 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)

Note 1: If Sector Erase is performed on an area where flash memory does not exist, the TMP89FS60V stops commu-
nication, and goes into an idle state.

Note 2: If Reserved data is transmitted, the TMP89FS60V 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 shows the transfer formats of flash memory write commands.

Table 22-7 Transfer Formats of Flash Memory Write Commands

Transfer byte Transfer data from the external controller to Baud rate Transfer data from TMP89FS60V to the ex-
y TMP89FS60V ternal controller
1st byte Matching data 1 (0x86) Automatic adjustment - (Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86)
Error: No data transmitted
3rd byte Matching data 2 (0x79) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79)
Error: No data transmitted
5th byte Operation command data (0x30) Baud rate after adjustment | OK: Echo back data (0x30)
Baud rate after adjustment | -
6th byte -
Error: 0xA1 x 3, OxA3 x 3, 0x63 x 3 (note
1)
7th byte Baud rate after adjustment | -
Password count storage address 23 to 16 X i
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 | -
BOOT 14th byte Baud rate after adjustment | OK: No data transmitted
ROM 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 (note) Baud rate after adjustment | -
m-th byte - Baud rate after adjustment | OK: No data transmitted
Error: No data transmitted
m-th+1 byte . Baud rate after adjustment | -
) Intel Hex format (binary)
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, re-
fer to Table 22-17.
Note 2: For information on the Intel Hex format, refer to "22.11 Intel Hex Format (Binary)". For information on checksums, re-
fer to "22.10 Checksum (SUM)". For information on passwords, refer to "22.12.1 Passwords".
Note 3: If the area OXFFEOQ through OxFFFF is all OxFF, password authentication is not performed and, therefore, the pass-
word string need not be transmitted. The password count storage address and password comparison start address,
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Note 4:

Note 5:

Note 6:

Note 7:

however, must be specified, even for a blank product. If the password count storage address and/or password
compar-ison start address is/are incorrect, a password error occurs, the TMP89FS60V stops communication, and it
goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FS60V by using the RESET pin,
and restart the serial PROM mode.

If the security program is enabled in flash memory or if a password error occurs, the TMP89FS60V stops communica-
tion, and goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FS60V by using 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 TMP89FS60V
stops communication and goes into an idle state. Therefore, when a password error occurs, initialize the
TMP89FS60V by using the RESET pin, and restart the serial PROM mode.

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.

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 0xAA (data is not written to this address, and the data write routine is skipped).
The checksum 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 shows the transfer formats of the flash memory read command.

Table 22-8 Transfer Formats of the Flash Memory Read Command

Transfer data from the external controller to

Transfer data from TMP89FS60V to the ex-

Transfer byte TMPBIFS60V Baud rate ternal controller
1st byte Matching data 1 (0x86) Automatic adjustment - (Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86)
Error: No data transmitted

3rd byte Matching data 2 (0x79) Baud rate after adjustment | -

4th byte - Baud rate after adjustment | OK: Echo back data (0x79)
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: OxA1 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 | -

BOOT 16th byte Baud rate after adjustment | OK: No data transmitted
ROM 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
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Table 22-9 Transfer Formats of the Flash Memory Read Command

Transfer byte

Transfer data from the external controller to Baud rate Transfer data from TMP89FS60V to the ex-
TMP89FS60V ternal controller

BOOT
ROM

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

m-th + 13 byte Baud rate after adjustment | Memory data

n-th - 2 byte Baud rate after adjustment | Memory data

n-th - 1 byte - Baud rate after adjustment | OK: Checksum (high)

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:

Note 2:

Note 3:

Note 4:

Note 5:

Note 6:

"0x** x 3" means that the device goes into an idle state after transmitting 3 bytes of Ox**. For further information, re-
fer to Table 22-17.

For information on checksums, refer to "22.10 Checksum (SUM)". For information on passwords, refer to "22.12.1 Pass-
words".

If the area OxFFEO through OxFFFF is all OxFF, password authentication is not performed and, therefore, the pass-
word 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
compar-ison start address aref/is incorrect, a password error occurs; the TMP89FS60V stops communication and
goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FS60V by using the RESET pin,
and restart the serial PROM mode.

If the security program is enabled in flash memory or if a password error occurs, the TMP89FS60V stops communica-
tion, and goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FS60V by using 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 TMP89FS60V
stops communication and goes into an idle state. Therefore, when a password error occurs, initialize the
TMP89FS60V by using the RESET pin, and restart the serial PROM mode.

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 TMP89FS60V stops communication and goes into an idle state.
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22.8.4 RAM loader command

TMP8I9FS60V cannot support the RAM loader command in the serial PROM mode.
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22.8.5 Flash memory SUM output command (operation command: 0x90)

Table 22-10 shows the transfer formats of the flash memory SUM output command.

Table 22-10 Transfer Formats of the Flash Memory SUM Output Command

Transfer byte Transfer data from the external controller to Baud rate Transfer data from TMP89FS60V to the ex-
Y TMP89FS60V ternal controller
1st byte Matching data 1 (0x86) Automatic adjustment - (Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86)
Error: No data transmitted
3rd byte Matching data 2 (0x79) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79)
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: OxA1 x 3, OxA3 x 3, 0x63 x 3 (note
ROM 1)

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, re-
fer to Table 22-17.

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 inclu-
ded 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 22-11 Transfer Formats of the Product ID Code Output Command

Table 22-11 shows the transfer formats of the product ID code output command.

Transfer byte

Transfer data from the external controller
to TMP89FS60V

Baud rate

Transfer data from TMP89FS60V to the exter-
nal controller

BOOT
ROM

1st byte Matching data 1 (0x86) Automatic adjustment -(Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86)
Error: No data transmitted
3rd byte Matching data 2 (0x79) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79)
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: 0xA1 x 3, OxA3 x 3, 0x63 x 3 (note 1)
7th byte Baud rate after adjustment | Ox3A [ Start mark
. Number of transfer data (from 9th to
8th byte Baud rate after adjustment | 0x13 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) 0xFO | ROM size code
i ROM block count
15th byte Baud rate after adjustment | 0x01
(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 | 0x10 [ 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 [ Last address of ROM (upper byte)
20th byte (note 3) Baud rate after adjustment | OxFF [ Last address of ROM (middle byte)
21st byte (note 3) Baud rate after adjustment | OxFF | Last address of ROM (lower byte)
22nd byte (note 4) Baud rate after adjustment | 0x00 | Reserved
23rd byte Baud rate after adjustment | 0x00 | Reserved
24th byte Baud rate after adjustment | 0x60 | Reserved
25th byte Baud rate after adjustment | 0x00 | Reserved
26th byte Baud rate after adjustment | O0xOC | Reserved
27th byte Baud rate after adjustment | Ox3F | Reserved
0xYY: 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, re-

fer to Table 22-17.
Note 2: The ROM size code at the 14th byte is shown in Table 22-12.
Note 3: 16th through 21st bytes show the range of addresses in flash memory where data can be written.
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Table 22-12 ROM Size Code (14th Byte)

7

6 5 4

1 0

ROMSIZE

[

R

| TMP89FS60V specified value (1111 0000)

ROMSIZE

Data on the flash memory size

00010 :
00100
01000 :
10000 :
11000 :
11110 :
10001
11111

4Kbytes

: 8Kbytes

16Kbytes
32Kbytes
48Kbytes
60Kbytes

: 96Kbytes
: 124Kbytes

Read
only
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22.8.7 Flash memory status output command (0xC3)

Table 22-13 shows the flash memory status output commands.

Table 22-13 Flash Memory Status Output Commands

Transfer byte

Transfer data from the external controller to

Baud rate

Transfer data from TMP89FS60V to the exter-

BOOT
ROM

TMP89FS60V nal controller
1st byte Matching data 1 (0x86) Automatic adjustment -(Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86)
Error: No data transmitted
3rd byte Matching data 2 (0x79) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79)
Error: No data transmitted
5th byte Operation command data (0xC3) Baud rate after adjustment | -
6th byte - Baud rate after adjustment | OK: Echo back data (0xC3)
Error: 0xA1 x 3, OxA3 x 3, 0x63 x 3 (note 1)
7th byte Baud rate after adjustment | 0x3A Start mark
8th byte Baud rate after adjustment | 0x04 Byte count
(from 9th through 12th bytes)
9th byte Baud rate after adjustment | 0x00 to Ox7F | Status code 1 (note 2)
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: "Ox** x 3" means that the device goes into an idle state after transmitting 3 bytes of 0x**. For further information,
refer to Table 22-17.

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 flash memory status code is 7-byte data. It shows the status of the flash memory security program
and that of the address from OxFFEO to OxFFFF.

Table 22-14 Flash Memory Status Code

Data Description In the case of TMP89FS60V
1st Start mark 0x3A
ond Number of transfer data (4 bytes from 3rd through 0x04
6th bytes)
0x00 through Ox7F
3rd Status code 1
(Note 1)
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

Note 1: The indefinite value is read from bits of 6 to 4.

Status code 1

7 6 5 4 3 ) . .
| EPFC | DAFC | RPENA| BLANK ||nitia| value (0% =)

Password string judgment when the 0: | To skip the judgment of a password string (to judge PNSA and
flash memory erase command is PCSA only)
EPFC executed
1:| To judge a password string, PNSA, and PCSA
(status of OXFFFA)
Security program check of the on- 0: | To skip the security program check at the start of OCD
DAFC | chip debugging function (OCD) 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 the area OxFFEOQ through OxFFFF are all OxFF
BLANK [ Status of OXFFEO through OxFFFF .
1: | If data in the area OxFFEO through OxFFFF are other than OxFF

Restrictions are placed on the execution of some operation commands, depending on the contents of the
status code 1. Detailed information on this is shown in the table below. If the security program is enabled,
two commands cannot be executed: the flash memory write command and Sector Erase command. To
execute these commands, Chip Erase must be performed on flash memory before they are executed.
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Flash memory write

Flash memory SUM out-

Flash memory erase

command and flash put command, product command .
RPENA | BLANK | EPFC | DAFC | memory read command | ID output command, F'a:‘;‘tt?;e";gz;zsé”‘y
and status output com- Chip erase Sector 9
mand erase

0 0 0 0 o 0} O x x
1 0 0 0 x o) 0o x %
0 ] 0 * Pass (0] (6] x Pass

1 * Pass o] Pass Pass

0 - x o o x Pass
1 1

1 - x ] 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 TMP89FS60V stops communication, and goes into an idle state.)
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22.8.8 Mask ROM emulation setting command (0xDO0)

Table 22-15 shows the mask ROM emulation setting command.

This command is nonfunctional in the TMP89FS60V. It becomes functional if used for a product with
flash memory of more than 96Kbytes.

Table 22-15 Command to Change the Mask ROM Emulation Setting

Number of
transfer bytes

Transfer data from the external controller to
TMP89FS60V

Baud rate

Transfer data from TMP89FS60V to the ex-
ternal controller

1st byte Matching data 1 (0x86) Automatic adjustment -(Automatic baud rate adjustment)
2nd byte - Baud rate after adjustment | OK: Echo back data (0x86)
Error: No data transmitted
3rd byte Matching data 2 (0x79) Baud rate after adjustment | -
4th byte - Baud rate after adjustment | OK: Echo back data (0x79)
Error: No data transmitted
BOOT . . -
ROM 5th byte Operation command data (0xDO0) Baud rate after adjustment OK: Echo back data (0xD0)
6th byte - Baud rate after adjustment ’
Error: 0xA1 x 3, 0xA3 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: "0x** x 3" means that the device goes into an idle state after transmitting 3 bytes of 0x**. For further information,
refer to Table 22-17.
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22.8.9 Flash memory security setting command (OxFA)

Table 22-16 shows the flash memory security setting command.

Table 22-16 Flash Memory Security Setting Command

BOOT
ROM

Transfer byte Transfer data from the external controller to Baud rate Transfer data from TMP89FS60V to the ex-
4 TMP89FS60V ternal controller

1st byte Matching data 1 (0x86) Automatic adjustment - (Automatic baud rate adjustment)

2nd byte - Baud rate after adjustment | OK: Echo back data (0x86)
Error: No data transmitted

3rd byte Matching data 2 (0x79) Baud rate after adjustment | -

4th byte - Baud rate after adjustment | OK: Echo back data (0x79)
Error: No data transmitted

5th byte Operation command data (0xFA) Baud rate after adjustment | -

6th byte - Baud rate after adjustment | OK: Echo back data (OxFA)
Error: 0xA1 x 3, OxA3 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 (note 3) 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: "0Ox** x 3" means that the device goes into an idle state after transmitting 3 bytes of 0x**. For further information, refer to
Table 22-17.

Note 2:
Note 3:

For information on passwords, refer to "22.12.1 Passwords".
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 TMP89FS60V stops communication and goes into an idle state. Therefore, if a password error
oc-curs, initialize the TMP89FS60V 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 TMP89FS60V

stops communication and goes into an idle state. Therefore, if a password error occurs, initialize the TMP89FS60V
by using the RESET pin, and restart the serial PROM mode.

Note 5:

Make sure that you enable the flash memory security in mass production.

If the flash memory security is not enabled, it becomes possible to read ROM data freely in parallel PROM mode.
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22. Serial PROM Mode
22.9 Error Code

229 Error Code

Table 22-17 shows the error codes that the TMP89FS60V transmits when it detects errors.

Table 22-17 Error Codes
Data transmitted Meaning of error data
0x63, 0x63, 0x63 Operation command error
0xA1, 0xA1, 0xA1 Framing error in the received data
0xA3, 0xA3, 0xA3 Overrun error in the received data

Note: If a password error occurs, the TMP89FS60V does not transmit an error code.
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22.10 Checksum (SUM)

For the following operation commands, a checksum is returned to verify the appropriateness of the result of com-
mand execution:

- Flash memory erase command (0xF0)

- Flash memory write command (0x30)

- Flash memory SUM output command (0x90)
- Flash memory read command (0x40)

- Product ID code output command (0xCO0)

- Flash memory status output command (0xC3)

22.10.1 Calculation method

The checksum (SUM) is calculated with the sum of all bytes, and the obtained result is returned as a
word. The data is read in single-byte units, and the calculated result is returned as a word.

Example:

If the data to be calculated consists of four bytes as

OxA1 shown on the left, the checksum of the data is as follows:
0xB2 OxA1 + 0xB2 + 0xC3 + 0xD4 = Ox02EA

0xC3 SUM (HIGH)= 0x02

0xD4 SUM (LOW)= OxEA

In the case of the product ID code output command and flash memory status output command, however, a
different calculation method is used. For more information, refer to Table 22-18.

22.10.2 Calculation data

Table 22-18 shows the data for which a checksum is calculated for each command.

Table 22-18 Data for which a Checksum Is Calculated

Operation command Calculation data Description

In the case of the chip erase, an entire area of the flash mem-
ory is used. When the sector erase is executed, only the
erased area is used to calculate the checksum.

All data in the erased area of flash memo-

Flash memory erase command ry (whole or part of flash memory)

Flash memory write command Even if a part of the flash memory is written, the checksum
of the entire flash memory area (0x1000 to OxFFFF) is calcula-
Flash memory SUM output com- ted. The data length, address, record type and checksum in In-
mand tel Hex format are not included in the checksum.

Data in the entire area of flash memory

Flash memory read command Data in the read area of flash memory

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: 0xCO)".

Flash memory status output com-
mand

For details, refer to Table "Table 22-13 Flash Memory Status

9th through 12th bytes of transferred data Output Commands".
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22.11 Intel Hex Format (Binary)

For the following two commands, the Intel Hex format is used in part of the transfer format:

- Flash memory write command (0x30)

For information on the definition of the Intel Hex format, refer to Table 22-19.

Data is in binary form. The start mark ":" must be transmitted as binary data of 0x3A.

1. After receiving the checksum of each data record, the TMP89FS60V goes into a wait state and awaits the
arrival of the start mark (0x3A ":") of the next data record. Although the external controller transmits data
other than 0x3A between records, the TMP89IFS60V ignores such data when it is in this wait state.

2. The external controller must be provisioned so that after it transmits the checksum of end record, it goes in-
to a wait state and does not transmit any data until the arrival of 3-byte data (overwrite detection, upper
and lower bytes of the checksum).

3. Ifareceiving error or Intel Hex format error occurs, the TMP89FS60V goes into an idle state without return-
ing an error code to the external controller. The Intel Hex format error occurs in the following cases:

- If the record type is other than 0x00, 0x01, or 0x02
- If a checksum error of the Intel Hex format occurs
- If the data length of an extended record (record type = 0x02) is not 0x02

- If the TMP89FS60V receives the data record after receiving an extended record (record type = 0x02)
whose segment address is more than 0x2000

- I the data length of the end record (record type = 0x01) is not 0x00
- If the offset address of an extended record (record type = 0x02) is not 0x0000

4. The period from a completion of the transmitting last data record to a start of the transmitting end recored
should be 3 ms or more.

Table 22-19 Definition of the Intel Hex Format

(1) () 3) (4) () (6)

Start Data length Offset address Record type Data Checksum
mark (1 byte) (2 bytes) (1 byte) (1 byte)

2) Data length

3) Offset address
4) Record type
5) Data

Complement of 2 of the
sum total of the above

Starting byte stor-

(
Data record (
Number of data age address Data (
3A i - A 00

in a data field | * Specified using big- (1 to 255 bytes) | (

(record type = 00) endian

(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
Segment address | (3) Offset address
(2 bytes) (4) Record type
(

* Specified using big-
endian

Extended record

3A 02 00 00 02

(record type = 02) 5) Segment address

Complement of 2 of the
sum total of the above
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22.12 Security

In serial PROM mode, two security functions are provided to prohibit illegal memory access attempts by a
third party: password and security program functions.

22.12.1 Passwords

A password is one of the security functions, and can be used when the TMP89FS60V operates in serial
PROM mode or when the on-chip debugging function (hereafter called OCD) is used. Specifically, a pass-
word can be established by using data (part of user memory) in flash memory. If a password is established, a
password authentication process must be performed to execute the flash memory read command, flash memo-
ry write command, and other operation commands. In the case of the OCD, the password authentication proc-
ess is required prior to the start of the OCD system.

In parallel PROM mode, there are no access-related restrictions using a password. To establish the access-re-
lated restrictions that work in both serial and parallel PROM modes, the security program must be set to an ap-
propriate setting.

221211  How a password can be specified

With the TMP89FS60V, any piece of data in flash memory (8 or more consecutive bytes) can be speci-
fied as a password. A password thus specified is authenticated by comparing a password string transmit-
ted by the external controller with the memory data string of MCU where the password is specified. The
area where a password can be specified is 0x1000 through OxFEFF in flash memory.

22.12.1.2 Password structure

A password consists of three components: PNSA, PCSA, and a password string. Figure 22-4 shows the
password structure (example of a transmitted password).

PNSA (password count storage address)

A 3-byte address is specified in the area 0x1000 through OxFEFF. The memory data of a speci-
fied address is the number of bytes of a password string. If the memory data is less than 0x07
or if an address is outside the specified address range, a password error occurs.

The memory data specified here is defined as N.

PCSA (password comparison start address)

A 3-byte address is specified in the area 0x1000 through OXFEFF-N. An address thus speci-
fied is the starting address to be used to compare with a password string. If an address is out-
side the specified address range, a password error occurs.

Password string

Data of 8 bytes to 255 bytes (=N) must be specified as a password string. Memory data and a
password string are compared by a specified number "N" of bytes; a comparison starts at an ad-
dress specified by PCSA. If there is a mismatch as a result of this comparison or if data of 3
or more consecutive bytes is specified, a password error occurs, and the TMP89FS60V goes in-
to an idle state. In this idle state, external devices cannot communicate with the
TMP89FS60V. To resume communication, the TMP89FS60V must be restarted in serial
PROM mode by using the reset pin.
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Mcu % 0x00 | 0xFo | 0x12 ] 0x00 | oxF 1] 0x07| 0x01 | 0x02 0x03] 0x04| 0x05 | 0x06 | 0x07] 0x08 |
\ I\ J\o J

PNSA PCSA Password string

Flash memory

/\/

0xF012 0x08

! 1 0x08 is the number
N of passwords.

Y

L > 0xF107|  ox01 Compare

0xF108 0x02

0xF109 0x03

O0xF10A 0x04

r 8bytes <€——
0xF10B 0x05

0xF10C 0x06

Example:

PNSA=0xF012 0xF10D 0x07
PCSA=0xF107

0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07 and 0xF10E 0x08

0x08 are assumed. 7

/\/

Figure 22-4 Password Structure (Example of a Password Transmitted)
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2212.1.3 Password setting, cancellation and authentication

Password setting
Because a password is created by using part of a user program, a special password setting rou-
tine is unnecessary. A password can be set by simply writing a program to flash memory.

Password cancellation
To cancel a password, Chip Erase (all erase) must be performed on flash memory. A pass-
word is canceled when flash memory is all initialized to OxFF.

Password authentication

If there is data other than OxFF in any one byte of data written to the address OXFFEO through
OxFFFF of the TMP89FS60V, a product is considered a non-blank product, and pass-word
authentication is required to execute an operation command. In this password authentica-tion
process, PNSA, PCSA and a password string are used. An operation command is execu-ted
only if a password has been successfully authenticated. If a password is unsuccessfully au-
thenticated, the TMP89FS60V goes into an idle state.

If all data written to the address OXFFEO through OxFFFF are OxFF, a product is considered
blank, and no password authentication is performed. To execute some special operation com-
mands, however, PNSA and PCSA are still required (a password string is not required) even if
a product is blank. In this case, the addresses defined in Table 22-20 must be selected as
PNSA and PCSA.

Whether a product is blank or non-blank can be confirmed by executing the status output com-
mand.

The operation commands that require PNSA and PCSA (password string) for them to be exe-
cuted are as follows:

- Flash memory erase command (0xF0)
- Flash memory write command (0x30)
- Flash memory read command (0x40)

- Flash memory security setting command (0xFA)

22.12.1.4 Password values and setting range

A password must be set in accordance with the conditions shown in Table 22-20. If a password created
without meeting these conditions is used, a password error occurs. In this case, the TMP89FS60V does
not transmit data and goes into an idle state.

Table 22-20 Password Values and Setting Range

Password Blank product (note 1) Non-blank product
PNSA
0x1000 < PNSA < OxFEFF 0x1000 < PNSA < OxFEFF
(password count storage address)
PCSA
(password comparison start ad- 0x1000 < PCSA < OxFEFF 0x1000 < PCSA < 0xFF00 - N
dress)
N
* 8<N
(password count)
Password string Not required (notes 4 and 5) Required (note 3)

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.
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Note 3: The data including the same consecutive data (three or more bytes) cannot be used as a password. (A password er-
ror occurs during password authentication. The TMP89FS60V does not transmit any data and goes into an idle state.)

Note 4: In executing flash memory write command, 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 TMP89FS60V keeps ignoring incoming data until the start mark (Ox3A ":") 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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22.12.2 Security program

The security program can be used in parallel and serial PROM modes and for OCD. It has a special memo-
ry for protection, and a special command is required to make this protection setting. If the security program
is enabled, the reading or writing of flash memory in parallel PROM mode is prohibited. In serial PROM
mode, the read and write of flash memory and other operation commands cannot be used. In performing
OCD, two options about system startup are provided: prohibiting the system startup by using an option code
and starting the system by password authentication.

22.12.2.1  How the security program functions

With the TMP89FS60V, you can control the read of flash memory by writing protection-related
informa-tion to a specially-designed memory. Because protection-related information is written to this
specially-de-signed memory, no user memory resource are required.

22.12.2.2 Enabling or disabling the security program
Enabling the security program
To enable the security program, execute the flash memory security setting command.

Disabling the security program

To disable the security program, execute Chip Erase of the flash memory erase command.
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22.12.3 Option codes

If a specified option code is placed at a specified address inside the interrupt vector area, whether pass-
word string authentication is performed or not when executing the flash memory erase command and wheth-
er the security program is checked or not when starting OCD can be designated.

Erase password free code EPFC_OP (0xFFFA)

If changes are frequently made to a program during software development, there are cases in
which a password may get lost. In this case, you can cancel the password string authentication of
the flash memory erase command (0xF0) by setting the erase password free code (EPFC_OP).
EPFC_OP is assigned to OXFFFA in the vector area. Allocate OXFF to this EPFC_OP to cancel the
password string of the flash memory erase command (0xF0).

It is recommended that the password string authentication of the flash memory erase command
(0xF0) be enabled during mass production by allocating data other than 0xFF to EPFC_OP.

Only Chip Erase can cancel the password string authentication by using the flash memory erase
command. If Sector Erase is executed with EPFC_OP set to 0xFF, the TMP89FS60V goes into an
idle state. Commands other than the flash memory erase command cannot cancel the password
string authentication.

OCD security program free code DAFC OP (0xFFFB)

With the TMP89FS60V, you can enable the security program to prevent illegal access attempts
by a third party. If the security program is enabled, restrictions are imposed on operation com-
mands related to memory access, and the startup of OCD.

The security program should be usually enabled at the time of shipment. If there is the possibili-
ty that the OCD may be used by keeping the contents of memory intact, it is possible to directly
start the OCD by setting the OCD security program free code (DAFC_OP) and thereby skipping
the security program check (the password string authentication, however, is still required).

DAFC_OP is assigned to OxFFFB in the vector area. To skip the security program check at the start-
up of the OCD, assign O0xFF to DAFC_OP. In this case, the security program check is not per-
formed, and the OCD can be started by performing only the password string authentication.

If DAFC_OP is not OxFF, whether the OCD can be used or not is determined by the status of
the security program. If the OCD is started with the security program enabled, the TMP89FS60V
stops communication and goes into an idle state. To use the OCD when the TMP89FS60V is in
this idle state, Chip Erase must be executed for flash memory by using the flash memory erase com-
mand (0xF0). If the security program is disabled, the OCD can be started by performing only the pass-
word string authentication.

Table 22-21 Option Codes

Symbol Function Address Set value

OxFF : The password string authentication is skip-

EPFC Op | Password string authentication when the flash | o -\ ped (only PNSA and PCSA are authenticated).

- memory erase command is executed Other than OxFF: The password string, PNSA, and
PCSA are authenticated.
. . OxFF: The security program check is skipped.
Security program check when the OCD is star- . K

DAFC_OP |4 OXFFFB [ Other than OxFF: The security program check is per-

formed.
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Example :Case in which the password authentication and OCD security program authentication are disabled
Vector Section romdata abs = OxFFFA

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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22.12.4 Recommended settings

Table 22-22 shows the option codes and recommended security program settings.

Table 22-22 Option Codes and Recommended Security Program Settings

Device status Serial PROM mode Parallel PROM mode
EPFC_OP [ DAFC_OP | security Pro-| Memory Memory OcD
Erase Erase
(OXFFFA) | (OXFFFB) gram read read
At the time of debug- Password Can be
ging during software OxFF OxFF Disable string re- Possible Possible Possible used
development quired
Can be
OxFF used
OxFF Possible
Other than Cannot be
OxFF used
In quantity production Enable Impossible Impossible Possible
OXFF Can be
Other than Password used
OXFF string re-
Other than quired 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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22.13 Flowchart

]

]

7 (wnsyoeyo)

ejep Jwsu

7 7 (1.x0)
Ejep Jwsuel]

B1)

(e1ep peay)
Ejep Jwsuel |

ejep o908y

dooj paso|)

ON

Yonpoid
uejg-uoN

308y Nut

pajqeuz paiqesiq

08y piomssed

Jonpoud yuelg

elg

<T3ISWOY>1YOST
abueyn

SPoU0
weiboud Aunoeg
7 (0vx0) 7 7 (0ax0) 7
ejep jwsue. ] Eejep Jwsuel]

T

T

(puewwoo peas
Kiowaw ysey)
HOV= e1ep an1908y

(puBwwOD Bumas
uonejnwe WOy sew)
HOQ= ejep ane0sy

<3

L

L

]

]

]

]

]

(2ase poseso oup o ws¥oBUD)

(smes)

(apoo @ 1onpoud)

(2ase 01U 04} o WNSYoRL)

(ease aunua o) Jo wnsyooL)

ejep Jwsuel) eljep Jlwsuel] ejep jwsuel| BJep jwsuel] Eejep Jlwsuel]
]
g | [t oo Kioeeibent
osels I0j098 aiqesia - 4% @Je eje| VX L 18y YVX(
EaTE 51505 51 55E36] o0 dO-0dd3 B0 BER IV VR0 iAol
asess diyn pued 4va
- (440 Ile 10e19p) (seim aignop j0019p)
08yo yue|g ejep Jlwsuel] Eejep Jlwsuel]
¥oayo! I I
wesboid weiboid Aunoag ajqeus 7 wiNs08yo ajenojed 7 7 UM € B)ndaxg 7

dooj paso|) )

Soeyo piomssed ON_—aypo piomssed

Jonpoud jonpoud
1npoid yuelg ue|g-uoN suejg-uoN | 1onpoud sueig
%0840 yuelg
jonposd
ue|g-uoN
pajqeus  pajgesig
SPou0
weibold Aunoeg
7 (04x0) 7 7 (£9%0) 7 7 (v2%0) 7 7 (09%0) 7 7 (06%0) 7 7 (0ex0) 7
eJep Jlwsuel) ejep Jlwsuel) Eejep Jiwsuel] ejep Jwsuel| ejep Jwsuel| ejep Jlwsuel)

T

I I

T

T

T

(puewwoo asels
Kowaw ysey)
l04%0= e1ep aARoaY|

(puewwos (puewwoo ajqeus
ndino smeys) weiboid Ajunoag)
OX0= BJep eneoay 14X0= BJep aAIR0aY|

(puewwoo ndjno
8poo g Jonpoud)
OX0= E1ep SA1908;

(puewwoo ndino
NS Alowaw ysey)|
lo6x0= E1EP BMIBRY

(pueWWOD )M
Kiowaw ysey)
loex0= e1ep anieoay|

L

L L

L

L

(62x0)
E1Ep 1MV Jwsuel)

6.%0 =

EJEP BN1909Y

98X0)
BJep LN Jwsued|

|apow 1¥vN

98%0 =

EJEP PaAIBoRY

veis

-5 Flowchart

Figure 22

2019/08/01

Page 377



22. Serial PROM Mode

22.14 AC Characteristics (UART) TMP89FS60VEFG
TMP89FS60VUG

22.14 AC Characteristics (UART)

Table 22-23 UART Timing-1

Minimum required time
Parameter Symbol Clockffreqkuency
(fegck) At fegek = 1 MHz | At fegek = 10 MHz

Time from when MCU receives 0x86 to when it echoes back CMeb1 Approx. 660 660 ps 66 us
Time from when MCU receives 0x79 to when it echoes back CMeb2 Approx. 540 540 s 54 us
_Tlme from when MCU receives an operation command to when CMeb3 Approx. 300 300 ps 30 us
it echoes back
Time required to calculate the checksum (except the time of the Approx. 2800000
writing to flash memory) CMfsm (60KB) 28s 280 ms
T|r_ne when MCU receives Intel Hex data to when it transmits over- CMwr Approx. 200 200 ps 20 us
write detection data
Time from whe.n MCU receives data (number of read bytes) to CMrd Approx. 430 430 ps 43 s
when it transmits memory data
Time from when MCU receives data (mask ROM emulation set-
ting data) to when it echoes back CMem2 Approx. 420 420 ps 42 ps
Time required to enable the security program CMrp Approx. 1080 1.08 ms 108 ps

Table 22-24 UART Timing-2

Minimum required time
Parameter Symbol Clockffreqkuency
(fegek) At fcgek = 1 MHz | At fegek = 10 MHz

'CI)'Lme required to keep MODE and RESET pins at L after power- RSsup } 10 ms
Time from when MODE and RESET pins are set to H to the ac-

RXsup - 20 ms
ceptance of RXD
E)r(ng from when MCU echoes back 0x86 to the acceptance of CMitr1 Approx. 140 140 ps 14 us
E)r?s from when MCU echoes back 0x79 to the acceptance of CMtr2 Approx. 90 90 s 9 us
Time from when MCU echoes back an operation command to
the acceptance of RXD CMtr3 Approx. 270 270 ps 27 us
Time from when the execution of a current command is comple-
ted to the acceptance of the next operation command CMnx Approx. 1100 1.1 ms 10 ps
Time from the completion of the receiving last data record to CMer ) 3ms
acceptance of the end record
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22.14.1 Reset timing

VDD ! /

MODE /

_ ! RSsup :}
RESET :<_>¢

(0x86) (0x79)

RO Mm—l (0x86) I"'l_” (0x79) J—, I‘ .

I 1 S

E<->5 CMtrl1 E<—>5 'CMtr'lZ E<—>E CMtI’l3
CMeb1 CMeb2 . CMeb3

Operation command

Figure 22-6 Reset Timing

22.14.2 Flash memory erase command (0xFO)

PNSA PCSA Password string ~ Area to be erased
[23:16] [15:8] [7:0] [23:16] [15:8] [7:0] )

1 T

(OXFO) -

TXD | | i —
E<—>E
‘CMtr3

Next command

RXD
[15:8] [7:0] J—,

I

' Checksum :
CMfsm CMnx

Figure 22-7 Flash Memory Erase Command
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22.14.3 Flash memory write command (0x30)

PNSA PCSA Password string IntelHex
[23:16] [15:8] [7:0] [23:16] [15:8] [7:0] RS
R, {6 e T
TXD | |||
!
‘CMtr3

IntelHex(End Record)
(OXOO) (OXOO) (Ox01) (OxFF) Next command

RXD-I " ml m (0x55) or (0xAA) [15:8] [7:0] J—,

T -

: \.__,;'  ———

Overwnte Checksum :
CMw detection CMfsm CMnx

Figure 22-8 Flash Memory Write Command

22.14.4 Flash memory read command (0x40)

PNSA PCSA Password string Read start address

'[.23:.16.] .[153:8]”[7.:0]‘.'[.23:.16.] .[15.:8]”[7.:0]‘.: o o :'!23.:16.].[15.3:81.[7.:0]:

%0 || ] R e 1
TXD | |||
et
‘CMtr3

Number of read bytes
[23:16] [15:8] [7:0] Next command

wo LI U (I

R e

H T
~—y

Memory data ' Checksum *
CMrd CMnx

Figure 22-9 Flash Memory Read Command
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22.14.5 Flash memory SUM output command (0x90)

Next command

RXD (0x55) or
(0x90) (OxAA) [15:8] [7:0] :J—,

no T If [

—

' FF Checksum * '
CMfsm check CMnx

Figure 22-10 Flash Memory SUM Output Command

22.14.6 Product ID code output command (0xCO) .

Next command

RXD | I

gOX.CO.)
vo | I ICT
Product'ID code i
CMnx

Figure 22-11 Product ID Code Output Command

Page 381 2019/08/01



22. Serial PROM Mode
22.14 AC Characteristics (UART)

TMP89FS60VEFG
TMP89FS60VUG

22.14.7 Flash memory status output command (0xC3)

Next command

RXD j;i

ng.C3.)
vo | e 1T
Status' code e
CMnx

Figure 22-12 Flash Memory Status Output Command

22.14.8 Mask ROM emulation setting command (0xDO0)

Set value
— Next command
RXD | | | |
(0xD0) ! : (0xD1) :
TXD _|_"J P : ||| |||
54—»5 5 :E h" ;<—>:
CMtr3 CMem2 gy CMnx

Figure 22-13 Mask ROM Emulation Setting Command

22.14.9 Flash memory security setting command (0xFA)

PNSA PCSA Password string
[23:16] [15:8] [7:0] [23:16] [15:8] [7:0]

RXD Y |

Next command

RXD

.Ox.F B. .J—,

TXD | |

—

‘Echo * :
CMrp back CMnx

Figure 22-14 Flash Memory Security Setting Command
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23. On-chip Debug Function (OCD)

The TMP89FS60V has an on-chip debug function. Using a combination of this function and the TOSHIBA on-
chip debug emulator RTE870/C1, the user is able to perform software debugging in the on-board environment.
This emulator can be operated from a debugger installed on a PC so that the emulation and debugging functions
of an application program can be used to modify a program or for other purposes.

This chapter describes the control pins needed to use the on-chip debug function and how a target system is con-
nected to the on-chip debug function. For more detailed information on how to use the on-chip debug emulator
RTES870/C1, refer to the emulator operating manual.

23.1 Features

The on-chip debug function of the TMP89FS60V has the following features:

Debugging can be performed in much the same way as when a microcontroller packaged with the MCU
is used.

The debugging function can be realized using two communication control pins.

Useful on-chip debug functions include the following:
- 8 breaks function are provided (one of which can also be used as an event function).
- A trace function that allows the newest two branch instructions to be stored in real time is provided.
- Functions to display active memory and to overwrite active memory are provided.

Built-in flash memory can be erased and written.

23.2 Control Pins

The on-chip debug function uses two pins for communication and four pins for power supply, reset and mode con-
trol. The pins used for the on-chip debug function are shown in Table 23-1.

Ports P20 and P21 are used as communication control pins of the on-chip debug function. If the RTE870/C1 On-
Chip Debug Emulator is used, therefore, Ports P20 and P21 cannot be debugged as port pins or UARTO and SIO0
pins. However, because the UARTO and SIOO0 functions can be assigned to other ports by using SER-
SEL<SRSEL2>, these communication functions can also be used during on-chip debug operation. For details, re-
fer to the section of 1/O ports.

Table 23-1 Pins Used for the On-chip Debug Function

Pin name Input/out- . Pin name
X i i Function .

(during on-chip debugging) put (in MCU mode)
OCDCK Input Communication control pin (clock control) P20 / TXDO / SO0
OCDIO /0 Communication control pin (data control) P21 / RXDO / SIO

(Note 1)

RESET Input Reset control pin RESET
MODE Input Mode control pin MODE
VDD Power 145V to 55 V (Note 1)

supply
VSS Power oV

supply
Input and output ports other T
than P20 and P21 /0 Can be used for an application in a target system
XIN Input

To be connected to an oscillator to put these pins in a state of self-oscillation

XOuT Output
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Note 1: To use all on-chip debug functions, the power supply voltage must be within the range 4.5 V to 5.5 V. If it is within
the range 4.3 V to less than 4.5V, functional limitations occur with some of the debug functions. For
more detailed informa-tion, refer to the emulator operating manual.
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23.3 How to Connect the On-chip Debug Emulator to a Target System

To use the on-chip debug function, the specific pins on a target system must be connected to an external debug-
ging system.

The on-chip debug emulator RTE870/C1 can be connected to a target system via an interface control cable. TOSH-
IBA provides a connector for this interface control cable as an accessory tool. Mounting this connector on a tar-
get system will make it easier to use the on-chip debug function.

The connection between the on-chip debug emulator RTE870/C1 and a target system is shown in Figure 23-1.

Level Shifter Control Circuit
(provided power supply by target system)  (provided power supply by bus power)
\ /

—I— VDD (Note 3) J] J_ \w‘ .r/

VDD ;
OCDCK (P20) __4:]’\}
OCDIO (P21) I J} :
f

J

T (Note 2)
Other RESET
TMP89FS60V parts control 1
Interface
(Note 1) ‘Ll control cable @ USB connection
RESET T M £ ]
During on-chip debugging 1
MODE
MCU mode
XIN (Note 3)
XouT
VSS ,.I, ,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 emula-
tor RTE870/C1 is used, therefore, the port functions and the functions of UARTO and SIO0, 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 disconnected using a jump-
er, 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 disconnec-
ted 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 tar-
get system. The connection of the VDD pin is for receiving the power supply voltage, not for supplying it from the emu-
lator side to a target system.

23.4 Security

The TMP89FS60V provides two security functions to prevent the on-chip debug function from being used
through illegal memory access attempted by a third person: a password function and a Security Program function.
If a password is set on the TMP89FS60V, it is necessary to authenticate the password for using the on-chip de-
bug function. By setting both a password and the Security Program on the TMP89FS60V, it is possible to prohib-
it the use of all on-chip debug functions. Furthermore, by using the option code, the on-chip debug function only
can be used even if the Security Program is enabled. However, to use the on-chip debug function in this setting, a
password authentication process is required.

For information on how to set a password and to enable the read protection and option code, refer to "Serial
PROM Mode".
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24.1 Control Pins
The input/output circuitries of the TMP89FS60V control pins are shown below.
Control pin 110 Circuitry Remarks
XIN Input .
Refer to the PO ports in the chapter of Input/Output Ports.
XOouT Output
XTIN Input )
Refer to the PO ports in the chapter of Input/Output Ports.
XTOUT Output
RESET Input Refer to the P1 ports in the chapter of Input/Output Ports.
R
MODE Input R =100 Q (typ.)
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25. Electrical Characteristics

25.1 Absolute Maximum Ratings

The absolute maximum ratings are rated values which must not be exceeded during operation, even for an in-
stant. Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may
break down or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user.
Thus, when designing products which include this device, ensure that no absolute maximum rating value will ev-

er be exceeded.

(Vss =0V)
Parameter Symbol Pins Ratings Unit
Supply voltage Vbp -0.31t0 6.0 \%
oo |5 R B | oo os

Input voltage Vinz P23, P24 (sink open drain port) -0.3to Vpp + 0.3 v

VIN3 AINO to AIN15 (analog input voltage) -0.3to Aypp + 0.3
Output voltage VouT1 -0.3to Vpp + 0.3 \%

louTt PO, P1, P2 (excludling P23 and P24), P4, P5, 18

P7, P8, P9, PB (tri-state port)

Output current (per pin) lout2 PO, P1, P2, P4, P9 (pull-up resistor) -0.4

louts PO, P1, P2, P4, P5, P7, P8, P9 (tri-state port) 3.2

louTa PB (large current port) 30

SlouTt PO, P1, P2 (excluqmg P23 and P24), P4, P5, -30 mA

P7, P8, P9, PB (tri-state port)

Output current (total) Zlout2 PO, P1, P2, P4, P9 (pull-up resistor) -4

ZlouTts PO, P1, P2, P4, P5, P7, P8, P9 (tri-state port) 60

ZlouTa PB (large current port) 120
Power dissipation (Topr = 85°C) Pp 250 mwW
Soldering temperature (time) Tsld 260 (10 s)
Storage temperature Tstg -55 to 125 °C
Operating temperature Topr -40 to 85
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25.2 Operating Conditions

The operating conditions for a device are operating conditions under which it can be guaranteed that the device
will operate as specified. If the device is used under operating conditions other than the operating conditions (sup-
ply voltage, operating temperature range, specified AC/DC values etc.), malfunction may occur. Thus, when design-
ing products which include this device, ensure that the operating conditions for the device are 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 Vpp NORMAL1, 2 modes 4.5 55 \%
fc XIN, XOUT 1.0 10.0
Clock frequency Vppz4.5V MHz
fcgek 0.25 10.0
M| V]
551" 55
4.5 T-1 45 - '
0 3 S [MHz o - S [MHZ]
o

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
NORMAL1, 2 modes
IDLEO, 1, 2 modes
Supply voltage Vpp SLOW1, 2 modes 4.3 5.5 \%
SLEEPO, 1 modes
STOP mode
fc XIN, XOUT 1.0 10.0
MHz
Clock frequency fcgek Vpp24.3V 0.25 10.0
fs XTIN, XTOUT 30 34 kHz
V] M|
55 - 551
43 -1 43 1t
: : ; ;
0 g S [MHz] o= S [MHZ]
N
o
Gear clock(fcgck) frequency range High-frequency clock(fc) frequency range

Figure 25-2 Clock gear (fcgck) and High-frequency clock (fc)
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25.2.3 Serial PROM mode

(Vss =0V, Topr = -10 to 40°C)

Parameter Symbol Pins Condition Min Max Unit
Supply voltage Vbp NORMAL1, 2 modes 4.5 5.5 \
fc XIN, XOUT 1.0 10.0
Clock frequency Vppz45V MHz
fcgek 1.0 10.0
I\ . . V] .
551" 551"
4.5 -+ 4.5 ="
o - S [MHz] o - S [MHZ]
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

(Vpp =4.5t05.5V, Vgg =0V, Topr = -40 to 85°C)

Parameter Symbol Pins Condition Min Typ. Max Unit
Hysteresis voltage Vhs Hysteresis input - 0.9 - \%
liN1 MODE Vpp=5.5V
Input current Iin2 PO, P1, P2, P4, P5, P7, P8, P9, PB | VIN = VMoDE =5.5 VIOV - - *2 pA
IiNa RESET, STOP
Rin2 RESET pull-up 100 220 500
Input resistance . Vpp=5.5V, VN =Vmope =0V kQ
Rina PO, P1, P2 (excluding P23 and 30 50 100
P24), P4, P9 pull-up
ILo1 P23, P24 (skin open drain port) Vpp=5.5V,Voyr=55V - - 2
Output leakage current PO, P1, P2 (excluding P23 and pA
ILo2 P24), P4, P5, P7, P8, P9, PB (tri- | Vpp =5.5V, Voyr =5.5V/I0V - - +2
state port)
ViH1 MODE pin Vpp % 0.70 -
Input high level Vbp
ViH2 Hysteresis input Vpp * 0.75 -
Vi1 MODE pin - Vpp % 0.30
Input low level 0 v
VL2 Hysteresis input - Vpp * 0.25
Output high voltage VoH Except P23, P24, XOUT, XTOUT | Vpp =4.5V, loy =-0.7 mA 4.1 - -
Output low voltage VoL Except XOUT, XTOUT Vpp=4.5V,lgL=1.6 mA - - 0.4
Output low current loL PB (Large current port) Vpp=4.5V,VoL=1.0V - 20 - mA

Note 1: Typical values show those at Topr = 25°C and Vpp = 5.0 V.

Note 2: Input current ljn3 : The current through pull-up resistor is not included.

Note 3: V|y : The input voltage on the pin except MODE pin, Vpope : The input voltage on the MODE pin

(Vss =0V, Topr = -40 to 85 °C)

Parameter Symbol Pins Condition Min Typ. Max Unit
Supply current in
NORMAL 1, 2 modes Vpp=5.5V - 14.5 25
(Note 7) VN = 5.3 V/0.2V, VMODE =5.3V/0.1V mA
Supply current in fogek = 10.0 MHz, fs = 32.768 kHz - 5.5 75
IDLEOQ, 1, 2 modes
Supply current in
SLOW 1 modes - - 200
(Notes 5 and 7) Ioo Vpp = 5.5V
Supply current in (Note8) VN = 5.3 V/0.2V, VMODE =5.3V/0.1V - - 200
SLEEP1 mode
S fs = 32.768 kHz
upply current in A
pply - - 200 :
SLEEPO mode
VDD =55V
Supply current in Vin=5.3V/02V - - 100
STOP mode
VMODE= 5.3V/0.1V
Peak current of Vpp=5.5V When a program
operates on flash
intermittent operation IDDRP-P ViN=5.3V/0.2V | memory or whe - 10 -
data is read from
(Notes 7 and 9) VMmope=5.3V/0.1V | flash memory A
m
Current for writing or Vpp=5.5V
erasing to flash -
memory and security looew ViN=53Vi02V ’ 2 )
(Notes 4, 8 and 9) Vmopg=5.3V/0.1V

Note 1: Typical values shown are Topr = 25°C and Vpp = 5.0 V, unless otherwise specified.

Page 393 2019/08/01



25. Electrical Characteristics

25.3 DC Characteristics TMP89FS60VEFG
TMP89FS60VUG

Note 2: Ipp does not include Irgr. It is the electrical current in the state in which the peripheral circuitry has been operated.
Note 3: V| : The input voltage on the pin except MODE pin, V\yope : 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 resultant 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 op-
erates intermittently, and a peak current flows, as shown in Figure 25-4. In this case, the supply current Ipp (in NOR-
MAL1, 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 cau-

ses the supply voltage in the device to fluctuate. Connect a bypass capacitor of about 0.1 yF near the power supply
of the device to stabilize its operation.

1 machine cycle
1 « > )
)

Programcounter(PC):X n ):( n+1 X n+2 X n+3 X

|pDP-P

(mAl Sum of average

/Maximum current | momentary flash
-/Typical current current and
- MCU current

-
MCU current

Figure 25-4 Intermittent Operation of Flash Memory

1 machine cycle
1 1
>
1

Program counter (PC) i(

Internal data bus

____><_____><___
____><_____><___

Internal write signal

e

1 1

Last write cycle of each of the Byte Program, j i
)

)

1

_________><_____><_

TeD, Tsce

Security Program, Chip Erase and Sector Erase

|DDEW
[mA]

-

0

Figure 25-5 Current When an Erase or Write is Being Performed on the Flash Memory
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25.4 AD Conversion Characteristics

(Vpbp =4.5t0 5.5V, Vss = Ayss = 0 V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage VAREF 4.5 - Avbp
Power supply voltage of analog con-
trol circuit Avoo Voo
\Y
Analog reference voltage range _
(Note 3) AVARer 4.5 5.5
Analog input voltage range VAN Avss - VAREF
Power supply current of analog refer- | Vo = Avpp = VaRer = 5.5V - 0.6 1.0 mA
ence voltage REF - - _
9 Vbp = Avbp = Varer = 4.5V - 0.5 0.8 mA
Non-linearity error - - 2
Zero point error Vpp =Aypp =4.5t05.5V - - +2
LSB
Full scale error VAREF = 4.5 to 5.5V _ _ +2
Total error - - 42

Note 1: The total error includes all errors except a quantization error, and is defined as the maximum deviation from the ideal
conversion line.
Note 2: The voltage to be input to the AIN input pin must be within the range Varer to Vgs. If a voltage outside this range is in-
put, converted values will become indeterminate, and converted values of other channels will be affected.
Note 3: Analog reference voltage range: AVarer = VARer — Vss

Note 4: If the AD converter is not used, fix the AVDD and VAREF pin to the Vpp level.

25.5 Power-on Reset Circuit Characteristics

Power supply voltage (Vpp)
Operating voltage

VPROFF
VPRON

tPROFF

1 .
. 1
Power-on reset signal | I \ i I
1

Warm-up counter start :: "
|: 1"
1

1
! 1
\
Warm-up counter clock | | ! J”mﬂ”ﬂﬂ :".I-I.ﬂﬂ.l-”-”-l.

tpwup |

CPU and peripheral circuit
reset signal

I

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 fluctuations in the power supply voltage (Vpp).
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25.6 Voltage Detecting Circuit Characteristics

(Vss=0V, Topr = -40 to 85°C)

Symbol Parameter Min. Typ. Max. Unit

VPROFF Power-on reset releasing voltage\°® 1.85 2.02 2.24

VPRON Power-on reset detecting voltage°® 1.70 1.85 2.05 v

tPROFF Power-on reset releasing response time - 0.01 0.1

tPRON Power-on reset detecting response time - 0.01 0.1 ms
tPrRW Power-on reset minimum pulse width 1.0 - -

tpwup Warming-up time after a reset is cleared - 102 x 2%fc - s
tvbp Power supply rise time 0.1 - 5 ms
Kvbp Power supply falling gradient 1 - - ms/V

Note 1: Because the power-on reset releasing voltage and the power-on reset detecting voltage change relative to one anoth-
er, the detected voltage will never become inverted.

Note 2: A clock output by an oscillating circuit is used as the input clock for a warming-up counter. Because the oscillation fre-
quency does not stabilize until an oscillating circuit stabilizes, some errors may be included in the warming-up time.

Note 3: Boost the power supply voltage such that typp becomes smaller that tpyyyp.

25.6 Voltage Detecting Circuit Characteristics

Power supply voltage (Vpp)
A

Operating voltage

Level of detected voltage [ =========================R-=-=mm-mmm o mmmmmm i mm e

|
Ny le— —>! |<t\/iOFF

Signal to request the voltage
detection interrupt

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 fluctuations in the power supply voltage (Vpp).

(Vss =0V, Topr = =40 to 85°C)

Symbol Parameter Min Typ. Max Unit
tyLTOFF Voltage detection releasing response time - 0.01 0.1
tvLTON Voltage detecting detection response time - 0.01 0.1 ms
tvLTPwW Voltage detecting minimum pulse width 1.0 - -
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25.7 AC Characteristics

25.7.1  MCU mode (Except Flash Programming or erasing)

(Vpp=4.31055V, Vgg =0V, Topr = =40 to 85 °C)

Parameter Symbol Condition Min Typ. Max Unit
NORMAL1, 2 modes
0.100 - 4
IDLEO, 1, 2 modes
Machine cycle time tey us
SLOW1, 2 modes
117.6 - 133.3
SLEEPO, 1 modes
High-level clock pulse width tweH For external clock operation (XIN input). 50.0
- . - ns
Low-level clock pulse width twoL fc = 10.0 MHz
High-level clock pulse width twsH For external clock operation (XTIN input)
- 15.26 - us
Low-level clock pulse width twsL fs = 32.768 kHz

25.7.2 MCU mode (Flash programming or erasing)

(Vpp=4.51055V, Vg =0V, Topr = =10 to 40 °C)

Parameter Symbol Condition Min Typ. Max Unit
Machine cycle time tey NORMAL1, 2 modes 0.100 - 4 us
High-level clock pulse width tweH For external clock operation (XIN input).
Low-level clock pulse width tweL fc =10.0 MHz ) 500 ) e
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25.7.3 Serial PROM mode

(Vpp =4.5105.5V, Vgg = 0V, Topr = =10 to 40 °C)

Parameter Symbol Condition Min Typ. Max Unit
Machine cycle time tey NORMAL1, 2 modes 0.100 - 1 us
High-level clock pulse width tweH For external clock operation (XIN input).
Low-level clock pulse width twer | f6 = 10.0 MHz B 500 B n

25.8 Flash Characteristics

25.8.1 Write characteristics

(Vpp=4.51055V, Vg =0V, Topr = =10 to 40 °C)

Parameter Condition Min Typ. Max Unit
Number of guaranteed writes to flash _ _ )
memory 1000 Times
Flash memory write time - - 3
Chip erase - - 126 ms
Flash memory erase time
Sector erase - - 30
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25.9 Oscillating Condition

XIN XOouT XTIN XTOUT

[ [

A

(1) High-frequency oscillation (2) Low-frequency oscillation

Cy

Note 1: To ensure stable oscillation, the resonator position, load capacitance, etc. must be appropriate. Because these fac-
tors are greatly affected by board patterns, please be sure to evaluate operation on the board on which the de-
vice will actually be mounted.

Note 2: This product has been evaluated by the oscillator of Murata Manufacturing Co., Ltd.
Please refer to the Murata Websit for details.
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26. Package Dimensions

QFP64-P-1414-0.80A Rev 01 Unit: mm
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